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Flying for a Plastic Free Planet

oastal Marine Litter Observatory

(CMLO)
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Coastal Marine Litter Observatory
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Coastal Marine Litter Observatory (CMLO)

To kaivotépo cUoTNUd pag ETITPETTEI TNV AKPIRH KAl ATTOTEAECUATIKA AViIXVEUON KAI TOV EVTOTTIOUO Twv BaA. atmoppIgpdTwy, TTapéxovTag dedouéva yia Tn diaxeipion Kai Tig TTpooTrdbeleg kabapiouou
TouG. Xpnaiyotrolwvtag drones kai aAyopiBuoug Al, To CMLO TTpoo@Epel pia 0IKOVOUIKA atrodOoTIKr) AUCT TTOU PEIWVEI TOV XPOVO Kal TOUG TTOPOUG TTOU aTTaITouvTal YIa TIG TTapadooiakeég uebddoug
kaBapiopou. Mg To CMLO, o1 XxprioTeg NTTOPOUV Va £E0IKOVOUNOOUV XPOVO Kal XPAua evw cUuhBAaAAouv o€ éva KaBapdTEPO Kal TTIO UYIEIVO TTEPIBAAAOV.
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Coastal Marine Litter Observatory (CMLO)

Xaptoypadnon nukvotntog 0aAAcoLlwv OMoPPLUHATWY OTLG TIAPAKTLEC TTEPLOXEG
MpwtokoAAo cuAAoync dedopévwv UAS oe cuvbuaouod pe alyoplOpoug Badidc padnong ylo tTnv autoOpoTn avixveuvon,
taélvopnon, MoooTIKoToinon Kal xoptoypddnon TwV CUYKEVIPWOEWY ATTOPPLUUATWY oTNV Ttapaktia {wvn

Data Acquisition Protocol Preprocessing & Annotation Marme L|tter Recogmtlon Marine Litter Density Mapping

System Selection System Preparation Flight Parameters Data geo-enrichment Image tiling
\4

¥ ' >
UAS Data Acquisition
./ \ Train CNN

) b S \ 4 H G
i fon Campains (Zooni >R >:> 9
\ / Crowdsourcing Annotation Campains (Zooniverse) : 10 litter
N/ '

\4
. [¢) . Predict «
Aerial images .

litter no \ tter noli ne

Papakonstantinou, A.; Batsaris, M.; Spondylidis, S.; Topouzelis, K. (2021). A Citizen Science Unmanned Aerial System Data Acquisition
Protocol and Deep Learning Techniques for the Automatic Detection and Mapping of Marine Litter Concentrations in the Coastal Zone.
Drones 2021, 5, 6. DOI: 10.3390/drones5010006 (DRONES Journal - BEST PAPER AWARD 2021)



http://dx.doi.org/10.3390/drones5010006

Coastal Marine Litter Observatory (CMLO

1= 2 £N O

Ground Space Distance (GSD)

0,5 cm per pixel. Be careful to The speed parameter The angle of the gimbal
adjust the nlght altitude until should be set in Slow should be VERTICAL to
the GSD is close to 0,5 cm. (less than 5-7m/s) the ground

Example for the majority of DJI
UAVs (e.g. DJI Phantom & DJI
Mavic series is flight altitude

43, d 6 +

The SIDE OVERLAP to 20% The FRONT OVERLAP to White Balance to AUTO
or less 20% or less

try to take off as close to the sea level as the
Imporfa nt note drone measures the flight altitude from the take off point
and not from the sea level.

All flights must follow the rules of the local Civil Aviation Authorities and all
pilots are exclusively responsible for their own flight operations.

the Aegean to inform potential cellaborators how to cellect marine litter images with the use of

. This document is a manual created by SciDrones PC Spinoff, the first spinoff company of the university of

commercial drones.

For information about the process or steps of this manual please contact:

@ infoescidrones.com www.scidrones.com




Coastal Marine Litter Observatory (CMLO)

=\
End Product
. 2x\0 rrrrrr
o —
Pre-processing -
Labeling Point litter maps ’ ’
gl AR L T M Categories of litters
Raw Data oc>  Litter density maps
a Confidence level =
Spatiotemporal Output

Processing

CMLO




Coastal Marine Litter Observatory (CMLO)

ML Proposed Main Categories & Size

e GSD=1cmor 0,5 cm = 18-20 m Phantom Pro
* Min Area =1cm? - 0,25cm?

