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Agenda

11:00 Introduction and house-keeping information Pascale Bernier-Bruna

Tina Crnigoj Marc (FF4EuroHPC

11:05 Introducing FF4EuroHPC and the speakers Communication Lead )

Emanuele Della Volpe, CEO and
11:10 Marine Litter Hunter Aerospace Engineer at Green
Tech Solution

Jose L. Munoz Gamarra,

11:25  HERCULES Technical Director at Aslogic

11:40 Q&A session moderated by Tina Crnigoj Marc
12:00 End

ETP4 HP‘ ETP4HPC webinar 8 July 2022




Speakers

Emanuele Della Volpe
CEO and Aerospace Engineer at Green Tech Solution

eAerospace engineer at the Federico Il University of Naples and aerospace designer at the Aerospace District of
Campano (DAC).

eSince 2015 he has started an independent research and development course aimed at demonstrating the
feasibility of an automatic system for the protection of the sea from floating solid waste, called Litter Hunter,
creating scale prototypes and automatic mission management software.

eHe was a researcher at the Department of Science and Technology of the University of Naples Parthenope. From
2016, the research path becomes broader on process automation technologies in view of Industry 4.0 and
unmanned navigation systems in the air (UAV), land and marine (USV) environments.

Jose L. Munoz Gamarra
Technical director at Aslogic
e After completing his PhD in microelectronics at the University of Barcelona and CEA LETI Jose Luis joined Aslogic

developing Decision Support Systems based on Machine Learning techniques. During the last years, they have
focused their efforts on Air Traffic Management and the integration of Unmanned Aerial Vehicles.
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Connecting business
with cutting-edge
technologies

Tina Crnigoj Marc, FF4EuroHPC Communication Lead
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The FF4EuroHPC Projeet

 Funded under the H2020-JTI-EuroHPC-2019-2 Call
« Commenced 1.9.2020; 36 months duration
« Coordinator: o | pls
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Stimulating the Innovatien Potential of SMEs @C>

FF4EuroHPC contributes to this EuroHPC objectives

* |ncrease the

,and in
particular of SMEs,
through the use of
advanced HPC
infrastructures,
applications and
services.

06/07/2022 © Members of the FF4EuroHPC Consortium
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Stimulating the Innovation Potential of SMEs

FF4EuroHPC contributes to this EuroHPC objectives

 Facilitate I 'y .

for a wide _
range of users of .
new and emerging
data and compute-
Intensive
applications and
services.

Source: EuroHPC JU
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Stimulating the Innovatien Potential of SMEs @C>

FF4EuroHPC contributes to this EuroHPC objectives

, for
example by
exchanging
and promoting
best practice
use cases or
application
experiences.

06/07/2022 © Members of the FF4EuroHPC Consortium




FF4EuroHPC contributes to this EuroHPC objectives

* Provide an T —
effective T
mechanism for

3 « 4 / -

A i

ee—L S ,n % [ ; . E L
3 y e ;L:ﬁ_. H‘; AL 11] 0 B =
1 T 5 e i

for small
actors to enter the

market and exploit ES . UG - ‘?
neW bUSI 'r]'eSS ‘ 7-‘ ’; ! / A \ : D GENDHA M
opportunities. | 2 e Sar o B .

06/07/2022 © Members of the FF4EuroHPC Consortium




“~

FF4EuroHPC Experiments in a nutshell (B

, targeting
the highest quality experiments
involving innovative, agile SMEs

* |n total, were selected
for funding, INCLUDING

* Experiments

from European SMEs from
varied application domains, focus on
Manufacturing 57%

06/07/2022
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Get inspired! ' @”}

» Success Stories Lets get in touch

« HPC related events B
 HPC related content

www.ff4eurohpc.eu

£ @ B #Fracuronpc

Subscribe to the newsletter
and get inspired!

06/07/2022 © Members of the FF4EuroHPC Consortium 10



Thank you!
Tina Crnigoj Marc, FF4EuroHPC Communication Lead ffdeurohpc@hirs.de

This project has received funding from the European High-Performance Computing Joint Undertaking Joint Undertaking (JU) under
grant agreement No 951745. The JU receives support from the European Union’s Horizon 2020 research and innovation
programme and Germany, Italy, Slovenia, France, Spain.
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HPC-Based navigation system for Marine Litter hunting
Experiment Number: 1010

2] EuroHPC




FF4EuroHPC ()

HPC Litter Hunter
HPC-Based navigation system for Marine Litter hunting

Experiment Number: 1010

et w0 Green Tech Solution SRL (GTS)
"~ University of Naples "Parthenope*

Q= 3 5
R Sty

CINECA CINECA
Bi-r=X Bi-REX

08/07/2022 Experiment number : 1010
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Experiment Consortium & Roles

08/07/2022

solution g

PARTNER PARTNER ROLE
Green Tech Solution s.r.l. (GTS) is a Start-up focused on the digital integration
greenteCh of ICT, Al and UV. Environmental service relies on Al controlling marine,

terrestrial and flying UVs by intelligent algorithms.

