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Abstract

Thisarticle aimsto proposea methodto usethe idea of
Hough Transform(HT) implementedn grey scaleimages
to color imagesfor region extraction. A regionin animage
is seenasa unionof pixelson several line sgmentshaving
the homaeneityproperty A line segmentin an image is
seemasa collectionof pixelshavingthe propertyof straight
line in Euclideanplaneand possessinghe sameproperty
The property 'Thomageneity’ in a color image is basedon
thetraceof thevariancecovariancematrix of the colors of
the pixelson the straight line. Asa possibleapplicationof
themethodit is usedto extractthehomaeneousegionsin
theimagestakenfromthe Indian RemoteSensindgatellites.

1. Intr oduction

Hough Transform(HT)hasbeena widely usedmethod
for extracting arbitrary shapesfrom images. It was de-
signedto extractstraightline segmentsfrom binaryimages
by Hough[3. Usually HT is appliedon binary images[4.
To extractline segmentsor ary geometricstructureusing
HT, from a gray scaleimage or color image one hasto
transformit to a binary image using thresholdingor any
othermethod.Usually, thesebinarizedimagesarethe edge
mapsof the original grey level or color image. Thereare
very few worksdealingwith applyingHT ongrey scaleim-
agesdirectly[8, 10, 5] i.e. without the binarization. To the
bestknowledge of the authors,no methodhasever been
proposedor implementingHT directly to color or multi-
spectraimages.

Hough transformis an extensvely studied method of
feature(line/cure) extractionfor binaryimages[7 6, 1] be-
causef its robustnesso imagenoiseandthediscrimination
ability againstunwantedshape$4]. A sunwey of theHT for
binaryimagesappearsn [2]. Thusonly abriefintroduction
to HT is presentedo introducethe notationandterminol-
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ogy usedin thelaterpartof thearticleanda shortsurey of
it usesn grey level imagesis presentedhere.

Basically HT is avoting processvhereeachpixel of the
imagevotesfor all possiblepatternspassingthroughthat
point. The votesareaccumulatedn anaccumulatoarray
Alp, 0), where, @ is the anglemadeby the normalto the
straightline with thexz—axisandp is the perpendiculadis-
tanceof thestraightline from theorigin. Therepresentation
of thestraightline in (p, 0) formis

xcosh +ysinf = p. ()

This accumulatorarray A(p,6) is called the Hough
Space. Number of votesfor eachcell in A(p,8) repre-
sentghenumberof pixelsin thepatternpassinghroughthe
point (z, ). In this processeachpixel in theimagespacsds
mappedo a sinusoidakurve in theHoughspace SoHT is
atransformatiorfrom apointto acurve.

Lo et al,[8] proposeda techniqueto implementHT di-
rectly to grey scaleimagewithout thresholdingand with-
out finding the edgemap of the image. They useda four
dimensionalaccumulatorarray whereG,, the grey value
of the pixel is the additionaldimensionalong with p and
0 ascomparedo corventionalHT. Hereeachpixel (x;, ;)
in theimagespaceds associatedvith its grey valueG; and
eachaccumulatorcell A(p, 8, G;) in the grey-scaleHough
parametespacelt findsline segmentsin grey-scalebands.
This methodis expensve in the senseof spacecomplexity.
Shapiro[1] proposeda methodthat replacesthe original
imageby its digital half toningequivalent.A decisionmak-
ing procedurecalledDigital Half toning Hough Transform
(DHHT), allowing the HT to work with arbitrarymultilevel
imagesis proposedin this paper DHHT is an amalgam
of the corventionalHT andDigital Half toning. Kesidiset
al[5] proposed Grey-scalelnverseHoughTransformalgo-
rithm whichis combinedwith amodifiedGrey-scaleHough
Transform. The said methodis implementedo detectline
segmentddirectly from a grey-scaleimage.

Uma Shankaret al [10] proposeca techniqueto extract
line segmentsdirectly from a grey scaleimagewithout us-



ing thresholdingor the edgemap of the image. A region
on a gray scaleimagehasbeendefinedasunion of several
connectedine sggmentsanda line sggmentis definedasa
straightline with the propertyof uniformity amongthe pix-
elson theline. The propertyof uniformity is the value of
varianceof grayvaluesof thepixelsontheline. Theformal
definitionsof thesearediscussedh thelaterpartof thearti-
cle. Thesaidtechniquds usedto find uniformregionsfrom
remotelysensedmages.

The mainideabehindthis work is describedn section
2. Definitionsrelatingto this and somepropertiesare de-
scribedin section3. Section5 dealswith implementation
andresults. Section6 provides an analysisof the results
andthe scopefor furtherresearch.

