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ProblemProblem PresentationPresentation
SizeSize distribution distribution measurementmeasurement ofof rocks in rocks in heapheap in in 
orderorder to to optimizeoptimize thethe crushingcrushing processprocess

Images are acquired by cameras placed above dump trucks or conveyor belts
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This This isis notnot a a heapheap ofof stonesstones
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UltimateUltimate OpeningsOpenings
OldOld algorithmsalgorithms basedbased on on thresholdsthresholds andand set set openingsopenings
(FRAGSCAN software)(FRAGSCAN software)
New New approachapproach basedbased on on ultimateultimate openingsopenings ((residualresidual
transformtransform))
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((almostalmost) ) IdealIdeal CaseCase

TheThe granulometricgranulometric functionfunction definesdefines thethe
sizesize distribution distribution ofof more or more or lessless
homogeneoushomogeneous regionsregions ofof thethe image image 
BEFOREBEFORE theirtheir segmentationsegmentation

This This functionfunction allowsallows alsoalso to to definedefine
markers markers whichwhich cancan bebe usedused for a for a 
subsequentsubsequent segmentation segmentation 
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A A RealReal CaseCase

VariousVarious factorsfactors (fine (fine particlesparticles, , 
texturedtextured zones, zones, crystallinecrystalline
materialsmaterials, etc.) , etc.) produceproduce veryvery
noisynoisy ultimateultimate openingsopenings andand
granulometricgranulometric functionsfunctions
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Building Building thethe UltimateUltimate OpeningOpening
[ ]

( )k 1 i 1 i
i 1,k 1

(f ) Sup (f ) (f )− −
∈ −

υ = γ − γ

[ ]
( ) ( )k i 1 i k 1 k k 1

i 1,k
(f ) Sup (f ) (f ) Sup (f ) (f ) , (f )− − −

∈
⎡ ⎤υ = γ −γ = γ −γ υ⎣ ⎦

( ){ }k kM x : x k= ς =
( )( ) ( )( )k k 1f x f x−υ ≥υ

( )k k 1 k kInf ,m−χ = γ − γ

( )k
k N
Sup
∈

υ = χ

( )
0

k k 1 k k

0

Sup Inf , 255 m ,−

υ =⎧⎪
⎨ ⎡ ⎤υ = υ − χ⎪ ⎣ ⎦⎩

( )
0

k k k 1

0

Sup Inf k,m , −

ς =⎧⎪
⎨ ⎡ ⎤ς = ς⎪ ⎣ ⎦⎩

, kk--1 th 1 th stepstep ofof thethe ultimateultimate openingopening
constructionconstruction

AtAt stepstep k, k, thethe points x points x whichwhich are are modifiedmodified (for (for whichwhich

thethe thresholdthreshold ofof thethe granulometricgranulometric functionfunction

))

Correspond to Correspond to 

ModifiedModified values are values are equalequal toto

TheThe ultimateultimate openingopening cancan bebe writtenwritten asas

…… andand builtbuilt iterativelyiteratively by by 

SimilarSimilar procedureprocedure for for thethe granulometricgranulometric functionfunction
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AlgorithmAlgorithm EnhancementEnhancement
For each size k, from 1 to n+1, n being the maximal size of rockFor each size k, from 1 to n+1, n being the maximal size of rocks:s:

Definition of the mask Definition of the mask MMkk

Modification of the maskModification of the mask
Construction of a new Construction of a new granulometricgranulometric function:function:

withwith
Construction of the new ultimate opening:Construction of the new ultimate opening:

with  with  
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TheThe VariousVarious StepsSteps
3 modification 3 modification stepssteps are are workedworked out:out:

123 ψψψ=ψ oo

TheThe firstfirst stepstep, , ψψ11, , isis a simple a simple 
holehole fillingfilling procedureprocedure, , denoteddenoted ηη

( ) ( )kk MM η=ψ1
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TheThe VariousVarious StepsSteps (2)(2)
TheThe second second stepstep consistsconsists in in 
filteringfiltering connectedconnected components components ofof
thethe maskmask whichwhich are are bigbig enoughenough to to 
bebe fragments markers.fragments markers.
TheThe filterfilter isis an an openingopening ofof sizesize
k/a+bk/a+b

2 k( b)
a
+

Ψ =γ

( a ( a andand b are b are thethe onlyonly parametersparameters ofof thethe
processprocess. . TheyThey dependdepend onlyonly on on thethe nature nature ofof
thethe fragmentedfragmented rocks)rocks)
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TheThe VariousVarious StepsSteps (3)(3)
TheThe thirdthird stepstep isis more more complexcomplex. . ItIt
uses uses thethe resultresult ofof thethe twotwo previousprevious
stepssteps as a marker for a as a marker for a geodesicgeodesic
reconstruction reconstruction ofof thethe sizesize (k(k--1) 1) 
maximal maximal disksdisks..

TheseThese disksdisks are are containedcontained in in thethe
support support RRkk ofof thethe k k orderorder residueresidue ofof
thethe ultimateultimate openingopening::

( ){ }k k 1 kR x: (f) (f) 0−= γ −γ >

TheyThey are are preservedpreserved by an by an 
openingopening ofof sizesize kk--11

rrkk
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StepStep 3 (3 (continuedcontinued))
A simple A simple geodesicgeodesic reconstruction reconstruction isis notnot enoughenough because, because, mostmost ofof
thethe timetime, , tootoo manymany maximal maximal disksdisks are are rebuiltrebuilt

This This isis whywhy, , insteadinstead ofof consideringconsidering maximal maximal ballsballs, , thethe
reconstruction uses reconstruction uses thethe criticalcritical disksdisks ofof RRkk

A maximal disk is critical when it is needful
for the reconstruction (The red disk is
maximal but not critical, only the two black 
ones are critical)
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StepStep 3 (3 (endend))
In the third step, the critical disk whose center is marked by In the third step, the critical disk whose center is marked by 
the previous marker set M (result of the two preceding steps) isthe previous marker set M (result of the two preceding steps) is
rebuiltrebuilt.. ( )( )3 k 1 kRec_cd M; R−ψ = γ

• Original image
• Centers of critical disks
• Center of the CB marked by M
• Rebuilt critical disk
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Construction Construction ofof thethe GranulometricGranulometric
FunctionFunction
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SomeSome ResultsResults

Heaps of rocks with a 
big amount of fine 
particles
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OtherOther ExamplesExamples

Laser 
triangulation 
image
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Segmentation Segmentation ResultsResults
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OtherOther SegmentationsSegmentations
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Size DistributionsSize Distributions
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