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IntroductionIntroduction

��Characterization of main intertidal Characterization of main intertidal 
sediment habitat typessediment habitat types

��Study areas: intertidal flats at the Study areas: intertidal flats at the 
North Sea (De North Sea (De IJzermondingIJzermonding)  )  
WesterscheldeWesterschelde ((MolenplaatMolenplaat))



Study Area: Study Area: IJzermondingIJzermonding



Study Area: Study Area: MolenplaatMolenplaat



Remote sensing AHS dataRemote sensing AHS data

Image acquisitionImage acquisition

•• IJzermondingIJzermonding - 17th of June 2005 at low tide

•• MolenplaatMolenplaat – 20th of June 2005 at partly flooded conditions

•• MolenplaatMolenplaat – 23rd of June 2005, one image at low tide and 
one image at partly  flooded conditions

Image characteristicsImage characteristics
• Spatial resolution Spatial resolution = 3.4m
•• Spectral resolution Spectral resolution = 

VIS: 20 bands (30nm wide)
SWIR-1: 1 band (200nm wide)
SWIR-2: 42 bands (13nm wide)
Mid IR: 7 bands (300nm wide)
thermal IR: 10 bands



Remote Sensing AHS Remote Sensing AHS quicklooksquicklooks

IJzermondingIJzermonding MolenplaatMolenplaat MolenplaatMolenplaat, low , low 
tidetide

MolenplaatMolenplaat, 3hrs , 3hrs 
after low tideafter low tide



Field dataField data

IJzermondingIJzermonding::
• 28 sites, three replicates (3m apart) 

• 4 days before overflight

• sediments analyzed for grain size, organic matter content, moisture 
content, chlorophyll-a content

• digital photograph, ASD spectrum, GPS measurement

MolenplaatMolenplaat::
• 18 sites, three replicates at the day of overflight (20th of June)

• 4 sites, three replicates, 6 days later (26th of June)

• sediment analysed for grain size, chlorophyll a content

• digital photograph, ASD spectrum, GPS measurement



Sediment data Sediment data -- IJzermondingIJzermonding

Sediment variables highly correlated (p<0.001)
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•• Moisture, organic matter, mud fraction highly correlatedMoisture, organic matter, mud fraction highly correlated

•• Fine sand negatively correlated with moisture, organic matter anFine sand negatively correlated with moisture, organic matter and mud fractiond mud fraction



Sediment data Sediment data -- IJzermondingIJzermonding

Principal component analysis Principal component analysis 
on sediment variableson sediment variables

•• PC1 explains more than 80% of PC1 explains more than 80% of 
the variation in the datasetthe variation in the dataset

•• Organic matter, moisture Organic matter, moisture 
content and mud fraction are content and mud fraction are 
highly correlatedhighly correlated

•• Fine sand, mud fraction, Fine sand, mud fraction, 
organic matter content, organic matter content, 
moisture content are important moisture content are important 
to describe the variability in to describe the variability in 
sedimentsediment



1. Feature selection procedure : sequential floating forward selection 
(SFFS)

Principle: search for the best subset of features to obtain the highest 
classification accuracy

� Search for the one, best feature
� Add a second feature to obtain highest acc. 
� With this subset adding third feature but also removing least significant 

feature as long as cost function increases (= floating aspect)
� Search stops if accuracy decreases when adding new features
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Supervised Classification: Supervised Classification: ApproachApproach



2. Fisher linear discriminant analysis

Supervised Classification: Supervised Classification: ApproachApproach

Principle

� Make a new linear function y=wtx for which ratio “between class 
scatter” to “within class scatter” is maximized > max class separability!

