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ABSTRACT

Methods for testing the Boolean model assumption from piivaages are briefly reviewed. Two hundred

binary images of mammary cancer tissue and 200 images obpahkic tissue were tested individually on the

Boolean model assumption. In a previous paper, it had besmdfthat a Monte Carlo method based on the
approximation of the envelopes by a multi-normal distiidoitwith the normalized intrinsic volume densities

of parallel sets as a summary statistics had the highestrgdowthis purpose. Hence, this method was used
here as its first application to real biomedical data. It wamfl that mastopathic tissue deviates from the
Boolean model significantly more strongly than mammary eatissue does.

Keywords: Boolean model, breast cancer, goodness-offitpathology, random sets, stereology.

INTRODUCTION Aa, boundary length densitys and Euler number per
unit tissue arexp (see,e.g, Mattfeldt et al,, 2007).
Benign alterations and malignant tumoursThe three aforementioned specific intrinsic volumes
originating from glandular tissuese., mammary, have a clear stereological interpretation, hence they
prostatic, pancreatic tissue) are important diseases #an be used for the estimation of stereological model
human pathology. Structural characteristics of suclparameters:
tissues may be characterized in a descriptive manner,

or it may be attempted to obtain objective quantitative W =An, (1a)
data from the microscopic images. Such data may A 4 1b
be used,e.g, for statistical group comparisons, for S = 71 (1b)
correlation analyses, for parametric modelling and My = 271X , (1c)

pattern recognition. Here one should keep in mind

that the ftissues are in fact three-dimensional; inhere\, is the volume fractionS, is the mean surface
histopathology we are faced with planar sectionsirea per unit reference volume, avig is the curvature
of them, an aspect which is often overlooked.density (integral of mean curvature per unit volume);

Stereologymeans that data obtained from sections ar@y\/\, Sv and My we denote the estimators of these
extrapolated to the three-dimensional properties of guantities.

structure using mathematical methods. . . .
g However, a RACS is not uniquely characterized by

In previous investigations, it has been shownhe specific intrinsic volumes. They inform basically
that the texture of mammary tissue, as seen at lowbout the amount of the phases per unit volume,
magnification, may be characterized quantitatively irbut not about the pattern in which the features
terms of stereology (Mattfeldt al., 1993, 1996, 2007; are arranged (‘histological texture, architecture’). A
Mattfeldt, 2003). Basically, glandular tissue may beuseful nonparametric way to describe the tissue
subdivided into three phases, namely the epitheliglexture in this sense consists in the estimation of
cells (the tumour cells), the lumina, and the stromasecond-order statistics of the RACS (Mattfeddtal,
which together account for 100% of the tumour tissue1993). The blend of stereology with second-order
These three phases may be understood as randaonethods of stochastic geometry was calkstond-
closed sets (RACS) with positive volume fractionorder stereology(Cruz-Orive, 1989; Jensent al.,
(volume processes). Applying methods of spatiall990; Mattfeldtet al., 1993, 1996, 2003). Estimates
statistics to digitized images, or by simple manuabf the covarianceC(r), of the radial distribution
counting methods, it is possible to characterize thestinction RDF(r), of the correlation functiork(r), of
three phases quantitatively in terms of area fractiothe pair correlation functiog(r), and of the reduced
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second moment functiak(r) of the epithelial volume THEORETICAL PART

may be obtained, as reported before (Mattfeddt

al., 1993, 2003). These summary statistics provide REVIEW OF BASIC CONCEPTS

a quantitative characterization of the inner order of ] ) o
the structure in terms of attraction (clustering) and  Throughout this paper, we consider realizations
repulsion as a function of distance, without specifying®! Stationary and isotropic ergodic RACS, with

any particular stochastic model. The specific intrinsidgps't've. VOIIIJmi fraction, in anSunEo;rAcg:eg th.f[ﬁegh
volumes computed from parallel sets of RAGS( Imensional rererence space. suc Wi €

