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NMpunoxeHusa Ha onepaTtopuTe HaQ UHTYULMOHUCTKU pasMUTUTE
MHOXecCTBa 3a obpaboTka Ha nsobpaxeHus
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SETS

That 1s,

¥ . X = {0,1}

MHoOXecTBa



FUZZY SETS

membership function

H, X —> [0,1]

Pasamutn MHOXecTBa ¢ pyHKLUA 3a NPUHAOTIEXKHOCT



INTUITIONISTIC FUZZY SETS

membership function

/UA :X_)[Oa 1]

non-membership function

7, X = [0, 1]

WHTYMLUMOHNCTKU pa3MUTM MHOXeECTBA
c (pyHKLUMM 32 NPUHAANEKHOCT U HENPUHAAJIEXXHOCT



INTUITIONISTIC FUZZY SETS

* IFS of First Type

0<p, (X)+y,(x)=<1

+ IFS of Second Type

0<44,(x)" +7,(x)" <1

MHTyMLIMOHI/ICTKM Pa3sMUTUN MHOXeCTBa
OT NBLPBU N OT BTOPU TUN



Degree of uncertainty

» Definition The value 7 ,(x)=1—p ,(x)—vy ,(X)
IS called the degree of non- determinacy (or the
degree of uncertainty) of the element X €

to the intuitionistic fuzzy set A.

CTeneH Ha HecuUrypHocT (HeonpeneneHocT)
Ha enemeHTa X Kbm UIPM A



First (Standard) geometric
interpretation of an IFS

[ . — - - ——

NMbvpBa (ctTaHgapTHA) reoréi'éTquHa uHTepnpeTtauus Ha UPM



Analogue of the first (Standard)
geometric interpretation

U

|

AHanor Ha nbpBaTa reoMmeTpu4Ha UHTeprnpeTauus

—



SOME BASIC OPERATORS ON

INTUITIONISTIC FUZZY SETS
OF
SECOND TYPE

Hsikon ocHoBHM onepatopu Hag UPM oT BTOpPUM BUA



OPERATORS ON IFSST

* Let X be a nonempty set. Let A and B be
two IFSsST such that

641,40, 4(0) :x € X

B={{x.up(x),yp(x)):xeX

Heka X e Henpa3HoO MHOXecTBO, a A n B ca UIPM2



Define the following operators
on A and B:

AcCBiff pp(x)Spug(x)andyp (x) =y (x)foreach x € X.

A Biff p,(x) 2 pg(x)andy, (x) < yy(x) foreach x € X.

A=Bit p, (x)=p,(x)and y, (x) =74 (x) for each x € X.

AU B = {{x, max( . , (x), py (x)), min(y, (x), 75 (x)):x e X |

AN B ={{x, min(p , (x), py (), max(y , (x), 7 (x))) 1 x € X |



% 1= (1=, (0)7)", 7,4 (0" ):xeX



SOME MORE OPERATORS ON

INTUITIONISTIC FUZZY SETS OF

SECOND TYPE

Opyrn onepaTtopu Hag UHTYMLUMOHUCTKU pasMuUTuTe
MHOXeCTBa OT BTOPU TUnN



« CONTRAST INTENSIFICATION

« CONCENTRATION

- DILATION

« NORMALIZATION

« FUZZIFICATION

UHTeH3ndpunkauma Ha koHTpacTta /| KoHueHTpauusa / YpoebensBaHe
| Hopmanusauusa / PaamuBaHe (Pb3ndcukauyms)



