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1'hts dleleriat1Q1 stlt1e4 ISegmentatl<ft 1Jl 

Plcture Processing• enboctt.es the 'WOtk ca#te<l out 

. at the Sehoo1 or ccmputer tmd S,atas Sc1ccfltt1 
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fbls Wr'k ia original an4 has not b9• 

8Ubml tted lD ~t or tt\U tor -., oth•l" 4$pee u 
diploma ot a:nr other tlllv.-sttr. 
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LikeWise, .I woat4 &leo like to aolalowlease 1Af 

oo.JeClW tbaDke 'to m7 t :d.eade •• natt Mllbera to~ 

their kia4 belp -.a co-ope~atlOD* 

1 shall .be tatUas 1n •r 41ttJ 1:t I 4-.•~ pq 

117 amceze tbar&ka to tb.• "~oha1oal. aa4 U'MZ'I' ••aft 

to~ tbet~: paine tak:iq ti.el.p.. 117 tiaulce an at.ao •• 
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&ecopltlca ot VlPal •04t'tee •A- paMeme '• aeraeaJJ.r 
aocep,ecl aa the beet •-•1• fOI' ~r ot S;.,.telllsea•e• 

BarUu 'flfOSa 011 pat'teJil. ncoSDltlon ••re aimed. at claa81.f',... 

uaoa patteaa. Lata 1t liM ..Uae4 tba1 aen 
ola•elrt.oauoa ooal4 aot pJ:Oduee . eattdaotoo-~ au •• 
••er:al aa .. e., lo» iaat•o•, When pattem ncosattlft 

actt.•J.•r i.e eae..,._4 ta ee'VeraJ. etasu eo thd the ntp\\t of 

oae AM• la Sa"" to the next, a 4•ea:dpt.tve eeb•• 'beoOJDea 

more poveml. lt mar wo be p~~euele to lltRe a 
I 

4eecd.pt1ve output tnetea4 ot m•n •ns•. •:ao• aod '»Olf'f 
DOW'. Bet0%'8 a pattea ca. be zeeosata.s. it te &L•ar• 
n•oe~al!f to prepl."'ceee the ptcwn.. Pt~• prooftee&aa 

iDcWee dlstt1satt.on 1. •• • -oonverale ot OD eaal.Osoe piot1la 

to cU.PUnct cme, coapft'esioD ot 4ata. eDba12•eaea" to 

tapnve 4ecracte4 aact no1q »'-cttu!e e4 •SM.Dta-.loo toz 

1eolatias Ob.1~e. 8ePIQltattrm of uoa aa4 eurfte te • 

•-•Ual part o:t picture eatrol•• 

tb1a «t.ae•nauoa at;temp'• to aJ.•• a _..,_4 ot 

...-tatlCD ot -~sect ob3eota. thia method hu bMa 

trle4 in aa.n7 OOD3UPU4 o'b.feote wld.Ob. Aaol.u4ee 1J10Jile4ioal 

.iJneeea ( aueole tlba:• ae _. 1A tl*ttrfnee aectt.oa ) aa4 

tiOa OYe~lapJiliS blob•• Thit· ptoture l• take aa PRPJ»Oe•oe~ 

~ rue .., .. ,..d approach ·~ segaeutat101\ la b$Hd oa· ., ..... 



UD!pula-ti•• 

ibe poil$ta et coa.oa'tiU.ee at •• bom~ ot tbe 

ptotQft an 4.-.-a.a tt~:•• ID.pU.., '• •• 

....,... a4 lnel~Dlfieant poirlte of coaca'\fit7 an 

na...S. trite the Ureotiorl o~ path ot eesao,attoa 

tl'oa ~· eip#.fiost ooaoavt "' pointe 1a 4e-te~ed 

ud patu azo ·auowe4 to &I'OW w•an• the utea1o~ ot 
thft pattea uatS.l. 'he,. ....,,. eaoll othe~. BepeataUoa 

I.e thue -'h1'"dt 

A c•era1 41aou•loa em ptotan pJ:Ooeeeia6 ie 

siv~ a file Claa»te~ I.l:. Ia Obapte JIX. • zev&w 

is alv• oa eesu•'au.oa ot cloeeo. •"e• en4 an• 
. fh• aeth04 ot ._..tat:10D ot ••tuon4 ••4"t• ie 

4eeor1be4 $A Obapt•J: xv-. 'fh1e Obap,.r eleo bolu4ee 

'the oODOl.uale whe.'t& the Umi,ati.cme cm4 poee1b111tiee 

o~ «Pesl'on of tb.e me,h04 ~ d1ecuese4. 

