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Aditeact: Tmages, in general, are ambigoous in natorve. In this
paper, we propose the eombined wse of rough and fozxy sot
thoary to measure the ambigoitics in mages. Rough set theory is
wsed o capeure the indiseernibility amone nearby gray values,
whereas fuzzy set theory is wsed to capture the varoeness in the
bunndaries of the various regions. A measure called rovgh-fuery
colropy 4l sels s pooposed W qusolily imamee gobicuily using
which o chucactecistic messure of ao Dape called e sverape
imaee ambieuity (ALA) 35 poesenied. The ooweh-Lwsey colropy
weasure is vsed o perforin variows inage processing tasks sach
as nhjoect { hackground separation, multiple region segmentation
and edge exiraction, and the corresponding performance arc
compared to those obtained wsing certain existing fugzy and
roush set thewry based image ambisoity measures. Extensive
experimental results are given to demunstrate the utility of
meusucine jmsee smbipuity wsiop the propesed  ronsh-luzey
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lon geoerl, ambiguities are mbereo. o inages. The
varous refions o oan image have “fozzy” boundaries and
ncathy gr values visoalhe scem o be “roughl™ [he same
Henee, the study ol the ambiguilics preseol i an jmags s jusi
as inreresting as studyiye the frequency content of an image.
Fuea sel theory |1, where he comeepl ol vague boondimics
ol subsets i a wniverse ol discourse s considerad. has boon
used in literaire to capture the ambignities in Inweses.
Measuros ol nage anbipily Doy been presended mtenng of
index of lweeioess |2) Nuesy cotrope |2, 5] amd feees
correlation [4]. and then applied to cenain image processing
Lasks,

T the yowr 1982, Zadashiny Pawlak canng o with i
rogh sl theors [5] wlech Dcuses on ambiguite as the
limited discernibility of subsets in the domain of discourse.
The mough scl heory Tike (e Moy sl theomy can be used 1o
measure the ambiguics o images. Hecently, such oan
application has been demonstrated in [6].

Fuozzy set theory can only be used to capmre the
amibapwily inoan mnage due W e vagus bomekaics belween
varous repions. However ambiguny s also proseol iooan
ineyre due to the limited discernibility benween neahby gray
valoes, Froon e undetling concepl ol mough sel theoms, we
find 1hat such an ambigony can be precisely capured using
rough sets. With this rationale. we propose the use of roush
szl thepmy alomg withe Tuery sl heomye Tor vamous ngge
processing 1ashs.

Kogh sel theory deals wih the approsimation of a
cartain crsp set due to the limited discernibility among
varous subsels o he universe of diseowse 5] We may
gemeralzz the rongh sel eory by considering  the

approximation of 2 fuzzy set and not that of a crisp set. and in
Mis procesys amve ol e comeepl o mough-Muesy ses | 7-9],
Komgh-lweey sets can be nsed lor image processing lasks in
such a way that we et the advantages of both the fuzzy and
roueh sel (heoy o gaplanng dillferent ypes of ambigimlics
the image.

lo thes paper. we proposs aon anlropy measuee ol a sef of
elements called the rouph-fozzy entropy. We use this
proposed enlropy amcasute Wogquamlily the tmoege snbiguine
and then perfoon varous asks such object S backzoound
separation, mmltiple esion sepmentation and edpe extraction.
A characlenistic mease ol an imgge called the reerage
nnage ambiguily (ALAY is also presenied using the proposed
rough-fnzzy emtropy measure. Experimental results obtained
nying he rouph=Rees cnlropy and companisons wille Those
obiimed nsing the eaisting measwes of Neeansss |2, 3] and
rouph entropy [6]. are given to demonstrate the effectiveness
amd ulility ol e proposed rough=-lca enlrogy measurg,

The orgamizalion ol e paper s as [olows, Rough amd
tog h-Nieesy seis of gray values are defined and caplaioed in
Section IT. Section OI comtains the definition of the rough-
Ty cnimopy micasare and demomstration of e use ol wough
and rough-Neey  colrops mMeasure m MCasuHng  nmage
ambiguity. Experimental results are given in Section IV and
e paper conglwdes with Sectiom Vo oulliming (L
contributions made.

2. Renigll axD BoUGI-FUZZY SETE o Okt VALULSs

Comgideran £ -lewel taray level) image § ol sia N =82, L
A be the wverse ol discourse ol the £ zeay values with the
elements represented by [ =12, L.

o Renagh Sel of Giren: Uafues [6)

Let us liral defioe two nuwually eaclosive se1s 2, and 5,
respectively representing the “bricht’ and ‘dark’ pray values
moA s

A =LA 2B (1)

AR A ST Y) (23
It can be easily seen thar 4, and B, are defined such
Mat vt — A The grn salue & is called e croys-os et
M.