University of Naples Parthenope is a public Italian university with a background
in the science of navigation, maritime economy, computer science, computer
vision, pattern recognition, flight and naval dynamics.

CINECA

CINECA is the largest Italian supercomputing centre with an HPC environment
equipped with cutting-edge technology and highly-qualified personnel

bi-r=Xx

Big Data Innovation & Researc h Excellence

BI-REX is one of the 8 Italian Competence Centers with a specific focus on
Big Data, innovation processes, and the adoption of enabling technologies,
with a business perspective.

Experiment number : 1010
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GST Approach | @”}
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GTS-Approach
GTS has automated the collection of marine litter. The
approach consists of real-time identification of floating
plastic debris on the sea via unmanned vehicles that
send GPS coordinates to an unmanned vessel,
through a ground control station, which reaches and
collects the plastic waste, without the intervention of
the operators.

Operational Problem

The current algorithm provides an estimate of the
debris speed and direction with a spatial and temporal
accuracy of 20-30 meters and 3-5 minutes. This forces
the flying UV to stay close to the debris before
collection takes place and to check for any change in
position.

S
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HPC — Approach , ()

The limited ability to predict the future position of the debris
IS limiting the efficiency of the entire system as the time and
energy consumption of collection increases significantly.

The HPC experiment is fundamental to drive into the next
phase the collaboration of the unmanned systems for:

« Marine Litter Recognition

« Marine Litter Path Prediction

« Marine Litter Recovery Strategy Optimization

It's required >250.000 hours of deep learning which is
Impossible under conventional computational systems but
possible thanks to CINECA.

08/07/2022 Experiment number : 1010




Competitor

As per today, GTS has not
found direct competitors and
Is the only UE company that
uses collaborative
Unmanned Vehicle (Uvs) to
drive cleaning operation in
sea in a cost effective,
sustainable and scalable
way. In the Litter Hunter
operating on the Amalfi
coast GTS collected 250
kilograms of plastic
detritus each day from July
to August 2019. Trough HPC
we plan to triple the amount
of kg of plastic.

08/07/2022

KPI Sweeping boats buckets\booms Air patrol services GTS: UAV-USV
Recovery area 3 km? Passive device 8 km? 6 km?
Labours Min 4 na. Min 6 1/0
(persons)
Recovery Randqm exploration | Visit at the location Recovery on hot spot Optimized path to
strateqy with a 10m of the placeme_,nt vffhe['e den_mty_of waste | collect the selected
observation length randomly organized is high to justify costs waste
Litter classes >2.5¢cm >10cm >50cm >1cecm
Cost per Km 7.300€ 12.000€ 18.000€ 3.000€
Environmental Exhaust Emission MICI’DbIC.l|OQ.Ica| Exhaust Emission Clean and Green
Impact contamination

Experiment number : 1010




HPC Benefit & Results @>

Direct Benefit:

» Release of proprietary automation navigation software running in cloud

Improved accuracy of neural network performance due to the increase in computational power and the consequent reduction in
response times

New IPRs (Patent on navigation, Industrial Design model, Utility Model, proprietary Software)

A new Digital Platform for Marine Litter monitoring ( + )
Improving the company sustainability.

Expected Results:
» Improved accuracy to forecast litter evolution in time and space over a wide area [h vs min & 10-km2 vs 0,3km2]
« Identify and classify marine litters in terms of dimensions and materials (PET, PPT, Biological)
» Predict the possible trajectories of classified waste over longer time
» Areal-time tool for navigation optimization and mission planning able to reach
* An estimated energy saving of 60% per km2 of monitoring operation
» Areduction of 80% in time-to-planning, 50% in time-to-recovery and 40% in maintenance cost
« Aprice for services of 2k €3k € per costal Km (Vs 7k €of competitor)
» Reaching 2.000 Km of UE coastline Greece, Spain and Norway) in next 5-6 years

