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A fast and sim ple method for the vi sual en hance ment of small bright de tails in dig i tal mam -
mo grams based on math e mat i cal mor phol ogy is pro posed. By a proper choice of the shape
and size of the struc tur ing el e ment, an al go rithm for a par tic u lar pro cess ing task – in this case,
for the vi sual en hance ment of microcalcifications in dig i tal mam mo grams – was de signed.
The ef fi ciency of the pro posed al go rithm was tested on pub licly avail able mam mo grams from
the mammographic im age anal y sis so ci ety da ta base. In all tested cases (23 mam mo grams), the 
pro posed method suc cess fully seg mented and en hanced the ex ist ing microcalcifications, in -
de pend ently ver i fied by med i cal ex perts. The pro posed pro ce dure may be used both as a vi sual 
aid in clin i cal mammogram anal y sis or as a pre pro cess ing step for fur ther pro cess ing, such as
seg men ta tion, clas si fi ca tion and de tec tion of microcalcifications. More over, the al go rithm is
very fast and ro bust, thus ap pli ca ble to real-time mammogram pro cess ing.
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IN TRO DUC TION

Breast can cer is one of the most fre quent ma lig -
nant dis eases in women. A re cently pub lished prog no -
sis from the Amer i can Can cer So ci ety [1] es ti mated
232,340 new cases of in va sive breast can cer  in United
States only, as well as 64,640 ad di tional cases of
in-situ breast can cer. Only lung can cer ac counts for
more can cer deaths in women in the United States [1].
Breast can cer is also the most com mon can cer in fe -
males in Eu rope, caus ing one in six of all deaths from
can cers in women [2].

Pri mary pre ven tion seems im pos si ble since the
causes of this dis ease re main un known. Thus, an early
de tec tion is the key to im prov ing breast can cer sur -
vival. The only proven ef fec tive method of early de -
tec tion of breast can cer is mam mog ra phy [1, 3]. In the
fi nal twenty years of the twen ti eth cen tury, mas sive
breast screen ing has in deed re duced mor tal ity by up to
30% in west ern Eu ro pean coun tries [4]. Con ven tional
screen-film mam mog ra phy com prises tak ing an X-ray 
im age of the breast un der spe cific po si tion ing and
com pres sion. Upon ac qui si tion, X-ray im ages are an a -
lyzed by ex pe ri enced ra di ol o gists. The lat est tech nol -
ogy, full-field dig i tal mam mog ra phy, al lows di rect

dig i ta li za tion: the ra di ol ogy im age is con verted
di rectly to a dig i tal im age, with out the use of film. Ac -
cord ing to the re sults of the clin i cal study (in volv ing
387 women and 1548 mam mo grams), we have come
to the con clu sion that [5] dig i tal mam mog ra phy was
su pe rior, both in terms of im age qual ity and ra di a tion
dose, over screen-film mam mog ra phy.

The pres ence of microcalcification clus ters is an
im por tant sign for the de tec tion of early breast car ci -
noma. Microcalcifications are small cal cium de pos its ac -
cu mu lated in breast tis sue, ap pear ing as small bright
spots on the mammogram im age. The small size of
microcalcifications  (from  50 mm  to 1.0 mm,  typ i cally
0.3 mm) [3, 4] makes them dif fi cult to de tect, re quir ing
ex per tise by skilled ra di ol o gists. As they are of ten the
sole sign of early can cer ous changes, microcalcifications 
rep re sent very im por tant in for ma tion in a mammogram.
The clus ter of microcalcifications is the most fre quent ra -
dio log i cal fea ture in as ymp totic breast can cer and of ten
leads to sur gi cal bi opsy for the es tab lish ment of the fi nal
di ag no sis.