CONTRAST INTENSIFICATION

efinition : Let A be an IFSST. Then,

NTEN(A) = {(X, Hprenn (X)s ¥ irenn, (X)) 1 X € X3

/here RISV (x)zl'(l'/uA(x)S)2

V INTENA (X) =11 - (1 '7/A(x)2)2]4

UHTeH3ndmKaumsa Ha KOHTpacTa



IMAGE PROCESSING

One of the pre-processing functions in pattern

recognition.
o
= C
~a{

An image iIs processed so that its quality
is improved. This is done by

 Contrast intensification

 Smoothing

* Sharpening

- Edge detection etc.,
OGpaboTka Ha n3obpaxeHnsa — egHa ot hyHKLUUTE nNpeallecTBaLUmn

pa3no3HaBaHeTO Ha obpa3un. MpaBu ce Ype3 NHTeH3uMKauua Ha KOHTpacCTa,
ornaxpaHe Unu n3ocTpsiHe Ha chopmuTe, OTKpUBaHe Ha pbOoBe u ap.



IMAGE DEFINITION

An image is represented mathematically by MxN array as
follows:

whose row and column indices identify a point (m, n) in the image
and the corresponding matrix element value x,,, denotes the
grey level at that point.

 For the purpose of processing, this image along with the
coordinates of its pixels is stored in the computer in the form of

an array of MN numbers.



CONTRAST INTENSIFICATION - ALGORITHM

STEP 1: Input image — obpa3 Ha BxoAaa

STEP 2: Gray levels — HuBa Ha cnBoTo

STEP 3: Membership values — npuHagnexHocT

STEP 4: Non-membership values — HenpuHaanexHocCT

STEP 5: Modification using contrast intensification —

MmoaudpuumpaHe 4ype3 MHTeH3ndMKauma Ha KOHTpacTa
STEP 6: New gray levels — HoBM HUBa Ha CUBOTO

STEP 7: Output image — obpa3 Ha usxopa



STEP 1: INPUT IMAGE

y

@

Ctbnka 1: Obpa3 Ha Bxoaa



STEP 2: GRAY LEVELS

Ctbnka 2: HuBa Ha cuBOTO



STEP 3: MEMBERSHIP VALUES

_F,
P P |
2 F, where F, and F; are arbitrary.
0.012346  0.012346  0.012346
0.026087  0.012346  0.012346
0.012346  0.026087  0.012346
0.026087  0.026087  0.012346
0.012346  0.012346  0.026087
0.026087  0.012346  0.026087
0.012346  0.026087  0.026087
0.058824  0.058824  0.058824
0.058824  0.130435  0.058824
0.038961  0.073171 1
0.012346  0.012346  0.012346

Ctbnka 3: CTOMHOCTU Ha (PyHKUUATA 32 NPUHAAJIEXXHOCT



STEP 4: NON - MEMBERSHIP VALUES

1
Emax Ul — Hmn |5 0— Himn ]9 0 < Himn <05,

7’n1n

|
Emm Ul — Uy 1510 = L ], 05 < u,, <1.
0 0 0
. 486957 . 493827 . 493827
. 493827 . 486957 . 493827
. 486957 . 486957 . 493827
. 493827 . 493827 . 486957
. 486957 . 493827 . 486957
. 493827 . 486957 . 486957
. 470588 . 470588 . 470588
. 470588 . 434783 . 470588
. 480519 . 463415 0
. 493827 . 493827 . 493827