1 SYNTHETIC POLYMER MATERIALS (PLASTICS) or ) ) ) ) _
* min measurable item dimensions equal a plastic

2 RUBBER MATERIALS bottle cap in 2 to 4 pixels for consumer grade
drone

3 CLOTH-TEXTILE MATERIALS o

4 PAPER - CARDBOARD MATERIALS

5 WOODEN MATERIALS L

6 METALLIC MATERIALS

7 GLASS- CERAMICS MATERIALS vy

bottle cap



Coastal Marine Litter Observatory (CMLO)

Xpnon Machine
Learning
Algorithms

AuTtopatomnotnpévn aviyveuvon
taélvopnon BaAdooLwV ATTOPPLUUATWY

e T TR P

i+ Object inference
" result

plastic
paper
metal
cloth

glass & ceramic
rubber




Coastal Marine Litter Observatory (CMLO)

CMLO | Data Web Site

6 Countriesin 3 Co-ntineﬁ;VSE ey S~y ALE ATHANASIOS.C ¢ Zuvduaopuoc Drones & Al
| FEP e e [TANPWG AUTOHATONOINHEVN
-~y ] B di1adikaoia
@, @, ¢ TRL Level: 9
@, w« e Accuracy: =90%
ey S : :
a, ¢ Online cloud nAatgpopua
o .ﬂ.@ o . ¢ XapToypdapnon 6gong
o - g P P anoppIppaTenv
In Greece: o | 5 ¢ [lapakoAouOnon — peTaBoAn oTo
* 9 Regions ' @, @ L ’ . XWPO/XPOVO .
z ¢ ONTIKOMNOINON XPOVOCOEIPAG
* 58Islands Y L ,
@, o S R punavong
e 455 Beaches @, @ %
© 985 UAZV Flights @, @, 15.220 High resolution
SRR GKm e @, aerial photos
. 123(3)4!531 of Coastline
T 428.000 Marine litter items

356.300 Plastic items

22/8/2023

Converts drones’' aerial photographs to
valuable geospatial information



Coastal Marine Litter Observatory (CMLO)

CMLO | Data Web Site
ADMIN

+ ACTIVE UPLOAD ID: none Edime  DMS: 40® ="

5 Countries in 3 continents

AULC ATHANASIOS C.
una LASKARIDIS

LLCF  CcHARITABLE FOUNDATION

Table 1.1. CMLO training objects

JAPAN

No Marine Litter Categories O:Ye?::s
1 (Slgflr;tsi:leé:; Polymer Materials 47 649
2 Rubber Materials 759
3  Cloth-Textile Materials 350
4  Paper - Cardboard Materials 1,532
5 Wooden Materials 3,389
6 Metallic Materials 643
7  Glass- Ceramics Materials 261
8 Unknown 561

A W
...... ' @, .
@,
o ..n .ﬂq},
@ @,
In Greece:
e 9 Regions ®. B, @ @ |
* 58lslands @ |-
455 Beaches @, o, QY
e 985 UAV Flights % @,
e 4.6 km?2Area o,
) . B,
= 90 km of Coastline

1: 4,334,388

£ 100 km 200 km

Metatpenel tic agpopwtoypadiec twv drones o€
TOAU TN YEWXWPLKA TTAnpodopia

15.220 High resolution
aerial photos

428.000 Marine litter items
356.300 Plastic items

22/8/2023



Coastal Marine Litter Observatory (CMLO)

XapTec B€ocwyv, €idouc & NUKvOTNTAC BAAACOIWY ANOPPINUATWY — YEWOMTIKOMOINOEIC
Advanced ML results & Geo-Visualization techniques




Coastal Marine Litter Observatory (CMLO)

CMLO | Data Web Site

ADMIN
” T 3 7Y
e b R a TILE INFERENCE FILTER OBIJECT INFERENCE FILTER
s : Result: litter Result: plastic, metal, rubber,
ik Confidence: (90% - 100%] unk, glass & ceramic, cloth,
paper, wood
> ) Confidence: (50% - 100%] .
A N X 3
v - ; 2% 3 Q‘ A Bl /
. . - ——— / | 1,\
Tile inference Tile inference Tiles /100sgm L '," ,
result confidence (litter) e : o 0 / R
litter (0.5-0.6] 1-5 | % o
no litter (0.6-0.7] 6-10
(0.7-0.8] n-15
(0.8-0.9] 16 - 20
(0.9-1] J Bl 21-25 ® -

LAl
,f'l [ Fra =
7{ Object inference . Object inference

result confidence
B olastic (0.5-0.6]
= | paper (0.6-0.7]