Mammogram anal y sis is based on the use of dif -
fer ent dig i tal im age pro cess ing tech niques aimed at
de tect ing sus pi cious ar eas within the breast. Many
stan dard pro cess ing meth ods, such as bright ness
trans for ma tions, con trast en hance ment, his to gram
pro cess ing, fil ter ing in spa tial and/or fre quency do -
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main, etc. use a set-the ory-based ap proach, math e mat -
i cal mor phol ogy [6, 7]. From a prac ti cal point of view,
mor pho log i cal op er a tions are rec og nized as a pow er -
ful tool for both im age pre pro cess ing, as well as for ex -
tract ing dif fer ent im age in for ma tion, such as noise re -
duc tion, edge de tec tion, ob ject sep a ra tion, shape
rec og ni tion [6, 7], etc. Dif fer ent mor pho log i cal meth -
ods have al ready proved their ef fi ciency in
mammogram seg men ta tion and en hance ment of
microcalcifications [8-11].

 In this pa per, the au thor pro poses a fast, sim ple
and ef fi cient method for the vi sual en hance ment of
small size bright ob jects in mam mo grams, based on
math e mat i cal mor phol ogy. It will be shown that both
lo cal con trast en hance ment and high sup pres sion of
back ground tis sue can be ob tained by com bin ing sev -
eral mor pho log i cal op er a tions in an ap pro pri ate way.
As a re sult, small de tails brighter than their sur round -
ings are strongly en hanced. The pro posed method is
very suit able for ex tract ing and en hanc ing small bright 
de tails (pos si ble microcalcifications) within the X-ray
im ages, since such tis sue ab nor mal i ties are usu ally
brighter than the back ground, due to their higher at ten -
u a tion of the X-rays. The ef fi ciency of the pro posed
method was tested on pub licly avail able mam mo -
grams from the mammographic im age anal y sis so ci ety 
(miniMIAS) da ta base [12].

METHOD DE SCRIP TION

Ba sics of math e mat i cal mor phol ogy

Mor pho log i cal im age pro cess ing tech niques
orig i nated from the mod ern math e mat i cal Set The ory
[6, 7]. These mor pho log i cal op er a tions were orig i -
nally de vel oped for the anal y sis of bi nary (black and
white) im ages, later on ex tend ing to mono chrome
(gray-scale) and multicomponent (color) im ages. In
im age pro cess ing, all mor pho log i cal op er a tions are
based on the re la tion ships be tween two par tic u lar sets:
the first set is rep re sented by an in put im age ma trix, I,
while the sec ond one is the pro cess ing op er a tor, the
so-called struc tur ing el e ment, S. The struc tur ing el e -
ment also has the ma trix form whose di men sion is sig -
nif i cantly smaller than the size of the in put im age.

Two mor pho log i cal op er a tions: di la tion and ero -
sion are fun da men tal to mor pho log i cal pro cess ing. (In
this pa per, only the mor pho log i cal al go rithms ap plied
to gray-scale im ages are con sid ered.)

The di la tion of a two-di men sional gray-scale
dig i tal im age, I (m, n), by a two-di men sional struc tur -
ing el e ment, S (i, j), is de fined as [6, 7]

    ( )( , ) max{ ( , ) ( , )}I S m n I m i n j S i jÅ = - - + (1a)

as sum ing [( ), ( )] ; ( , )m i n j D i j DI S- - Î Î  where DI

and DS are the do mains of I and S, re spec tively. The or -

i gin of S is as sumed to co in cide with the ac tual/cur rent
po si tion (m, n) of the in put im age. Note that for pix els
on the bound ary of the im age, por tions of the struc tur -
ing el e ment may ex ceed the im age area; this is usu ally
com pen sated by ex pand ing the im age with zero val ues 
or by an ap pro pri ate rep e ti tion by pixel val ues from
bor der ing rows and col umns.

From eq. (1a), the pixel at point (m, n) is re placed 
by the max i mum value of per-pixel sums of im age pix -
els and the struc tur ing el e ment within this do main. If
all mem bers of a struc tur ing el e ment are pos i tive, the
out put im age tends to be brighter than the in put, while
the dark de tails are re duced or com pletely re moved, 
de pend ing on how their val ues and shapes re late to the
struc tur ing el e ment used. 

Very of ten, the so-called flat struc tur ing el e ment
(all el e ments have the same value, usu ally the value of
unity) is used when the di la tion can be de scribed as

( )( , ) max{ ( , )}

[( ), ( )] ; ( , )

I S m n I m i n j

m i n j D i j DI

Å = - -

- - Î Î S

(1b)

This way, the pixel el e ment at point (m, n) is re -
placed by the max i mum value of im age pix els cov ered
by the struc tur ing el e ment.

