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Introduction

A Segmentationof the thin, non-continuous and highly
variable objects is a difficult task in mathematical
morphologyapplication

A To suchproblemsbelongsthe membranesegmentatiorof
the cells in histopathologyHuman Epidermal Growth
FactorReceptor2 (HER2/ney imagesrelatedto the breast
cancer

A The histopathological evaluation  of such
Immunochemistrystainsspecimenss the most common
taskfor pathologists
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Introduction

Fourcategoriesn gradescalearerecognized

A 0 (no membranestainingis observedor membranestaining is
observedn lessthan10% of thetumorcells),

A 1+ (a barely perceptiblemembranestainingis detectedn more
than10% of tumor cells, the cells exhibit incompletemembrane
staining),

A 2+ (aweakto moderatecompletemembranestainingis observed
In morethan10% of tumorcells),

A 3+ (a strong completemembranestainingis observedin more

than10% of tumorcells).
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Introduction

As shown, the categorization -

criteriaarevery subjectiveand
may lead to the significant
differences in assessmenbf

the particularcases Especially |-

the distinction betweenweak
and strong, and the continuity
of a membranestaining may
result in a large variation in
theirinterpretation

-
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Methodsi the proposed algorithmof imageprocessing

The image processingathwaywas composedn:

a) enhancemendf an image contrast,

b) creatinga set of differentolourspace representatioasd
classificationof image pixels intahe nuclei, membrane
with positivereaction and the remaining regions,

c) segmentatiolf the cell nuclei,

d) recognitionof the stained cell membranes based on the
modifiedrankgreylevel hitor-miss transform with the
new proposed shape patterns,

e) allocationof the parts of membranes to the sepazalis

| Introduction Methods | Results | Conclusion | Acknowledgemel
| Scheme of the Algorithm| Enhancement | Learning Data | Cell Segmentation | Membrane Segmentation | Hourglass SkapkssgHii



MethodsT enhancement andcolour representations

A The contrastenhancevas realizedby applying an automatica
computedcontraststretchandnormalizingthe colourcomponents
to fulfill theirranges

A Next, the nine subimage sampleswere preparedand manually
segmentedinto the blue nuclei (class 1), reactive brown
membrandclass2), andthe remainingareaqclass3) to establish
the mostadequat@ixel colourcomponentgor a classifier

A The following colour spaceswere taken into account RGB,
CMYK, HSV, YCbCr, CIE Lab, CIE Lch, CIE uvL, CIE XYZ.
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MethodsT enhancement andcolour representations

A Their abilities to differentiatethe specific classesvere evalua
using an area(AUC) under ReceiverOperatingCharacteristics
(ROC)curve.

A Also, the crosscorrelation betweenthe candidatefeatureswas
studiedin orderto selectnot only the bestones,but alsowith the
leastcorrelationbetweerthemselves

A Finally, a setof six featurescomposedf two the bestonesfor
eachclasswasfoundandusedasafeaturevectorfor aclassifier

A Theclassificatiorwasperformedusingthe SVM with a Gaussian
kernelfunction
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MethodsT learning data

The originallmagesand
manuallymarked classeg’
comesfrom thenine
samples oHER2heu
Imageas the learning
data

[ representation of nuclei class
[ representation of positive membrane reaction
. [J representation of background

M pixel that do not represent specific elass
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Methods - segmentation of cell nuclei

A The binary nuclei mask obtained from the
classifier is used for the cell nuclei segmentation

applied to reduce a noise.
A Forseparation of the connected nuclei the |
distance map was build and each extended
regional maximavith the selectet value was
recognized as the centre of cell nucleus.
A Finally, the restriction to a single cell nucley
area was applied to eliminate the rzamcer cell
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Methods - intensity map for membrane segmentation

A The crucial inpusignal to this step
can be an intensity map restricted
comesfrom asinglecolour channel,
e.g.luminanceor yellow
component, as well as composed
from a set of colour channels.

A Thepresented sample intensity ma ._
IS theelememwise product of Y ,
channel from CMYK and u channel
form CIEuvL colour space
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MethodsT novel hourglass shapes for discovering the li

A To discoverthe line structures the appropriate
composed structuring elements should be
applied

A Due to a high variability of a cell membrane
geometryaflexible shapesrenecessary

A We proposedand defined the novel hourglass
shapesstheyarepresenteanthefigures

A Thecentralregion(markedon red)is treatedasa
foreground(FG), the hourglassshapeis marked
In grey (HG), and the white areasrepresent
backgroundBG).
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MethodsT novel hourglass shapes for discovering the li

A The secondsetof shapesverethe
half-nourglassstructuregpresented
ontheright.

A When the two hourglassshapes
orientedhorizontallyandvertically
coveredthe most cell membrane
orientations the half-hourglassare
In four directionsandeachof them
requireda highestcorrespondence
of membranesegmentshapewith
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Methodsi grey-level hit-or-miss transformsi related wo

In theliteraturethe mostcloselyto the examinedoroblemare
A Blur greylevel hit-or-miss transform (Bouraoui et al., 2010 ,

definedas
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wherethe dilation eliminatesdark noisein the bright FG, while the
erosion@® "Oeliminatesbright noisein thedark BG.
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Methodsi grey-level hit-or-miss transformsi related wo

The other extensionof HMT is the rank (gray-level) hit-or-miss
(Sollle, 2003:
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where the rank vector determinesthe uncompletedinclusion of
FG/BGin thespatiallocationontheimage
This formulationis the mostcloselyto requirementf our problem
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Methodsi grey-level hit-or-miss transformsi our modifiC

In our studywe proposea slight modificationto the SoilleOUHMT,
thatcanbedefinedin theform:

HMTB,kBG,h(X) = ZBBG,kBG (X < Mg - h)

wherethe resultis in a binary form directly definedon the grey
level by the h value Insteadof a rankfilter, for the FG regionwe
appliedtheaverageralueasareferencdevel.

Finally, a watershedalgorithmis performedto establishedhe cell
contoursandallocationof membranem the separateells
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MethodsT the proposed scheme of the algorithm
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