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A NOTE ON THE LSE OF THE GRAYLEVEL CO-C:CCURRENCE MATRIX IV
THRESHOLD SELECTION™
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L. Imreduction

Stwne unalysis and image inlerpretatbon require images 1o be segmented into meanizsgiul pars. Sagmenin-
lion is basiczlly a process of pisel classification which exirecs the regioos by esigang the individual
pisels 1 clisses, O of the most useful and economic technique or image segmentavion is graslevel
taresholding which estracls the Bomageneaus regioes hy classifying pixeds hased on their gravlevels, The
min probiem af this technique & the selecion of threshald, In general, tve threshodd e sekoed using
the: grayevel hisingram. Weszka [1] has surveyed & namber of threshold selecbon reehniques using
leteprams, Infomatloss provided by hisiograms are often Found to be inedeguate 10 select @ proper
Ihreshold. In such cases, the graylevel co-nocurrence matsix <an be an aid 1o theesbokd selection.
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The gravlevel co-uccurrence malrix gives an overall ides aboul the spalial varstion of grayles iy
Image dete, Dideren workers [1 3, 4, 5] have measured diferenr properies from Uhis mairis foe 2]
paossible threshold values. Finally, the proper threshold is selected corrasponding e the optmem @
of the measuremenl. However, the graylevel co-ooeumisse mairiy 1s not toe only way Lo conpuit a iga
dimensinnal histogram. The joint regreency lahle of ccher lestures like edge, svempe graylevel, Laplxn:
eti. with graslewel has alse been employed 10 seheor thaesholds [6, 7, §]. The gavlevel cogounimg
matrix has also been ueed in tearure analysis and remote sensing apelications [9, 19].

The graylevel co-ccoarrence matwix is defined in Section 2. Some existing measures hased on this ream
are alsn described in Lhis section. 1m this report we will sty same new measures using the Co-naimess
matrix and Ibeir use in lneshobd seleclicn for image segstentation. Secticn 1 & devnied 1o ihis purpes:
Setion 4 describes cxperimental pesuls using the approsches deseribed in Sections 2 and 3. Fisalb,
coneluding remarks are siled in Seclion 5.

2, Some existing measures hased an eo-ncowmanen melriy

Let the discreie varighle s represent tbe graylevel of pixel (f, k] and the discrele variable o epom
e graylevel of piiel (j-dsind, krdoos®) of & Lebevel gravione image [g], e 5]
(Eikii=0 L0 .., M=1, k=0, L2 N=1] and me=0,1,2,.... L1 We are interesidin
tomsidering the eo-nccurrence of graylevels in paies of pixels where one Is Disg a1 a dsance of d otk
direetaon 8 with respect vo the cihier. Hene we take the value of d equal 1o 1 and 8 a3 &n imepi nakig
ol iz

Mow the elemenis al the graylevel co-nccusrence macrin [C,] for the direclion A can bz definsd &

W i
B = LE gl k1= maglj—sin i, k+ s )= n), l
F

where, #[ -4 +] is equal 1o 1 il the argament is true and is equal ta 0 i the argument is fike. The denent
Exup Bives the Mequancy that a pixed having graptevel n occurs adjoceni to a pixel kaving graykeed win
the direction & Cansidering all the dir\eulibﬂ:, the td-gécurrence malrix 15 oblained ai

[T = femu) =G H T H Ca o
Sines [C,)=(C)" and [, )= 0y ]7, hence eq. (21 can be simplified 1o
[C1=HEIHETHIE 10T,
8o [ 7] is & symmegric malrix af size Lx L and ils elemenls zre sannegalive, i.e.,
Copa =l BND 0, =0
Fur samplleivy ler us assume gl), )= gif, Ok,
Bif-N=gla =13,  piM ki=g(0, k] and g(-1, kl=p(M -1, kL
Tzen
:}.' r.,=f£|'|q. =hyil,

b li) is the fth eniry af the graylevel hisingram of the image, since both s and o represens (e aw
phyzical quantay, i.e., the graykevel prescot in ihe image



B Chaida, 0.0, Makieder / Drdan! thmakeld aneciion m

Let ¢ ke che gravievel threstold thal maps the original image into twn distine =21z ol regices R, and
F. This mapping eossequently divides the grayfevel co-ocearrence mairis ‘mo four nanoverlapping
blzcks 45 shown i Fig. 1.

