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" Introduction

About the project

v" Research activity:

 Detection of Fires and Burned areas

v An ESA funded project:

* PROBA-V Mission Exploitation Platform
Third Party Services (MEP-TPS)

v Actors:

* Progressive Systems with the support of
Sapienza University of Rome (research)
& Centre de Suivi Ecologique (end user)
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UNIVERSITA DI ROMA
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& e S a PROBA-V Mission Exploitation Platform

Platform and Mission -

PROBA-V MEP Toolset - Users -~  Blog

You are here : Home » Detection of fires and bumed areas

+ Detection of fires and burned areas

@ proba-v TS

Progressive Systems Sri

Via della Ricerca Scientifica, ed. PP3
Farco Scientifico di Tor Vergata
00133 Roma [RM)]

Taly

- Progressive

Y ® & EXPRESS YOUR GENIUS

Contact person

Progressive Sysiems

Tel +30-06-04180784
Fax: +30-06-04801962
email: giancario rvolla

Summary

This activity mlends to support the exploitation of PROBA-V dala for enhanced fire delection, also relying
on the vegedation index for the aciual estmation of Impact of detected fire events making available

« Use of the CloudToolbox for analysing fire detection aigontnms performance
« Use of the CloudTooibox for Geploying and 1esting the enhanced aigorithm
» ACCESS 10 PROBA-V NDVI and burned area products 1o compement fire cetection information
» Uise of the Cloud Toolbax 10 develop an enhanced Aigornm and oplimise fis effickenty and
scalability to wider areas of interest
f ions of the new service based on the enhanced fire defection algonthm in the PV
operated by VITO
EVIRS data via PV MEP for supporting operations
= Support aigonthm validaton campaign

Goal

NAT Fire Detection servica running on the MEP based on MSG SEVIRI and PROBA-V data

User support -

* Tools

G
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" Backgrou nd :_

Starting point: the old MDIFRM service

v First Fire Detection service prototype in 2008 Multisource Data Integration for Fire Risk
Management: The Local Test of a Global Approach

- Multi-source Data Integration for Fire Risk Management (MDIFRM) T R
« Provided by ESA RSS to CSE to cover the territory of Senegal LT S R L T S

« Near-Real Time MSG SEVIRI & Envisat MERIS derived data (MGVI) | =S==msmeresns e

gkl . cumsirl srves (e dedection slpumittin. o (i dely, we demcrite

sysarm that = Ine meitneree
eration with the Cosire e Saivi Erolopique (Dakat, SMEsll, 0 fire riak sanspeesnel sy ol e C5F remies
e 1n this leties, we Tocus on the debection aspect, W

v' Potential improvements have been identified during the years: e e e ﬁ?ﬁﬁﬂfr“ﬁﬂ‘"*‘imm#“

ot dbormetes
(MMM ) Bupl Rrpmae S piren, shurming G mare ihan 745

I SYSTEM REQUIRKMENTS

 Efficient Data management ST R TR e L e, T

N intcgraton sysiem For fice risk mansgement. The maln
L INTRIOCTION

* Scalability e R e
» Better algorithm performance (detections, false alarms) :

Y ettt

4 enblaty B user o makipe 8 Me Aeps of the e
detection symem.

This syssem, developed bs cooperation with the CSE, s an

mp 0 fosser gy pe

il s pripgeety. A wrndedecied
mape b

« Use of PROBA-V data to enhance burned area detections o R e e e 0 5 e

o develop e rish manapemens sydeni and svviom. We

an
 stand-akone source. We hope 25 well 10 imprve the accuracy,
temparl coverspe, sad indeeace shost ihe FeviDAment A0

The syserpintic: combination of Farth-cinesvation (FO) dats
wraroes from pola orbiting. salelite seanon Wike the Fvinn
mental Ssellile (LNVISATYS sstellile MESum Resolution

Imaging Npectromete | ML) 2l e Advascd A
< Track Scanmng Radiomter (ANTSR) wilh e froquent 0.

v" In 2016 CSE requested to extend the fire monitoring over the , g
ECOWAS region plus Mauritania and Chad (MESA project). ST e T DT Lo e et

Pt i o
gt Dt M 1011081 {115, 3008 301W03% i ot fermainn cn 35 v i o o s

A 0 3 30 181
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" Objective
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Objective: a new fire detection service prototype

The Forest Fire Monitoring and Management (FFMM) service prototype fulfils the requirements
identified during the analysis phase of the PROBA-V MEP Third Party Services Project (Task 3d).