08/07/2022 Experiment number : 1010



https://www.marinelitter.it/
https://digitalplatform.marinelitter.it/

Sources of data: connecting small with big scale (o)

to reach higher accuracy and wider operation

This flow chart summarizes the — Acquisitions ( )
" | from UAV
. ‘ }
data acquisition (Drone, Buoy m ’ f‘; CINECA
. l L Marine Litter
and Oceanographic é a 5
drap DataBase for Marine . S
Simulations) Litter Recognition Train
the consequent processina of = Path Acquisitions Path Acquisitions k |
9 P 9 U, from Buoy from UAV CINECA HPC:
the images and path dataset P ) Marconi
100
. Marine Litter
the training of the neural S R
networks of Recognltlon, Path DataBase for Marine Litter Path Prediction Train
Prediction and Recovery , Oceanographic simulations .
Strategy Optimization R '
! N
— [/ CINECA
} : Recovery Strategy
I‘Dat_aBa_sefgo“r Recovery Strategy Optimization QpHIRiEation I\ J
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Task 1 [completed 100%]

Marine Litter Images

10’000 images acquired (4000x3000
pX)

60 minutes of 4K resolution video
acquired

70’000 frames of individual extracted
objects

08/07/2022

Marine Litter Path

540’000 frames extracted (1920x1080
pX)

300 real trajectories sampled with
at 1/2 Hz and a duration of 2 hours
50’000 coordinates of cluster of
objects sampled at 1/10 Hz and with
a duration of about 2 hours

Experiment number : 1010

Laser Drift Path

3195959

The laser drifts were positioned to form a square where
the bottles were released. Five days of acquisition
were performed. The set of data produced by the drift
generates a dataset with 4 traces of the device for
the 5 days of acquisition, equal to a total of 20 real
traces of displacement of the Laser Dirift.

11



Task 2 - Training and Validation Marine Litter Identification @f>
[completed 100% | |

Main Achievement Precision Recall

= Training of a neural network based on yolov5 model, for Marine Litter
Identification. Training performed on Marconil00 cluster by Cineca

This neural network can recognize 5 different classes of objects: hard plastics,
soft plastics, bottles, masks and polystyrene, with over 90% total accuracy.

F 50 0 50 100

MAP@0.5 MAP@0.5:0.95
bottles 0.87

Eé;l @ e

08/07/2022 Experiment number : 1010 12



ask 2 - Oceanographic Model Simulation and Validation @c>
for Marine Litter transport [completed 100%)]

60 simulations were performed from 01/07/2021 01-Jul-2021
to 30/07/2021 and from 1/09/2021 to
29/09/2021. For each of them, virtually 10.000
passive tracers were released in area that cover
the entire Gulf of Naples. The simulation sampling
rate is 1'.

)
o o
/03196058 DSAB0R08

03’960&‘{03195952
\
\
\
\\

B

Example simulation for 01/07/2021: In black the evolution of
the passive tracers advected by the CROM simulated surface
current field (red arrows).

08/07/2022 Experiment number : 1010 13



Task 2 - Training and Validation for Marine Litter Path @f}

Prediction [completed 100%] ™

Main Achievement

Simulated trajectories have been used in order to train the neural network and to produce floating path of marine litter,
using known meteorological and morphological conditions.

The training consists of: A running example with:

= Pre-processing the data to make it fit the model. = 30 observed instants (red)

= Training in 10 epochs and 256 batch size = 10 predicted samples (black)

» Loss obtained on the test dataset: 9.0331e-06. = The difference with the true positions (green)
Trajectories with buoyancy level 0.01 Trajectories with buoyancy level 0.03 Trajectories with buoyancy level 0.05

d’zdo g°
t-‘:.: :’

< gi

e

® 4 T Te
Legend: |s#—s renee
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Task 3 - Training and Validation of Optimization strategy @f}

for the litter recovery [in progress 60%]

Main Achievement

Multi-objective genetic algorithm capable of minimizing
distance covered and time spent by the USV to retrieve
marine litter, while respecting the construction and
performance limitations of the USV (cruise speed, max
speed, battery life...).

tot rescue time 20 min |

)

o, A33m _f.mine== start after 78 min
\“A —————— T mzﬂ
NeXt StepS wait 9 m lﬁw/~ R0 __,__----2"";'““‘}
. . . . . it 9 min
Furthermore, a validation campaign will be carried i Q

out on 5 demonstration sites in the "Campania
Region" to verify the overall reliability of the software
and reach TRL 8.