S O O O O o o O

S O O O O O O o o O

0
0
0
0
0
0
0
0
0
0

Ctbnka 4: CTOMHOCTU Ha PYHKLUATA 32 HENPUHAANEXHOCT



STEP 5: MODIFICATION USING CONTRAST
INTENSIFICATION

MODIFIED MEMBERSHIP VALUES JrSssiy EE{ REly 7 8 )2

0.033638 0.033638 0.033638
0 0 0

0
0
0
0
0
0
0
0
0

S O O O O O o o O
S P O O O O O o O

Ctbnka 5: MogudmumpaHe Ha KOHTpacTa 4pe3 UHTeH3n(punkaums



MODIFIED NON — MEMBERSHIP VALUES

0
0
0
0
0
0
0
0
0
0

STEP 5: MODIFICATION USING CONTRAST

INTENSIFICATION

.030536
.033638
.030536
.033638
.030536
.033638
.024065
.024065
.027842
.033638

0

S O O O O O o o o O

.033638
.030536
.030536
033638
.033638
.030536
024065
.013735
.021605
.033638

0

S O O O O O O O

.033638
.033638
.033638
.030536
.030536
.030536
024065
024065

0

.033638

0




STEP 6: NEW GRAY LEVELS

_{[gl _Fd (/umn')_l/Fe _1]""[1/ 771111']}

0.003087 0.003087 0.003087
64 .006523 0.003087 0.003087
0.003087 64 .006523 0.003087
64 .006523 64 .006523 0.003087
0.003087 0.003087 64 .006523
64 .006523 0.003087 64 .006523
0.003087 64 .006523 64 .006523
96 .014709 96 .014709 96 .014709
96 .014709 110 .032608 96 .014709
83 .009743 101 .018295 120 .25
0.003087 0.003087 0.003087

Ctbnka 6: HoBu HMBa Ha CMBOTO



STEP 7: OUTPUT IMAGE

Ctbnka 7: Obpa3 Ha nsxoaa



COMPARISON : INPUT / OUTPUT IMAGES

Fe=1;Fd=3 INPUT IMAGE Fe=2; Fd =34

CpaBHeHMe Ha oOpa3uTe Ha u3xoaa u Bxopa



ROLE OF CONTRAST INTENSIFICATION
OPERATOR
IN FUZZY, FIRST AND SECOND TYPE
INTUITIONISTIC FUZZY IMAGES

Ponsa Ha onepaTtopa 3a MHTeH3n(mnKauma Ha KOHTpacTa npwu
pa3MuTu nsobpaxeHunsa n nsoobpaxenumna or UPM1 n UPM2 tun



A method based on intuitionistic fuzzy
approach for image enhancement using

contrast intensification operator

MeTtona, 6asupaH Ha UIPM noaxoa 3a nogobpsaBaHe Ka4yecTBOTO
Ha U3obpaxeHUsTa, U3NON3BanKu onepartop
3a UHTeH3ncnKauma Ha KOHTpacTa



Original Image

OpurnHanHo nsobpaxeHue



Enhancement Algorithm

STEP 1

» Set the parameters Fe , Fd and
calculate X

max
e Fe =2;
X max = an

(0.5) 1/ Fe 1

AnroputbM 3a nogo6psiBaHe Ha Ka4eCTBOTO Ha U306paxeHneTo

Fa =

Ctbnka 1: lpuemaHe Ha CTOMHOCTM 3a NapameTpuTte



STEP 2

* Define the membership function

,len — G(an) — 1‘|’ X = an
Fa

CTbnka 2: YTouHABaHe Ha PyHKLUATA 3@ NPUHAOSIEXHOCT



STEP 3

Modify the membership values using
contrast intensification operator on

fuzzy sets

2w, T 0<u <05,

Hpp =+

1-2[1-p,,,),  0.5<p,,<1.

Ctbnka 3: MogudumumpaHe Ha CTOMHOCTUTE 3a NPUHAANEXHOCT,
U3NOoN3BaMKu onepartop 3a MHTEHTU3NMUKaLUMAa Ha KOHTpacTa



STEP 4

Generate new gray levels

1
, _—

g, =G, ) =X, ~F*(, ) ©)+F,

Ctbnka 4: N'eHepnpaHe Ha HOBU HUBA Ha CUBOTO



Fuzzy contrast intensified image is
obtained.

Mony4yeHo e nsodbpaxeHue ¢ UHTeH3ndULUUPaAH Pa3sMUT KOHTpaAcCT



STEP 5

Calculate the non-membership values
In terms of membership values.

Ymn =

(1

L 2

5

, 1f0<u <0.5,
| .