Gray-scale ero sion is de fined as

     ( )( , ) min{ ( , ) ( , )}I S m n I m i n j S i jÄ = + + - (2a)

as sum ing [( ), ( )] ; ( , )m i n j D i j DI S+ + Î Î  where DI

and DS are the do mains of I and S, re spec tively. The
con di tion that (m + i) and (n + j) have to be within the
do main of I, and i and j have to be in the do main of S,
de notes that the struc tur ing el e ment has to be com -
pletely  con tained  within  the  set  that  is be ing  eroded,
i. e., that the struc tur ing el e ment is cov ered by I.  Ero -
sion re sults in re plac ing pixel val ues with the value of
the per-pixel dif fer ence (I – S) within the do main de -
fined by the size and shape of the struc tur ing el e ment.
If all mem bers of the struc tur ing el e ment are pos i tive,
the out put im age tends to be darker than the in put. The
bright de tails in the in put im age are re duced or re -
moved, de pend ing on how their val ues and shapes re -
late to the struc tur ing el e ment.  As with di la tion, when
us ing the flat struc tur ing el e ment, the ero sion can be
re writ ten as

( )( , ) min{ ( , )}

[( ), ( )] ; ( , )

I S m n I m i n j

m i n j D i j DI

Å = + +

+ + Î Î S

(2b)

Sev eral com monly used sym met ri cal struc tur ing 
el e ments such as: cross, square, disk, and rhom bus –
also known as a di a mond, are shown in fig. 1. The dark
squares cor re spond to the val ues of unity, while the
bright ones de note zero-val ued el e ments.

 The size and shape of a struc tur ing el e ment play
a cru cial role in mor phol ogy-based im age pro cess ing
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since they de fine the neigh bor hood used for pro cess -
ing the cur rently an a lyzed pixel.

By com bin ing the two ba sic mor pho log i cal op -
er a tions, de scribed by eqs. (1) and (2), one can de rive
use ful op er a tions con cep tu ally sim i lar to those with
two-di men sional (2-D) fil ters. For ex am ple, mor pho -
log i cal gra di ent G is the dif fer ence be tween di la tion
and ero sion

G I S I S= Å - Ä( ) ( ) (3)

Since di la tion and ero sion re move the small,
dark and bright de tails, re spec tively, the mor pho log i -
cal gra di ent high lights sharp gray-level tran si tions in
the in put im age. 

The next two mor pho log i cal op er a tions of in ter -
est are open ing and clos ing. The open ing of an im age I
by a struc tur ing el e ment S is de fined as ero sion fol -
lowed by di la tion, while clos ing has the op po site or der 
of op er a tions

I S I S So = Ä Å( ) , opening (4)

I S I S S· = Å Ä( ) , closing (5)

as a con se quence, with a gray-scale open ing, one can
re move bright de tails smaller than the struc tur ing el e -
ment used. Large de tails, both bright and dark, which
are larger than the struc tur ing el e ment, re main nearly
un changed. Sim i larly, the clos ing op er a tion re moves
dark de tails if they are smaller than the struc tur ing el e -
ment.

By com bin ing the mor pho log i cal open ing and
clos ing, var i ous im age-pro cess ing tasks can be per -
formed. For in stance, a smooth ing ef fect is ob tained
with a mor pho log i cal open ing fol lowed by a clos ing. 
As a re sult, both bright and dark pix els with in ten si ties
sig nif i cantly dif fer ent from their sur round ings will be
re moved or at ten u ated and the out put im age
smoothed.  

The fol low ing two mor pho log i cal op er a tions are 
the so-called top-hat (TH) and bot tom-hat (BH) trans -
for ma tions. A top-hat trans for ma tion is ob tained by
sub tract ing a mor pho log i cally opened im age from the
orig i nal one

TH I I S= - ( )o (6)

As al ready men tioned, a gray-scale open ing can
re move the bright de tails from an in put im age smaller

than the used struc tur ing el e ment. Sub tract ing an
opened im age from the orig i nal one yields an im age
with em pha sized de tails which are sup pressed by the
open ing. Thus, TH trans for ma tion is an ex cel lent tool
for en hanc ing small bright de tails from a non-uni form
back ground [7].