M metal (0.7-0.8]
cloth (0.8-0.9]
glass & ceramic [l [l (0.9-1]
rubber
wood
unk




Admin Page — User data upload table

©

Search: |
LICEM MMATA LINDILAAANDNTADL
= CMLO | Data Web Site -
= ADMIN z
ne Data Data Upld ts Img footprint  Upld report
ACTIVE UPLOAD ID: 31 . .
odel imginfo geom alt band (m) P (map page) (map page)
‘OBJECT INFERENCE FILTER
Result: wood, plastic, paper,
metal, glass & ceramic, cloth,
rubber, unk
7 . p - . . -06- 4:27
;. Confidence: (7% 100%) d/L1D-20c 11/0 = 26.2/26.6 2022-06-06 14:27Z @ @
result
plastic
paper
metal
i LR, 2d/L1D-20c 1776 X 27.3/27.9 2022-06-06 14:18Z @ @
rubber
B wood
1 unk
d/L1D-20c 4/0 =2 22.3/22.6 2022-06-06 14:137 @ @
d/L1D-20c 5/0 = 22.6/23 2022-06-06 14:11Z7 @ &
2d/L1D-20c 1/0 = 18.9/18.9 2022-06-06 14:07Z @ &
d/L1D-20c 1/ = 18.6/18.6 2022-06-06 14:06Z @ 1]
Query results
e e hd/L1D-20c 13/0 = 21.3/22.1 2022-06-06 14:04Z @ 1]
[ v e el e ISl
16pupa
INF COMPLETE 964 MAPAAIA 38 - KAPMAGOX 4-5-2022 AFTER /T\;:::z:é“' 2022-05-04 Hasselblad/L1D-20c 12776 R 24.1/24.8 2022-86-06 13:53Z @ ]
Project

4

Showing 1to 889 of 889 entries



Example: Rineia, Greece

ACTI PLOAD ID: non s DMS: 37° 267 47" N 25° 10 46" E -
CIVE IRt OADID bone soror? 00: (lat) 37.44629° (lon) 25.17943° |
Mmocg MiCahzs

Basemaps and Layers

* Nnoibda Pnvela otig -
KukAadecg, EAAaSa

Bing Street Map

ESRI World Topographic Map (o]

* Emloyn - B

ESRI World Imagery

ESRI World Street Map

dedopevwv/ | B

B Open StreetMap
MAPAKTLAG LWVNG L ¥ corec i
f%%j T2 All uploaded data
° E A ’ 7 User's uploaded data
TUAOYN XPOVLKNG Py 5
4 Upload data layers
KALLOKOLG ®,
anpog
I Dios
* 3 ouvoAla _
Query results E3)
’
dedopEVWY OTNV sirin
H-‘_%-E
DATE FOOTPRINT | REPORT
(Sla mapaktia {wvn
2021-
ADMIN | 20210622_Rineia_MISSION_12  20210622. R'::éaforfgssﬁ':dz SciDrones 06- 12/0 R
22
279 ADMIN 20211022_Rineia_Lask MapaAia viI0  SciDrones 125))%212 1221/0 R & @ 0 E Data filtering options
¢
3 Objects
2022- g
543 Sozon Rhneia 3 28-02-2022 null  02- 386/0 = @ é@ O
26

1.7 A



Example: Rineia, Greece

Data filtering

¢ q)lktpdpl.ﬁua ea)\dGGLwV N iy ‘_F‘ Ot?jei:tinfgr_r_er}ce result filter

density map

QTIOPPLUMATWY ava — B e

Katnyopia
cloth glass/ceramic

, , rubber wood unknown
* Erhoyn emumedou

Object inference confidence filter

EUMLOTOOUVNG EVTOTILOMOU

From 80% -— + To100% = +

ML (object inference

confidence level) oK




Example: Rineia, Greece

ACTIVE UPLOAD ID: 41 DMS: 37° 24° 437 N 25° 14° 06" E g
DO: (lat) 37.41189° (lon) 25.23479°

Basemaps and Layers
Basemaps
Bing Satellite Map
Bing Street Map
e M w 0 a.l.. K 6 ESRI World Topographic Map (o]
ESRI World Imagery
aspo¢wtovpa¢l(bv ESRI World Street Map
OpenStreetMap

Generic upload layers

e Xpnon / emhoyn

Upload data layers

Image footprint

SLadbopETIKWVY

Atyaiov
ITéAayocg
Aigaion
Pelagos

Non-overlapping image footprint
ba Se m a ps Upload mosaic
Object inference result (centers)
Object inference result (polygons)
Object inference confidence [ |
Object density map (litter) [ |
Object density map (WMS - litter)
Data filtering options