Emaxhl—umn O—p
|

— mln[‘l—umn ], £ 0.5sp <1,

O—p

5

such that O<p ~+y <L

mn

Ctbnka 5: U3uncnasaHe Ha CTOMHOCTUTE Ha (pyHKUMATA 3a
HenpuHaareXXHocT Ha 6a3a CTOMHOCTUTE Ha PyHKUMATA 3a

NPUHAONIEXXHOCT



STEP 6

Modify membership and non-
membership values using contrast
intensification on first type IFS.

M = 1'(1_an2)2 ’ OSanﬁl.

Ymn = (1'(1-’Ymn)2)2, Ogymngl

Ctbnka 6: MogudunumpaHe Ha CTOUHOCTUTE Ha (pyHKUUNTE 32
NPUHAANEeXHOCT U HeNMPUHAAJIeXXHOCT Ype3 onepaTop 3a
nHTeH3udunkauma Ha KoHTpacta (UPM1)



Zun =0

STEP 7

Calculate the new gray level using the
modified membership and non-
membership values.

1
(“m;fz) :gmax_Fd >k((\/“mn >k(cl ~Ymn ) 2 )+Fd

/

|

where ¢, and ¢, are arbitrary constants.

Ctbnka 7: U3uucnsaBaHe Ha HOBUTE HMBa Ha CUBOTO, U3MOMN3BaWKu

MoandUuLMpaHnTe CTOMHOCTM Ha (PYHKLMSA 3a NPUHAANEXHOCT U
HenpuHaanexHocT



Enhanced image using contrast
intensification operator on first type IFS.

OGpa3bT e nogobpeH, u3non3Banku onepartop 3a MHTeH3ndukauma
Ha KoHTpacTta Ha UPM1



STEP 8

Modify membership and non-
membership values using contrast
intensification on second type IFS.

' 8,2
)",

Wmn = 1=(1=typ O<pmp=l.

' 2.2\4
Ymn = =(1=Ymun )", 0<yun<l.

Ctbnka 8: MoaudunumpaHe Ha CTOUHOCTUTE Ha (pyHKUUHNTE 32
NPUHAANEeXHOCT U HENPUHAAJIEXHOCT, U3NONI3BaNKn oneparop 3a
UHTeH3udunkauma Ha KoHTpacta (MPM2)



STEP 9

Calculate the new gray level using
the modified membership and non-
membership values.

I
) A )+,

/

Zn =G (L ) =Zumax — Fi *((J T (e

where ¢; and ¢, are arbitrary constants.

Ctbnka 9: U3uucnsaBaHe Ha HOBUTE HMBa Ha CUBOTO, U3MOMN3BaWKu

MoanduumMpaHnTe CTOMHOCTM Ha PYHKUUSATA 32 NPUHALTIEKHOCT U
HenpuHaaneXxHocT



Second type intuitionistic fuzzy
contrast intensified image

OGpa3bT e noagodpeH, n3Non3Banky onepartop 3a MHTeH3ndukaumsa
Ha KOHTpacTta Ha UPM2



The overall view of the resultant images
Input image Fuzzy

First type IFS

IEFFF on Intfellicdent Svefame 2006 n733.737



TEXT DOCUMENTS

The algorithm is tested with a text
document and the resultant images are
shown below.

TekCcTOBU AOKYMEHTU
ANropntTbMbT € TeCTBaH U HaA, TEKCTOBU AOKYMEHTU, Pe3ynTaTbT €
nokasaH no-gony






Morphological Operators

...means scientific study of form and structure of
animals and plants....

MopdonornyHm onepartopu — uscrnegBaTt Hay4yHo cpopmaTa u
CTPYKTypaTa Ha paCTeHUA U XKUBOTHM



* Morphological operators are based on the
notion of ‘fitting’ a structuring element.

* It also involves the study of different ways
In which a structuring element interacts
with the image under study, modifies its
shape to other image, which Is more
expressive than the initial image.