The mor pho log i cal bot tom-hat trans for ma tion is 
de fined as the dif fer ence be tween a mor pho log i cally
closed im age and the orig i nal one

BH I S I= · -( ) (7)

Con se quently, this trans for ma tion pro duces an
ef fect op po site to the top-hat trans for ma tion. This
means that, by us ing clos ing in stead of open ing, and
by sub tract ing the orig i nal im age from the closed one,
one can ex tract dark fea tures from a brighter back -
ground. Note that both trans for ma tions equal ize a
non-uni form back ground il lu mi na tion.

Mor pho log i cal re con struc tion is a trans for ma -
tion in volv ing two im ages and a struc tur ing el e ment
(in stead of a sin gle im age and a struc tur ing el e ment)
[13]. One im age, the marker, is the start ing point for
the trans for ma tion. The sec ond im age, the mask, con -
strains the trans for ma tion. The struc tur ing el e ment S
de fines the con nec tiv ity (8- and 4-con nec tiv ity are
usu ally used). The eight-con nec tiv ity im plies that S is
a square 3 ´ 3 ma trix of 1 s, with the cen ter de fined at
co-or di nates (2, 2), cor re spond ing to the “square” case 
shown in fig. 1.  Sim i larly, 4-con nec tiv ity cor re sponds
to the “cross” case in the same fig ure. If I is the mask
and J is the marker, the re con struc tion of I from J, de -
noted as RI (J), is de fined by the fol low ing it er a tive
pro ce dure [13]:
– ini tial ize H1 to be the marker im age, J,
– de fine con nec tiv ity by struc tur ing el e ment S,
– re peat: HK + 1 =  (HK Å S) Ç I, un til HK + 1 = HK, and
– RI (J) = HK + 1

Sym bols Ç and  Å de note the op er a tions of in ter -
sec tion and di la tion, re spec tively. Note that the marker
im age J must be a sub set of mask im age I,  J Í I, i. e., 
that the gray level of each pixel in J must be less than or
equal to the gray level of the cor re spond ing pixel in I
im age. Al though this it er a tive for mu la tion is con cep tu -
ally use ful, much faster com pu ta tional al go rithms ex ist
[14]. This trans for ma tion pre serves only those ob jects
in the mask im age which are pointed by mark ers from
the marker im age, form ing the ba sis for many other
com plex mor pho log i cal trans for ma tions [6, 7, 13].

A use ful ap pli ca tion of this re con struc tion is the
re moval of ob jects that touch the bor der of an im age.
Here, the key task is to se lect the ap pro pri ate marker
im age to achieve the de sired ef fect. Let mask im age I
be the in put im age and marker im age J be zero ev ery -
where ex cept along the in put im age bor der where it
equals the in put im age I. Thus, us ing in put im age I as
the mask im age, the re con struc tion H R JI= ( )  yields
im age H that con tains only the ob jects touch ing the
bor der. The dif fer ence
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Fig ure 1. Sev eral sym met ri cal struc tur ing el e ments;
from left to right: cross (3 ́  3), square (3 ́  3), disk (5 ́  5),
and di a mond (5 ́  5); the or i gin (cen ter) of each el e ment is 
marked by x



I I H I R JI= - = - ( ) (8)

will con tain only those ob jects from the orig i nal in put
im age that do not touch the bor der. In this way, one can
sup press struc tures that are brighter than their sur -
round ings and con nected to the im age bor der. Note
that this “im age bor der clear ing” tends to re duce the
over all gray level in ten sity of the im age.