XrnplementaUcm of 'he aleor1 tbra le gtven ill atReDdiz.· 

Jietenncee cd fH'Ilected b1b~ioswapbJ are 11ete4 iD the 

laet eec,loa ill alpbabe,loaJ. o~4ea:. 
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Vinal U1as•e an poba81r the aon ta,-.~at. 
••• 1>7 tllioh Ma es»•~1eDoe • ._ .,..,....,,.. SU~A 

b•ma cu pnoees a Umlte4 eout ot ••• und•~ •1~ 
.,,__...... Aa :ate (11) pllte it •..-tea "f'1suaJ. t.a• 
pJ:Ooee$1,nf$ s.a ardeole an-4 ••• •:, ••• , •• iJ1.....,. Ol:.,.dallOUt 

a ·~•1'*'• P•~orma" 1a oa:4e:»a ot mas;attutle t••• aa4 

taOJ:• aocu.n'• th.a tl\e "*" aaoblnN t'bat llaw be• 4eei&a-' 
to ••·• lttlt •he 4ata obtata•4 ft*l • Saas• le scenllr 

•eeoc:&at.a vs. th • oaet,4enb1e aJQO'Qat of ••'••• ta JMtlp 

ae ~\S.a(J Uufu.l tato.-attoftt llOill li.&Ohla...S.d.•d t & 

p1:1or:limale U.~-t!lfm.t' ia -~dt .a.eh t:eoha.lq\lee of 

tmb.sDcaeat ue .Uuea lteton ;pneeata\toll ot U.See • 

~ bei.D&e• ao,ha aott.•U• •~•4 alltoaatle plotu• 

P»>O•eatac te iio ..Ueft mae of ~te~at.tt.t:ve ••ot••• 
jo'be 11k• natba pd.a,e4 wn •~ obeo~ tavtDtoJ:J ~N 

4eteotaa m.-1\dUanc, 4eteou. 1!0· a•et4 nell sa •••taa 
le 4$q88\lat ~.' 0~ .-ote eavu ... , ua. Wl4enatez: 
4d1l.f.DS ace O:.'t 10 flteel ~"• llbezo a 011 Ua.e 4eos.atoa • 

u soMti.-a aeteeaU'I to be ..-•• aaoldae .tzooesU.s become• 
,.\ 

• ..._tlal. Vl--.1 ~ot:matloa is "" tta,O~t, ta v.~lO\ll 

tlt'J14e 11k• space aplontioa, ••t.al .... .,.. btom.ctloal. 

11aasee., t'IABft' l*'in~•• ·806laeedq •--•••• .to. uo 'he 
't:ansmiasiOil tm4 liJtorase ot tbeH !Jltorme.tS.cm• '• •·fl'l.all.F 

ilaponot. A.e the •nnt of. eta ta t.\d.te large,. ze~4eMJ" 

. aut be J:II.\OYU.. for tcatusml tta.aa •oonomloaU,.. oo4tq w!Lth 

nfteed. blte ••••• aon •ftecrt1ft.,. 



Oae ot the pt:Olileae eaoouatea4 Ja piottu• pnoeedas 

te the probl.ea of noOQ.Dltioa. Pa•t•• NtOSJtl,loa oan be 

.au, 11t a ••7:7 a••~ ·•••• w elald.ate ·~mmo ••~s 
an4 4eoJ.e10a QakSa,&.- !hell~ brain le a o<Dplu patt•• 