08/07/2022 Experiment number :




Task 4 - Business impact and risk analysis ﬁ>

[completed 100%] ‘

Sustainability assessment

The full potential of the aforementioned CSs can therefore be

_ 8] achieved through specific actions, some examples of which are
Enviroment T
10 indicated below:
Community Involvement and 4 |
Development 10 1. Environment (+2):
Consumer Issues 4] 5 Actions = Implement the indicated KPIs relating to the potential of
positive impact on the environment of the project.
. . . 1 o
Fair Operating Practices 5 2. Community involvement and development (+6):
_ 1 Actions - Development of initiatives that raise awareness in local
Labour Practices " .
4 communities the adoption of the LITTER HUNTER system as

: sponsorships, social initiatives, investments in R&D with the help of
Human Rights .
the academic world.
& 2 “ £ 8 e 3.Specific aspects relating to consumers / customers(+4):
mCurrent Relevance Potential Relevance Actions = Development of initiatives that raise citizens'
awareness of solution of the LITTER HUNTER system such as

initiatives in schools/volunteer work.

08/07/2022 Experiment number : 1010




Task 4 — Advanced Business Plan and go-to-market

strategy [completed 100%]

It will allow the company to reach foreign
clients in @ mid term, giving the company an
adequate production capacity
—P—-

N° of Boats
+ Drones In

3Ys

It will allow the company to generate the
right awareness about the service provided

200K€
MARKETING

EXPENSES
In 5Ys

08/07/2022

The Business Plan at a glance

Z ; EuroHPC

It will allow to boost up the revenue stream

y1 hpe y2 hpe y3 hpe y4 hpe y5 hpe
markup 20% 25% 30% 30% 30%
fleet drone+boat (n) 5 10 25 25 25
5 15
pack 1 (D+N+P) month 1 g 8 10 ) 16
pack 2 (N+D) month 2 5 8 1 300 56
pack 3 (N) month ) 6 10 8 A 5 A
pack 4 (D+N) half year 0 1 4 N 6 A 8 A
potential days for litter gathering 100 420 1000 1680 2500
eq. Working months 5 21 50 84 125
pot. Unique clients 5 10 20 31 45
y1 hpe y2 hpe y3 hpe y4 hpe
TURNOVER 171000.00€ | 702375.00€ | 1641900.00€ | 2914080.00€
TOTAL COSTS FOR THE FLEET 140 300.00€ | 140300.00 € 420900.00 €
Marketing and web marketing 60000.00€ | 40000.00€ [ 20000.00€|  30000.00€
TOTAL COSTS FOR mktg+amm+gen exp 96 900.00€ | 72000.00€ 77000.00 € 148 000.00€
COSTS FOR EXTERNAL COLLAB 43 000.00 € 72000.00 € 96 000.00€
COSTS FOR DIR EMPLOYEES 3800.00€ | 112500.00€ 225000.00 € 375 000.00€
FLEET MANAG OP COST 65250.00€ 231050.00€ 532500.00 € 836 200.00 €
TOT COSTS 306 250.00 € 603 850.00€| 1327400.00€ 1455200.00€
OP MARG -275550.00 € -41775.00€] -106400.00€| 1458880.00€

CAPITAL EXP -423725.00€

Experiment number : 1010

and increase the gross operating margin

—~_—-

o -

Foreig
clients

reached in

3Ys

HPC Tech is the key factor to succeed:
+ 50% of potential Turnover
- 40% of maintenance costs

~_

Use of

HPC

Technology
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General Challenges.and Next Steps (e

Use of new oceanographic models' representative
of different scales of phenomenology

Create the right logic for mixing large-scale models (km)
with small-scale ones (m)

Increase the number of floating objects
recoverable from the USV

Decrease the sampling of the points of the trajectories
predicted by the neural network to 2-5 mins.

Obtain local meteorological data by
analyzing the drone flight data.

Improvement of datasets for path prediction,
in particular of oceanographic simulations

» Use of measurement algorithms based on acquisition
inputs (height,footprint,resolution)

= Determination of the buoyancy level on the basis of the
size of the objects and detection of the emerged part

Sizing of objects detected by images

Neural network training for the identification of a
greater number of object classes

Improvement of datasets for path prediction in
function of object type.