Lo cal con trast en hance ment 

High lo cal con trast en hance ment can be
achieved by add ing an orig i nal im age to the top-hat
trans formed im age and by sub tract ing the bot tom-hat
im age from that sum

C I TH BH= + -( ) (9)

Due to this dif fer ence, bright de tails smaller
than the struc tur ing el e ment are strongly em pha -
sized, while dark de tails and the over all im age tex -
ture sur round ing the small bright de tails are sup -
pressed. Con se quently, the en hance ment of bright
de tails smaller than the struc tur ing el e ment S is be -
ing re in forced, while the un even back ground (sur -
round ing tis sue tex ture) is highly equal ized. Fur ther
on, by ap ply ing the “im age bor der clear ing” trans -
for ma tion, eq. (8), onto the con trast-en hanced im -
age C, eq. (9), by sub sti tut ing I = C, one can sup press 
bright struc tures around the im age bor der re gard less 
of its shape and di men sions and, at the same time, re -
duce the over all bright ness of the pro cessed im age.
This is very use ful be cause the ob jects of in ter est,
microcalcifications, are not lo cated around the im -
age bor der; in stead, some other bright struc tures
close to the bor der, such as the pec to ral mus cle or
other mark ers are to be found there. In ad di tion, re -
duc ing over all im age bright ness helps in pre vent ing
the pos si ble pre ma ture sat u ra tion of pixel's
graylevel af ter ap ply ing the op er a tion de scribed by
eq. (9).

The de scribed pro ce dure can be iteratively re -
peated by us ing the out put im age from the k-th it er a -
tion as the in put im age for the next one, (k + 1)-th, it er -
a tion, i. e., by ap ply ing

I C kk k( ) ( ) , , , ,+ = =1 1 2 3 K (10)

and, by re peat ing the pro ce dure de scribed by eqs.
(8)-(10). The pro posed method con verges very fast.
In ten sive sim u la tions showed that no more than two it -
er a tions are suf fi cient. The trans formed im age con -
tains only small bright de tails, while un even back -
ground tis sue is highly equal ized. 

By an ap pro pri ate se lec tion of the shape and size
of the struc tur ing el e ment, as well as the num ber of
nec es sary it er a tions, the pro posed al go rithm may be
cus tom ized to par tic u lar pro cess ing tasks.

Pro ce dure for the ex trac tion and
vi su al iza tion of microcalcifications in
mam mo grams 

The de scribed mor pho log i cal method for lo cal
con trast en hance ment was ap plied to the ex trac tion
and vi su al iza tion of microcalcifications in dig i tal
mam mo grams. As sum ing the most likely struc ture of
microcalcifications [4] and their main fea tures ob -
served in dig i tal im ages [15, 16], the disk-shaped
struc tur ing el e ment was se lected for their en hance -
ment. The size of the struc tur ing el e ment de pends on
the ex pected di men sions of microcalcifications  and
the spa tial res o lu tion of the dig i tal mammogram.

Be fore ap ply ing the al go rithm, the mam mo -
grams were preprocessed to ex tract the breast tis sue
re gion from the mam mo grams. Ini tially, the orig i nal
mammogram is con verted to a bi nary (black and
white) im age, by thresholding fol low ing the Otsu
method [17]. Af ter that, the ob tained bi nary im age is
flood-filled [6] to re move iso lated black pixel is lands
within the seg mented white re gions. In ad di tion, the
small de tails out side the breast re gion (such as la bels)
are re moved us ing an open ing with a large struc tur ing
el e ment. The re sult ing im age is then seg mented into
con nected com po nents, us ing 8-con nec tiv ity. The
con nected com po nent with the larg est num ber of pix -
els (cor re spond ing to the breast tis sue re gion) is de -
clared as the re gion of in ter est (ROI). All fur ther pro -
cess ing is ap plied only to the im age pix els within the
ROI.

The it er a tive pro ce dure for lo cal con trast en hance -
ment de scribed in eqs. (8)-(10) starts  with the struc tur ing 
el e ment size close to the ex pected up per limit of the
microcalcification's di men sion (about 2 mm) [3, 4, 11].
The size of the struc tur ing el e ment ap pro pri ately de -
creases with sub se quent it er a tion since, once find ing the
pos si ble microcalcification, the method tries to de tect its
peak, or dome [6, 14, 15].

