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• ItIt ’’s a flooding processs a flooding process

• Flooding sources are theFlooding sources are the
minima of the functionminima of the function

The result is a partition of the The result is a partition of the 
image into catchment basins and image into catchment basins and 
watershed lines (dams).watershed lines (dams).

WatershedWatershed TransformationTransformation

Efficient Efficient algorithmsalgorithms existexist to to 
realiserealise rapidlyrapidly thisthis operatoroperator ..
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Use of the watershed transform for Use of the watershed transform for greyscalegreyscale image segmentation:image segmentation:
the initial ideathe initial idea ……

The watershed lines of the 
gradient corresponds to 
the contour lines

UsingUsing thethe WatershedWatershed TransformationTransformation

Catchment basins correspond to 
homogeneous grey regions in the 
image.
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The gradient watershed is overThe gradient watershed is over --segmented.segmented.

To avoid this overTo avoid this over --segmentation due to segmentation due to 
numerous sources of flooding, one can numerous sources of flooding, one can 
select some of them (the markers) and select some of them (the markers) and 
perform perform a markera marker--controlled watershed controlled watershed 
transformtransform..

Gradient images are noisy 
and contain many minima. 
Each minimum generates a 
catchment basin in the WTS.

CopingCoping withwith OverOver --SegmentationSegmentation
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original imageoriginal image gradientgradient

Markers corresponding to Markers corresponding to 
the two regions to be the two regions to be 
segmented (drawn by segmented (drawn by 
hand actually)hand actually)

Advantages of theAdvantages of the MarkerMarker --Controlled WatershedControlled Watershed

gradient watershedsgradient watersheds
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A A SimpleSimple UserUser ’’ss GuideGuide

A morphological segmentation A morphological segmentation 
process is performed in two process is performed in two 
stepssteps

•• The function f quantifies the The function f quantifies the 
criterion which is used by the criterion which is used by the 
segmentationsegmentation
•• The markers indicate the The markers indicate the 
regions/objects to be extractedregions/objects to be extracted

This scheme (segmentation paradigm) has the advantag e to be This scheme (segmentation paradigm) has the advantag e to be 
generic and to be applicable to many segmentation pro blems (2D, generic and to be applicable to many segmentation pro blems (2D, 
3D, 3D, greytonegreytone , , colorcolor , multi, multi --spectral, interactive segmentation, etc.).spectral, interactive segmentation, etc.).

ItIt ’’s, however, a simplistic users, however, a simplistic user ’’s guides guide ……
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WhichWhich Criteria?Criteria? WhichWhich Markers?Markers?

•• RegardingRegarding greyscalegreyscale (or (or colorcolor ) images, ) images, contrastcontrast criteriacriteria are are usedused
and and thereforetherefore functionsfunctions quantifyingquantifying differencesdifferences betweenbetween adjacent adjacent 
pixels and/or pixels and/or regionsregions ::

GradientGradient
TopTop--hathat transformtransform
VariousVarious combinationscombinations

•• The The watershedwatershed approachapproach cancan alsoalso bebe usedused to segment sets to segment sets 
accordingaccording to to theirtheir shapesshapes and and sizessizes . In . In thisthis case, the case, the Distance Distance 
functionfunction isis widelywidely usedused ..

•• Markers are Markers are builtbuilt by by variousvarious meansmeans . . TheyThey are are oftenoften obtainedobtained fromfrom
extrema (minima or maxima) of the extrema (minima or maxima) of the criteriacriteria functionsfunctions or by more or by more 
sophifisticatedsophifisticated approachesapproaches usingusing a a widewide range of range of morphologicalmorphological tools tools 
(filters, geodesic operators).(filters, geodesic operators).
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Coffee grainsCoffee grains The distance function of the set is computed. 
This distance function is inverted and its 
watershed is performed. The marker set is 
made of the maxima of the distance function.