Objects

1:1,342

o

som ' 100 m



Example: Rineia, Greece

ACTIVE UPLOAD ID: 41 View mouse coordinates s
i - when cursor is over m

* Omtkomnoinon e
image footprint e —

ESRI World Imagery

ESRI World Street Map

) E ud) dv lC n Generic upload layers
dedopévwv 0000 e dsna MRS Sy
Training (Image p——

Atyaiov
ITéAayoc
Aigaion
Pelagos

Non-overlapping image footprint

dataset)

Upload mosaic

Object inference result (centers)

Object inference result (polygons)

Object inference confidence [ ]

Object density map (litter) =

Object density map (WMS - litter)
Data filtering options

Objects

1:1,342

O__
&
3

100 m



Example: Rineia, Greece

ACTIVE UPLOAD ID: 41 OMS: 37° 24° 43" N 25° 14’ @6" E s

00: (lat) 37.41186° (lom) 25.23479°

OBJECT INFERENCE FILTER
Result: plastic, paper, metal,

cloth, glass & ceramic, rubber, Basemaps and Layers
ood, unk
P Confidence: (80% - 100%)]
:_S ctinference Basemaps
I plastic Bing Satellite Map

Bing Street Map

ESRI World Topographic Map (o]

ESRI World Imagery

ESRI World Street Map

* Ofocelc Oalaoolwy

OpenStreetMap

Generic upload layers

QTIOPPLUUATWV

Upload data layers

Image footprint

e Omnrtkomoinon.
E{idouc/YAwkou ML

Atyaiov

ITéAayoc

\i\'ninn :

Pelagos Upload mosaic
S

Non-overlapping image footprint

Object inference result (centers)

Object inference result (polygons)

Object inference confidence [ ]

Object density map (litter) [ ]

Object density map (WMS - litter)
Data filtering options

Objects

1:1,342

o

SOm 100m



Example: Rineia, Greece
E

Object inference
result

plastic

paper

metal
3 cloth

* Ontkormoinon  f S|
MoAvywvwv
BaAdocolwyv

QTIOP PLUUATWV.

ACTIVE UPLOAD ID: 41

OBJECT INFERENCE FILTER
Result: plastic, paper, metal,

cloth, glass & ceramic, rubber,

wood, unk
Confidence: (80% - 100%)]

View mouse cool
when cursor

Basemaps and Layers
Basemaps

Bing Satellite Map

Bing Street Map

ESRI World Topographic Map (o]
ESRI World Imagery

ESRI World Street Map

OpenStreetMap

Generic upload layers

Upload data layers

Image footprint

Non-overlapping image footprint
Upload mosaic
Object inference result (centers)
Object inference result (polygons)
Object inference confidence m
Object density map (litter) m
Object density map (WMS - litter)

Data filtering options

Objects




Example: Rineia, Greece

CMLO | Data Web Site
ADMIN

n ) ACTIVE UPLOAD ID: 31
& \

OBJECT INFERENCE FILTER
Result: wood, plastic, paper,
metal, glass & ceramic, cloth,
rubber, unk

[ J O T[T L K O T[ O 'lr] G Object inference ' | & o . 3 v 7 Confidence: (70% - 100%]

result
7 plastic
n ©eong =
metal
cloth
glass & ceramic
rubber

wood
unk

e Katnyoplog

Query results

Admin user data
[ Y [ T N (I




Example: Rineia, Greece




Example: Rineia, Greece

Object inference

confidence
(0.5-0.6)
(06-07)
(0.7-0.8)
(0.8-09]

M 09

* Al confidence level

(example with Bing
basemap)

ACTIVE UPLOAD ID: 41

OBJECT INFERENCE FILTER
Result: plastic, paper, metal,

cloth, glass & ceramic, rubber,

wood, unk
Confidence: (80% - 100%]

Aegean:Sea

Basemaps and Layers
Basemaps

Bing Satellite Map

Bing Street Map

ESRI World Topographic Map
ESRI World Imagery

ESRI World Street Map
OpenStreetMap

Generic upload layers

Upload data layers

Image footprint

Non-overlapping image footprint

Upload mosaic

Object inference result (centers)

Object inference result (polygons)

Object inference confidence

Object density map (litter)

Object density map (WMS - litter)
Data filtering options

Objects




ExamPIE: RinEial Greec_e CMLO | Data Web Site

~
— ADMIN L

“w

* ACTIVE UPLOAD ID: 41 VTeSmouzelConednates

when cursor is over map.