~eeOBQ,itioa qoem '*'c'b oan elase1fr 11ab0wa pat\eme 

t.ato Jato• SMaP• A~ &eeitSDI.'tion io.-.lwe iateU.t,aeo•• 

pattea re-ceaat•t• oaa b• 'M.kett u an 1nte1Uge'l aotl•l1f• 

· Kabal an4 Cl:ulrl4ranlthU'Cl t») _,.. • •• • • • atace 'tb.e aeaMb 

tor: · npl.ari tiee la 'he pMaClpal OOD.Cttft Of a11 M1«mt11'io 

eq\l1Zf aacl- ·a'egogtsit10n ~t pat'teme te int~ias1o to aU 

b't.eUtga• act1v1'V• tt vouJ.t appeu that the tl•lA ot 

patte!,'ll recosalt1oa cocapaesoa all. solent1t1o enqu1J.7 •• 

intelliga:t beha'd.our,.• 

Ia ptotoze proo•eeb.a.. a pr:oblc\ ot the ·ar1114 ... 
,- ~ -. 

•stftn aa u.akllo-. pa<tt••• Wbioh of the awabu ot oa"qol!".ite 

it w:ll.l. belons to. • le q•lte ocamon. D.e approach he'te &a 

(4etih1tel.,.-) 4ec1et.OD~• theonuo or atat1et1eal (4).(9),(66). 

8ach patrtem te uaooJ.au4 w1'b a pOttp of at~~l-ntee ,., 

eaoh attrtnt• wt~h 'ftl:uee~ fhua a· plotun la •J.mlatoae4 

1n11o a polat 1a -· -~etoaal atta'bllt......, __ eae•· 
~M.e a-apace '• 4:J..v14tkt: tau •'tllaU7 41•~otat ~n•• ..-

. naiOt& eorneptntUAa 'o a pa2:'\itoulu olaae. &twa 'ti.be 

uJmo• p.att•-.. .tte attribute ftlu.e a~:• OOiiJllite4 a1l4 

aeS»s 'h1e 'V'al.u.e, the olesa 'to vbt.Oh lt b-elong• oaa l>e 

4ete•ine4~· 1ft thle .app2:0aoh eaob. pattea ta ooa8i4ezoe4 
I. ' 

aa a inctepea4••t eUiJ~" the .-cuctual. relatlcmeblp 
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bewo- 41t•.--.t pattem• •• tot.Ur 1&00•4• Ja oan 

of Yeq o-.1•• p~tene •b.• ••belr ot attn.bu'•• J>eooaee 

'Ve'1!3' laJP~ Roreover,: the etnotual nlatlODflbil aMilB 

tittereat parte becomes u •••:tal aepeot. !A pJ:Oblaa ot 
. I)Oeae-srtal7a11Jt ~efore:, the pa.tt•me are brOke· up irlto 

$lrap1.- I!Mb pa1ttez:ae •bleb .ue· tn:·oke u.p Sato ettll. airlplea: 

8\llJ patt•••• !'he eSapl.eet Mlbpatt•ma ue· oall.u pe.ttUG, 

'p:d.ml t wee• Vbich n re :fa.: eaeie~ ·to rz•oaat..ae tba the 

ol'!iSinal. pattem. A eet ot ft188 BOft'~ tile oompoe1tl0a 

ot pzt.att1Yee tato patteae an ep•cttL..S br the •eamlllel'• 
•t the pattem 4eeedpt1Qtl ~·· Catoe tb.e pdJiltl\l'e• 

are :reoosn;lee<l,. tbe pettem ~•oosnttitm 1a 4Ciile tJr pualas 

of the • aeeteoe• 4eaorlbi.ll8 tbe atva pa~\•m to aee 

WhetheJ: it ta e,_:tacUoaUF OOrJ:eot wS.tb nap.ot 'M the 

s:ivea ~··~· JU.oek7 (42) a4 l\1 (16)• (15) •. (41.) ue 

&m.Or18 ·man,. 110l:bze 1ft tta1e aa:ea. fte a4.._,_age of ttd.a 

m.fthod Uee 111 the Houret.ve aatua ot srn.t.A•~•• tb• 

techniques ot tom81 1~ tbeor, oaa be 41ao1£lv uae4 

to ~he· p11ob1em ol oompaotl,- 1:8Pftaeatiag a4 rmalJ'abg 

patteme b.v· tialtss. t&"e..,at1\\otun. 

