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Analysis of IRS Imagery for Delecting Man-Made
Ohjects With a Multivalued Recognition System

Peh Privact Mandal, C, A, Muorthy, aod Sankar B, Pal

Abstract—"The present work deseribes o method of analyzing Indian
Remnte Sensing (1RS) satellite imagery for detceting varicus man-mude
objecis, namely, roods, Gridges, wrports, seageris, cly oreo sl owe-
shigiindnstrial areas, A multivaloed recwrnitivn system has initially been
osed tn classlfy the image pixcls intn six land cover types by providing
multiple choices of clusses, T grder 0 ideolily cerlain brpels, some
sputial koowledge abont them snd theic inter-relationships have been
incorporated o he clusteved iruage oalng seme heorstic Males. The nie
ol mualtiple class chaives makes the detection procedores. effective.

I, INTRODTTION

Analyais of remusely sensed iroages for delocting map-nusle ob-
joots has hoeen a ropie of rescarch for the past two decades, Dnidally,
variims irmage processing technigques (1], (2] have -been pasd in
analyring temitely sensed gges. Inoorder wridentily certain Largets,
sormse knowledpe about the targels and the scene is Lo be incomperated
i the alsonthm [3]. A poosd proportion of the exlsting literatue
in the field of remare sensing has addressed the problem of road
detection (for example. see [4]). Some approaches [5], [6] can also
be lonnd in the literatare which concam with derecting varions man-
imtile obpects. TRS (Tmlion Renute Sensimg satellite) inadges wees also
heen considersd by some researchers [7].

The theory of luwzzy sels provides spitable nmils in analyeing
comphes systermns and decision processes where paliern idetermibaey
is due Lo inkeerenl vagueness dfuzciness) raher than randomness. Since
um image possesses some wnbipuily within the ]'.I'i.x.l.:'lﬁ- due Ly the
possible multivalued levals of briahtness, it 15 justified w apply the
eoneept of fuzey sors 0 an image processing probiem 8], (Y] In &
remaotely sensed image, the regiony {objectd are wswally l-defined
(hogause of hoth grayness and spatal ambiguitics). Moreover. the
gray valve assianad to 8 particular pixel of o remotely senged image
is the average reflectance of diflerent types of ground covers present
i the corcesponding pixel area (306,20 mox 36,25 m [or the IRS
imagery ). Therefors, a pixel may represent move than one class with
o varving deeree of Likeliness, Thus, the approaches based oo fuzey
st thecys cun be vary ellective in analying remote 3ensing images,
Fow attemppts have been made in the remote sensing image anslysis
uRing turry set theory. loteresied roaders may see (1L

Muldvalued recopmiion systerns based vn the concept of [wzzy sews
have been formulated vacently by Pal and Mandal [11] and Mandal,
Murthy and Pal [12], These sestems we capable of handling vackous
imprecise impurs and in providing multiple class choices cormespend-
ing to any input. The recognition system [12] is inifially wsed on
an [R5 image 1w provide moli-state decision in classifving (based
s the spectral knowledize of the unace) s pixels Iofo six classes
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corresponcing to vix lamd cover types, numely, pond warar, furbil
WEIOF, cORCREte struciers, habitarion, wegetation and open spoce.
The systen provides the polpue either gs single choice (pos=abilicy
fo belong only moone cluss) or combingd choive (possihility @
belong w0 more than one ¢lass with same preferenee] or fine-second
chelee (possibitity o belong to more than one class with ditferaoe
praferences) or full choice (possibility of not belonging to any of
the classes) for the classification of amv now patton. The green
amd irfrared band information are used tor the classification. The
furzy partiioncd images, thus obtzined, arc then processad further
for detceting various ill-defined muan-made objects, namely, s,
bridges, aixpors, seaports. ofty area, and tewmshipdindusaial arens.
Mubtiple class choicey of a pisel have been udilied no deeciing
some of these obpecss involving linear smectares. In other words,
the present work deseribes o real bie apphcation of the concepl of
mmlti-geate decizion for identifying varions ill-defined objects from
1RS imagapy.