Nexd, we deline granules |3] or ioduced coquivalence
classes (of equal size) by partiioning the set A based on the
indizcemibility ercaled by (e comceptl of perceptoa] siilaly
batween oeay grav values {see g Ly Lot s denode the
cize of the granules. As memtioned in [&]. the granules are
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Figr 1. Eaupeh sol ol aray values.,

obiamed such thay the gray value & s never at the bouodares
of a pramde. We now consider the ambignity in 4 due to the

Timiled discermilbilily inils subsels crealed by (e concepl ol

perceplual somilaciiy i gray values and then use the rowgho sa
theory [*] to obtain the lower approximations of 4, and B, .
which ame given by
Aa=E L s AL 2 AN
B= L s AL = )

(3
{4+
and the upper approximations of 4, and B, . which are
aprg s uy

st e AL =08 (=]
E =i A, i, ()

where []], stands for the gramule of size & containing the
lememl £,

W mow Tiove two tough scls of gray valogs, The ol
sel Al gl represents the choght' gray values inA,
whereas. the ouph set [, 4] represents the “daull gray
valugs i A, The rough sel |4, g, | is shown in Fig, 1,

B Jtowgh-Inrzoy Seid of Croy Talues

Nate that the subsets 4, and B, are considered as crisp sets in
1y amd (20 Howesero os explained in Section [ yamions
rezions iAo imags have "Nesy™ bowndares and hence i is
miore suitable to consider 4, and B, as fuzzy sets rather than
LTI Sl
Therelome, Tel us novy deling wo Nees sels S, and B,
respectively coprescoting the “hrgle’ and ‘dark” gray valoes
I A oas
A =L DL e A (7)
B = 0|l e A} (5]
where @l — 11— (8. Again, I can be casily seen thay o,
and B, are defined suchthat 4, «0 . B, = A, where +, stands
Fona Ny miom soch hal e memberstap ol cvory ¢lanem)
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Tig. 2. Tosuel-luzey sel ol grax valuss

mAy iy, We caloulale e g (00 salucs usimg Zadel’s
S-Tuncuon | 1] a5 giveo balow

PR (¥ fo=a
e R P
e — ) '
Sz (%)
= 1-2[*-‘ ~ hzfze
(o —c)
= 1 Iz

where (he gy valoe & dy called he cross=ovieT [l and g
measne A —h—a —c—4F 5 called the bandwidibh of the
underlying fuzzy set.

Arain we define gramles in the set A a5 explained
carhier csee Fig2) and consider (e gmbigyily in A due (o the
limited eiscemibiliy in Qs subsets created by the concepl. of
perceptual similarity in gray valoes and then use the rough sat
heomy 10 oblaine the lower ampresimaions of e Muesy sels
Jooand B, giveo i (73 and (8 |8]as

A, N o A {1t
i, — :{.‘f.-.m'_-..f*r. ]l‘]|,q,rI e Al (119
where
mo (L —anl ww) (12
e T
", 11— “Er ;- AR (13
amd Uhe comrespomding mpper gpprasimalions |3 [as
L= (L 2 A (143
fa—m ha-;."_,‘l;- |4 = A (13
wligrg
mo (L —wup (1 (1)
& il
o ()= sup o E () (17
b il

Again []], stands for the gramule of size & containing the
clement & Mole hat the opper aned Tower approsninalions ame
My se1s lihe the seis o, and 3 which are being
approximated.

We now Lave two ougrh-fuzzy sets of pray values. The
moupl-leea s |4, 9, epesents e bright” gray values
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AL whereas, the rongh-Neees sel |B ] epreseots the
‘dak’ gray valpes inA . The rough-fuzzy set 1, p.] is
shovmein Fag, 2

Mot thal, in iz paper, we have delfimed e roaph and mough-
Meery sels ol geay valees in A considering Iwo regions,
nanely the “bright™ and “dark™ regions, in an image. It is
obvious Thal differenl regions insiead of the “Drghl™ nd
“dark” can also be used. In such a case the sets o, and 5,
should be defined accordingly.

.
g

AR ASURING IR AMBIGUTIY

lov thus section, we shall deling 1the rongh-lieess coloyee of
4 set. use the proposed rongh-fuzzy entiopy to measule inwge
amibapyily and present g chamclersiic weasure ol an g
called the average image ambigoy .

Al Fewsth cped Rongsi-Puzs: Bainogns

T the pres dons sectiom, we luye oblimsd o pair ol Tough sels
comsidering crisp regions o an image and a2 paie of rowgh-
fuzzy sets considering fuzzy resions in an inwge. 1o both the
cases wo Tave denoted (he sels as |4, 1, land |4 7.