Neural network training for the path prediction of a
greater number of floating object

Optimization of the control of the catamaran based on
meteorological and oceanographic data

ARAAA

08/07/2022 Experiment number : 1010
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FF4AEuroHPC - HPC Litter Hunter @>

greentech oy Bl
solution g i
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Thank you

This project has received funding from the European High-Performance Computing Joint Undertaking Joint Undertaking (JU) under
grant agreement No 951745. The JU receives support from the European Union’s Horizon 2020 research and innovation
programme and Germany, ltaly, Slovenia, France, Spain.
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The Problem . @>

Protecting seas and oceans against the litter is becoming a global
concern and there is a growing need worldwide for more efficient, clean
and autonomous technologies to identify and collect marine
detritus, especially plastics, in a systematic and repetitive way.

The HPC Litter Hunter project aims to use the
computational power of HPC to address a
computational problem that GTS encountered
during the plastic waste recovery service at
sea.:

optimize the plastic waste recovery
strategy by predicting the position of
hundreds of debris floating in the sea with
adequate accuracy in space and time and
provide optimized sea path to collect litter in a
more sustainable and scalable way

-~
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Current Status ' G

Task 1 Drone Data Gathering [completed 100%]: M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M1l M12 M13 M14 M15 [
loiu lug lago lset lott Inov Idic loen IFeb Imar laor Imag loiu  lug  lago |
v DataBase formation:

« Drone acquisition (Object detection; Path Prediction) % “jh * Deliverables
 Laser Drifts Buoy (Path Prediction) D‘t.l.lva ‘«5,2

£ B R 3 i v{} p ¢
- - - . . D 3

Task 2 HPC Traln|ng Deep Learr”ng Vg ] ] T T T
[CO m p I eted 100%] Y{ S T 5 .l,. i % R *;fz i s
v’ Training of a neural network for object detection with a precision of L e | ——— — ——————— 30

over 90% D3 1 —1332
v' Oceanographic Simulation dataset ! L X
v" Training of a neural network for Path Prediction, providing 100 D4.1 D4.2 04'§

. - . ; : | o Y b g

minutes of prediction, with 60 minutes of observation

Task 3 - HPC Recovery strategy optimization: [in : : : L
- . 0

progress 70% ] Task 4 - Business impact and risk analysis: [in progress 75%)]
v’ Dataset for recovery optimization strategy v'Sustainability assessment
v Multi-objective algorithm for recovery optimization strategy v" Advanced Business Plan and go-to-market
x Demonstration of recovery optimization strategy in 5 sites x Strategy Confidential final Deliverable for public success story:

08/07/2022 Experiment number : 1010




The ISPRA Station  « (e

DATASET Meteorological and Marine Parameters
Trajector Meteorological condition = o
VeI 9 . Piezometric
Hydrometric :
Level LI 1/10 min level m
transducer
Water
Temwztrz;u re VAL LTk temperature ©
L b transducer
ISPRA STATION ¥ " Air
t/ TA 1/10 h temperature °C
g Temperature
! transducer
E RELEUE RH 1/10h RH% %
. ? Humidity
Simulate ol Atlgnospherlc BA 110 h Barometric hPa
'Y} ressure sensor
g = wind Ultrasonic
g | o DV 1/10 min sensors for °N
. / Direction : o
i/, wind direction
. g Ultrasonic
y Wind Speed \AY 1/10 min sensors for m/s
? wind speed
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Task 1 - Drone Data Gathering [completed 100%] @>

Marine Litter Image Marine Litter Path

Google Earth

540’000 frames extracted (1920x1080 px)
300 real trajectories sampled with at 1/2 Hz and a

= 10’000 images acquired (4000x3000 px) duration of 2 hours

= 60 minutes of 4K resolution video acquired 50’000 coordinates of cluster of objects sampled at

= 70’000 frames of individual extracted objects 1/10 Hz and with a duration of about 2 hours

08/07/2022 - © Members of the FF4EuroHPC Consortium



Task 1 — Heterogeneous Dataset (=18[0)%) @f
[completed 100%)]

The laser drifts were positioned to form a square where the bottles were released. Five days of acquisition were
performed. The set of data produced by the drift generates a dataset with 4 traces of the device for the 5 days of
acquisition, equal to a total of 20 real traces of displacement of the Laser Drift.