. . : ... property W > 0 are denoted asolume processes
thz.MkaV\{fﬁ' sum of thﬁ.RACfStﬁnd the”dllsk E\‘/thh for convenience (Cruz-Orive, 1989; Mattfeldt al,
rlil/l 'Esvr)k leoovgarylr}? ra 'IUS (?1 € para de S f th 1993). A RACSzy is called stationary and isotropic if
gtrLc\::J?eaénd fur'zhreermeg:eat ﬁgsg ztal.TirS]E{:SO;.rgrbZSéde:V has the same distribution after arbitrary translations

' and lurth AHd rotationsi.e,, if the distribution of=y is invariant
the specific intrinsic volumes. under all rigid motions in space. The property of
. ergodicity may be summarized as follows: statistical

In spatial Stat'St'.Cs.’ much wo_rk has been d_one Ir?averages can be expressed by limits of arithmetic or
the field of the statistical analysis and modelling Ofspatial averages (Stoyaet al, 1987, p. 170-171)
spatial point patterns (see,g, lllian et al, 2008). : i '

i . . Consider germs which are distributed according to a
When studying planar point patterns, the usual firskisionary Poisson process with intensity in space,

step is to check whether the pattern is compatible with g primary grains which are independent identically
the null model of a stationary Poisson point processgistributed random compact sets of mean volwhe
Analogously, when it comes to stochastic modelling olsnd mean surface ared with their centers at the
a RACS with positive volume, one would proceed byorigin. Then the Boolean model is the union of a
testing its compatibility with a suitable null model. The shifted version of the primary grains, namely of sets
Boolean modelwhich represents the classical, "purelyx+ K, wherex is a germ point an& is a primary grain
random” germ-grain model of stochastic geometry(Stoyanet al., 1987). The shifted primary grains may
may be used instrumentally as a null model for averlap. In addition, here we assume that the primary
volume process (Molchanov, 1997). This means thagrains are convex and isotropice(, the distribution
one has to develop a test whether a given image i@f the primary grains is invariant under rotations about
compatible with the Boolean model of random sets, ofhe origin). A planar section @y is a Boolean model

whether this hypothesis should be rejected. EA with intenSity)\A in the two-dimensional Euclidean
plane, where the planar primary grains have mean

In the present investigation, the images of theareaA and mean boundary length (Stoyanet al,
mammary cases studied in a previous publicatiod987, p.85). Therefore, testing for a Boolean model
(Mattfeldt et al, 1996) were reexamined (20 cases ofvas throughout our work restricted to a study in the
mastopathy and 20 cases of mammary cancer, eaf#an€, which provides an example for stereological
with 10 images). In the previous paper, it had beernférence from sections to 3D spadee( rejection of
explored how strongly the images deviated from arthe Boolean model hypothesis in 2D implies rejection

appropriately parametrized Boolean model in term&f the Bogleag mggelf Eypoth(ta;sis in 3D).d'lf'he thhree
of contact distribution functions. A direct test of the Parameteraa, AandL of =4 can be estimated from the

images on compatibility with the Boolean model was Mage. through the following three equations (Stoyan

outlined in that paper, but was not yet performed. Inet al, 1987):

a further paper (Mattfeldt, 2003) these images were An = l—exp(—)\AA_Q (2a)
tested on compatibility with the Boolean model using —

Laslett’'s theorem (see section Laslett’s theorem). Since La=Aa(1-An)L (2b)
the results of Laslett's test did not demonstrate a Ni =2Aa(1—An) (2c)

significant deviation of most of these images from _ _

the Boolean model hypothesis, we used now a mort these equationsi, denotes the mean area fraction,
powerful method to prove this difference (Mrkka, LA dei‘OteS the mean boundary length per unit area,
2009). Furthermore, we compared how strongly th@"dNa denotes the specific convexity number=y,
mastopathy images and mammary cancer imagé@h'Ch can be gstlmated_ unblased_ly f_rom the images by
deviated from the Boolean model. Finally, we comparé‘nanual counting techniques or with image analyzers.