In order to identify cerain tareets, some spatial knowledpe about
lhemn and thedr inter-relationsbaps are incoipotated on the clustered .
imapes. Vabous lmage processing rechiiques inciuding thinning [ 14]
and merphelegieal operations [13] are used in our proposed algo-
mithms, Some heunstic comstraints are comsidersd solely hecanse of
the: resalution value which 1= 3625 m x 36.25 m. The effectivensss
ol the alponthms = demonstrated onoa scene conespomling o he
cily Bombay {Tmdia).

TI. Lane CoveR TYreS ASD OWERALL STRATEGY

A, Land Covar Typey

The IRS (Indian Bemote Sensing Satellite) imape corrasponding
w g seene 0 Indid i consideved in (he presemt work, This scena
primavily consists of the following =iz differene land cover types
namely

1y Porgd Water, Containg pond watgr, fisherics ete.

20 Turbviel Warer; Conrains sed WwHber, Tiver water ey, wivre the
sul cument is more,

3 Conerpte Strueturet Comtains buldings, railways, moads, air
strips ote. The signwture of sermdbedy 1 femole s8nsing imagas
also belongy 1o this class.

Flahiterion: Basically comsiste of suburiban and roral hablsation
e, concrele struclufes bul comparatively less in density than
the concrets seocture class,

5y Vepergrion: Hssentially reprosents crop and forest areas,

&) Open Space: Contains basically the bamren land. hMorc specif-
ically, 4 pixel with less gresnery and less concrete sructires
falls into this class, The besches come under this class.

In the remwsely sensed data, the geey value that is assipned to g
particular pixel is the average reflecance of differes tpes of ground
covers present In the corresponding pixel arew (06,20 m o« 36,25 m
for TIRS imapary). I a pixcl conming the ares corresponding to @
big building and soine open spdce, it is owre likely o Tall into che
class “habitation™ dhan “concrere strucnne”. Considering the concept
of sseond and combined chodces of the aforementioned recognition
systemn [12] on cotpul decisions, the information about the building
can be ohtainad.

o
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Tuis Lo b oo taad Lhe same region mev fall in different olasses
in ifferent seasons, As for example, “A eultiveled land, which is a
yvegeration area, becomas apen space attzr harvestalion™, “A river bad
during snmmer falls nnder the class open space when it i dried op'.

B Overall Stragery

The multivalued recognition  systern [ 12]0 a3 menticoed in
Scotjon L 1z initially applied on an TRS image o classily ils piaels
ingo the atoresaid sig classes. The overall stratepy o diserimingle
hierarchically rods, Bridges, ofrporty, inlondy, sondbeds, beackers,
NELFOTY, Ciry oved. fowiedipdndsrdad arear s desenbed bene. The
mesming of the targets considered here is stated below,

e Morer The poce and mirpid waer pixels constlois e watae

bedies in a scene. !

e Lol The remaining pixels Gioc, wot belonging o water hodizs)

are primarily eategorized as the kand.

» fxlends A land parten sumounded comploely by sater bodies,
Senddbed: The lgnd partions (ahich belong o conorete sTUCEE
wiljaeent e the wacer bedics (sea, river ete.), Mote thal it all the
[MEels i oan isfomd ate concrete stmctnres, then the ivlind 35
reforred to as a sondled,
voHegef AR open space regich adjaceni 1o weler boies aodior

sandheds.

* Rord: The ooy are the strips of vered width or single dotted
cirvds, locally aproximated by steaight lines or parabolus,
calihongh alobally they ae arbilcacy cudves of comuereoe struciore
pikals, The raibway Uacks also comse ccler reads here,

* Briddge: The only bridges considersd here are the bridpes on
Lhee wouker bodics. If & nammow conerste stroctine megion lies in
between taar disjoint water hodies (e, the sepment subdivides
a watar body inte ten distinet parts) asd 15 conneeoed with g
rogd then the region 35 referred i as o bridee. I the segment
1z not atached with any road, then e region 35 estemonxod as
w wioreThed.

Afrgores An afrpord should possess @ unway. A runway 15 A
discrels namrew linsor concrete stmcture region with a moderan
lenpth.

