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Introduction

About the project

 Research activity:
• Detection of Fires and Burned areas

 An ESA funded project:
• PROBA-V Mission Exploitation Platform 

Third Party Services (MEP-TPS)

 Actors:
• Progressive Systems with the support of 

Sapienza University of Rome (research)  
& Centre de Suivi Ecologique (end user)
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Background

Starting point: the old MDIFRM service

 First Fire Detection service prototype in 2008
• Multi-source Data Integration for Fire Risk Management (MDIFRM)
• Provided by ESA RSS to CSE to cover the territory of Senegal
• Near-Real Time MSG SEVIRI & Envisat MERIS derived data (MGVI)

 Potential improvements have been identified during the years:
• Efficient Data management 
• Scalability
• Better algorithm performance (detections, false alarms) 
• Use of PROBA-V data to enhance burned area detections

 In 2016 CSE requested to extend the fire monitoring over the 
ECOWAS region plus Mauritania and Chad (MESA project). 
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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 

Objective
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Forest Fire Monitoring and Management (FFMM)

Algorithm

Credits: ESA, EUMETSAT
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Background Model Characterization

• Modelling daily measurement cycle of a pixel in clear-sky conditions
• EUMETSAT’s Cloud Mask products to filter out anomalies
• A water mask is also derived to reduce false alarms.

Algorithm (2)

BACKGROUND MODEL - IR039 – 1200 UTC

Measurement

Model

Land
pixel

WATER MASK
12:00 UTC
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Algorithm (3)

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.

CLEAR-AIR CONDITIONS ANOMALYBM
update

Background
Model

Multi
Channel

MSG SEVIRI
Data

PROBA-V
NDVI
NDWI

Output
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Output of the service: detection of fires and burned areas

Hotspots vector and tabular files 
over user defined area of interest

Algorithm (4)

Acquisition
1. Date
2. Timeslot
3. Region
4. WKT

Hotspot
1. Latitude
2. Longitude
3. Confidence
4. UTM zone
5. Easting
6. Northing
7. NDVI
8. NDWI

Burned areas
Extracted from PROBA-V Burnt Areas 
including a fire occurrence product.

Fire Detections
ECOWAS
2016/01/29 at 12:00 UTC
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Resources / Infrastructure

EUMETCAST
receiving 
station

Data acquisition layer

Development

Processing service layer User layer

Production

MSG data
temporary

storage

Admin

UsersFFMM service
output

(vector files, 
tables)

Notebook

FTP

e-mail

Processing Environment

Publishing

PROBA-V

MSG
SEVIRI

Credits: ESA, EUMETSAT



ESA UNCLASSIFIED - For Official Use Mauro Arcorace | ESRIN | 16/11/2018 | Slide  11

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 
percentages of matching around 90% over the entire 3-month period.

Preliminary validation

EUMETSAT FRP | 20160129 12:00

FFMM hotspot| 20160129 12:00

See Milani et al. from IEEE
Proceedings of 2018 IGARSS
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Preliminary validation (2)

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

Equipment:
• Handled GPS, mobile phone, camera.

Challenges:
• Long distances to cover in a relatively 

short time

1. Driver
2. Expert from CSE
3. Expert from Senegal Forestry Department
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Preliminary validation (3)

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)

13 active fires observed

34 burned ares observed

DET - 7
FA - 0
MIS - 6

Daily Evolution of
Brightness Temperature

11/03/2018

C
re

d
it

s:
 C

S
E,

 G
oo

g
le

DET - 24
FA - 6
MIS - 4

Senegal

Senegal



ESA UNCLASSIFIED - For Official Use Mauro Arcorace | ESRIN | 16/11/2018 | Slide  14

Conclusions

 The FFMM (Forest Fire Monitoring and Management) service prototype 
fulfils the requirements of the PROBA-V MEP Third Party Services Project. 

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

 First investigations on clear sky classification of MSG scenes have shown 
a strong correlation with respect to EUMETSAT’s Cloud Mask products.

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

Achieved results and lesson learned

PROBA-V SYMPOSIUM
May 2018, Ostend, Belgium

IGARSS, July 2018
Valencia, Spain
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Way forward

 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).

 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.

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

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

Future work
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From MDIFRM to FF MM
Thank you
for your 

attention!

A special thanks to…

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

• Sapienza University of Rome:
Marzano F.S.

Contact:
giancarlo.rivolta@progressivesystems.it
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