the results obtained in the paper (Mattfeldt, 2003) with  Important tools to test whether a stationary and
the results obtained in this study. isotropic ergodic RACS is a Boolean model are the
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contact distribution functionslg(r) with of a Boolean model. The general contact distribution
function can be estimated from the image by
P(=NrB#0)—P(oe =) _
Ha(r) = 1-Ploc D) , Hei(r) = {Aa(dil[r]) —Aa}/(1—As),  (5)
. (Stoyanet al, 1987; Bindrich and Stoyan, 1991),
for r > 0, where B belongs to a certain class of \yherea, is the area fraction before dilation, and where

structuring elementsB = {rx: x € B}, andois the A, (dil[r]) is the area fraction after dilation by the
origin (Stoyanet al, 1987). This definition means ¢, enlargement of the structuring elemét
that, for a given value > 0, the valueHg(r) denotes

the conditional pro_bability that thefold ehlargement TESTING FOR THE BOOLEAN MODEL

rB of the structuring elemenB — here: a quadrat

of sidelength 2 pixels — interseck, provided that The detailed description of the tests can be found
the reference point of the enlarged structuring elemerif Mrkvicka (2009). Here we review the basic idea of
(usually its centre) lies in the pore space, outside the tests only.

Theoretically, the direction of the quadratmay be Th hical thod
arbitrarily selected when the structure is isotropic; in € graphical metho

digitized images one will usually select the vertical or A first check for presence of a Boolean model
the horizontal direction. As its name impliddg(r) is  usually proceeds as follows.@, Bindrich and Stoyan,

a cumulative distribution function. General equationsl991). A series of successive dilations of the grain
have been derived where the contact distributiophase is performed, ther-log{1l — Hq(r)}/r is
functions were given for the Boolean model in termsplotted as a function of. If the image stems from

of the intrinsic volumes (which are also known undera Boolean model, the data points should lie near a
another normalization as Minkowski functionals orstraight line in the resulting plot, apart from random
QuermaRintegrale) of the primary grains and theerror. This behaviour is a direct consequence of Eq.
structuring elemer® (Matheron, 1975; Schneider and 4b.
Weil, 1992); here we restrict ourselves to the familiar ,
specifications for the plane. Let us denoteH(r) Laslett's theorem

and Hom(r) the exact contact distribution function Another test method may proceed from the
for general and quadratic structuring elememl®s following theorem (Lasletet al, 1985). If =5 is a
respectively, under the condition thaj is a Boolean Boolean model with intensitya and isotropic convex
model. For general structuring elemeiswith area primary grains in the plane, for which a unique marker
A(B) and perimetetd (B), which are subsequently point is defined on their boundary, then the exposed
enlarged-fold, we have the following general contact marker points oEx (called the induced point process)

distribution function: form, after a certain transformation, a homogeneous
Poisson process of intensity (see also Cressie, 1991;
Hem(r) = Cerry, 2006). After the transformation we may leave

the domain of RACS and apply tests for homogeneous
+A(B)r2N,ﬂ } . (4a) Poissorpointprocesses to the new image.

{ 1 [U(szA

A Monte Carlo test for the Boolean model
~ For the aforementioned structuring elemest based on the quadratic contact distribution
i.e, a quadrat of sidelength 2 pixels, we obtain the -
. TN o function

following contact distribution function:

The equations discussed above provide an

1 4rla onit opportunity for aMonte Carlo teston the presence

An1 —— FANL ) of a Boolean model. The equations (2a—c) provide

T R
(4b) estimatesia, A, andL of the parameterda, A, and
L from a quadratic window of arel?, say. Now the
Using image analysis, we have asymptoticallyBoolean model with estimated parameters is simulated
unbiased estimators of the contact distributionn a given window. For each simulated image a
functions at our disposal, which are suitableseries of linear and quadratic dilations is performed
irrespectively whether the assumption of a Boolearat the same step sizes that were used for the original
model is fulfilled or not. Let us denote byg(r) and images, and for each simulatiétyy (r) are determined
Hoqi(r) the contact distribution functions for generalaccording to Eq. 5. With respect to a certain notion
and quadratic structuring elemerfsrespectively, as of distance €.g, sum of squared differences), the
measured by image analysis without the assumptiodeviations between the theoretical contact distribution