OBJECT INFERENCE FILTER
Result: plastic, paper, metal,

cloth, glass & ceramic, rubber, Basemaps and Layers
wood, unk
, Confidence: (80% - 100%)]
Objects /100sgm Basemaps

¢ Ma rine Iitter Xdptsq ; Bing Street Map
’ ESRI World Topographic Map (o)
I-I U Kvotntaq ESRI World Imagery

ESRI World Street Map

OpenStreetMap

Generic upload layers

* tiles of 100sgm

Upload data layers

Image footprint
Non-overlapping image footprint
Upload mosaic

Object inference result (centers)

Object inference result (polygons)

Object inference confidence [ |

Object density map (litter)

Object density map (WMS - litter)
Data filtering options

Objects

1:1,237

25m 50m



Example: Rineia, Greece

* XWPOXPOVLKEC
OUYKPLOELG

* (ex. 8months)

Objects /100sgm
(litter)

>=16
n-15

pe6-10
1-5
o}
1-5

M-6-10

-N--15
<=-16

Admin user data

T IMG MAP | DENSITY
543 1 é

Sozon 2022-02-26 | 386/0

279 ADMIN  20211022_Rineia_Lask Mapadia vi0  SciDrones

ACTIVE UPLOAD ID: 543
UPLOAD ID DIFF: 543 - 279

OBJECT INFERENCE FILTER
Result: plastic, paper, metal,
cloth, glass & ceramic, rubber,
wood, unk
Confidence: (80% - 100%)]

jxd
Jx @ @

)
1:1,055

25m

View mouse coordinates
when cursor is over map.

Basemaps and Layers
Basemaps

Bing Satellite Map

Bing Street Map

ESRI World Topographic Map
ESRI World Imagery

ESRI World Street Map
OpenStreetMap

Generic upload layers

All uploaded data
User's uploaded data
Admin data

Upload data layers

Image footprint

Non-overlapping image footprint

Upload mosaic

Data filtering options




, Greece

ineia

R

Example

150 Meters

T T R Y T O |

0 375 75

Tiles with litter per 100 sqm

L 10

L J1-5

L J6-10

[111-15

16 - 20

21 - 25

I > )5

Tiles with litter per 100 sgm

0

[ J1-5

[16-10

L 111-15

B 16 - 20

N 21 - 25

B > )5

120 Meters

0 30 60




Case Study: Beach 21 - Lesvos - 11/09/2022
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Case Study: Beach 21 - Lesvos - 11/09/2022
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Case Study: Beach 133 - Lesvos - 14/09/2020




Case study: Ghana

Ghana use case

: DMS: 5° 32° 44° N @° 11° 18~ W
x ESIENELSALIR 1007 DD: (lat) 5.54532° (lon) -0.18826° |§]
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Result: plastic, paper, metal,
cloth, glass & ceramic, rubber,
wood, unk

Object inference
result

plastic

paper
metal

glass & ceramic
rubber

Object inference
result

plastic
paper

glass & ceramic |
rubber

e
Many thanks to: Ignatius Williams (University of Ghana) and
Jose Moutinho (AIR Centre)




Case study: Japan - 2023
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Case study: Japan - Uwajima beach

Admin user data

IMAGE | UPLD IMG MAP
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Case study: Japan - Uwajima beach

e
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Data filtering

Object inference result filter

Note: does not affect density map
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Case study: Japan - Uwajima beach
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Case study: Japan - Uwajima beach

Object inference
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Case study: Japan - Uwajima beach
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Case study: Japan - Uwajima beach
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Case study: Japan - Uwajima beach

Object inference
result

1—] plastic
paper
metal
cloth
glass & ceramic
rubber
wood
unk

o

cloth, gla

Confid




Case study: Japan - Uwajima beach
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Case study: Japan - Uwajima beach
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Coastal Marine Litter Observatory (CMLO)
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Thank you

Neec pebodol xaptToypagpnonc TnG BaAacaolac punavong -
Napatnpntnplo MapakTiwv & OaAlacoiwv Anoppiuatwyv (MAGAMMA)

Costal Marine Litter Observatory (CMLO)
https://cmlo.aegean.gr/

AnootoAo¢ Manakwvotavtivou
Co-Founder SciDrones IKE
Ertiik. KaBnyntic MOMHTE TEMAK

Cyprus
University of
Technology

apapak@scidrones.com / a.papakonstantinou@cut.ac.cy i

www.scidrones.com
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