The project was structured in 3 phases:

1. [Initial analysis and requirements identification (Jan — Apr 2017)
* Use case and demonstration definition
» Technical Specification

2. Design and Implementation (May 2017 — Jan 2018)

« Design and implementation

* Deployment in the PROBA-V MEP and acceptance test
3. Validation and demonstration (Feb — May 2018)

» Field validation campaign

* CSE staff training

Credits: CSE, Google, EUMETSAT
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Algorithm

VAN
./45‘"-57/’&”
Forest Fire Monitoring and Management (FFMM)

K“?[]IU\-\' PROBA-V MiG SEVIRI MSG-CLM Water
f \I.J‘."Zl.st\ Data Data mask
: ,
Background M

) python o

N
S
| |\"rr.| Pre-Processing Char /]
i ANACONDA
PROBA-V NDVI PROBA-V MSG-SEVIRI MSG-CLM i model
Data acquisition Data acquisition Data acquitition Data acquisition I characterization
i :
. N ©
PROBA-V : A
<> o Cloudmask Background Capernicus 6LS
—_— i filteri model storage Fire Burmt Area
— ! e —> Detecticas J u pyte r
Raw dats ! T U N 4
Storsge J 0 T ®
Kolman-bosed Anomaly Detection 10 days composite
. . 1 ] i
Kalman Prior and
MSG-SEVIRI MSG-CLM J T posterior | mnomaly
" i i ion PROBA-V BA
Data preparation Data preparation ! state estimation detectio Dats acqehition
f I I Cumulative days A
| of fire ccourrence 1 SG] Py
Data clipping over
ECOWAS
MSG
SEVIRI
Anomaly i | Data . E NumPy
v, stonge
)
]
T H
Er— matpl:tlib
Detection &
and bnarnt area rasters
Reparting THF or KML
Credits: ESA, EUMETSAT
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" Algorithm (2)

Background Model Characterization 12:00 UTC

WATER MASK

Product: Cloud Mask (CLM)

* Modelling daily measurement cycle of a pixel in clear-sky conditions
« EUMETSAT’s Cloud Mask products to filter out anomalies

Parameter: Clear Sky over Water (CSW)
ime window: from 20151201 0000 to 20160331 2345

, : Land
* A water mask is also derived to reduce false alarms. - pixel .
BACKGROUND MODEL - IR039 — 1200 UTC Il
= — - —IR039 measurement’ —IR039 model
AN iad DAk PuASRNLE X
; I Measurement
|
Model I -
)
:
[ 2
O 'ib O P H H H Q S
O O 0 QoY 00 OY .0 Q)
S Qv Q‘O RPN ST R "L
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Anomaly detection and classification: the Kalman filter

* The discrete Kalman filter equations are computed at each timeslot over land pixels.

« If the measurement significantly deviates from its expected value the filter identifies an anomaly.

« The anomaly is then classified as cloud or fire by using a combination of different empirical
conditions on visible, NIR, MIR and TIR.

Background BM
Model update
- .l....!‘.‘i"i'.".‘.“.‘f’ﬁ’.”.‘f Anamaly Detestion
Multi E Kalman Pricr and i
Channel Ll posterior pnomaly |
MSG SEVIRI| | stateestimation sreetian i
Data ‘ ,
i Kalman posterior i
i eStimate storage i
PROBA-V tnomaly _‘_

NDVI T classification .
NDWI : |
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CLEAR-AIR CONDITIONS
08-Dec-2015 - IR120 channel view
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315  |=—Model
A-priori estimate
310
305
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— 300
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280 | | |
00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 00:00
Time

ANOMALY
09-Dec-2015 - IR120 channel view

| |=—Measurement
— Model
A-priori estimate

200 ] [ I
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Time
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" Algorithm (4), 4/ 207 2\

Output of the service: detection of fires and burned areas

Hotspots vector and tabular files
over user defined area of interest

Acquisition Hotspot
1. Date 1. Latitude
2. Timeslot 2. Longitude
3. Region 3. Confidence
4. WKT 4. UTM zone
5. Easting
6. Northing
7. NDVI
8. NDWI
Burned areas
Extracted from PROBA-V Burnt Areas
including a fire occurrence product.
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" Resources /! Inft : 'A . ' \\\&\&;esa