The respective blocks of [T] represent

(il the co-cecuerence af graykevel in megion R say, iz, those o, for which moesand o %1 sheded

arcd Byl

1ii) the co-nccurrence of grayleved in region K., Le., those o, Tor which i = rasd a = 1 1shaded are

H,l. and
Hii1 the co-oceurrence of graylevels in the horder region of B, and R., iz, ks 1y, for which caher
mF fand n>! |shaded area 8,1 or &= ¢ and 25 ¢ (shaded area 8.1,

The methods of threshold selection using the co-ocoumente meris can be divided min o dasses.
Chie looks, directly or indirezify, Far the (Bresheld for which ke number of pairs ol barder pimh. 12,
surt of r,, over the hlecks 8, and B, of Fig. 1, is minimal. In other words, il searches or o threshald
which segminis the image inlu e largest bomogeseous fegions pessible. Measures like Sugmers [1],
coniinninl prababiiir [4] and edreap belong 1o this class,

1om (HEd] 0.1}
- —til

%‘&eﬁr

Fig. |- Faie aon-aseilappuing Bhacks of grasheed cenurienes uivis, woe ©is vl of fireold

Busruesa The Husy asure [3] for the threskald ©can b defieed &
oL L1 e
Bun(e)= % T tmat I T tuen 14
ek miTiL A

lori=0, 0, %,..., L-2 The method for selecting the threshold & ns follows,

Search for mimama in Busy(i). Select the value of 1 as (ke theeshold which correspands t minimsm
AMmEilg Ubese minima, il ke imége conlaiss only e Lppes of regions. |7 the imege costaing more Chan
wwa iypas of regions, then every value of 1 camesponding 1o evoy mi 1scakizn a5 e disunct thieshodd,

Equacion (8} an alss be wrilten 45

d 1 L=
HU!:-'III=-'-a‘N-{ B E ibnyh .I..f”"}' 5
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fors=40,1,3,,... L=2 Farihe aczeptable threshald, for which the Besyness measare is reinimem anag
suinima, the porion sithin parentseses on the fight hand side of squation (51 which glves the et rurkn
ol pixelsin regiun B, and B, resprelively is maximum ameng maxima. That means the thresreld segmen
the image intn the largesi homogenenus regian possihle. 5o ihe meihed is uselul for seprenting imge
which consist of largs smonik reginns.

Again. the computational cost for the Busyness mezsure c2n he reduced hy using the [nllewing recumew:
tclasionsh:p,

-

Busgldl=2 T oy,
et

¥ fee L

p-1tl i

..
B
o

Lty

Rzt i = Buspld = 11+ 2
fpre=1,213,....L-2.

Ceaditicsal probability, Deravi and Pab [4] measured the probzhilice of pixel (j-sin 0 & +o00 81 g
in R.owhen i &1 known 0o liein B, and of pigl 7 sn 8, koo @1 ving in & when o, &1 i knosy
in R-. So this condifinnal prohahility for o threshnld ¢ may e exprassed az

Conad, prob (1] = Plalj—sin & k+cos 010 gl K=
+Pigli - sin & Etcos B e gl k=]

_Pipii-sin, koo i i el kI
Pleij k141

PR sin oo 1 gl KT
{Pgid k=)
Hznee, [rum the co-occurnence malris we Gin wrile

[ L= [ { }
FOY o, EOTA

R Lt b
e el PR

Coad, probu (i) ==~ —+ 0 —
T ERs TUE P
ral vel mece | nak

far =00, 2,. .., L=2, whare P, =,/ MN.

Simplilsing equatson (6) we oblaie
Cond, prob, (4] = —— M‘T Bl.ls;-l:.-|l
2L i '['“-"'- £ mm]
i=1 J tap

Far Lhis measurs also 8 recarence neletionship similar 1o cher foe Buspness measure can be edabaed

Haowever, lar the image cocssing of large homegeneous raginne, the proba=ality af pairs of pisels el
whith one is lang in &, and other in By, L, the probabalivy of boander pairs is keds, 5o in this e gk
the thresheld is selecied in a smiler @&y 2= in the case of the Busyness measure and o saslcedy real
Tor some images can be achieved.
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1, Some new measeres of imege pmpentles

In the previcus seclion hoth the messens meally compue the probakiy Hn g eeey crude sese) of
e pisels lying on (ke border regiones. Here we sUgpes) some sew mzisunes discriving other propestiss
such B2 emiropy, comrast 20¢, of the imzge and select the threshald avcordingly.

Eatrogy meesure. Anlh measyres described zhove, direcily or indirecily, count the pairs of horger pixels.
Here b5 angther measune, ramely Uhe entrupy or imfurmetion conbent of boeder pisels, of a similar categnry
aiid which is definad as

i-i L= 1

L pclgp.- I I paboap,, 0%

|
Enirupyli] =~ I
nde

fore=0,0,L...,L-1

Singe g fo. & 3 monoleset ieereasing lenction of A, the approsch o sekee a grayleee thresheid is
simiar o 1hat using the Bugyness measure. Rul che presanl measure has an advaninge in tnar i inkes curs
af the discribucion p,, Lor oo, () over areas B, and 8. of Pz, | unlike Busynzss measure which
consider only agzreganes af oy, over these areas, To reduce the compuianiceal costche following recurrzne:
rzlaticaship can be used.