2. Moti vation

The idea of the methodproposedby Uma Shankaret
al., for region extraction using HT in grey-scaleimages.
Thework in [10], canbe extendedto color images. Their
methodhasbeenrevisited hereparallelly with the develop-
mentof our methodwith somechangedo the definitions
proposedby them. Uma Shankaret al [10], constructeda
binaryimageconsistingof all homogeneoudine segments
with the help of HT. A line sggmentis consideredits ho-
mogeneityis checledandall homogeneousine segments
arefoundin this process.A generalizatiorof the above is
to

1. constructa propertyP,
2. checkwhetherthepixelsin theline segmentsatisfyP,
3. createafile of line sgmentgossessinthepropertyP.

The property P hasto be definedaccordingto the re-
guirement.For region extractionthe possiblepropertycan
be the uniformity of grey valuesor color of the concerned
setof pixels.

3. Definitions

A line sgmentin a grey level imageshould,in princi-
ple, represenihomogeneousetof pixelslying ontheline
segment, homogeneityis to be measuredwith respectto
grey valuesof the concernedixels. Theword homogene-
ity maybeviewedin differentways.Onewayis to makethe
variationin thegrey valuesof thepixelsontheline sggment
small. Anotherway is to definesimilarity betweertwo pix-
elsdependingon the grey valuedifference andmakingall
the pointson the line sggmentsimilar to eachother There
areotherwaysof viewing homogeneity In this article,we
restrictourselhesto the above two waysonly.

Theabove two conceptsyield differentexpressionsFor
example,if z1, xs, ..., x,, denotethe grey valuesof the pix-
elslying on aline sggmentin a grey level image,in order
to implementthe first way we needto find the varianceof
xr1,Ta,. .., 2, andcheckwhetherit is lessthana thresh-
old value. Secondway is to considera thresholdvalue §
anddefinethatthe consideredine segmentis a valid oneif
|z; —z;| < 0 Vi,j. Thesetwo waysof measuringhomo-
geneityleadto differentmeasuresf evaluatingthe validity
of line sggments. Uma Shankaret al[10] incorporatedhe
first way to find line segmentsandconsequentlyegionsin
the grey level images. We shall generalizethe above con-
ceptsfor colorimagesasstatecbelow.

Unlike, grey level imagesapixel in acolorimageis not
representetdy a scalarbut by a vector(R, G, B), denoting
for red, greenand blue componentsf color respectiely
andeachof themlies betweer0 to 255.

Homogeneityof color pixels on a line sgmentmay be
viewedin two ways.Oneway s to definethata setof pixels
possesiomogeneityif for eachof the threecomponents,
the pixels arehomogeneousAnotherway of defining ho-
mogeneityof thepixelsis by combiningthevaluesof all the
setof pixels without looking at themindividually. Formal
definitionsof all theseconceptsarestatecbelow.

Let I bea colorimageandthe color of a pixel (¢, j) is
denotecby (R(i, ), G(i, j), B(i, )).

Definition1: Let L = {(i1,j1), (i2,52),---, (in,Jn)} b€
an ordered set of pixels. L is said to be connectedif
(tk—1,Jk—1) IS in the 8-neighborhoodof (ix,ji) V k =
2,3,...n.

Definition 2: A set of connected pixels L =
{(i1,41), (i2,J2), ... (in,jJn)} is said to be a possible
set for a line segment(PSLS) if 3 p and § sud that
ipcos@ + jpsinf=p V1 <k <n.

Fromtheabove discussionhomogeneityof a setof pix-

elsfor acolorimagecanbedefinedin ary of thethreeway
statedbelow.
Definition3: Let L = {(ix,jx) : k = 1,2,...n} beasetof
pixelsandlet thetriplet (R (i, jx ), G(ik, jx), B(ik, jx)) be
thecolor of thekt" pixel of theset. L is saidto behomoge-
neousif it satisfiesany oneof thefollowingthreecriteria:

1.
max(R(ix, ji)) —min(R(ix, jr)) < dr,
max(Gix, jx)) — min(G ik, jx)) < dc.
max(B(i. jx)) — min(B(ik; jk)) < 95,

whewk, dr,dc and dp are the threshold valuesfor
R, G, and B componentsespectively

2. 0% < 0r and 0% < g and 0% < &p, whee
0%, 0% and 0% are thevariancesanddg, d¢ and dp



are thethresholdvaluesfor R, G, and B components
respectively

3. A1+ A2 + A3 < 0, whem, A\, A2 and A3 aretheeigen
valuesof the variancecovariancematrix ¥ of the set
of pixels.§ is a thresholdvalueof the sumof the eigen
values. Alternatively Trace() < ¢ is the equivalent
conditionbecauséheTrace(:) is sumoftheeigenval-
ues.