� 2-class problem: projection to 1-dimension (y)

� 3-class problem: projection to 2-dimensions

Threshold ythresh discriminates two classes



Supervised Classification: Supervised Classification: ClassesClasses

1212High orgHigh org> 6 %> 6 %

99Medium orgMedium org3 3 -- 6 %6 %

77low org.low org.0 0 -- 3 %3 %Organic matterOrganic matter**

1818
sandsandClay & silt < 30%Clay & silt < 30%

3333mudmudClay & silt > 30%Clay & silt > 30%Grain sizeGrain size

3232
High High chlchl--aa> 40 mg/m> 40 mg/m

1919Low Low chlchl--aa00-- 40 mg/m40 mg/m²²ChlorophyllChlorophyll--aa

1818
WetWet> 30 %> 30 %

1010DryDry00--30 %30 %Water contentWater content**

# samples# samplesClass nameClass nameThresholdThreshold

* No in-situ data for Molenplaat



Supervised Classification: Supervised Classification: Grain Size, Grain Size, MolenplaatMolenplaat

HyMap 2004 AHS 2005

Sand

Mud



Supervised Classification: Supervised Classification: ChlChl--a, a, MolenplaatMolenplaat

Low Chl-a

High Chl-a

HyMap 2004 AHS 2005



Supervised Classification: Supervised Classification: IJzermondingIJzermonding



�� Principal Component Analysis (PCA):Principal Component Analysis (PCA):

–– reduces redundancies in spectral bandsreduces redundancies in spectral bands

��Clustering:Clustering:

–– “is the process of organizing objects into “is the process of organizing objects into 
groups whose members are similar in groups whose members are similar in 
some way”some way”

–– deals with finding a structure in a  deals with finding a structure in a  
collection of unlabeled datacollection of unlabeled data

Unsupervised Classification: Unsupervised Classification: ApproachApproach



AIM…Why?AIM…Why?
11-- For this presentation:For this presentation:

�� To derive different areas where no field To derive different areas where no field 
data existsdata exists

22-- In general:In general:

�� For an efficient field sampling campaignFor an efficient field sampling campaign

�� Fast preliminary classification in case of Fast preliminary classification in case of 
lack of field datalack of field data

�� Classification of inaccessible areas Classification of inaccessible areas 

Unsupervised Classification: Unsupervised Classification: AIMAIM



�� Exclusive Clustering (hard)Exclusive Clustering (hard)

�� Overlapping Clustering (Fuzzy)Overlapping Clustering (Fuzzy)

�� Probabilistic Clustering (Mixture models)Probabilistic Clustering (Mixture models)

A completely probabilistic approachA completely probabilistic approach

��Mixture of Gaussians: where clusters are considered as a Mixture of Gaussians: where clusters are considered as a 
Gaussian distributions centred on their Gaussian distributions centred on their barycentresbarycentres

According to Covariance structure:According to Covariance structure:

–– Spherical modelsSpherical models

–– Diagonal ModelsDiagonal Models

–– General ModelsGeneral Models

Unsupervised Classification:Unsupervised Classification: ClusteringClustering
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Unsupervised Classification: Unsupervised Classification: IJzermondingIJzermonding
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8 clusters8 clusters
PCs used from 1 to 6PCs used from 1 to 6

**



ConclusionsConclusions

�� Supervised ClassificationSupervised Classification

Features were successfully and efficiently    Features were successfully and efficiently    
identified according to requested properties identified according to requested properties 
of moisture content, grain size, chlorophyllof moisture content, grain size, chlorophyll--a a 
content, and organic matter content content, and organic matter content 

�� Unsupervised ClassificationUnsupervised Classification

Different features can be classified though   Different features can be classified though   
not obvious in the field data not obvious in the field data 



Future WorkFuture Work

�� More work on unsupervised classification is More work on unsupervised classification is 
neededneeded

�� Detailed Temporal AnalysisDetailed Temporal Analysis

�� Low tide and high tide case analysesLow tide and high tide case analyses

�� Laboratory experiments to find the influence Laboratory experiments to find the influence 
of sediment parameters on reflectanceof sediment parameters on reflectance
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