-
Entropyii= -2 T py, 10E 0.
=

vl [
Enlrup:.-l||=En|rnp:.l[r—]]—2|: iR o |ug_u“.— E P, ||;|”“:|
m=1 narel
fare=1,2,3....L-2

The niher dass of methods foe threshold seleztion defines 2 suitable fusciion af ¢, ned then looks
Tur the threshald for which the Tunctson asains an optemom value. Measures like soerope onmrae |5,
Wher conirast and averape ety heloag 1o this oless,

Arerage canirist messere. 105 knoeen that, inan image, conirast & masimum al the regicoes where diflerent
types ol raginns mesl. 5o those o, whene pisel hiving graglevel m and pisel having gravkvel o lie in
different Lypes of nogioes, are responsibie for the mesimem ooatrast and the magnivede of conirast is an
oot Funzticn of diffierence in payievals, ie {m—al Average conirasi per pisel in the Donder regos fee
the threshold ¢ can be defined as [5]

i L-1

L-1
E I im-afe,., I
2

\
T Im-aFe,.
Iran

maln=ril e

Ay L] = e P e T 191
L T tap L Ll
malnmyt] Ml pan

feg r=0,1,2,..., -2,

Equation {9) can be simplified 10

[T

[
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Tre methed [or selecling the threshold based an this mezeare is = lollows. Search Tor masina is
Aoeoconc ] Select the valoe of 1 as threshold which comesponds 1o the maximem among these mavimy,
il the image cantaing only 1wo types of regieas. IF the image containg mone than wo Lypes of regiom
then every value of 1 comespunding 1o every maximum & laken 43 2 disting threshold

Equatios {10} reveals chat the masi=um amang maxima found in Av. cost ] moy nol cornepond o
the mimimum ameeg minima found @ Busylr). So this meihod of threshold seleciion is cunceptualy
diderent from those described earlier,

Weber conleasi measure, Averngs concrast of an Lmage cas also be defined invocpuraliog Temen Vel
mesponse, specifically Ingarithmic response ta brightness | Weber's law]. Here, insiead of sqarad dillerese
of grapevels, comrass is defined ns che miia of the differance of grasfevels of neghbeuring pocls w fe
mimimum af tem. Then the average conleasl, we call iL here Weber cuntras, is piven as

o E-1 Ao L
fyma, §ogled
Weh L mevaeminfm,n] 7Y LTl amim e, v
eh, contiri = T + T im
L ot I Er
ean i el

far o=, 1,1, .., L~ The capression can be simplified (from a compatational polst ol viewl in

1 L
¥ = | {o-nle,.
wal ¥ +
Wk, mct.lr}:-l—;_ 112
Busyiz]

Cezring the calculnlion of this measure we shilt the gravlevel range fram [0, £ 171w [1. L], 10 auic
division by zera
T methud Fur selecting the threshold based on this measure & the same a3 this for the 2veerape oo

meEsure.

Average anleopy masswre, [1ic observed that edpe points play the most impenant rale in detacling ond
‘nteromeling an ahject in an image hy & human ahserver, So one may argus tha avemge enuope per il
in the barder region snauld he maximum. Average enlropy per pinel for a threshold @ may be defiged =

-l =1 1
L Paslogpen I I Paslogpas
LELTErE LR i
-1

(=

welle o a#l "

fer r=0,1,2,...,L-1.

A, entii] = =
E e
=ia-i

[
&=
T
)
-

Simge [C] is a symmelric malrix, equation |13] <an be simplified 10
_ Enropecr] e
A, entid] Bualt]

Eqearion [14) reveals thal, vo reduse compatgtional cost, a mecurrence relmionship for avenge snam
meeszre can he fnund. The zpprozch o s=lect the grayleved threshald is similar 1o 1l wing aemp
LONIE,
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4, Experimeninl resules

The threshold selection techmiques destribed abovt using graylevel co-oocurnence matrix are tesied on
several images, The threshalds selecied aulometically using difzrznt measures are used 1o seamear (hres
dillerent images [n our experiment wie hive used boch tepes of irages, samedy images consisting of two
1vpes of regions end '-rnu;:; coasisting of mare 1han teo fypes of reginns. Here we will show the resulis
ol imphementation of tbe segmentztion algonthm o lees on ome image from each clis Images are
simpled into 6 %64 pixels resnlulion and inwensily vRlues are quantized inwe 12 bevels,

Firsi, we consider Fig, Mg} which is 2 microphniograh of “chromosomes’. The image contins anly
ten Iypes of meguong, namely chrestosomis lobjeess; and background, Fig 208l shows the grapleed
terogram of this image and reveals chat being nearly unimodal it & nat Irivial to detect a threshold peing,
*his hislegrans.