Plotal.'e ncoarlit1oa is oel.y on& aepeot ot th.e 16l!'ge 

probl.em ot pict"" ~-· aad. 4eeo:dptla• 111etea4 et 
setting an outpu<C ot •YBS't •ao• rdut •DOH•~ DOW' • it ia 

,OftC 4e-.z:a~l.e ·to pt $ 4eMd.ption Of the irl:PU'• IJaale 

aaal.J'elo •~' aoeae aDGlJ'Id.ll tlt~lu4ee .ted dal.Jela, aa1Jete 

ot photomieJ!Ognpb. ·o( Itt totto o.u, ha411as or bloau -., 



z:oJJote; •to, Aaotller iape.-tet faotor ia aaal.ye1.a Of 

pictue of Hmaatlee o.: aoe.Qia,. Gutsmaa (20) ena.l7"" 

• OO&plea scee 'bf a.ecol'GpOaiag t.nto pane b¥ ooneideru., 

tlla ••• . 'to be made. up of '\br.ee-o.taeneional p~11eloptpe4. 

Be 4eals wlth iiffGJ:e»t kinde of varttS.ea ec;t alvee 

ve:Sch'"'e· to eA~aceat re(d.ons to &t-aw bfe:reDe.•• ll.e 

app~oh ttae a deam-.t ~le of oon,ext, 

Ia b1.omed1cal fielcl, automat~ image aaal.zsis llae 

6&1Ue popule.n'r beoauae ver:¥ l)tten 1-t does a moN 

ac-curate ~ob ot meaau!'ing and cOtlfltina cell analyata. 

aclear: aedic.tae1 tia.a;nostic ra41ol.og aft aome ot tbe 

tt•l4• Vheze compute:e baa become eesential.. b cotnpute:r·1H4 

1~h,.v, a computer bUlt in'to '*e oomputezo 

1ioa•saPh1 a,pant\te oan aeaaue etee, 1ooa110D. ad 

t:a4S.04ae1 t7 ot the patllolog oa the computeuee4 

tomOSJ:aPbJ' scaunins 4eY1o.e. On oooae1one Uke tbeae 

1fheD. aea-.zalale parameters 4etembe the beho.vt011~ file\ 1 

· Ob.an"•d..-tie of blometU.oal. materials. the autoa2atto 

image prooc!U1a1JlC 1e more eena.1 tlvet quet1 tat1ve anA · 
' 

rap14 me-. o-t relatiDs perfoJ:CD-.ce to •tNC'WJ:t• 

lA aU. caaee ot eoene aoalrais. deec:rlptiOJt 

begille trGm basio primt~1Yes ud thua ~p.en~atton taka• 

~e central. role 1n pattem rec08111t1on. 'fhere have beeo 

attemp-t.s to 4eve1op teob.n1quee to ope:ce.te a speCific 

tOJaa!ll of pio~. Bomb contd.btltora are. Rosenfeld aati 



Johutcm (61) • I.tdleJ', IS.Atala aa4 Hea (56), AHelU 

and. lievial41 (I)• BoolA•• lia ttuoa ea4 RoetD (12}. 

Mallr of theae \echn1Q.Uee aeet. rJOJae pnproo•se1ns on iaput 

p1otaree,. lt aq soaetJ.Me happeD \bat two • aoa 

objects az:e. ju\apOaa4 aacl overlap_p1».4J &tl4 appeu 1t0ge\ba: 

Witbin a slagle boa4~ (S'), ,,,. (12). ta. ~eee. caee• 

· the b01m4ar1ee ot auoh o1t3eota cona,at ot abarp ia~ 

0\lrvaturee or concavity, fh•s• 1nwat'4 4Ul!'Va:tu»ea stanS.tr 
\ . 