0-3196054

-3196952

0-3196058 °

J40°485'N 14° 15'E

%-3195059

ggia della Gaiola

Google Earth

Data SI0, NOAA, ULS, Navy, NGA, GEBCO

08/07/2022 - © Members of the FF4EuroHPC Consortium 23



Task 1 - Dataset heterogene\ous creation (Buoy) @f}
[completed 100%]

08/07/2021 13/07/2021 14/09/2021

27/09/2021

N

08/07/2022 - © Members of the FF4EuroHPC Consortium o4



Task 2 - Oceanographic Model Simulation and Validation @c>

for Marine Litter transport

The CROM model

Spatial resolution

1/144° (~ 700 m) Lagrangian particle-
tracking model

Surface forcing

mo\r;\lgn(t:u?anmiﬂeé ?htgzjgh The algorithm adopted is TRACE
standard bulk formulae designed by Jarle Berntsen
Xntl = Xn+ y"Dt
Initial and lateral —I— p p p
boundary conditions
One-way nesting with yntl = yn+ y"Dt
NEMO OPA(1/16°) P PP

De Ruggiero et al. 2016 - Parthenope DIST

08/07/2022 - © Members of the FF4EuroHPC Consortium




Task 2 - Training and Validation Marine Litter @f>

|dentification [completed 100%]}
¥

Annotations

Group: mixedclass

softplastic

® bottles

= All the objects of each image acquired in Task 1 are

® hardplastic 1

labeled using dedicated software, dividing them into g 1
different classes: bottles, polystyrene, masks, soft
plastics and hard plastics

» The neural network is trained by providing the labeled
dataset to the accelerated cluster Marconil00 made

available by CINECA.

-~
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Task 4 - Litter Hunter Stakeholders

-~

This slide shows 3 Essential and Weak Essential
3 Useful Stakeholders. Investors + Academlc world
*  Responsibility: +++++ Responsibility: +
. Influence: +++++ | Influence: +++
Main Objective- *  Representation: +++ . Investors Representation: +
] i . . * Proximity/proximity: +++++ \ Proximity/proximity: +++
l. Consolidate relations with * Dependence: ++ | Dependence: ++
L iti
Investors, Local | ocal commentties
Communities, and y
Supervisory Bodies. Local Communities g | O Regulatory bodies MEd'a
. . *  Responsibility: +++ = Responsibility: +
Il. Activate collaborations both . Influence: sr+it _ i + ¢ Iflence: s
: : . Representation: ++ influence . epresentation: +
ywth the gcademlc worldand i AN | + Proximity/proximity: +++
in the p”Vate Sphel‘e *  Dependence: ++ *  Dependence: ++
(Partner) and implement a | . Academic world
Comml.mlcatlon SyStem. Regulatory bodies | Media Partners
(eSpeCla”y through Social Responsibility: +++++ Responsibility: +++
i i * Influence: ++++ * Influence: +++
Medla) that aI.IOWS the aigec *  Representation: + | O Partners *  Representation: +
to ConStantIy illustrate the *  Proximity/proximity: + . Proximc:ty/proximity: .
: * Dependence: ++ Dependence: +++++
results achieved. superfluous — Useful

08/07/2022 © Members of the FF4EuroHPC Consortium
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Computational Pipeline e

Drone Mission

Plannin .
: 2-min samples NN for Object Waste Image

Videos : . .
Images Detection Localization

Drone

survey 2-min samples

Current Meter

Meteo-Marine
Data

VBA Macro

Weather Station

Autonomous Catamaran Optimized Multi-Objective Predicted NN for Path Observed
Mission Mission Planning Recovery Strategy Algorithm Trajectories Prediction Trajectories

08/07/2022 Experiment number : 1010
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CUTTING-EDGE TECHNOLOGIES
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PROBLEM

Weather information in ATM
METAR/TAF Reports

Cuatro Vientos Airport Time: 09:47 (08:47 UTC)

Madrid-Cuatro Vientos, Spain —— ——
latitude:  40-23N, longitude:  003-47W, "1 1€ report was made 3 hours and 47 minu(®® g

elevation: 690 m — ago, at 05:00 UTC -

: e Serva Forecast valid from 11 at 06 UTC to 12 at 06
report was made 17 minutes ago, at 08: uTc
uTC

Wind 1 kt from variable directions

Wind 4 kt from variable directions
Visibility 10 km or more

Temperature 11°C no clouds below 1500 m and no cumulonimbus

BT Probability 30% : |
Pressure 1027 hPa robability 307 :
Visibility 10 km or more Temporary

from 11 at 06 UTC to 11 at 09 UTC

no clouds below 1500 m and no cumulonimbus

Visibility: 3000 m
mist
TAF: LEVS 1105002 1106/1206 VRBO4KT

CAVOK TX18/1115Z TNO06/1107Z PROB30
TEMPO 1106/1109 3000 BR NSC

Change units

M
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New airspace users New needs

 Origin destination are not fixed so we cannot rely on
expensive ground infrastructure.