Note 1: Thoughhomaeneity could be definedfor any
color space the definitionis givenfor RGB color space
here becausethe valuesfor ead of the three components
vary in the sameinterval of 0 to 255, which is necessaryo
computethevariancecovariancematrix.

Note?2: Thechoiceof takingthe sumof the eigenvaluesis
proper becauseof the property of the eigen valuethat the
it" largesteigen value of the variance covariance matrix
givesthevarianceof thei'” principal component[

Definition 4: A possiblesetof line sggment(PSLS) is
saidto bea valid line segment(VLS) if it is a setof pixels
with homogeneouscolor and the cardinality of the setis
> [. [l is the minimumnumberof pixelson a straight line
segment.

Mathematically a line segmentcanbe definedin terms
of two thresholdparameterg and é, where! is the mini-
mum numberof pixelsin the PSLSand/ is the maximum
allowedvaluefor thesumof theeigenvaluesof thevariance
covariancematrix. With theseparameters mathematical
way of definingV LS usingdefinition3(¢i7) is givenbelow.
Definition5: APSLSL(l,9) = {(ik,jr), k = 1,2,...n}
is saidto bea VLS if

1. numberof pixelsontheline segmentL(l, ) > I,
2. Tracel) < § whe, X variancecovariancematrix.

Definition 6: Two line sggmentsL; (I, d) and Ly(l,0) are
saidto be connectedlinesif Li(l,d) N La(l,5) # ¢ or 3
anytwo pixelsP € Ly(I,6) and@ € Lo(l, §) sud that P
is an 8-neighborof Q.

Definition7: LetR = {Lx(l,6),k = 1,2,....K} isaset
of K line sgments.R is saidto be a connectedsetof line
segmentdf L, isconnectedo Ly Vk = 2,3, ..., K.
Definition 8: Let £L = {Lx(l,6),k = 1,2,....K} isa
connectedetof line sggmentand

K
R = U Ly, L€ L.
k=1

ThenR is saidto bearegionif Li(l,d) € L isavalid line
segmentvk.

Note 3: In definition 3, three waysof defininghomaene-
ity are given. Amongthem,the definition which provides
a combinedaffectof thethreecomponentsk, G, B is the

definition3(:i7). Secondlythe numberof thresholdvalues
to be chosenis lessfor definition 3(i47) compaed to def-
initions 3(:) and (i¢). Thus,we shall confineourselvesto
definition3(ii7) in theremainingportion of this article.

Figure 1. Original Kolkata Image taken from IRS-1A

Figure 2. Extracted regions in Kolkata Image(IRS-1A) with
w=16,1=14,6=1.2

4. Formulation and Implementation

HT canbeimplementedn the entireimagedirectly but
it is notwiseto applyonthewholeimageatatime,because,
it is notgoingto be computationallyefficient. Additionally,
it requiresmorememoryspace.If the size of animageis
N x M andN and M arevery largethenthresholdvalue
[ for thelengthof the line hasto be chosenarger, thereby



Figure 3. Extracted regions in Kolkata image(IRS-1A) by
K-meansalgorithm with K =2

eliminatingfinding smalleruniform regions. To avoid this
problema smallwindow of sizew x w needso be moved
ontheentireimageandvalid line sggmentsareto befound
in eachof the w x w windows. It may alsobe notedthat
suitablediscretizatiorof § andp valuesneeddo bedonefor
computeimplementationThus,the stepso befollowedto
extractvalid line sggmentsn awindow aredescribedelow.

1. Considemw x w window.

2. Constructhe Houghaccumulatospaceby transform-
ing theeachpixel of thewindow usingdifferentvalues
of # andtheir corresponding values.Valuep for each
0 canbefoundusing(1). Thevaluesof # variesfrom
0° t0 180° — f4¢p With a steplengthf.,. Notethat
Ostep IS t0 bechosenin suchaway that180° is amul-
tiple of 5., Theobtainedvalueof p is approximated
to thenearesinteger.

3. After constructingheHoughSpacédor awindow, scan
theHoughSpaceandconsiderthosecellswherecount
is greaterthan or equalto [ and re-mapthis cell of
Hough spaceto imagespace. This is a possibleline
segment.Thecellswith count< [ aresimplyignored.
In this way spuriousline sggmentswhoselengthsare
lessthan! areeliminated.

4. ComputeTracef) of the color triplets of the pixels
correspondindo eachof the cellswith count> . If
it is lessthané thenconsiderit asavalid line sggment
elsetheline isignored.This stepeliminateshoselines
which do not possest®iomogeneousolor pixels.