Seamarts A gea js 8 vist homogansons region of (ulhd) walsr
A seaperT iy A ponerels sirgeture regieon adjscent to water bodies
uad it shonld be conngered with the o by rody wodfor il
belonws e the oty aree. For lending of ships, sither the edge
adjacent o water buxlies stuadd be linear [Sczponts wilh lingar
adgs] or the capemers. strociue rewicns should e protmedsd on
the water bodizs [Scapons protuded on waler bodies],

Ly Aren ond TownsfipdTrdusirinl Areas: The ofty grea is the
largest ensed concrets strocture rogion connécted will gy
roctdy. "Thi: other densed concrere structuee repims with mnod-
CUEG ELZEE Fepreserll fownsfipdndusiniol arear. By Blliag up all
Intermediate nomconorsle siructurs pisels with conerela stmchue
pixels, the cine ared end sowachipdnde il drerr ae detected,
T cise Lhere are major Lownships on the opposie sides of a
rivar conected with brideeds), those wwoships are cansidarad
uhod single antity and the lermediate waler bodies are taken
e [he pum of the township. As thers exist wany buildings os
well a8 many reody inoa ofny gees, it is extramely difficult e
ditterantiale hem inside the citv grea.

Clormespending ty.any scene, there are [our gvailable [RS baad
images, nurnely, blue, mreen, red, and iafrared. 1t has been pbaerved
lhal the gress and dyfiared bend Dmanss &0 more sengilive than uther
band Emages o discriminare vavions Tapd cover Lypes [3]. Thus, the
data corrgsponding 1o these two band Images ae considered lers
as the features. Tmdally Ofty pixefs comespoading oo each of e

-

aforesaid six landuse classes aee chosen as the training samples. The
syelem classifies ali the pixels of the scene i six classes based on
[EiEse trulking samples.

Irarislfy, all the dizgjoinr water bodies are identified hrough thir
bounday plxels. The islend, sandbed, and beack arcas we theo
wentifiad, The sawnebed pinels ate oow chmminatad from the concrete
structwe pixel set for the detection of ather stmbeies, newely, rogas,
brielpes, alrpor!, seaports, ciy area, and tewesiindndustrial greas n
the Tollowing stages.

Analyaiog the concrele structure piicls of the clustored image,
the reidlffe structurer Dwhich inchids rogds, ofrpae rereass, asnd
bridges} are coracted. The digjoint lineas segmeniz of roadlike
stmctires are categorized ws the afrped ronvetey and (he I|'1'.rna|j_1:|j_'|:|g
pisels of e roadlike smacture yre assumed to Tepresent the rogds
of the scene, Same road segmaents which lie betwe=en two dilTerent
watar bodies are icentified 1o represend the bridzes.

The conscrete structurs pixels (cscinding sarabeds Gonncerad with
the rody are oow puat back which i3 now retforcd to as the
cortended maadmap inagc. This exteadsn poangn mage i3 analyeed
o find ailribuiss ke seqpors, cofty qrae, and sownghindndasiviol
areas. Ihe morphological diletion and erosicn operaticns [13] s
lsund wselful 1o devide abowt the possible lozations of city area and
townshipdndisorial aregs, Yomie Mamarks: The descriptions of the
metheds for detectiag man-ntade objects are provided in e sohae-
yuenl seclioms. Ti b Lo be menvonei here that the characieristics of
varions pan-mads ohiects and the dlgerilluns w detect ose objects
e been developed kesping in vigw the Indian enviromment and the
resolution of IRS fmagery. Tnomany developing countmics lke India,
the consbuction al man-made objects and thowr interormnections are
nidl, i gengral, on the same scale nor of the same spocificalions
ag W the developed countries inomany cascs. Forocxample, the
rogels do 0ot alvesvs have signiiicani width i ocder to b eflacred
in the corespendieg salellite images. Thoy, i1 possible to oe
townfipdnd i arsay nor connecled by any seod shach, inoreality,
shouid el ke the case.

Cn the cther and, the pisals in the boundanes of hamogoneons
pepiong do not pudsess the cxact match with a singles land cover Lype
and s such praels somoctimes cofleet woong land cover Lypes in the
correspomling satellife imagery. For example, 1he boundary pizels af
vartony weter bedizs, in gepcral, melect concnede slruclures, which
are not alwiys foond to be troe. Because of such inconsstencca and
the low pixel-resclntion of IRS imagery, a lew heuristic constaings
have been used moour proposed methads, These henristic mies along
with the descipiion of the detection procedures are mentionsd 1o the
subsoquent scctions.

