Contrelling the Ultimate Opening
Residues; fer a Ropust Delineation
of Eragmented! Rocks
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http://www.stereologysociety.org/

Problem Presentation

Size distributien measurement of recks In heap: in
Olider te) optinmize the CrUshINgG Process
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Images are acquired by cameras placed above dump trucks or conveyor belts
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Ultimate Openings

Old algorithms based onl threshoelds and set openings
(ERAGSCAN soeftware)

INew: appreach hased on tltimate: openings (residual
transfoenm)

Pi =Y.y —7V; ,residue of openings

Original image T

L = Sup (yi_l & yi) , Ultimate opening

iE N Openings by

disks
o . granulometric
g [ arg max (Yi—l N y|) fugnction Sup of openings

residues
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(almost) ldeal Case
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The granulemetric function defines the
Size distrilbution| off more: or less
NOMOYENEBUS rEegions of the Image
BEEORE thelr segmentation

This function allows alse toidefine
markers whichi can be used for a
subsequent segmentation
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\V/arous facters (fine particles, o
textured zones, crystalline orignalimage
materials, etc.) produce Veny.
RISy Ultimate Gpenings and
glianulometic functiens

Supremum of opening
residues
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Building the Ultimate Opening

vk_1(f)= Sup (yj_1(f)—7i(f)) . k-1 th step of the ultimate opening
i€[1,k—1] construction

ok (F) = Sup (via(F)—vi(F)) =Sup| (vkea (F) =7k (F)), v (F) |
ie[l,k]
At step k, the points x which are modified (for which; Lk (f (X)) 2 Uk_l(f (X)) )
Correspond tos the threshold My = {X - Ck (X) = k} off the granulemetriic functien
Modified values are equal to Xk = Inf (Yk_l — Yk mk)

The ultimate epening can be written; as L =Sup (Xk)
keN

UO=O

... and! built iterati
and built iteratively: by {Uk:Sup[mf(Uk_1,255—mk),xk]

o =0
Ck =Sup[lnf (k, mk),gk_ﬂ
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Algorithm Enhancement

For each size k, firom 1 to n#l, nibeing the maximal size ofi rocks:

Definition of the mask: IV
Vodification of the mask M, = ¥ (M)
Construction of a new: granulemetrc function:

g]( =Sup[|nf (k,m'k),g'k_l} = Sup [Inf (lm,)}
ie[l,k]
with m', (x)=255, if x eM, ;m, (x)=0,if not
Construction of the new: ultimate opening:

U'k = Sup[lnf (U'k_l, 255 — mk)Xk}

WIth xk = Inf (Yk—l_'Yk’m'k)
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5 IMoAilication) Steps ale Workea out:

'-.a

The first step; \

1, IS & simple
NoIENIING PreceEAUre; ENOLEA 1]
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T r r r r E _ITC
[NE Tilter IS; an OpPENing or' Sizé
Kia+n
(@& and orare the only: paramet ers Off the
process. ey depenadl only onitne nature
[he fragmented rocks)
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The Varous

'ne tnird step IS more compiex. |t
USES the resuit off the two: previous
StEPS as a marker for a UHO(JHJJF
reconstruction) of the size (k=) fie
maximal aisks
TTNESE dISKS are C contained in the
support R, o1 the k oraer resiaue: or
(e ultimate openingg:
A

ey’ are preservealny an
OPENING Ol Size! K-1.
& (_F <}<)

Yol
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Step 3 (continued)

A simple geodesic reconstruction IS net enough because, most of
the time, teo many maximal disks are rebuili
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ThIS IS Why, Instead off considenng maximal valls, the
[econstruction Uses the' criticall disks of R,

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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Step 3 (end)

In the third step, the chtical disk wWhose: center Is marked by
the previeus marker set M (result of the two preceding steps) Is

repuilt. ~Rec Cd ’Yk £ Rk

e Original image

» Centers of critical disks 9 .
e Center of the CB marked by M

e Rebuilt critical disk
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construction of the Granulemetric
~Unection
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Some Results

1 P g

|
[
i

=
I

o
"

e o W
-

rocks with a

o

big amount of fine

particles

" Heaps of

15

ECS10 - Milan - June 23, 2009



ECS10 - Milan - June 23, 2009

b

i

Laser
triangulation
image

16



Segmentation Results
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Size Distributions
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