Figs. 2(b-gh exhikin plots of diferest messunes, namely Busymess, cunditional probedfity, entrony,
averaps contrast, avernge eniropy and Weber concrasi, respeciively, versus greslese’ (or all possihle values
of threshold). Segmented images using thresholds sedeced from these measures are shown is Figs ii
comrespoadingly,

Tae resedl shown in Fig. 2lelii, in this case, 13 besr, Todlowed by tha shewn in B 20000 and Fig 21glii,
‘espectively, Risuhis shown in Figs, BRI, Nelii and Hdlii are not siisfactory, For exampls, in those
images & considerable area ol hackgmued is imcluded in the lop-lefl hazd “chrumosume™ as its parl. s
of Busyness measure and enlropy measure [ie., Figs, 20k0 and 20450] are almost similar. However, all
Uhree medunes: busyness, cond. prob. end encropy have Jed fo the same resull.

The second fmage we have chogen, Far our experiment, tn show perl'm'rnanm: al different measures is
sawm in Fig Wal. Frg Jalii shows its graylevel b=togram. This imege of 'ezlls consisis of thres ripes
of seginns, namefy nucleus, eytoplasm and backpround.

L _,_,--"'_'-'_'-F -

_ e e
ledl lei

Flg.2a) 1, Orgoal mege of "chromamomes waere graskesd sars froem Do 30 1L graskevel biegni of 165
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Fig 2l i, Mol of Busymess meazane wemes thieshabd; 3, sepmenionl imags weing frresbeld dewewd from b,

lel i Gelii

Fig. 2151 i, Mt af earafiinal probsbity seoware vorsen thrssbnid, if, sagrreetsd imegn paing (bmshoind detecal fraw e
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Figurzs Jb-gli exhihil plots o differani measeres versus graylovel asd cormespanding hgures, i.e., Figa.,
1k-z1ii show the ssgmented images using Ihreshalds selecied Trom (R respective plot, The result shawn
a1 Fig. Jlelii is Lhe hest in 12is case, since all the three regions are delecled wilk desired shape. This resull
13 Focowed Bw Fig, Jghil and Fig. 3100, respoctively, in the order of meril. & Tuurth region is deziied
in Fig, ellNii where cytoplesm and hackground mest This partics lar region is also visikle i= Figs, Jiclii
ard Fig. Jidii, Hewever, in the Tnrmer Sgure tke meclens is detecied wilh lzrger shape and in the lalier
the nucleus is absent. As we have said earlier, phots of Busyness measure and entropy measure look almasy
similar, However, the feemer measure = capable of dececting only two threshalds in this eage, unlike the
lener oot which derecis three diflerenl threshoids leading 1o four segmented regions.

Figure 41g}i is an image of the planet Saiurn and Fig. 4iabii shows its graylavel histngram. The image
is assumed 1o conlain only Iwo reginns. Fig. dib-gli represent 1he varicus medsures vinsus graylesel
threshold and Fig. dib-glit, a3 before, tee corresponding seamenied images. The results reveal thas Fig.
&glii is st in chis case Tollowed by Figs, 4(clii and 2)e)ii, respeciively. Though the plats of Besynes
measice and entropy measure look almost simalar, the threshold selecied due 1o laler measure his
clagsified mare objec pises o the backgrounds. However, resuhis due 10 enctropy measure bnd average
enlrapy mezsure, i.e, Figs. 4id)ii and 4|7} ars almess the same.

& Coarlusion

I# thes repor we have proposed four diflerent mensures wsing graylevel co-nccurrence malrix for
thrsshold seleclion. These are: ezfropy, average Conlresd, average fntnogy and Webser conlrash Teeir
gerfomances are compared with those of two well-knows measures, namedy Busyness and conditianal
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It Iglii
Fig dab i, et of Weber conuad seisss ibresholl, i, ssamented inans adeg threshal docesd i gi

probahilicy. For a noise-lree good quality image, perlomances ol all the measures are fousd in'x
vamparahle. Bt for nealoworld images which are degraded und noisy, the results obizined by gsng i
AVErERE COMresT measene are most reliohle, The result of the gverage enuopy measure is nearsd in then
Rzenlcs aninined hy wsing the cendiliona) pranzbilily measure and the essropy measure are seea i e
camparabis and are worse than the previous measures. Anccher painl is to nole that the plals ol 1k
enlrnpy measzre and the Busyness mesure are almos) similar, the peformance of e latser is warst of 31

Huwever, we must tonclude with the sialemest that e comparisons given here zre busnd on m
cupenistents and il is 201 wise to draw any general inference eboul their performances.

Achnosledzment

Authors like L expoess Uheir thunks 10 Mra 8 De Bhowsick Tor nping the manuscripl.
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