L. Derermining Waier Hadies

From che clussificd image (with fingle and fiese choteey of the
wultivalued recogiition systean [12]), all possible homndary {edaed
pingls of watcr bodica arc initially meched, Wik die boundary
watsr plels. various disinot water bodizs are thon identifed wsing
a contor tracing medbod. To Qod dns, the aloressid image s
scammed sy from ledt to sight starling wilh the firse row
b sewrch fur o houndamy waner pincl, Staning with iat pisef, all
the cennectad bowndary wealer pinels are traversed ning octal codes,
The pejghboring pisels wilh cespect dr the correnc pixel are searched
for other boundary water pixels tnot already aversad). I oniy one
teaversable pivel 15 found, chen thar pixel is taken for next traversaf.
In case, muitiple traversalle pixels are Tound, the mext movemenr iz
takcn by choosing thal dicectien which most closely matchas that of
the previoms description of the path. The remaining maversalle pixels
gree kopt meserved, This enables oos (o use these pixels for councing
the desoriplion of othar contonrs comnecied Lo thso.
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‘The waversal procedure is continued wpti] there is ne nonmraversed
boundary pixel found in the cight neighbors of the current pixel.
After thal, 2 pixel is taken from the reserved] set provided i iz nnt
alvzady traversed. and the traversal procecdure s similarly continned,
It §s terminated for a water body when there is o more nontreversed
resarve pixel, In this wav, the boundaries of all the distinct water
hodies ave identified. Drfferent possible cases, as explained below,
may arse put of different types of water boundaries.

¢ It iz mentioned earlier that the pixels coreesponding o the
sinefbeds belong 1o the class "conerete slructure™. The tarrow
comcegle srnclure regions adjucent f the woler pixels ae
cateporized a5 sandbeds, The width of the ymmdbeds alung the
water bodies i, in genceal, oot sipnificent. The width of such
sandbeds ure eutrigied to thiee pixels tor prectical easons,

¢ Thers may be a namow concrete structome region hetwsen owo
distinet water bodies, In such eases, teo possibilities may arise
with such 4 concrete repion. The ragion may represent 4 bridee
and in that case, there should be a med passing throogh the
bridge. The other pessibility 12 that the vegion may repressnl o
savectbed and in that case, the resion will oot be connected with
any mrgd, So, for the ime being, such concrote siruciuee regions
are marked as the candidaie regions for bridees, Final decision
om (hese regions is taken o Section L atter detecting the rodds,

* Jometimes the houndaries may make cither an open path or 4
clused path or o multple closed path, In the case of o closed
path, it may snclise a waer bdy or oo land portion aneor
a canerele structure remion. The enclosed land portions are
identificd as fsfands and the enclosed conerete structore Tepions
are categanzed as somtheds,

v B oanoopen space togion with 4 moderate size (=25 pixels) is
tound adjaceat to a water body andlor sandbeds. it is identified
ws u hegokh.

Tise aferemnentioned observolions ure wilized i our experiment Tor

detacting the islondy, sandbedy, begches, and the candidate regions
Jor bridges,

IM. Roaps. BRIDGES AND AIRPORTS

The mettwx] of identlying the moodlike stmclues (e s,
Bricfres, and Lhe airport rerwaey Brott conctela siructure pixels Qs
initially described here.

T [ind the readlike strwcteres, (he conclele siracwre mxels sxeapd
the sardbedy are cansidered as the patlerns, The width of the
rords as well ag the afrpert Fuewoys has an upper bognd which
is considered here ty be 108,75 m (thnee pixels) for practical rew-
sons. S0, all e pixels Iyving on cmoeele struciure sepomenls with
width oot mwe (han thres pisels are midally considered os the
cinshidaes for the roadlike structures. As the size of a pisel i= quite
Tig {3625 i, all the portioas of such aclual teadlike structoces oay
ol be reflecied as concrete structures aod a5 a result, the candidate
pixets may constilule seme broken seements. The wial procedure 1o
find the roadlike stroctuees consists of three pars—Ii) selecring the
candidate pixels, i) thinming the candidae patizms and iy raversing
the thinneed patterns o make some obvigus connections berascsn
varipns ropdlike segments, Fig, 10ah reproscars an input eonercre
structure patterns of dimension 80 = S0 and the results ot earioos
atages of te ahove menguianed operglaons pre shown in Tig. 10RY-(i},