The fi nal seg men ta tion of microcalcifications is
ob tained by thresholding ap plied to the k-th out put im -
age C(k). First, the mag ni tudes of all pixel val ues in the
out put im age are nor mal ized, which leads to the new
im age with pixel val ues within the range [0-1]. Af ter
that, by choos ing the proper thresh old value, T, one can
ex tract the bright de tails (microcalcification can di -
dates) from the back ground. Any pixel with a gray level
L larger than T is la beled as white (cor re spond ing nor -
mal ized value = 1), while other pix els are la beled as
black (nor mal ized value = 0). In this man ner, the ex -
tracted de tails are pre sented as white is lands within a
black sur round ing. The con tour lines of the seg mented
bright ob jects may be ex tracted and su per im posed onto
the orig i nal mammogram so as to fur ther help ra di ol o -
gists. This thresholding pro ce dure is per formed in an
in ter ac tive man ner, al low ing the ad just ment of thresh -
old level T for find ing the best re sult. In ad di tion, shape
pa ram e ters (such as area, ec cen tric ity, di am e ter …) of
seg mented ob jects (en closed by con tour lines) may be

T. M. Stoji}: A Fast and Sim ple Method for the Visuel En hance ment of ...
Nu clear Tech nol ogy & Ra di a tion Pro tec tion: Year 2014, Vol. 29, No. 2, pp. 108-115 111



eas ily mea sured [10] and fur ther used for their de scrip -
tion and clas si fi ca tion. As with any other mea sur ing
pro ce dure, mea sure ment un cer tainty should be taken
into ac count with great care [18].

It has to be said that not all de tails ex tracted in this
man ner nec es sar ily cor re spond to microcalcifications.
The pro posed method en hances all de tails brighter than
the back ground and smaller than the struc tur ing el e ment
used. Among the de sired parts (microcalcifications),
such de tails may be film ar ti facts, noise, etc. The re moval 
of these de tails can be car ried out by the post pro cess ing
of the seg mented im age. For ex am ple, film emul sion ar -
ti facts are seen as iso lated bright spots (one or two pix els
wide) in a mammogram. These ar ti facts can be re moved
by open ing the seg mented im age with a small struc tur ing 
el e ment of a ra dius equal to only two pix els. 

RE SULTS

The pro posed al go rithm has been tested us ing
pub licly avail able mam mo grams from the miniMIAS
da ta base [12]. The da ta base includes a to tal of 23 mam -
mo grams with clin i cally ap proved microcalcifications.
In all of the cases, the pro posed method suc cess fully en -
hanced the ex ist ing microcalcifications. The ef fi ciency
of the method can be il lus trated by ob serv ing three
char ac ter is tic ex am ples from the miniMIAS da ta base. 

All mam mo grams in the miniMIAS da ta base are of
1024 ́  1204 pix els size, 8 bits per-pixel gray-level depth,
i. e., hav ing gray-lev els from 0 (black) to 255 (white), and
with a 200 mm spa tial res o lu tion. Un der these cir cum -
stances, the al go rithm for lo cal con trast en hance ment has
in cor po rated the struc tur ing el e ment of a ra dius R = 5 pix -
els (cor re spond ing to the microcalcification di am e ter of
2.2 mm). In ten sive sim u la tions showed that two it er a tions
are suf fi cient for achiev ing con ver gence. For the sec ond
it er a tion, the ra dius of the struc tur ing el e ment was de -
creased to R = 4 pix els.

For a better vi su al iza tion of de tails, all fig ures in
this pa per are de picted af ter con trast stretch ing: the ac tual 
gray-level range from Lmin > 0 to Lmax < 1 is ex tended to
full range, [0-1].

First case: In fig. 2(a), a mammogram,
mdb249.pgm, from the miniMIAS da ta base is de picted.
The microcalcifications (ver i fied and marked by ra di ol -
ogy ex perts) are lo cated within the solid white rect an gle.

Fig ure 2(b) shows the out put im age C(2) ob -
tained by ap ply ing the it er a tive pro ce dure de scribed
by eqs. (8)-(10), af ter sec ond it er a tions. Note that the
it er a tive im age pro cess ing is per formed us ing only the
pix els within the ROI (seg mented breast tis sue re -
gion).The microcalcifications are ac cen tu ated, while
the sur round ing tis sue is sup pressed. In fig. 2(c) the
out put re sult ob tained af ter ap ply ing the method is de -
picted. The microcalcifications' con tour lines are em -
bed ded in the orig i nal im age. Microcalcifications
marked by ex perts from the MIAS so ci ety were then

seg mented by us ing the pro posed method. How ever,
the said method ex tracted even some de tails out side
the de clared clus ter of microcalcifications, prob a bly
cor re spond ing to the iso lated microcalcifications in di -
cated by black ar rows in fig. 2(c). For better vi su al iza -
tion, a zoomed de tail (size: 256 ´ 256 pix els) around
the clus ter of microcalcifications is pre sented in fig.
2(d). 