Hom(r) =1— exp{
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function HQM(r) and the simulated contact distribution contact distribution function in this test as it was used
functionsHq (r) are ordered by size. If the deviation of in the Monte Carlo test described in previous section.
the functionHg (r), that had been determined directly Or one can use as the summary statistic the following
from the original image, fronFigm(r) is among 5% normalized intrinsic volumes densities of thearallel
largest deviations computed from simulations, theSets.

hypothesis of a Boolean model is rejected. _ The intrinsic volumes densitie¥o(=), V1i(Z),
V(=) of RACS = in the plane are the mean Euler

A general Monte Carlo test with envelopes number density, one half of the circumference density

approximated by the multinormal of border 0= and the area densityi.€., V2(Z) =

distribution An, V1(Z) =La/2).

The null model assumption here can be the_ We considered_ the intrinsic volumes densities
Boolean model or any other model. Vi(Zg), k=0,1,2, i=1,...,nof theg-parallel sets.

The parallel seEg, is produced as dilation of the sg&t
1.A summary statisti§(e) of RACS is chosen. The by a disc with a radius;. We chosen = 24 different
summary statistic is a functiof(e) of € >0 and discs with radiigy, ..., &4 evenly spanned between
it is estimated from the data im different points 1 and 25 pixels of the image. When the envelopes

£1,...,&n. Denote these estimatég, .. .,S'Sn. are made from the simulations, the estimated intrinsic
2.The parameter8 of the assumed null model are VOlUMes densities/y(=,) vary a lot for_different
estimated by an estimatér simulations thus the envelopes are wide. Therefore we

_ _fixed first pointe; and chose as summary statistics for

3.N independent samples of the null model withthe proposed test the normalized intrinsic volumes of

estimated parameters are simulated and thparallel sets:

summary statisticsS. ,...,S., i =1,...,N are o e — :

computed. S S Vi(Zg)/Vk(Zg), 1=2,...,24 k=0,1,2. (7)
4.To compute the p-level of this test, the summaryTTIS rg_ormahzed |tnhtr|n5|c_ VOIU?GS reﬂ%Ct i tgeb

statistics &, ,...,S;, are approximated by the Lﬂ:rra:crlr?t:]esr aamgng. eeO?rflths ?g'nsar?rhuen?es?%w E;t'ogl
random vectorX with multinormal distribution _number Iz grains. imatl

of Vo(=¢) is performed by the standard unbiased

with mean vectorpg = (..., H4,)" and the . ; . S
covariance matrixZ = (Zjj)ij_1...n computed point counting estimator and the estimation of

. . - Vo(Z¢),Vi(Z¢) is performed by the unbiased
from N simulations. The upper envelope is -7’ i : N . )
constructed aUE(S) — (11 + SYZ1L,..., i + estimator described in Mrkéka and Rataj (2008;

SvZnn)T and the lower envelope is constructed00%-

asLE(S) = (M1 —SVZ11,- .., n — $V/Znn)". The Choosing the testing method
width of the envelopes depends on the parameter . .
s> 0. All the previously described methods were

compared in Mrkwka (2009) by extensive
5.An integer numberK is chosen. This is the simulations. The powers of the tests with respect to
maximum number of Valuegi, . .,% which fall  two alternatives (regular and clustered structure) were
outside of the envelopes and for which the testompared. The results of this study were as follows.
does not reject. The widest envelope when the teslising normalized intrinsic volume densities for the

rejects is then given by summary statistics was more powerful than using
A guadratic contact distribution functions. Furthermore,
Ssup= sug(#{SEDi ¢ (LE(s)i, UE(s)i), the Monte Carlo test with envelopes approximated by

i1 n>K). (6) a multinormal distributio_n was more powerful _than

L ' all the other tests described there. Moreover, it was
shown in Mrkvicka (2009) that the aforementioned
Nest was sensitive to the grain interaction only. It
was not sensitive on an eventually wrong choice
of the random prototype of the Boolean model (the
primary grain of the Boolean model). Therefore, the
Monte Carlo test with envelopes approximated by
a multinormal distribution with normalized intrinsic
volumes densities as the summary statistics was