MopdonornyHnTe onepatopu ca OCHOBaHM Ha upgesita 3a HanacBaHe
Ha CTPYKTYPHM eneMeHTU. BKrnroyBa usyyaBaHeTo Ha pasfnnyHu
Ha4YMHU, MO KOUTO CTPYKTYPHUAT eNeMeHT B3aMMoaeucTBa C
0bpaboTBaHOTO U3obpaxeHne, moanduunpanmkm dopmarta My KbMm
Apyra, no-n3pasuTterniHa oT Ta3u Ha OPUrMHaNHOTO N3oo6paxeHue.



Binary Vs Grayscale

» Binary image — Crisp—0 or 1

* Grayscale ima — fuzzy — between 0 and 1

« Both image and str. element are fuzzy membership
functions

MoHOXpPOMHM U300paxeHUs cpeLly TakMBa OT cMBaTa rama



Structuring element

* The origin of the mathematical morphology
operators were initially defined on the
binary images. Mathematical morphological
operators are based on simply
transforming an input image with a specific
structuring element. Structuring elements
include O's and 1's as their elements in a
matrix form



* A typical structuring element matrix is smaller
than an image matrix in size. The center pixel of
the structuring element called the origin, defines
the pixel which is being processed.

* The pixels in the structuring element containing
1's define the neighbourhood of the structuring
element. These pixels are also considered in
dilation or erosion processing.




Dilation and Erosion

* Dilation and erosion are two fundamental
morphological operations. Dilation(thickens)
adds pixels to the boundaries of objects in
an image, while erosion (thins) removes
pixels on object boundaries. The number
of pixels added or removed from the
objects in an image depends on the size
and shape of the structuring element used
to process the image.

YnebensiBaHe U U3TbHABaHe



Dilation of a binary image

Suciring Hemem

) [ pmmmm—— -

y

}
1 \I@V ol 0 o 1 1
5 1. 0 0 0 1
o 0 1 0 0 0
o 0 0 1 0 0
o o0 0 0 1 0
ot Imge Qi g

YaebensaBaHe HaA MOHOXPOMHO U3o0paxeHue



Dilation of a grayscale image

Sructring Hemer

1 (D 1 )—~ - T T e

N\ 1] 77 h
16 /1-1 17 18 15 21 16 16
% I T 62 64 B0 6B 5T

126 128 124 122 125 125 127 128

132 130 133 132 131 132 130 132

140 138 137 143 138 137 134 140

143 141 138 142 140 134 144 143

138 142 137 139 138 132 136 142

put ingge Oujut Image

YoebensiBaHe Ha n3obpaxeHue oT cmBaTta rama



Intuitionistic fuzzy morphological
operators

UHTYULMOHUCTKU pasMUTU Mopc¢oriorm4Hn onepartopu



DILATION

* Let X be a nonempty set and let A and B
be two IFSsST on X. Then the dilation of A
by B, denoted by DIL (A, B), is defined as

DIL (A, B) = {<x’ Mpiap( X )Y piras (x)> - X E X}
where

Mpas(X) = MaX (u,(x)u,(x))

Y ouas (6) = min (1-J1-y ,(x)*  1-~J1-7,(x)* )

YnebensaBaHe



EROSION (CONCENTRATION)

* Let X be a nonempty set and let A and B be
two IFSsST on X. Then the erosion of A by B,
denoted by ERO (A, B), is defined as

ERO (A, B) ={<x, M zroas (X )0 Y proas (x)> - X € X}
where

U £ro4s ()C) = min (HA(X)4’YA(X)4)

yEROAB(x):max(]_(]-yA(x)2)2’]_yB(x)S)

KoHueHTpupaHe (U3TbHSAABaHEe)



Morphological Operators

Know led me lod

C :

Cven W Even i w
like o ginl like o  ginl
Original image Eroded image ‘
Know e
E ven \$ u
like o ain
Dilated image

Adv. in Fuzzy Sets and Systems , 3(1), 2008,p87 — 97.



- NORMALIZATION
 FUZZIFICATION

Hopmanusauusa, pasmmBaHe (pb3undumkauums)



THANK YOU...

paarvathis@rediffmail.com