1) Selection af e Condidate Pivefs: - Te [d the candidaie
nixel st for the ropdlike suuctares, the image is initally
scanned bovizendally feom lefl to right siaming widh the
first mow and the ererete stroclore runs of masimue thee
pizels wre marked [Fig. (b)) ws the condidate pively. Sun-
laely, versical scan and diagonal scans (in boll ditections)

Llonuaete Structios
[sine, & It ch.)
Roadiike Lastern

Conerete Seuctuce
[coruls. & 2nid ch.]

O laesy

Fig. 1. Tlhestrating the method Tor finding soadlike patecns stuting with the
concrele slructure patlens.

ure matde toodentify all the clongated patterns and somg
junctiom poits of the rowdlike sooctures [Tig. 1], The
complete cindidate pixel seu for romllike siructnes i shown
in Fig. lid) comesponding 1o the concrele stuclure palems
i Fra, Lisy

iy Thimsine: The parallel thinoing algodithm proposed by Zhang
and Suen [14] s applied bere for thinoing e patlerns. Uiing
the slyvrithm, the condidare madlibe poterns are thinned.
The resultant thinned padems provide some roken sepmenls
[Fig. 1{e1]. Mute that the thinning algorithm may remove sime
mizels belimging b e acioal skeleton of s, The traversal
alparithtr: considers the pixels reeteved durng the thioming
DIOCESS 45 @ separate groft o overcome this problem to some
CHIENT-

iii) Yrguersial grd foining: The roadlike stroctures consist of the
rogufs and the girporr reaweys. In India, the reads (or some
of its portionsy are some times very namow. m some places,
the roads are sumoundsd by e trees, Becanse of such
unavoidalle clecumsiances, some pixels on the reul reads
miry not be reflecred as concrere stmcnmes and will make the
rogdlike gepments diseontinomus. The informatinn aboe many
of soch ambignons/distorted sepments can be gotined from
the secomd and combined chotees provided by the moudlivaloel
chassifier [12]. When there ix a big building adjacent 1o o roed,
the: cormeapinding roed portion in the image will look wider
with the copcrete structure pixels. Theretore, the pixcls on
that rocd portion may not come under the candidste piel set;
thereby resulting in & discontinoation in the moadlike strctres
[Fig. 1{d)]. Apain, some of the candidate pixels belonging
wetually to the madsiarport remwayys may be removed during
thinming process [Fig, Lied]
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To overceme thess prishlems, a new raversad (road finding) al-
gorithm (different from that esed in Sectiom 1} theoagh the thinoed
candidare patlerns s adopted hee, Eraring traversal, it aiwavs looks
forwrartd Tor the ohwiimes poining betwesn vanons rosdbike sepments.
(e of the inherent propecties of the twaversal procedurs I3 that the
tracing of rosdlike stiuctwes proceeds moce o less in the zame
dicection. 5o w0 kzep tweck of the dicsciion. the usual 8 direclionsl
cods is nsed during the waversal, After analyzing the poteartialitics
of the pixels o be in the oadlike sepments, conceptually, Jve
ciffprent potenéial proups are assercd whivh are coded s A; (The
pixels prezent alter thioning), B (pixels removed doring thinning),
C: (pinels already maversed), T (concrete siructure pisely deeided
cither by the singfe or s or aecond or combined chofces of e
maltivalued recognition svatem [121), K (pizcls not holonging to the
afarepnentioned categories), Obvionsly the pizels n grogp A have
the highast potentiality than the pixels io other groups to be in the
nadlike seraments.