 No air traffic controllers.

* We need a higher spatial resolution, horizontally and
vertically.

« Weather forecast need to be updated more frequently.
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. Development of WRF Development of U-
Development of a sensorized model for low altitude space services to

drone for atmospheric forecast with high spatial provide weather
characterization | resolution | services
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Unmanned vehides service
(/) provider

developer of Decision Support systems for
aeronautics

o aslogic

ﬁuniversidad
X delegn

Advanced

Meteorological moadels

Centro de Supercomputacion de Galicia

High-Performance Computing
Center

Meso-model based on WRF

Providing Super Computer
capabilities



High-Performance Computing
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NWP
Numerical Weather Prediction method
|dealized
Simulations

Weather Research and
Forecasting Model

real-time
forecast

J

B NCAR




High-Performance Computing
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[ D = pR;T Equation of state
J
dp AU oV  aW )
S o — e — e — = Conservation of mass
dt X dy Az
J

dU ar dUu oVu dWu
+ ) — — — +

ox ax dy dz

(u,v,w) velocity components
in (x,y,z) directions

O potential temperatura
p air density

T temperature

p pressure

cp specific heat W dr dUW  dVw  dWw

R, gas constant — +c,®O—+gp=— — — T L, ]

- P o Pt "~ by PR Y=
F..F,F,friction term or 0z X dy 0z

a0 aUl8  ave  awe
+4 + + = pQ. Conservation of energy

at ax oy dz

U=pu V=pv, W=pw 6 =pb ]




High-Performance Computing
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# Large domain grid points
® Shared grid points
® Limited -area grid points

Vertical
Resolution

o

s il Horizontal
o AR e Resolution
i s | .

ik

Ju \Z
ot - ° x| Eror
p "‘\\H A
| |/ coordinate Systgm




High-Performance Computing
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Why HPC resources?

Tuning WRF models

Running WRF models

* Weather forecast: 4 different WRF
parametrisations.

Each parametrization has 23 variables

to be tuned )

Weather forecast model for 30.000 km?
with a resolution of 3km horizontal at
different altitudes
(10m,20m,50m,100m and 125m )

Shortened development time
(from moths to weeks/days)

Reduction of the execution time from
tens of hours to minutes

ADV. —



HPC
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Is it possible to solve a problem with such resolution in
timely manner?

* How quickly do | need a solution?

* What horizontal and vertical resolution for my purpose?

* How many cores? If | use more cores | Will have the results
more quickly?

* How large is any data set that you need to load?

* How much memory need to be available forn
run?

lete a
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HPC resources

Tuning WRF models

1491 core-hour

More than100 jobs were submitted

J

ADV.

Running WRF models

Every day they are run 2 times per day
Running time= 1hour-1hour30min
HPC resources= 12 core/hour

10 GBs data per execution

Shortened development time
(from moths to weeks/days)

Reduction of the execution time from
tens of hours to minutes
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Meteodrone designed & validated with ground infrastructure

Wind sonic
senor & data
logger

&

Temperature
& Dew point

V0TS TZOZ/ZO/LT:



Main achievements
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Meteodrone validated with ground infrastructure
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Better wind characterization at
low altitudes

Altitude (m)
A

125

100

50

20

10
GND

@71‘6

o-g-e
|

_J[GND Anemometer SODAR*] Wind characterization

s

| | Infrastructure




Main achievements
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Galicia fully characterized

* Data harvesting campaign in 4 different
Galicia locations with more than 120
flights.

* Weather forecast model for 30.000 km?
with a resolution of 3km horizontal at
different altitudes
(10m,20m,50m,100m and 125m).

i

e Accuracy of wind prediction in 80% of
the territory £1m/s.