W o presenl an gnbopy mcasore of the scl A as given
balow

: 1 ”, i,
REAY= = IR T V=R Top, (20 (18)
- ' £ ? &
where
2z i1,
", —]—l—"l,a'{f. 2 —g (1t
; Y | i3]

e above, Al 4000 B, wd gy | oame The cardinglilics
ol tha sets A, 4, 4, and g, . respectively.

Mow, when A, g Jand |5 ] represent a pair of
rouph sets we shall call the enwtropy measure @5 rouph entropy
| amd when |47 q lamd |B, 7| represend o mir of roygh-
Meees sels we shall call the cnuopy measie as rongh-Nieas
entropy. Mate that in the expression of rough-fuzzy entropy.
the cardimalitics n (19 are cilevlated vsng wy mcthod |1 o
calculate the cardingliy of Al sel.

The value of A, lies between O and 1. Mote that B4
the mininmm valoe of zero only when &, =K, =0 and the
masnmnn viloe of onily only when RI = ';"1.-,; =1, T
comeepl is consistent with the Tact thal maximum information
(entropy) is available when the uncerminty s maxiomm
which iz the case when the rouplmess valucs piven in 19y ame
wly . The plot of A8 Tor various values ol 8, and 2, 15
given in Fig.3. ' '

Bl Amibipneiy Adeaste
Lot us now consider a podion Vool an unage [ having
X elememts denoted by »., w=L2...% Let H,{)

remesenl he b of clementy mthe @iy A having (e
gray valwe / {hat s 5, =4 3k Ioooder o find the tough-
fuzzy entropy measure of ambipmity in & . we define the
Follovimg delims: The ol Towine imcasargy
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W then obiain the expression Do the rongh aniropy mcasure
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The pravlevel pranolation in the histogran representing the
number of elements ar different sy valoes in & s shown in
Figd.

Mate that when we find the rough entropy measure of
dambigily i A7, (he cxprossions in (200 rduees 1o

by by

2 ) & D
: L " fo=di
R -1- f,;’r’ 14 el (22)
2o B0 2. I3
LT g LT i

Cdvergee Imoge Awrbigniny cAI4 )

W shall now preseol a characierisiic measwre of a0 image §
using the roush-fuzzy entropy proposad eatlier in this section.
Lel us consider (hal we has e oliained he value of B (A in
(213 for all possible values ol the comss-over point £ and by
consideringe the rouph-fuzzy sets [, ¢,0and [#4, .1, The
dvieTiEe o wnlhamly measure CATAY ol am e iy lien
defined as

AlA — : ‘im:;(.-\} (23)

1

That is. Al& is abmined by calenlating the average of
AEAY over all values of & Wole Dal Tough-lines sels are
preleered over mmgh o Moy sels in delining e AlA
measure a5 rough-fuzey sets capture the ambigmities in
miapes inoa beller monmer, as explaimed coarlier, 1L is eyvidend
(oo 4237 that the ALA measuee lies e range [0, 1] When
the messwre is ze1o for an image it implies that the Innge is
umgnnbi puows, whoreas when the mcasore i ity il indicales
that the image is maximally ambigoos.

+.

I s section, we provide expenimental resulls using g
few images in orler 1o demonsirae the cllicacy ol the
proposed  rough-Neesy colrope i image  pocessing
applicanons and s superiory over the wse of conain exisling
fuzzy set theony based measures. Oualitative evaluation of
perforntuce is considered in this paper. Cuantitative
evalnation is avolded as there is po globally accepred
objective gy prosenl [or cvalvaling o Thresholding
PTOCE Y,

ATTLICATHONG AND EXTIIIMEYTAL BEESULTS

Thresholding aperations in order to perform object /
backuromnd sepoaraiion, odpe extraction and molliple megion
segmentaion are considersd a5 1he image processing 1ashs o
be cared out using the proposed and other measures of
nape wnlhgily,

A Thvesbieadd Dialermioativns wsiag Alenbisrdbe Advasiros

We shall now explain o beiel the process of threshold
sileglion ima Tislopiam wsang mnlhgoily measongs, 1.l s, for
cxample, consider the proposed ambiguils measure 78 1A)
of an image 7. Like all other existing fuzzy and rounsh set
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hoomy Based ambignily measures |2, 40 Gl e proposed
measiure depends on the cross-over pold b I order o
determine a tlweshold from a histosrany the value of b is
vimed over all possille  clomend  salucs,  thal is. F,
f=L 2 0 |2, 4, 8] The value of £ al which /45 (A) {the
ambifmity measure) atains a global optnmim is considered as
s thresheld, 1o omder Lo selecl v han omse Threshold, ong
showld search Tor the ceguired oumber ol element values
where [tE;{A)} attains a local optinmim. Note that in our case.
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TFig. & Chaliiadve cesulls obiawed using the vadous ecluigues by perlunw
Tlond weszel sxtraction in an angiegraphy image
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vy thresholding wsing Recss eolropys mgasore 2], smd ()
tuesholdiog using Lwesy corcelation measure [1] ‘These
methods will henceforth be referred using their conesponding
by in e mper,