The last method is described for the generahdopted for testing the Boolean assumption in the
summary statisti§S(¢). It is possible to use quadratic present study.

6.The p-value is then the probability that more tha
K components of the random vectérfall outside
of the envelopes(LE (Ssyp),UE(Ssyp)). Since X
is usually high dimensional, the probability is
computed by Monte Carlo methods.

Normalized intrinsic volumes densities
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cancer, the most frequent type of breast cancer in
humans (Fig. 1b). One paraffin section per case with
a nominal thickness of #m from the centre of the
lesion was stained with hematoxylin and eosin. Ten
visual fields per case from the lobular parenchyma
were evaluated in the group of mastopathies at 10
primary magnification at the level of the objective
of the light microscope by systematic random
sampling. Ten visual fields per case from non-necrotic
invasive tumour tissue were evaluated in the group
of carcinomas at the same magnification by the
same sampling strategy,e., systematic sampling
with a random start. The selected visual fields were
transmitted to the image analysis system Kontron
IBAS 2000 with a black-and-white CCD camera.
The result was a gray level image with a resolution
of 512x 512 pixels at a final magnification of 430

on the screen. By segmentation a binary image was
produced, which consisted of two phases only (Figs.
2a,b). All images were interactively segmented by
the same person by tracing the epithelial formations.
The epithelial component — the union of the primary
grains — was shown as white, whereas the whole non-
epithelial remainder of the tissue — the pore space,
consisting of fibrous stroma, blood vessels, nerves,
gland luminagtc.— was shown as black.

MONTE CARLO TESTS

(b) Each black-white image with the resolution of
Fig. 1. (a) Mastopathic tissue: the mammary 512 x 512 pixels was tested by the chosen test (the
parenchyma shows an increase of stroma (fibroudlonte Carlo test with envelopes approximated by
tissue) and sometimes dilatation of ductules. Thé&wultinormal distribution with a normalized intrinsic
general ductulo-lobular architecture is howevervolumes densities as the summary statistic). The
preserved. (b) Mammary cancer (invasive ductachosen test was performed with the following
mammary carcinoma). The normal orderly glandularsettings: n = 69 (23 points for 3 normalized
architecture has been replaced by irregular epithelialintrinsic volumes densities)N = 99 simulations,
blocks with few stroma in between. Haematoylin-EosiflK = 3. The parameters of the Boolean model were
stain. estimated using empirical intrinsic volume densities

Vo(2),V1(2),V2(Z) (Molchanov, 1997, p. 81-83).

MATERIALS AND METHODS

RESULTS
CASES AND SAMPLING

Forty cases of human mammary tumours The results of the chosen test of Boolean
submitted for histopathological diagnosis wereassumption are displayed on (Figs. 3a,b,c) for one
investigated. Twenty cases were fibrous mastopathieinage of the mastopathic tissue (the image is shown
i.e, benign lesions where the glandular architecturén Fig. 2a). The resulteg-value of this test isp =
of the mammary tissue within the lobules was0.00067. Figs. 4a,b,c shows the same for one image
fully preserved and the main changes consistedf the mammary cancer tissue (the image is shown
in an increase of fibrous tissue and a microcystién Fig. 2b). The resultingp-value of this test ip =
dilatation of the glandular lumina (Fig. 1a). These wered.11687. The results for other images vary a lot, but
compared to 20 cases of invasive ductal mammarysually the significance is proven By (=) orVi(=).
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Fig. 2. (a) Binary image from a visual field from
a histological section from a mastopathy. A gray-
level image has been reduced to a binary image by ©
manual segmentation. White: epithelial cells (grainFig. 3. The results of the proposed test on the
phase), black: gland openings, stroma, vessels et&oolean model assumption for one image of the
(pore phase). (b) Binary image from a visual field frommastopathic tissue. The points represent the estimates
a histological section of a case of mammary cancer. of normalized intrinsic volumes densities of parallel
sets (a)Va(Ze)/Va(Zg) » (0) Vi(Ze)/Vi(Zg), (€)