_ [N
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& Cristian Cabezas Guerrero v

Crear mision

Puntos de la misién

9 Inciar trazado

Bouzaboa

W Limpiar mapa

Os Carballas  Vacariza

Xenxibre
Alr_m:m Os Vales
i
AsCasasde = Paderne
Riba Y
As Seixas
0s Salgueiros )
9 0 Castro, As Lombas
0Os Pedregas 3
O Rodeira
0 Paulouro
A Rubial
0 Touzén
As Veigas do
Freixide £5,veigx
LU-113 Couso
Cornide de Arriba
Cornide de Abaixo.
A Barrela
¢ Bagoi
o A Eixavedra
Ancado Grande
0 Pacio
Santalla
0/Ancao Pequeno
\ 0 Colexio
N-640
As Casas Novas
As Seixas 0Os Espifieiros ATorre

500 m v
Os Silgueiros
maptalks - © OpenStreetMap de Abaixo

Rozas,

Algrexa

Algrexa

Datos de la misién

Nombre

Nombre de la misién

Descripcién

Descripcién de la mision

Fecha de la misién

O Touzén

02/07/2022

Hora de inicio y de fin

10:00

Operador del dron

A Grueira
KJHF7DFHGLS8
Piloto del dron

KJGAD8FJSKDFJ

Matricula del dron

KJSDFYSDFYUGSDF

Trabazos

Modelo de dron

JDI MAVERIC 200

(ONIK

11:00

Crear misién

4
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QH'E RCU L ES & Cristian Cabezas Guerrero v

Misiones
0 Misi6n de prueba 2 CaICUIadO o Varias celdas Calcmado 0 Mision 6
I £ 30/05/2022 £410/06/2022 £410/06/2022
Crear mision ®10:00-10:30 &y ®10:00 - 11:00 ®11:00 - 12:00

Nombre de la mision

4 02/07/2022
®10:00 - 11:00
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QH'E RC U L ES & Cristian Cabezas Guerrero v
Mision de prueba 2

Datos meteoroldgicos

* Valor a mostrar

Temperatura

Punto 2 Punto 3 Punto 4 Punto 5

= s ——— ! 12:30 13:00 13:30 14:00 14:30 15:00 15:30 16:00 16:30

<«

- = 125m 3 7.1°C 7.3°C 761°C  8.05°C 8.38°C 854°C 846°C 86°C 845°C

= 100m EE7.36°C | 17.56°C | 7.862C |1 '8:3°C" |1 8/64°C | 18.81°C [ "871°C | 8:86°CH | 871°C
75m 761°C | 782°C | 812°C | 857°C | 89°C [NOOECH 8.98°C (WRI2°CH 896°C
50m > 789°C 8.09°C 839°C 884°C 918°C 9.37°C 9.24°C 94°C 923°C
— 25m 8.2°C 8.4°C 871°C | 917°€C | 952°C | 9¥IFC |9.56°C | 972°C || 9.53°C
10m >  844°C 8.63°C 894°C 9.42°C 978°C 998°C 9.8°C 995°C 9.75°C
= == S Bueno Precaucién No volar
= Enlaces de interés
ENAIRE
:?s"’ https://drones.enaire.es/
= Actividad solar
S https://sdo.gsfc.nasa.gov/
L_soom | QS\\

maptalks - © OpenStreetMap <2 m
08:00 - Qﬁ 22:00 Ver datos de misién

& 4




Main achievements

Validated
with the final user




Challenges
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TEMPERATURE INVERSION
R e i S

o o NETWORK
LoRa

COMMUNICATION
ROBUSTNESS

Warm air

Cold air

i HH/! -H»

Normal Condition Temperature Inversion




Next steps
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Live information for aircraft
support during approach




Next steps
L
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From meso weather models to micro weather

Reduce the lateral resolution of our models from km
to tens of meters based on CFD or A.l algorithms




Thank you very
much for your
attention




Questions?

* You can ask questions in the
GoToWebinar Questions panel

* The questions to the speakers will be
shared in the Chat

ETP4 HP‘ ETP4HPC webinar

@@~

File View Help @v _ O™ x

Sound Check =mE 2

(@) Computer audio

() Phone call
O No audio
¥ muTeD

Mikrofon témb (Intel® Smart Sound... v

Hangszorok (Realtek(R) Audio) v

Talking:

Troraar 1
=

wvoonTaT

Webinar ID: 431-016-627

@3 GoloWebinar

8 July 2022



ETP 4 EUROPEAN TEGHNOLOGY
HPC PLATFORM FOR HIGH
PERFORMANGE COMPUTING

THANKS!

Please fill in the survey to help us improve our webinars!

Next webinar:
16 September: EUMaster4HPC

You can find us at:
@etpdhpc
office@etpdhpc.eu
www.etpdhpc.eu
YouTube



mailto:office@etp4hpc.eu
http://www.etp4hpc.eu/
https://www.youtube.com/channel/UCnOk3l6OjOy0VIsg1okeNTw
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