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Wood Pathologies and Disorder Studies in Lombardia (It)
Sentinel-2 Images: comparison of 2016 and 2017 of the
Normalized Difference Vegetation Index (NDVI)

B o

Protecting
habitats and
endangered

species in

Europe
through
tackling
environm.
crime

Heraklion — Crete
23 — 24 October
2018

LOMBARDIA

Agenzia Regionale per la Protezione delfAmbiente



. . . e _
Innovative surveillance technologies Kk A ‘ :
in environment protection ‘j(mjj 'LI"FI:IEWI? I
Earth observation: nature, water, waste ke K

Wood Pathologies and Disorder Studies in Lombardia (It) Protecting
Sentinel-2 Images: comparison of 2016 and 2017 of the habitats and
Normalized Difference Vegetation Index (NDVI) endangered

RN T 3 | species in

- o s I 2 R Europe

through
tackling
environm.
crime

%

P TS = 2k [
s N
“ 2y
O
e
A f » ~
P : =%

Heraklion — Crete
23 — 24 October
2018

q F LOMBARDIA
Agenzia Regionale per la Protezione delfAmbiente




Innovative surveillance technologies

Y o

%*ENPEJ(%

in environment protection *m*
’ P THEMIS

Earth observation: nature, water, waste

@

Wood Pathologies and Disorder Studies in Lombardia (It)
Sentinel-2 Images: comparison of 2016 and 2017 of the
Normallzed leference Vegetatlon Index (NDVI)

_ . e w7.tr
DIFFERENCE AND
THEIR
INTERPRETATION
WITH THE USE OF
AUXILIARY DATA AS:
v" FORESTRY MAPS
v" FIRES MAP

v' AUTHORIZED
LOGGING
INFORMATION
SYSTEM
LANDSLIDE MAP
AVALANCHES
MAP

R ¢

Protecting
habitats and
endangered

species in

Europe
through
tackling
environm.
crime

Heraklion — Crete
23 — 24 October
2018

\q F/ LOMBARDIA
Agenzia Regionale per la Protezione delfAmbiente



Yo

Innovative surveillance technologies el

Yo
4(4(4(

< @ ENPEY °
in environment protection ‘f@* ’>
< — THEMIS

Earth observation: nature, water, waste

Wood Pathologies and Disorder Studies in Lombardia (It)
Sentinel-2 Images: comparison of 2016 and 2017 of the
Normallzed leference Vegetatlon Index (NDVI)

e W TRy e P
DIFFERENCE AND b g TN EXAMPLE: ¢
THEIR e KNOWN

INTERPRETATION  [E S /) T e e e L on it 8
WITH THE USE OF S A 1T o 5
AUXILIARY DATA AS: B Togio
v FORESTRY MAPS B S apatio

[]Valanga

v' FIRES MAP
v’ AUTHORIZE Sﬁﬁhﬂm
INVESTIGATE! @
SYSTEM .
v' LANDSLIDE MAP
v' AVALANCHES
MAP

Protecting
habitats and
endangered

species in

Europe
through
tackling
environm.
crime

Heraklion — Crete
23 — 24 October
2018

\q F A LOMBARDIA
Agenzia Regionale per la Protezione delfAmbiente



Innovative surveillance technologies
in environment protection
Earth observation: nature, water, waste

(J
LIFE/NATURA

THEMIS

waldrappteam -

* X %

Yc Q ENPE9 Y
Jc e
+* SN
Ve e
C 4 K

LOCAL STUDIES OF ANOMALIES: BEYOND ON SITE OPERATORS INSPECTIONS

TREES CUTTING AND LOGGING

= e SRS

Gk ‘u\nd

L2

I

investigation

0,4 --03
-0,3--02
-0,2 - -015
-015--01
-0,1 - -0,05
-0,05 - +0,05
+0,05 - +0,1
- +015
// W +015- +0,2

/ /
/ g . A\ ey o, (
} ) ' ) S } ~ 400 Meters.{ (

Protecting
habitats and
endangered

species in

Europe
through
tackling
environm.
crime

Heraklion — Crete
23 — 24 October
2018

LOMBARDIA

Agenzia Regionale per la Protezione delfAmbiente



4

Innovative surveillance technologies * ¥ 4

* lENPE /4:' L‘g
in environment protection m z>
p P THEMIS

Earth observation: nature, water, waste

&

:

:

:
Ea

LOCAL STUDIES OF ANOMALIES: SUPPORT TO ON SITE OPERATORS’ INSPECTIONS

PARASITIC ATTAK (Bark Beetle)

IRFC image:

Protecting
habitats and
endangered

species in

Europe
through
tackling
environm.
crime

Heraklion — Crete
23 — 24 October
2018




1 /ENPE‘ *;

¥

Innovative surveillance technologies
In environment protection
Earth Observation: nature, water, waste

Water:
lllegal abstraction
in agricolture

Protecting
habitats and
endangered

speciesin

Europe
through
tackling
environmental
crime

Heraklion — Crete
23 — 24 October
2018



Innovative surveillance technologies T A
in environment protection m }) ‘

. THEMIS
Earth observation: nature, water, waste

DETECTION OF ILLEGAL WATER ABSTRACTION THROUGH
SATELLITE OPTICAL REMOTE SENSING

AND AND THEN

N It could be
t
‘ Abstriction a Case Of
) Lifen illegal water
S e abstraction

The Vegetation The contribution There is no water
Index detected of rainfalls is abstraction licence
through Earth negligible

Observation is high

WODA1 and WODA2 (IMPEL Projects)

Protecting
habitats and
endangered

species in

Europe
through
tackling
environm.
crime

By

Heraklion — Crete
23 — 24 October
2018



. . . Yo

Innovative surveillance technologies Xk A ‘ »

in environment protection ‘j(mjj e s
4( 4( 4( L waldrappteam

. THEMIS
Earth observation: nature, water, waste

An example of legal water 1800000 Protecting
] 1600000 {— Water habitats and
abstraction 2 1400000 - apstraction endangered
.§ 1.200.000 — froma species in
g Loooooo | registered Europe
8 borehole through
5 800.000 ,
£ tackling
_i 600.000 environm.
'Fg 400.000 I crime
2 200.000
0 1 . . . . — . .
JAN_16 FEB_16 MAR_16 APR_16 MAY_16 JUN_16 JUL 16

1.000
900
800
700
600

500
400 re
I |y

300 #

y '\\
200 &= — -

\
~‘~~ ( J
100 == W Heraklion — Crete
0 23 — 24 October

2018
WODA1 and WODA2 o SR

©
RS
0’”\ o”’\ 3

IMPEL Projects eSS S S e

Vegetation Index

NDVI*1000




Innovative surveillance technologies
in environment protection
Earth observation: nature, water, waste

Y*

* X %

% @ENPE9 %

‘\’m‘( LIFE/NATURA

<vmms THEMIS
. ¢ 4( 4(

An example of a potentially
illegal water abstraction

WODA1 and WODA2
IMPEL Projects

No permit - no
registered
borehole

NDVI*1000

1.000
900
800
700
600
500
400

300 -

200
100

O

0

o
S
O

]
I}
__-.-\ I’

>

o
S
o

6 O Ao A0 o
NN N BN
S F @ &

6 L0
SRS
& &

0“'\ N SORE\ LAY AR AR\ LA ¢

Protecting
habitats and
endangered

species in

Europe
through
tackling
environm.
crime

By

Heraklion — Crete
23 — 24 October
2018

\q F A LOMBARDIA
Agenzia Regionale per la Protezione delfAmbiente



k @ ENPE9

waldrappteam

Innovative surveillance technologies
In environment protection
Earth Observation: nature, water, waste

Water:
River Monitoring

Protecting
habitats and
endangered

speciesin

Europe
through
tackling
environmental
crime

Heraklion — Crete
23 — 24 October
2018

\ 2 i ALOMBARDIA
Agenzia Regionale per la Protezione dell Ambiente



4
<

Innovative surveillance technologies K ‘
in environment protection m z>
g THEMIs

2
3
. o[ 7]
Earth observation: nature, water, waste

LOCAL STUDIES OF ANOMALIES: BEYOND ON SITE OPERATORS INSPECTIONS ha':)rigfscg:g

MONITORING OF LARGE TERRITORIES endangered

species in
EXAMPLE: STUDY OF MERA RIVER BED - 2018 Europe
through
* Fixed wing drone tackling
environm.
* 5 km lenght of the survey crime
* 40 minutes flight
* Heigt 100 m AGL
e 1370 images taken
e 4 photogrammetric stripes T
—

e 7 Ground Control Point
e 11 Check Point
e GSD3cm

Heraklion — Crete
23 — 24 October
2018




Innovative surveillance technologies ol A

in environment protection g )
environme Fpotecto =~ THEMIS

Earth observation: nature, water, waste '