" First ol all, the lungest thinoed serment is chosen and the traversal
bepgm: with the middle st pizel of thal segmest. To find the nest
pizcl o be fraversed, the pixels in the cight neighaonng povitions of
the sistihg pizel are analvzed, Uwe of the neighboding pizels with
potential categore A 15 ken Tor the reversal and the diveetignal
cacde of the pixel with regpect oo the staming pixel s nored. Cther
neighhoring pixels having the poteatial code A are marked zs ceserved
for the fuece troversal and she divectonad codes of the piaels with
reapect W he stacling pinel are alqe noted,

Mo, at any peinl of dme. there may be many possible chojees

for the el fraversal dependage on the oientigd eategoties of che
neiphbwring pixels and the cummens maversal ditestion. Twelve such
sirngtions are condsidered o oor cxperimant and are showm e Fig 2.
These siuaticns are arranged man order o that if one fails, e the
next iz considersd for choosing the nect avessal pissl. (One may
always thinde 4 A0 mors situdions ot we Tewmict ourselves with
these Lwelve cagesd The enmrent eraversal dircetions are shown hers
by thivk lipes, the next traversal Jdirections ase shown e thio Tines,
and the recanediate movemants ave shiown by dolled Jines, Thee solid
civcles mside a box, doetied box and solid lineg Box resresent the piaels
in corrent, intepmediatz and fnal caversal posiions respectively.
Mote that the siteacions in (31 and {5)-(12% of Fip. 7 are considerad
for the possible exrcnsion {ie., locking forward wo join the present
segment with other segments} of the exsing roadbike sepmnenty, and
s silualiony are considerzd onfy when the number of pixels in
the current reaversing sezment becomes greater (han or equal e
five.
When nene of e aforsmentoned twelve cases is sabislied, the cument
traversing pixel is considersd g5 cne of the end pointe Gor the prosent
sepment, The exd posings ore wdlized loter in this séetion o verity the
linearity criteriom [or the afpont ooy,

Mavw 2 stontraversed ancd reserved pizel 3 laken and the maversing
of e sepment js comlinued axsurnioer 10 dineclzongl e as the cwr-
renl waveTimg divectian, When all the reserved pisgls ane aghaustad
(L., wavarsed), the lraversing s stoppel for the prosent ssgment, This
same procedure 15 repeaied for ather iselated scgments in the scene.

(v D of Shduple Choices: Ay omr meognition system [12)

provides mulriple cholces, the indormstion about all the clusses
present in s paricnlar pizel can be cbtainsd. For completinge
the: eask of identifving roadlike stocmres, the nse of molupls
chaices s directly realized, Ouk of the twelve movements
comaidered tHig, 2| for traversing the oadlike patecns, the
mavements i (3, (51-012) ae aoverned by the second and
conmiiingd chodees. Mote that after using fecowed a0d comrbined
chalees o iaversing the searnents in 9. 103), we have mors
complets mtoomation o5 o Tig. 140

-
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Fig. 2. Verious movernsads considersd Sor conpectingimvessing rovdlike
sl Luraes, !

() Rernoval of Woire Nepruenrs: The sezments with insipiilicant
lenglhs (<20 pisels) among the deteoted readliks patterns are
discarded. The removal of the strey points az eon in Fig 10g)
ik the resultent roadlike pamsems’|Fig, 1680 further promi
nent, The residual scaments fepeesent the skeleras version of
the roadliks patterns. To comyprlae the radlike paiorms, we
0w pul back wll the cencrete stroctune pigels Iving in che
gighl neighbaring posilions comrespaading 1o the pivels on the
previously ablamel narrow roedhiks pamerns. Chis: cesultant
image [Fig. 10 representy the roadlike stroctores, Thesc
readlike stroctores basicully contuin romds and the olipoer
Farways. Dol that the bridger are ineluded in the rogds.

A Findimg Aivports. Roods, and Bridoas

An afrport shoull possesy g mmway a8 ey iz a disccete
nacrew lnear comeregs sinucture repion with g modecate length. The
mimiraim length of @ tomwray ix sat to 30 pinels lor practical season,
Apain, it is observad that the end podnts of the runways are open in the
sense that the ends of the airport romaays should not be connacied
with any other concrete structure regons. noa digitl image, ohe
concept of linearity i3 wsed loosely to tackle the logs of informgtion
selcly heeange of digitization. Mareover, ag the pixel size of saellie
images is big, an approximale linearity ciiterien is propssed below.
It has bern used oo cheek fhe lneadse for eirpears reawary srel wlso @
for esaporia

Linearity Criteveon: The hneanty oritwmon te jdentity the exis-

telce of 4 linear roadlike putiern between umy two poinats (pizels). sir
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Fla it ond G, w15 Jefined here, A window of parallelogram
shape s assumed here and all the roadlike pattern pixels in the
window are taken to fnd an approximele Beesrity, Lel e denots
the inchination of the loe etween P oand & e,

o= lan (y1 _ﬂ?\l i1}
Ly — Ty ) .