All the p-values are summarized in the histograms/0(Z¢)/Vo(Ze,) for 23 different radii from the data.
in the (Figs. 5a,b). We can see that the mammar he envelopes are constructed from 99 simulations;
cancer tissues have generally higlpevalues than the they correspond to 95% envelopes.
mastopathic tissues. This means that mammary cancer
tissues reveal less deviation from the Boolean model
than the mastopathic tissues. Furthermore, the Boolean

model assumption was not rejected for 6% mammary
cancer images and for 1% mastopathic images with 1aple 1 showsthe averagevalues computed from

significance level 0.05. To test the hypothesis that thE'® images for each case (20 mastopathic cases and
mammary cancer tissues reveal the same deviaticf? mammary cancer cases). If we take the average
from the Boolean model as the mastopathic tissued-value for a case as the characteristic determining
we performed a nonparametric Mann-Whitney U Testthe decision, whether the whole case can be described
where we compared the samples of compufed by Boolean model or not, then 10% of the mammary
values. This hypothesis was rejected with fhealue cancer cases and no mastopathic case at all can be
0.000159. accepted as consonant with the Boolean model.
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Table 1.The average p-values computed from the images for each case.

Mammary cancer 0.02844 0 0.00050 0.00681 0.11612 0.02688B0948

0.25630 0.00492 0 0.02463 0 0 0
0 0.00494 0.00526 0.00011 0 0.03093
Mastopathic 0.00013 0.06126 0.00005 0.00001 0.00440 bB43H.00222
0.00122 0.00055 0 0 0 0 0
0 0.00172 0 0 0 0
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(b) Fig. 5. (a) The histogram of resulting p-values of
all mastopathic tissue images. (b) The histogram

of resulting p-values of all mammary cancer tissue
images. (The scale of the histogram is different.)

041

0.2+

CONCLUSION

10 v In this paper, the Monte Carlo method based on
. the approximation of the envelopes by a multi-normal
distribution with the normalized intrinsic volume
densities of parallel sets as a summary statistics was
applied to biological tissue for the first time. In
simulation studies, it had been shown to have higher

(€)

Fig. 4. The results of the proposed test on the Booleastatistical power than alternative methods (Mika,
model assumption for one image of the mammarg009). One of these alternative approaches was the
cancer tissue. The points represent the estimates @fst based on Laslett’'s theorem (see section Laslett’s
normalized intrinsic volumes densities of paralleltheorem). This finding could now be corroborated for
sets (a)V2(Z¢)/Va(Zg,) , (b) Vi(Z¢)/V1(Z¢,), () real specimens. In a previous paper, the same 40 cases
Vo(Z¢)/Vo(Zs,) for 23 different radii from the data. had been studied using this test (Mattfeldt, 2003).
The envelopes are constructed from 99 simulationg;Jsing this method, it was found that 25% of the
they correspond to 95% envelopes. mastopathic cases were compatible with the Boolean

17



MRKVICKA T ET AL: Testing mammary tissues on the Boolean model

model, whereas 75% of the mammary cancer cas&xessie NAC (1991). Statistics for Spatial Data. New York:

were compatible with the Boolean model (Mattfeldt,  Wiley.

2003, p. 291). However, no mastopathic case at all angci
()

only 10% of the mammary cancer cases were accepte of second moment volume measures. Acta Stereol

as consonant with the Boolean model in the present

. . 8:641-6.
study. Clearly, this result has to be ascribed to the
higher power of the test described here. Cerry R (2006). Laslett’s transform for the Boolean model

in R-d . Kybernetika 42:569-84.