5. Restorethe color triplet from the original imagein a

new imagefor the valid line segmentsdetectedn the
above step.

Without consideringthe original color triplet in the im-
ageandfor a fixedwindow sizew, the possiblesetof line
segmentsare samefor all the possiblewindows in the im-
age. Thuscomputingthe steps(ii) and (ii¢) onceis suffi-
cient. This reduceshe computationtime significantly In
orderto find regionsin theimage,line sgmentsarefound
in all possiblew x w windows. A file of theselines are
made.This file of linesform aregionif thereis ahomoge-
neoussetof connectegixelspresenin theimage.Thusin
the procesof finding theline sggmentsregionsarelocated
in theimage.

5. Results

The parameterso be tunedin this algorithmare w, 1,
and ¢. w is theheight(numberof rows) andwidth (number
of columns)of thewindow. Thewindows takenhereareall
squarewindows. [ is the minimum numberof pixelson a
possibleline sgmentands is the maximumallowed value
of Tracef). Valuesof theseparametersareto be chosen
properly

In this section,resultsprovided by the proposedalgo-
rithm on Indian RemoteSensingSatellites(IRS) aregiven.
Two imageframes,one from IRS-1A and one from IRS-
1C, areconsideredor this purpose.A pixel in anIRS-1A
imageoccupies,approximately 36.25m x 36.25m area
on earthwhereas,in IRS-1C, it occupies,approximately
23.5m x 23.5m. Boththeimageshavered,greenandblue
bands.In IRS-1A, the grey valuesof eachbandvary from
0to 127whereasn IRS-1C,they vary from 0 to 255. Each
imageis a512 x 512 image.Sincetheoriginalimagespos-
sesgoorintensityvalues,enhancedmagesof theoriginals
areshownnin [Figs.1and4] herefor betterclarity andunder
standing.Fig.1 shovs enhancedmagesof the Kolkatacity
takenby IRS-1A andFig.4 shawvs the enhancedmageof a
sulurb namedBarrackporan the northernpartof Kolkata,
takenby IRS-1C.

The valuesconsideredor the length of the window(w)
are16 and8. Minimum numberof pixelson aline sggment
is consideredo be 14 whenw = 16, andis consideredo
be 7 whenw = 8. The thresholdvalue is taken to be
a small value(i.e., ¢ is 0.8, 1.2 or 1.6) whenthe spatial
resolutionis coarser(i.e., the imagetaken from IRS-1A),
andthethresholds takento bealargervalue(i.e., § is 16, 24
or 32) whentheresolutionis finer.

6. Analysis and Conclusion

In this article we proposech methodof extractionof re-
gionsfrom color imagesusing HT. Definitions of unifor-



mity of a region are provided. A region is definedby the
union of several line segments. The methodhasbeenable
to detectan arbitrary shapelike the Hooghly river in the
Kolkataimages.

Theresultsprovidedby the proposedilgorithmarecom-
paredwith the resultsobtainedusing K-meansalgorithm.
Outputof the K-meansalgorithm dependsuponthe initial
partition of the dataset, and thusthe resultsmay be dif-
ferentfor differentinitial partitions. Here K-meansalgo-
rithm is implementedakingfive differentinitial partitions.
The resultwhich is closestto the groundtruth is included
herefor eachof theimagesconsideredK-meansalgorithm
is chosenfor comparisorbecauséboth the proposedalgo-
rithm and K-meanswith K = 2, resultin classifying of
pixelsin two differentclusters. The proposednethodhas
beenimplementedvith several setsof parametersismen-
tionedearlieron boththe images. After the carefulobser
vation of the resultsobtainedwith theseparametewvalues
Fig.2andFig. 5 arefoundto be closesto the groundtruth.
The parameterset usedto obtainedthesetwo resultsare
(w=16,1=14,6 = 1.2) and(w = 16, | = 14,6 = 24)
respectiely. The resultswith othersetsof parametersre
notincludedheredueto lack of spacelf we obsenethere-
gionsextractedin Kolkataimagesheriver Hooghlyis sep-
aratedrom therestclearlyby the proposednethod.In Fig.
3(resultfoundfrom K-meansalgorithm),river Hooghlyhas
not beenclearly separatedrom the concretestructurearea
presenbn bothsidesof theriver. Thisis especiallytruefor
thesoutherrpartof river Hooghly[Fig.3]. Thetwo bridges
(Ravindra SetuandBally Bridge) on the river arealsonot
clearly distinguishabldFig. 3], whereasthe proposedal-
gorithmprovidesthem([Fig.2 and5].