&

LOCAL STUDIES OF ANOMALIES: BEYOND ON SITE OPERATORS INSPECTIONS

MONITORING OF LARGE TERRITORIES

EXAMPLE: STUDY OF MERA RIVER BED - 2018

3D DIGITAL
RECONSTR.
OF THE :
RIVERBED

Protecting
habitats and
endangered

species in

Europe
through
tackling
environm.
crime

Heraklion — Crete
23 — 24 October
2018




Innovative surveillance technologies Rfel 4 A
in environment protection @
Earth observation: nature, water, waste k7

THEMIS

LOCAL STUDIES OF ANOMALIES: BEYOND ON SITE OPERATORS INSPECTIONS

MONITORING OF LARGE TERRITORIES

EXAMPLE: STUDY OF MERA RIVER BED - 2018

3D DIGITAL
RECONSTR.
OF THE
RIVERBED

Protecting
habitats and
endangered

species in

Europe
through
tackling
environm.
crime

Heraklion — Crete
23 — 24 October
2018




“‘/ENPE I

waldrappteam

Innovative surveillance technologies
In environment protection
Earth Observation: nature, water, waste

Wastes:
Landfill Inspections

Protecting
habitats and
endangered

speciesin

Europe
through
tackling
environmental
crime

Heraklion — Crete
23 — 24 October
2018

\ 2 i ALOMBARDIA
Agenzia Regionale per la Protezione del’Ambiente



Yo

Innovative surveillance technologies * X % .

4 QENPE9 % f
in environment protection m ’>
P “PmSc THEMIS

Earth observation: nature, water, waste
DRONES SUPPORT TO LANDFILL BB abitate ang
TS\ d d
INSPECTIONS P T
il Europe
Last available image from GoogleEarth (21/5/17) ig::cl)(ﬁi;
environm.
crime

Survey missions:

eIndipendent photogrammetic surveyon | .

the whole area of the landfill 23— 24 October
. . . 2018

e Accuracy analysis and comparisons with

traditional methods (GPS-RTK surveys) \RPL oo

Agenzia Regionale per la Protezione delfAmbiente




Innovative surveillance technologies el “
In environment protection @j

. THEMIS
Earth observation: nature, water, waste

>

waldrappteam

LOCAL STUDIES OF INSTALLATIONS: SUPPORT TO ON SITE OPERATORS

DRONES SUPPORT TO LANDFILL
INSPECTIONS

Points Cloud, 3D view from North

Protecting
habitats and
endangered

species in

Europe
through
tackling
environm.
crime

Heraklion — Crete
23 — 24 October
2018

LOMBARDIA

Agenzia Regionale per la Protezione delfAmbiente



. . , .
Innovative surveillance technologies . del A ‘
in environment protection i@: L.E)N‘ATUM

* g K

_ THEMIS falicappteam] %
Earth observation: nature, water, waste

| Areab: 5 e . | Areas5and3
| Area for future waste : - e S : ith di

, deposntlons : WIF 2ol
= = heights vs
authorization

| Estimated exceeding
volume (in m3) of
waste

Outputs use
for
compliance
assurance

Heights difference
(DSM — DEM) map

Protecting
habitats and
endangered

species in

Europe
through
tackling
environm.
crime

Heraklion — Crete
23 — 24 October
2018

LOMBARDIA

Agenzia Regionale per la Protezione dell Ambiente



Innovative surveillance technologies Tk 5
in environment protection THEMS el
Earth observation: nature, water, waste ade

LOCAL STUDIES OF INSTALLATIONS: SUPPORT TO ON SITE OPERATORS
DRONES: THERMAL DETECTION OF LANDFILL ELUATES LEACHING

x
85
Z5
ém
=]