Data acquisition layer Processing service layer User layer
Processing Environment proba-v
Enep )

Proba-V Mission Exploitation Platform

; proba-v

mep

. ba-

Development Production//-:

v

PROBA-V

JUPYter  Notebook
o

EUMETSAT

FFMM service Users
_ output

FTP

receiving

MSG

|
|
1 —> )
SEVIRI . station 1 MSG data 4 e-mail I (vector files, o N
\ J I temporary I tables)
1
|
|

4
/‘- . EUMETCAST

storage Publishing |
| ]

Credits: ESA, EUMETSAT 1
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Inter-comparisons with respect to similar modelled products

An inter-comparison with the EUMETSAT cloud mask product has shown
promising results in terms of detecting clear-air scenarios with EUMETSAT FRP | 20160129 12:00
percentages of matching around 90% over the entire 3-month period. ' e

- CS_match . NotCS_match CS_missed_detection . Cs_false_alarm
CLEAR SKY COMPARISO 201512131200 —Match Missed Detection  ——Falss Alarm
- = 100
800
700 o
600
- Table 1 — Inter-comparison with respect to
~—— EOMEESAT Cloud Mask product FFMM hotspot| 20160129 12:00
400 4 ’ Match Missed detection False alarm B
i) 89.73 % 3.04% 7.23% e il

1 3l o
i : H
P -

200 4

100 1

Decis Jan 16 Feb 16

L See Milani et al. from IEEE

Proceedings of 2018 IGARSS
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Prellmlnary Vall'

Field validation mission

Organized in collaboration with CSE:

« 5-day Field Validation Campaign

* From 26th to 30th of March 2018

 Two independent teams (driver, expert from CSE
and Senegal Forestry Department)

* Four departments in South Senegal to cover

Drlver A
. Expert from CSE 5 .
Expert from Senegal Forestry Department

Credits: OSM, CSE

Challenges:
* Long distances to cover in a relatively
short time
ESA UNCLASSIFIED - For Official Use Mauro Arcorace | ESRIN | 16/11/2018 | Slide 12
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Field validation mission

* Validate active fires (on-going events)
* Validate Burned Areas identified in a certain common period by the
PROBA-V BA product and the FFMM service (post event effects)

Daily Evolution of
Brightness Temperature
1170372018

—IRO39 IR108

PP P PP P PP PP PP
SR S N N s
G ¥ ¥ @ @ T P 0P o

le B

FORMS
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DET - 24
FA-6

| MIS-4

Senegal

Credits: CSE, Google

Mauro Arcorace | ESRIN | 16/11/2018 | Slide 13

I+l

European Space Agency



7 ir A\ X g ] :
vy aamr=— (¥
TN

Achieved results and lesson learned

v The FFMM (Forest Fire Monitoring and Management) service prototype

fulfils the requirements of the PROBA-V MEP Third Party Services Project. proBa-v syMposium
May 2018, Ostend, Belgium

sa proba-v symposium
29-31 May 2018 | Ostend, Belgium

v" The service prototype has been deployed and tested in PROBA-V MEP
with efficient data management, portability & scalability to larger areas.

IGARSS, July 2018
v First investigations on clear sky classification of MSG scenes have shown Valencia, Spain

a strong correlation with respect to EUMETSAT’s Cloud Mask products.

v" The Field Validation Campaign has provided a useful indication about the
algorithm performance in terms of false alarms and missed detections
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Future work

v' Optimization of anomaly thresholds is required together with a more extensive inter
comparison of fire detections with respect to other products (e.g. MODIS FIRMS).

v" According to the user CSE, it will be essential to guarantee some of the service capabilities
In operations such as the provision of NRT fire detection via SMS, FTP and e-mail.

v New features could be added to the FFMM prototype, such as integration of other sensors,
burning area estimation, combusted biomass estimation.

v" We currently seek for new opportunities to further develop the service and to find resources
to deploy this prototype under a pre-operational configuration.
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attention™

A-special thanks to...

« Centre de Suivi Ecologique (CSE):
Bathiery O., Bocoum O., Dieye A.M., Diop A.P., Diop 1.,
Diouf A.A.,Ndao B., Toure A., Wele A.

s Sapienza University of Rome:
~Marzano F.S.

o e = N i
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