SetSet Segmentation,Segmentation, anan ExampleExample
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Silver nitrate grains on a filmSilver nitrate grains on a film

ShortShort AnthologyAnthology of Applicationsof Applications ……

3D restitution of  water drops from an hologram3D restitution of  water drops from an hologram
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3D brain NMR image3D brain NMR image

…… WithWith 3D 3D ImagesImages

Polyester foamPolyester foam
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Lane detection based on a Lane detection based on a 
watershed segmentation applied watershed segmentation applied 
on each image of the sequenceon each image of the sequence

…… AndAnd WithWith AnimatedAnimated ImagesImages
The PROMETHEUS project: The PROMETHEUS project: road segmentation and obstacle detectionroad segmentation and obstacle detection

Lanes detection with reLanes detection with re --use of use of 
the previous result as markers the previous result as markers 
in the current imagein the current image
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Example of traffic lanes segmentation: the lanes are not separatExample of traffic lanes segmentation: the lanes are not separat ed by ed by 
a significant difference in grey levels. Therefore, us ing contraa significant difference in grey levels. Therefore, us ing contra st st 
criteria is irrelevant. Conversely, to use shape or si ze critericriteria is irrelevant. Conversely, to use shape or si ze criteri a, we need a, we need 
to work on the set corresponding to the road, which mus t be obtato work on the set corresponding to the road, which mus t be obta ined ined 
by aby a …… segmentation.segmentation.

ExtendingExtending ShapeShape CriteriaCriteria toto GreyscaleGreyscale
Images,Images, IsIs ItIt Possible?Possible?

Until recently, it was difficult to apply shape and size criteriUntil recently, it was difficult to apply shape and size criteri a to a to 
greyscale image segmentation.greyscale image segmentation.

New operators allow to bridge the gap between these tw o kinds ofNew operators allow to bridge the gap between these tw o kinds of
criteria.criteria.
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NumericalNumerical Residues,Residues, ShortShort IntroductionIntroduction

Starting Starting fromfrom twotwo sequencessequences of transformationsof transformations

( )ii
Ii

Sup ζψθ −=
∈

( ) 1maxarg +−= iiq ζψ

ii ζψ ≥
iψ andand withwith

, , wewe definedefine a doublet of a doublet of operatorsoperators ::

•• The The residualresidual transformationtransformation

•• Its Its associatedassociated functionfunction

iζ

An elementary residual operator is defined by the differen ce of two
operators.

Many residual operators exist. Many  of them Many residual operators exist. Many  of them 
are used as criteria functions in segmentation: are used as criteria functions in segmentation: 
morhologicalmorhological gradient, topgradient, top --hat for numerical hat for numerical 
images, ultimate erosion and distance for setsimages, ultimate erosion and distance for sets

General definitionGeneral definition
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NewNew ResiduesResidues

1+=
=

ii

ii

γζ
γψ

1+=
=

ii

ii

εζ
εψ

q q isis calledcalled QuasiQuasi-- DistanceDistance.

θ θ θ θ θ θ θ θ isis namednamed UltimateUltimate OpeningOpening
q q isis the the GranulometricGranulometric functionfunction}

}

Thanks to this general definition of a residual tra nsform, it isThanks to this general definition of a residual tra nsform, it is possible possible 
to extend to functions residues defined for sets:to extend to functions residues defined for sets:

It is also possible to define new transformations:It is also possible to define new transformations:

( )
ireci

ii

εγ=ζ
ε=ψ

Ultimate ErosionUltimate Erosion
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HeapHeap of rocksof rocks UltimateUltimate OpeningOpening

GranulometricGranulometric functionfunction

UltimateUltimate OpeningOpening
GranulometicGranulometic FunctionFunction
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EachEach thresholdthreshold λ λ λ λ λ λ λ λ of the of the 
granulometricgranulometric functionfunction q q isis
erodederoded by a  by a  diskdisk of size kof size k λ λ λ λ λ λ λ λ (k<1)(k<1)

This This operationoperation producesproduces markers of markers of 
blocks blocks whosewhose size size isis proportionalproportional
to the size of the block. As a to the size of the block. As a resultresult , , 
markers are markers are betterbetter centeredcentered , , eveneven
smallsmall particlesparticles are are wellwell markedmarked and and 
the the watershedwatershed segmentation segmentation isis of of 
betterbetter qualityquality ..