Protecting
habitats and
endangered

species in

Europe
through
tackling
environm.
crime

7 #2% Heraklion — Crete

23 — 24 Ocddber




O
LIFE/NATURA

THEMIS

waldrappteam

Innovative surveillance technologies
In environment protection
Earth Observation: nature, water, waste

Wastes:
lllegal Management

Protecting
habitats and
endangered

speciesin

Europe
through
tackling
environmental
crime

Heraklion — Crete
23 — 24 October
2018

\ 2 i ALOMBARDIA
Agenzia Regionale per la Protezione del’Ambiente



Innovative surveillance technologies el 5
in environment protection THEMIS
Earth observation: nature, water, waste *

Protecting

DRONES and INSTALLATION INSPECTIONS habitats and

endangered
species in
Europe

HOW TO through
tacklin

DETERMINE environmg.
RESPECT OF
PERMITS
WHEN
HUNDRED
OF
THOUSAND
OF TONNES
ARE
INVOLVED?

Huge wastes installation inspections: high precision measurement

Heraklion — Crete
23 — 24 October
2018




Yo

Innovative surveillance technologies N delk M
in environment protection m
Earth observation: nature, water, waste ol i

(J
LIFE/NATURA

THEMIS

LOCAL STUDIES OF INSTALLATIONS: SUPPORT TO ON SITE OPERATORS

DRONES and INSTALLATION INSPECTIONS

Huge wastes installation inspections: high precision measurement

HOW TO
DETERMINE
RESPECT OF

PERMITS

WHEN
HUNDRED
OF
THOUSAND
OF TONNES
ARE
INVOLVED?

Protecting
habitats and
endangered

species in

Europe
through
tackling
environm.
crime

Heraklion — Crete
23 — 24 October
2018



Innovative surveillance technologies
in environment protection
Earth observation: nature, water, waste

e X oo
%c QENPEY *
' A
e J
4 d
J

(J
LIFE/NATURA

THEMIS

LOCAL STUDIES OF INSTALLATIONS: SUPPORT TO ON SITE OPERATORS

DRONES and INSTALLATION INSPECTIONS

Huge wastes installation inspections: high precision measurement

N® Superficie Volume Errore Errore
Cumulo (m?) (m*) (m?) (%)

DlGlTAL MODEL OF THE 1 7.665 62.777 + 475 £ 0,

2 5.584 54,956 £ 346 £0,6

WASTES DEPOS'T 3 £.022 45,125 + 373 £ 0,

4 13.351 132.628 + 828 £0,6

5 7.213 £3.924 + 447 + 0,

6 1.591 4,101 £ 99 + 2,4

7 3.383 10.703 + 210 + 2,0
% 8 2.372 13.824 + 147 1,1
',\“' : 9 3.658 20.083 + 227 + 1,1
- 10 2.355 10.896 + 1486 1,3
' 11 3.332 17.794 + 207 +1,2
;‘ 12 2.408 13.936 + 149 1,1

13 3.722 12.591 + 231 £ 1,

14 1.585 3.808 + 98 2,6

15 4.599 23.876 i 285 £1,2

16 3.063 15.279 + 190 1,2
Totale 71.903 496.291 +4.458 £ 0,9%

ABOUT HALF A MILLION CUBIC METERS OF
WASTES MEASURED WITH A 0,9% ACCURACY,
IN 1h 20min FLIGHT (less than a man-day post-
elaboration — less than 5 man-day work in total)

PERMIT EXCEEDED FOR A FACTOR OF 2 - PROSECUTED |
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TACKLING OF ILLEGALITY IN WASTE STORAGE, PREVENTION OF
WASTE STORAGES FIRES: Installation and Abandoned Sheds

LOMBARDIA REGION IS DEVELPING A PROJECT
ON ADVACED SURVEILLANCE ON WASTE
MANAGEMENT («SAvaGeR» project) BASED ON:

Earth Observation
Geospatial Intelligence
Artificial Intelligence & Machine learning

Advanced cooperation among
* ARPA (EPA) Lombardia
* Administrative Bodies
* Police Bodies
* Prosecutors
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