Sec ond case: The ex am ple in fig. 3(a) cor re -
sponds to the mammogram (mdb256.pgm) from the
miniMIAS da ta base. The clus ter with ver i fied
microcalcifications is lo cated within the solid white
rect an gle. In this case, the breast tis sue is pre dom i nantly 
fatty. Vi sual de tec tion of microcalcifications is dif fi cult
due to the poor con trast be tween microcalcifications
and sur round ing tis sue.

The trans formed im age of the breast re gion in
the mammogram af ter two it er a tions, C(2), is shown in
fig. 3(b). The back ground tex ture is ho mog e nized, the
pec to ral mus cle re moved al most com pletely and only
small de tails brighter than the sur round ing tis sue are
en hanced. In fig. 3(c), the orig i nal mammogram with
the  su per im posed con tour lines around the en hanced
microcalcifications is shown. Con tour lines are ex -
tracted from the nor mal ized im age C(2) by ap ply ing the 
thresh old of T = 0.65. As in the pre vi ous case, the pro -
posed method de tected some other ob jects out side the
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Fig ure 2. (a) mammogram mdb249.pgm – the clus ter 
of ap proved microcalcifications is within the white
rect an gle; (b) trans formed im age C(2) af ter 2 it er a -
tions; (c) mammogram mdb249.pgm with su per im -
posed  microcalcifications’  con tour  lines  (thresh old
T = 0.4) – black ar rows in di cate to seg mented ob jects
out side the de clared re gion; (d) zoomed de tail (size:
256 ´ 256 pix els), cor re spond ing to the white dashed
rect an gle from fig. (c)



de clared clus ter of microcalcifications, in di cated by
black ar rows in fig. 3(c). In fig. 3(d), a part of the orig i -
nal mammogram (256 ́  256 pix els), cor re spond ing to
the dashed white rect an gle from fig. 3(c) with su per -
im posed con tour lines around seg mented mi cro-
calcifications, is de picted. 

Third case: Mammogram mdb241.pgm from the 
miniMIAS da ta base is shown in fig. 4(a). The ver i fied
microcalcifications are lo cated within the white solid
rect an gle.

In this case, the breast tis sue is dense, caus ing a
very poor con trast be tween microcalcifications and
the sur round ing tis sue. Con se quently, the vi sual de tec -
tion of microcalcifications is very dif fi cult even for
skilled ra di ol o gists. But, af ter ap ply ing thresholding
on the mor pho log i cally en hanced C(2) im age af ter two
it er a tions, microcalcifications may be ex tracted, as
shown in fig. 4(b). The con tour lines are ob tained af ter
ap ply ing the thresh old of T = 0.5. For better vi su al iza -
tion, the zoomed de tail 256 ´ 256 pix els cor re spond -
ing to the white-dashed rect an gle in fig. 4(b) is de -
picted in fig. 4(c).

CON CLU SIONS

A fast, sim ple and ef fi cient method for en hanc -
ing small bright de tails in dig i tal mam mo grams, based
on math e mat i cal mor phol ogy, is proposed.
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Fig ure 4. (a) mammogram mdb241.pgm. – inside the solid
white rect an gle is the clus ter with ver i fied microcalcifications;
(b) mammogram mdb241.pgm with the su per im posed
microcalcifications con tour lines (thresh old T = 0.5); (c)
zoomed de tail (256 ´ 256 pix els), cor re spond ing to the
white-dashed rect an gle in fig. (b)

Fig ure 3. (a) mammogram mdb256.pgm – the po si tion of
ap proved microcalcifications is la beled by the white rect -
an gle; (b) trans formed im age C(2) af ter 2 it er a tions; (c)
mammogram mdb56.pgm with su per im posed
microcalcifications' con tour lines (thresh old T = 0.65) –
black ar rows in di cate to seg mented ob jects out side the de -
clared re gion; (d) zoomed de tail (size: 256 ´ 256 pix els),
cor re spond ing to the white-dashed rect an gle in fig. (c)