Delins

it = %llﬂ'.(-!%l) )

where Lol denotes integer operator and Trom all the angles mulliple
ol o /4, i lakes the anpgle which is nearest w we.
Find

fity = i + ; and g = 1 — 137

[E=T IS |

an that amang all the angles multiple of =71, w: and o take the
nearest angles corresponding o the tclinations of the two lines drawn
perpendicular to the line Detween [° and ).

Lel oy and o be (he divections] eodes corcesponding 1o the
mdlinationy oy amd vy respeetively. New from the gight nejghbering
pinels of P the two piaels in the directions d  and da ane chasen as
o oumwd po mespectivaly. Similurly from the @ght neghiboring picels
al £1, the twep pixels in the dircetions &) and o are chosen as gy and
gz respactively, A pamallelopram is formed with m, e, g1 and e
as the four corner poings, and ali the roadlike pattern pikels Iyving on
or within this window avz marked. In caze a teavarsal can be made
from P to 0f theotuh the connected marked patlen pinels. the pattern
segrtent in between £ oand € i comsiderad as linear.

Adrpoeis: Mote thal the rowdlike pallemns awe the cdlscion ol
fow digjoint concrete sieuclure segments, Becall that al fhe dme of
traversing each of these seameants, some piaecls were macked as the
end peinty e, Ihe segmonts could nor be extended bevond those
points.

Each set of end peings, comesponding wo different isolaed curve
seements, is considered separarely o check the lincarity for existence
af the airpor twwavs, Bor the end peind paics Tying at least 30
pixeks apabl and satislving the soid Linsarity criterion, e mterimediate
roadiike seament s classilied as the wirpord neewoys. After the
riveveys aee detected. the othet concrete structure regions 1o ils
vicinity may e oazsumcd te represeat the erstinal Doildings, car
parking areas et for the aiipods,

foads: Atwer the detection of gimperr runways, the remaining
roadlike patterns are assumed o0 represent the roads (rowhmoep) of
a scene. Nole that Sridges we included i e rowdy.

Bridges; Ty may he recalled here thar some narmow concrere
stmuernrs regions lying berween two differene warer bodics were
mvacked carlier as the condidiee regions for bridges, For bridges. these
regions shonld belong 1o the poods, The candidare veeions belonging
o the rocds are confirmed as the bridges. The remaining candidate
cesrins (il beloneimge o the mady) are cageeorized as e sendbeds.

V. SeArORTs. CITY ARRA AXD TOWRSITRTHDISTRIAL AREAS

The roadlike structues were oblaned i {he previons section. In
order to identify the seggors and city greq, the concrate stcrore
pixcls connected wilh the ssads are prt rack and the resultant inage is
refermed W here vy erended roadeum. The roweeshipdndustrial arsay
are etecied Frinn the original comerels sbucture pallerms.

A Neamerts

As mentioned in Scction 1L, thege exise (wo types of scaports. 'The
methodolpgy (o delectng them is yven hene.

'ART A SVRTEKS AMD HUMANE, V0L, M6, N0, 2 MARCE [b9f Py o)

|':IEI. 3 IRS ]_’:mrlh:::r' himcl—3 |:jr|l'r:|m||_:- :i|r|:||].n:.

Seoperts with Livger Edge: Tu find them, all the concrgle struc
mir; piscls adjacent te the water bhoches inothe extended romdimap
are initially marked. For this purpnes, the eagended racdmap image
is firsl seanned hofizontally and then verically, With the connected
miarked pixels, sonme dispoint sepments are visnalizad, The segments
with insignificant length €20 pixels’ arc assumed to be incapable
ol representing e seapoils in this carcaory, and therefore cthe
pirels on such segments are dizcarded from the markssd pixel scL
All the distiner segments with the remaining marked piscls arc
considersd one siler another oo Tod the loear pogtions, i€ there is any,
of sipnificant length (2240 pixels) The lueanny eriteriom [Seciion
T s usetd in o soccessive manmer on various seaments with the
mapked pixely Thes, some cencree swoctoee pixels belonging to
the extended madmar we wemtiled and these provide the lincas
pdues ol the seopers. Too oblain the other possibles poctions of
the seqmors:, the chiained edges are exteuded with the connected
vonorels sirocture pixels 1o some exlent (masinmm 3 pisels) inoall
the directivms.