MarkersMarkers GenerationGeneration

The The granulometricgranulometric function can be function can be 
used to produce efficient markers used to produce efficient markers 
for the watershed segmentationfor the watershed segmentation
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SomeSome ResultsResults ofof SegmentationSegmentation
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UltimateUltimate OpeningOpening CanCan BeBe DefinedDefined FromFrom
AnyAny OpeningOpening OperatorOperator

For instance, with opening by geodesic For instance, with opening by geodesic reconstructionreconstruction ……
This operator emphasizes the size criterion .This operator emphasizes the size criterion .

Residual operators provide efficient non parametric filt ers. TheResidual operators provide efficient non parametric filt ers. The Ultimate Ultimate 
Opening is a remarkable tool Opening is a remarkable tool for marking and for marking and extracting extracting salientsalient features features 
from an image.from an image.

Initial imageInitial image Ultimate OpeningUltimate Opening
by reconstructionby reconstruction

GranulometricGranulometric
functionfunction
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QuasiQuasi --Distance and SegmentationDistance and Segmentation

A quasiA quasi --distance distance computedcomputed on a on a greyscalegreyscale image image providesprovides the the sizessizes of of 
the flat (the flat ( homogeneoushomogeneous ) ) regionsregions Markers for a segmentation Markers for a segmentation basedbased
on size and on size and geometry (convexity).geometry (convexity).

• QuasiQuasi --distances distances performedperformed bothboth on the on the 
image and the image and the complementarycomplementary oneone

d, dd, d ’’
•• Sup of the Sup of the resultsresults h=sup(d,dh=sup(d,d ’’))
•• Markers extraction (maxima or Markers extraction (maxima or thresholdthreshold ))
•• WatershedWatershed of hof h
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SegmentationSegmentation WithWith QuasiQuasi --DistancesDistances

∪∪∪∪
∪∪∪∪

WS
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VideoVideo surveillance surveillance 
scenescene

AnotherAnother ExampleExample

QuasiQuasi --DistancesDistances

MarkersMarkers SegmentationSegmentation
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GradientGradient andand QuasiQuasi --DistanceDistance

QuasiQuasi --distance distance cancan bebe computedcomputed on the on the invertedinverted gradient gradient functionfunction
•• OnlyOnly one quasione quasi --distance distance isis calculatedcalculated
•• HierarchyHierarchy of of regionsregions basedbased on on theirtheir relative relative contrastcontrast
•• The The shapeshape of of regionsregions isis takentaken intointo accountaccount ((closureclosure of of imperfectlyimperfectly

closedclosed regionsregions ))
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In the initial userIn the initial user ’’s guide, no clue was given about the morphological s guide, no clue was given about the morphological 
operators which could be used for segmentation.operators which could be used for segmentation.

We have shown that criteria functions belong to the re sidual traWe have shown that criteria functions belong to the re sidual tra nsforms nsforms 
class and that markers are linked to extrema of these f unctions.class and that markers are linked to extrema of these f unctions.

Residual transformations are built in such a way that they, not Residual transformations are built in such a way that they, not only, only, 
emphasize variations of some features (contrast, size , shape, etemphasize variations of some features (contrast, size , shape, et c.) but c.) but 
also, they indicate where the greatest variations occ ur, what aralso, they indicate where the greatest variations occ ur, what ar e their e their 
amplitudes and which index value produces them.amplitudes and which index value produces them.

New residual transforms have been introduced. They brid ge the gaNew residual transforms have been introduced. They brid ge the ga p p 
between the numerical and binary images regarding sha pe and sizebetween the numerical and binary images regarding sha pe and size
criteria.criteria.

Other residues (which have not been presented here) are also verOther residues (which have not been presented here) are also ver y y 
efficient: regularised gradients,spatialefficient: regularised gradients,spatial --temporal gradients, critical balls, temporal gradients, critical balls, 
pilings (in hierarchical segmentations), etc.pilings (in hierarchical segmentations), etc.

Conclusions and PerspectivesConclusions and Perspectives


