
In recentyears, manystudiesconcerningthe monitoringof volcanicactivity havebeencarriedout in order to better managethe emergencyphaserelated to
an eruption event. Themain issuewhich sucheventsinvolve is related to the aviation security,the ashparticlesmay indeedcauseenginestall and other
structuraldamagesto other partsof the aircraft. Forthis reason, a fast andreliablemethodwhichallowsto monitor the volcanicplumeis mandatoryin order
to define assoonaspossibleno-fly zones. Satelliteinstruments, with their largecoverageand high revisit time, and NeuralNetworks(NNs), with their brief
processingtime onceproperlytrained, representsuitabletools for this purpose.
In our work we deal with the volcanicash detection by means of a NN-based model trained with Terra-Aqua/MODIS(MODerate resolution Imaging
Spectroradiometer) data and then appliedto Sentinel-3/SLSTR(SeaandLandSurfaceTemperatureRadiometer)data,giventhat the two sensorshavesimilar
spectralcharacteristicsandspatialresolutions. Sincethe wide availabilitytime seriesof MODISdata [2], they havebeenusedto extract the training patterns
from which the NNhasto learnduring the training phase. Astest casethe 2019Raikokeeruption hasbeenconsidered. TheRaikokevolcanois locatedin the
Kuril Islandchain,near the KamchatkaPeninsulain Russia(48.3°N, 153.2°E). On June21, 2019at about 18:00 UTCRaikokestarted erupting and continued
eruptinguntil about03:00 UTCon 22June,2019. Duringthis period,Raikokereleasedlargeamountsof ashandSO2 into the stratosphere.
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Raikoke eruption on 22 June 2019 ςISS image

A MultiLayer Perceptron Neural
Network (MLPNN)[1] hasbeentrained
with MODISdata collected during the
2010 Eyjafjallajökull(Iceland)eruption,
and then applied to SLSTR data
collected during the 2019 Raikoke
eruption to classifySLSTRpixelsin eight
objects/surfaces. A semi-automatic
procedure which exploits MODIS
radiances and standard products has
been developedin order to create the
training dataset to be used during the
learningphase. The patterns extraction
for the ashclassis realizedthrough the
BTD (Brightness Temperature
Difference) method[3].

Date Time UTC Platform

6 May - JD 126 11.55 Terra

9 May - JD 129 12.25 Terra

11 May - JD 131 12.10 Terra

11 May - JD 131 13.50 Terra

11 May - JD 131 14.05 Aqua

12 May - JD 132 12.55 Terra

13 May - JD 133 12.00 Terra

13 May - JD 133 13.40 Terra

Date Time UTC Platform

22 June 00.07 Sentinel-3A

22 June 22.00 Sentinel-3A

22 June 23.01 Sentinel-3B

22 June 23.40 Sentinel-3A

MODIS and SLSTR images considered

ATMOS 2021

NN classification - S3A/SLSTR, 22 Jun 2019 at 00:07 UTC

NN classification - S3A/SLSTR, 22 Jun 2019 at 23:40 UTCNN classification - S3B/SLSTR, 22 Jun 2019 at 23:01 UTC

NN classification - S3A/SLSTR, 22 Jun 2019 at 22:00 UTC

NN Ash Validation - S3A/SLSTR, 22 Jun 2019 at 23:40 UTCNN Ash Validation - S3B/SLSTR, 22 Jun 2019 at 23:01 UTC

NN Ash Validation - S3A/SLSTR, 22 Jun 2019 at 00:07 UTC NN Ash Validation - S3A/SLSTR, 22 Jun 2019 at 22:00 UTC

MOD/MYD 021KM: Level 1B CalibratedRadiances
MOD/MYD 03: Geolocation
MOD/MYD 06_L2: CloudProduct
MOD/MYD 09: SurfaceReflectanceProduct
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Overall scheme of the NN detection procedure
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Net Parameters

¶ Topology: 2 hidden layers 
with 20 and 15 neurons 
respectively

¶ Perc. Training: 75%
Perc. Validation: 20%
Perc. Test: 5%
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Classified Product True Positive False Negative False Positive
S3A/SLSTR - Raikoke 22 June 2019 at 00.07 UTC 71.8 % 8.2 % 20 %
S3A/SLSTR - Raikoke 22 June 2019 at 22.00 UTC 89.1 % 9.5 % 1.4 %
S3B/SLSTR - Raikoke 22 June 2019 at 23.01 UTC 74.3 % 24.9 % 0.9 %
S3A/SLSTR - Raikoke 22 June 2019 at 23.40 UTC 66.7 % 32.1 % 1.2 %
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Classification accuracy of the ash class for each SLSTR classified product.

TheNNis able to characterizethe whole image,in particularthe modeldetectsthe volcanicplume
as ash above meteorologicalclouds (cyan pixels). Despite the challengingscenariowith a wide
distribution of weather clouds, the comparisonbetween the standard technique and the NN
classificationshowsan overallgoodaccuracywith a percentageof true positive(i.e. pixelsclassified
asashby both NNandBTD)alwayshigherthan 70%exceptfor onecase.

In this work a new approachfor volcanicparticlesdetectionprocedure,basedonǎŀǘŜƭƭƛǘŜΩǎsensors
(MODISand SLSTR)and neuralnetworks,are described. Thealgorithmhasbeendevelopedfor the
SLSTRinstrumenton boardof the Sentinel-3 satellite.
Theproposedalgorithm allows the full characterizationof the SLSTRimageby identifying,among
the volcaniccloud,the surfacesunder the clouditself, the meteorologicalclouds(andphases),land
andseasurfaces.
Astest casessomeSLSTRproductscollectedover the Raikokevolcanoareaduringthe 2019eruption
havebeenconsidered.
Theresultsshowthat BTDstandardprocedure(thresholdof BTD< -0.4 C°) andNNbasedapproach
identify the volcaniccloudnearlyin the sameareaof eachSLSTRimage.
Furtherdevelopmentsare under considerationin order to improve the NN accuracyand ability to
generalizeevenoverother eruptivescenarios.