Work has also shown that high lo cal con trast en -
hance ment, fol lowed by the sup pres sion of sur round -
ing tis sue, may be achieved by us ing an ap pro pri ate
com bi na tion of cer tain ba sic mor pho log i cal trans for -
ma tions. It er a tive ap pli ca tion of the pro posed method
highly en hances small, bright de tails, sup press ing the
back ground tis sue. This is suit able for mammogram
anal y sis since microcalcifications, of ten the sole early
breast can cer signs, are usu ally dis played in the form
of bright de tails in a mammogram, due to their high at -
ten u a tion of X-rays. The sim u la tion of the pro posed
method sug gests that two it er a tions are suf fi cient for
ex tract ing the de sired de tails. The fi nal seg men ta tion
is ob tained by thresholding the pro cessed out put im -
age. By an ap pro pri ate choice of the thresh old, one can 
ex tract the de sired bright de tails from the back ground
and then seg ment their con tour lines. By su per im pos -
ing con tour lines onto the orig i nal mammogram, the
vi su al iza tion of the seg mented bright de tails is highly
im proved. The said pro ce dure can be per formed in an
in ter ac tive man ner, so as to al low for the ad just ment of
the thresh old level for at tain ing best re sults. By a
proper choice of the shape and size of the struc tur ing
el e ment, the pro posed al go rithm can be cus tom ized to
a par tic u lar pro cess ing task.

Work has fo cused on the seg men ta tion and vi su -
al iza tion of microcalcifications in dig i tal mam mo -
grams. Based on the ex pected struc ture of microcal-
cifications [4], the disk-shaped struc tur ing el e ment was
se lected. The size of the struc tur ing el e ment de pends on 
the ex pected up per limit of microcalcifications di men -
sion (about 2 mm) and on the spa tial res o lu tion of dig i -
tal mam mo grams.

The ap pli ca tion of the al go rithm was tested by
us ing pub licly avail able mam mo grams from the
miniMIAS [12] da ta base. In all 23 tested cases, the
pro posed method suc cess fully ex tracted microcal-
cifications, pre vi ously in di cated by a ra di ol o gist.
More over, the al go rithm is fast and computationally
sim ple and, thus, ap pro pri ate for realtime mammo-
gram pro cess ing. The pro ce dure could be used both as
a vi sual aid in mammogram anal y sis and as a pre pro -
cess ing stage for fur ther im age pro cess ing.
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Tomislav M. STOJI]

BRZA  I  JEDNOSTAVNA  METODA  ZA  VIZUELNO  ISTICAWE 
MIKROKALCIFIKACIJA  U  DIGITALNOM  MAMOGRAMU

ZASNOVANA  NA  MATEMATI^KOJ  MORFOLOGIJI

U radu je predlo`en brz i jednostavan algoritam za vizuelno isticawe malih svetlih
detaqa u digitalnom mamogramu primenom metode matemati~ke morfologije. Optimalnim
izborom oblika i veli~ine strukturnog elementa, predlo`eni algoritam se mo`e brzo
prilagoditi konkretnom zadatku – u ovom slu~aju vizuelnom isticawu mikrokalcifikacija u
digitalnom mamogramu. Efikasnost predlo`enog algoritma je testirana kori{}ewem javno
dostupnih mamograma iz referentne miniMIAS baze. U sva 23 testirana mamograma iz
miniMIAS baze sa mikrokalcifikacijama predlo`ena metoda je uspe{no istakla postoje}e
mikrokalcifikacije. Razvijeni algoritam je brz, robustan i pogodan za analizu mamograma u
realnom vremenu. Predlo`ena metoda mo`e da se koristi za vizuelnu asistenciju u klini~koj
analizi mamograma, ili u fazi pretprocesirawa pri daqoj obradi mamograma u ciqu segmentacije, 
klasifikacije i detekcije mikrokalcifikacija.

Kqu~ne re~i: mamografija, mikrokalcifikacija, obrada slike, matemati~ka morfologija,
..........................pove}awe lokalnog kontrasta