Moreover, the present study suggests that the .y o
structure of the ep|the||a| component of mammary”llan J, Pepttlnen A, Stoyan H, Stoy_an D (2008) Statidtica
cancer is less 0rder|y arranged than that of the AnaIyS|§ and Modelling of Spatial Point Patterns. New
mastopathic tissue. Although some images of the York: Wiley.
mammary cancer revealed very smpdvalues, thus  jensen EB, Kiu K, Gundersen HJG (1990). Second-order
revealing a strong dissimilarity to the Boolean model,  gtereology. Acta Stereol 9:15-35.
in global view we found that the mastopathic tissue , , _ o
differed more strongly from the Boolean model LasllettGM, Qressm N, Liow S (1985). In.tensny est|m_at|on
than the mammary cancer tissue. This conclusion is N @spatial model of overlapping particles. Unpublished
biologically plausible as mastopathic tissue is still manuscript, Division of Mathematlcs.and Statistics,
subject to normal growth regulation mechanisms. CSIRO, Melbourne [quoted from Cressie (1991)].
However, cancer means that tumour cells havéatheron G (1975). Random Sets and Integral Geometry.
escaped growth control of the organism and are now New York: Wiley.
prollferatmg autonomously. This meansaloss_, OfordeKAattfeldt T Frey H, Rose C (1993). Second-order
in terms of geometry of random sets. Besides, the . : :

; . ; stereology of benign and malignant alterations of the
conclusion that the mastopathic cases differ more . .
human mammary gland. J Microsc 171:143-51.
strongly from the Boolean model than the mammary _
cases emerges also from the evaluation using thdattfeldt T, Schmidt V, Reepscager D, Rose C, Frey
Laslett test (Mattfeldt, 2003). H (1996). Centred contact density functions for the
statistical analysis of random sets. A stereological study

find an improved method to test an empirically given on benjgn an_d malign.ant glandular tissue using image
volume process on compatibility with the Boolean analysis. J Microse83:158-69

model, in analogy to a test on complete spatiaMattfeldt T (2003). Classification of binary spatial textar
randomness of point patterns. If it were considered asa using stochastic geometry, nonlinear deterministic
pattern recognition tool for tumour diagnosis, it might  analysis and artificial neural networks. Int J Pattern
be asked whether the distance between the studied case Recogn Atrtif Intell17:275-300

and Ithe Boolean_moldei.é_., the C‘}ZmpUt_e‘?' av_erﬁ_ge Mattfeldt T, Meschenmoser D, Pantle U, Schmidt V (2007).
p?]/a ﬁe) IS a su_ltab el' criterium for _?Ist;[:ngiﬂshmg Characterization of mammary gland tissue using joint
whether a case Is mafignant or not. Table 1 shows, estimators of Minkowski functionals. Image Anal

that the average-value per case is generally smaller Stereol26:13-22

for mastopathic cases, but there are also cases of

mammary cancer, which have an averaggalue Molchanov | (1997) Statistics of the Boolean model for
indistinguishable fromp-values of malignant cases.  Practitionars and mathematicians. New York: Wiley.
Thus, the larger its averagevalue is, the more is it rkvigka T (2009). On testing of general random closed set
probable that the case is mammary cancer. On the other model hypothesis. Kybernetika 45(2):293—308.

hand, we have no diagnostic conclusion if the averaglg/I kitka T Ratai J (2008). O fimai ¢ intrinsi
p-value is small. Therefore the averagevalue per “'kvicka T, Rataj J (2008). On estimation of intrinsic

case cannot be used alone for distinguishing whether VO'“T:e densm?ls c_’f stationary random closed sets.
a case is malignant or not. Stoch Proc Appll18:213-31

Mrkvicka T, Rataj J (2009). On estimation of intrinsic
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