Seaporiy Pritreded an the Wner Bodies: The adge of & seaport
in this carcgory on the water bodies makes a wig 7ag  partsm.
I fimd such sedperts, he ceglons with copereme snactun: pixels
having maximum 10 pixgl width ace inidally foupd, Bor this, the
extended roadmap image s scamed horizomally from left to night
slarfing witn the first ruw. The concrete stmetre pixel rops (wilh
mgximurn 10 piaely) Tolbowed and procesded by the water bodics
are obtwincd and the st wnd the last pixels of such runs are
mwarked. The ecended rvadeep intage i also scanmed vartically
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Fig. 4. Sandbeds. islands, end beachez.

and in hoth the diagonal divection for the same purposs. So. soms
ponerele structune pixels are marked which represent e boundasy
of wame conerete stmcture wgions promded on the water bedies.
The opposite sides of the protmded regions (sdjacent to the waler
honlizs’ wre, mogeneral. perallel woseme sxlent cor o reapart. 5o w
check this praperty of the protruded seapoed:, some more of less
lineur septnents are visualaed with e comnected and marcked pisels.
The segments wilh xignilicant siges (<5 pixels) are discarde.
The clinations ol sack of the sepmeants with e maked conceate
structure pisels are compuied. Two s2aments Iving on the opposite
steles o the proroded regriony are foumd, and i e dilference of their
Loelivations 15 within = /1, the region is £aid o represent a protrded
SR

Citw Area and Towrshipddndusirial Areas! The  largast  compact
concrets stmcre region with a significant size (25 = 25 present
in the zeene i: sclerred to a: the oiy areg. Other Jense concrete
stractore r2gions with the minibomm size ¥ = 9 are assumcd to
reprezent either rowashipe or dedesoriad areat. The morphological
dilagion and crosion operagons [13] are found 0 be vary effoedve
Lo find Lhese targel areas. In the presenl esperiment, the dilutton
aod eroalon operations have Bean combined i a dumbsr of wavs
o deteal e ofis erew and the owssuodindysivial arcas. The samsa
slruclumng element 15 considered throwghoot this peper which ol
stee B ox0 A, all with the concrete situcture misels and orgin at the
comrre Le., mothe posion 03, 5.
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Fig. 5 Woawds, aivpoes, and heidges.

Thi: ety area 1% obtained from the gxtanded madmap tmage. The
Jdilation operation is initially applied thrice on the exmnded rogdiro
irranges, Then (hree morpliologica] sroston operations are applisd with
the same sleacturing elemant, Then the ercsion oparation has been
applisd five times, After thar, five dilaticn operations bring bask the
residual regions fo thetr provious bonndanes,

Adtar the sforesaid processing, the lupest coropacr tegion availabls
in the image is comsidercd to mepresost the oite oraa. The ather remsin-
g compact regions miay be viewod as varions towmsipdaousiriad
aregs. The mles for obeaining the rownshipdindiariol Grear can be
sirrilarly Tormuolated.

Voo IMpLEMENTATION, BESULLS, s DISCLSSIES

The dats need for the present work is asquired from the Indian
Eomeote Sensing Satellite (RS) Wo have used green and infegred
band images and the sparial resoludon of g pizel is appriecdimately
JEEFm o B m (15 We have implementzl the propuoscd
methodologios on variouws TRS imege frames comespondings wovaroos
sotnss in India For bresily, we e preseiting here the results
corcespanding Lo the image frabe representing the city Bombay
[Fig. 3). The sapdbeds, lerds and becckes obtained are shown in
T 4 The airpors, roady and Sredges as udentified Trien Bombay
imuge wre shown in Fig 5. The afrporr areas and the Bridges ane
distinetly marked {enclosed with dark and white boundaries) 0 the
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