The definition of homogeneity(definition 3) of a setof
pixelsis givenwith threedifferentcriteriaandit is experi-
mentallyseenthatall the threecriteria give almostequiva-
lentresultsvisually. Theresultsof usingthesehomogeneity
criteriaarenotshovn herein theform of figuresdueto lack
of space. Note that, with the criterion (ii7), the algorithm
needdesshumaninterventionbecausédt requiredessnum-
ber of parameterso be supplied. Criteria (z) and (i) are
strictin the sensehatif theinequalityfails for any oneof
the componentsthe setof pixelsis declaredasnot homo-
geneous.In mary situations,if theinequalityfails for one
or two componentandif the over all variationis within a
limit, the setof pixelscanbesaidto be homogeneousThis
is takencareof in criterion(¢i:) andthusit makesthealgo-
rithm robust. Thusthe criterion (i¢4) in definition 3 is used
to generatéheresultsprovidedhere.

Validity of a PSLS s controlledby tuning the parame-
ter 0. Eigenvaluesof the variancecovariancematrix gives
thevariationpresenin the correspondingprincipal axesof
the color vector Thus, Traceg) is the overall variationof
color presenin the setof pixels. This impliesthattheless

Figure 4. Original Barrac kpore Image taken from IRS-1C

thevalueof Tracel), lessis the variationandmoreis the
uniformity. In this way, by varying the valueof 4, the va-

lidity condition(i.e aPSLSis avalid line sggment)canbe
relaxedor tightened.Thus,by increasinghevalueof § we

arerelaxingthevalidity conditionfor aline segmentandin-

creasinghe chanceof aline to bevalid line segment. This

justificationis evidentif we obsene theresultsof the same
original imagewith samew and! but different§’s. It is

obsenedthat by increasingthe value of §, the numberof

regionsandthe numberof pixelsin eachregionareincreas-
ing.

Connectednesand homogeneityof a setof pixels are
the two propertieswhich aretaken careof while deciding
a setof pixelsto be aregion. Both of thesepropertiesdo
not dependon the maximumand minimum grey valuesin
eachof the components.Homogeneityconditionis veri-
fied by checkingthevariationof coloramongtheconcerned
setof pixels. Homogeneityconditiononly dependsn the
thresholdvalueé. The presenwork doesnot give a proce-
dureto choosed. This needsfurtherresearch.The values
of § taken hereare1.2 for the IRS-1A images,and 24 for
IRS-1Cimage. Thesevaluesof § are chosenexperimen-
tally. The value of Traceg) of Kolkataand Barrackpore
imagesare29.756752 and610.656483 respectiely. These
variancesare computedover the whole image. It may be
notedherethatthe valuesof Tracef) in IRS-1AandIRS-
1Cimagesaresignificantlydifferent. This maybetherea-
sonthatthe valuesof ¢ for Kolkata(IRS-1A) imageis sig-
nificantly smallerthanthevaluesof ¢ for Barrackpore(IRS-
1C)image.Thevaluesof w aretakento be16 andg8 because
w > 16 maybetoobigwhereasy < 8 maybetoosmallfor
extractingregions. Valueof [ is takento be 7 whenw = 8
and! is takenas14whenw = 16. Thesamevalueof these
parameterarechoseralsoby UmaShankaretal[10]. The
valueof w is takento beapower of 2 though,in practicew



Figure 5. Extracted regions in Barrac kpore image(IRS-
1C) with w= 16, [= 14, § = 24

canbeary evennumber

The proposedmethodfails to find an objectif the ob-
ject region containsmary small uniform regions. Naked
eye canfind structuresin an imagewhereasthe proposed
algorithmneednotfind them.Notethat,the hexagonalpor-
tion of Kolkataimage[Fig. 1] is not classifiedasa region
by the proposedmethod. It is taken to belongto a single
clusterby K-meansalgorithm[Fig. 3]. An increasein ¢
valueof the proposednethodwould provide the hexagonal
structure.But, it may be notedthatanincreasen 6 would
entailseveralotherpixelsto becomepartof aregion,which
neednot be advisablealways. Fine tuningof w, [ andd is
aproblemto beattemptedn nearfuture.

Thisarticledescribesanapproacho useHT to colorim-
ages.Resultsareencouraging Hereline sggmentsare ob-
tainedin color imagesusing a particulardefinition of the
word “Homogeneous”.Probablytheremay be otherways
of defininghomogeneity In addition,giventhe conceptof
homogeneitythere may be other waysin which “Hough
Transform”for binary/gre level imagesmay be extended
to colorimages.The approachdescribedn this work need
notbeunique.
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