The application of the mentioned echmgoes o blood
vessel exlraction o an agiogoaphy image is shown in g, 5
The perfomuance of all the technigques considerad are almost

fI¥y Helaes by (i

[u) Lialasy Imags
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ayiradient maenilude hislogramn ol the = Yontreul ™ image §
Tiz. & Qualitalive cesults obiamed veing the violous lechniguey 1o perlun g o
cdec extractinn an the gradizm image of the “KMontreal™ imags ol 1
&
the term optinmim refers mininmm. o N Tt 1
. } . . - . Gr::.r‘}nlfn -
The techmiques considered for comparison are (i) o Ciran | ove ] istogram

Mreshokling  wsing (he rough enbopy mgase |6, G1)
thresholding  wsing  the  proposed  rongh-Nieesy coloyge
measure. (i) thresholding using linear index of fuzziness [2].

Fig. 7. fhealivaive cesulls oliainel using he vardous weidiuigues b perliom
mLtipl s reginn scgmentatinn nn a galaxy imags
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e semne, Howeser, we molice thal the proposcd rough-Nnea
sol. based techiugue docs slighily betier than the lechniquoes
using only rongh or fuzzy set theory based messures.

Next, we consider an edye extraction problem in an innge
ol 1he city of Momireal in Camaeda, wiich is shown in Fig 6,
Fig. &) gives the hisogram ol gradient magniiedes of the
inyre. The pradient valoes are obtained using the Canny’'s
gradicnl operdor [10], Molg hal as o grehionl hisloznon is
nowe wider consideration for thresholding, the element valoes
{, will now be rradient magnitnde values and not fray valies.
10y svident ronm e [Fgorg ha wogh s wed mough=-Nheeos sl
based tluesholding  operanon muperlorms  ihe other in
extracting the edyres. We also notice that the proposed rough-
e sel bosed cdue exbmclion gives cdearly  The besl
perlnrmance.

An image of 8 galay is considered in Lig. 7. Uhe
aravlevel histopram of this imape shown in Fip T{g) is
dalmngsl umimeedal o nglore gmd henee exiracting o lpls
repions [rom i is 2 noo-irivial wask. We consider the proposed
ambipmity measuie based mmltiple tlreshold determination
techmigue and e others o md ool e Lol cxlenl ind e
core region ol the galasy. Iis evidem feoom the Tiguee 1hat
althouph the rongh set theory based sepmemation does quite
wiell (he proposed rough=Oees sol theomy Bosed scpnenlalion
owpcrforms all the others considered  in achieving  the
objective.

In Section IT. we lerve put forth a characteristic measuie
ol an e, called e cruge nage ambipuily (ATA)Y We
nowe put down the AlA mecasure ol the three images
considersd in this section. The ATA measures are

Angiography image @ (.3950]
“Bhlontreal” image - 04H3L
Cralusy imng s USRS

Accasual Took on the images in Figs, 50 0 amd 7 will cxplain
the values abiained above. Lo the angiograpby image, we ane
able to distingnish between the blood vessels and the
backeronnud visoally withoul woeh diTically amd henee we
have a low AlA measers. However distinguishing dillercm
repgions inthe “MMontreal” image and the ralacy Lmagre are not
What casy aned hienee wie Tave o Tagher ATA icaswn

Tlms we demonstrate the usefulness of the proposed rough-
fuzzy emtropy messure and conclude that it successfully
captures the ambignons nature of an image.

A, ClasIL S0

The wse ol rough and lueey sl theors 1ogether w
measure the ambigmities in images has been proposed in this
mnEe, Roueh el (heory b been used 1o caplone: Lhe wheras
Meees g2l hcory 5 nsed 1w caplore the vagueness in the
“fuzzy” boundaries of the various regions. A measure called
mough=-lezs cnlropy ol sois has been proposed o gquanlily
nrage ambiguny . The rowgh-liesy cntoypy measuee has been
used to perform varions imaye processingr tasks such as abject
S backaground separalion, mulimpe region sgpmcnlalion jmwd
adee cxtraction, and defioe a characiersic measuee of an
imre. The efficacy of the proposed rouph-fozzy entropy
MCAUT 1 cplumng iwags ambigoily o Doen demomsitiied

with the help ol exwensive  experimenial  resulis and
COMIPALiSONs.
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