the pr•senoe of two o:c mo2:e o'b~eo'"• Ia o~'l' to sepante 

thea., eegmentatlon at tho ccmoavit7 potat te oecesa&l:f• · 

':b1a G1es~nat1oa 1a aa a._terapt to deVflOP ~ 

me'thoc:l of oesm<mtattcm ot ol.oeed curves arimna its· the 

~eoopi:ti.on ot Cft,a.tn pioturee. !his b.ae itmn•dlate 

app11cat1on in tb e · at:ea o:t . 'b1ol.OQ ( 1i.Jm!itMQ:ee ._.,ti.on of 

muscle 'f:tbn) and tn~uat17 ( ~102 blob eepat:a"1oa) •· •• 
' ' 

app~ch 1s· bae,a . .on matrU 'manipulatioa~ There •o wo . . . . I 

. parte of the I!J'$&1H'IA,,. ·· the tirat pet .;finds the' oonoa'11'tie• 

111 tbe picture~: D\lpl1~J' ie ·the ~OVG4.~ Oace the 
. ~ ' ~· -. . . . . 

po~ta ·oi, coQcaritt o.~· eztracted;_.the·a.Ol\~~ .oz tha 

pointe ·11'1 th' 1ees CO.Ilea~t)t are .. -~~~ese4~ ., . ~ 
.. I ~ ' ' • ' I' •;, ' 

a4&ftl:t~cant OOllQA~~ tie• ;$re feuo.~,, ·~·h• $econd pan •o• ~· 
. ~ • • • . • t ' ; • .. • • 

SeJJI!l~ati-~ ~e ~~ot#;on o~. psthe. ~t sepentGt1ae f#OfA 
• • • ' , r t •. \ 0 t \ ~ J \ • ', I , • ' 

'the sisnU~cemt 1101n~,~ ~tJ ooil.ca~tJ'. ~.•. deter:r.a1ru•4•: · · · 

segmsnta.tiOn 'pe.~h$ ~re 1~en·'ftUQ\a:~4 to tt·~ t~m the·· 
~ . ' ' . ~ ' ~ . \ ,. 

concartt7' po'1nts·· alcntg 'th'eoo ~r.·otion•~ fhe patll• sz:O• 
' .... ... ' .,:; . . . ' ~ ~ . ; 

- . 



TI~PUT 

stepwise froa each significant po1ll't ot coneavitJ. ~b.eae 

paths meet ~ach other and segmentation. :.Ls achieved~ 

6' 
I 

A brief outl.ine of the system is sketched below (Fig.l.l) 
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a.t MIA»••• 
" 

A plotue eaa •• oozud4._4 ae a ooaU.uoa.e 

f«moUOa vld:o!l aee4 to be 4161 tuea b•t=• p10oesaiaa 

._., a ·dis4-tal ooaP'ft•.e• »1at.t1.attoa .., be· M44 ,._ 
"f•4- 1 

1»e the euspUDs ot the a•r 1eve1e 1A •• piottu.• at 

7 . 

aa R a • ~· ot JO•ts 1f!lere M o4 JJ ue db1•__,. 

lltlcabere. laOb. eleaeat ot thie afttll' le •Uect pial 

(ploture •J.emeat). ~otal a•'b•~ ot pelate npnaat tlae 

apatbl J.~eetlut:t.oa of 'he ocm'ft»etoa. Slaoe tb.e ftl..ue 

· ot the szv ~Tela at tb.eu posata mq •JtJ la a 

ooatiDoua ~' -. aav le•el net ltt IJ1811tlce4. 

Jr quanUcatioa ve mea that •• • ._ ot 8SJ' leYel 

le Uv14e4 mto It ia'leJrtala eo \hat •• gar 1ew1 a' 

.. ,. pout oan take 01117 oae ot -..- "falu••• · ~bta 

.uos .. to-ctist·tal ooa•••* u «.e bJ opU.oal eoua•• 
ltke dZ'D ecaNJei• tl:Jiaa apo't aoarm•• •to, 

2.t.t IMR&all 

A .,_,,__ •• piotua oan be zepreecte4 bJ a 

f'iatte et~ o.: UftJ' ot ll1Plbe2:1• ~aU.a ·eamplee~ 

J' ahOu14 M aJ.ware pe»aeDJ.e to zteooaetmot tJW piotue 

IJ:oa thop euibere. Small •zoro»a iavo1w4 1D the 

wcoaet:mouoa ebou14. aot .U.aton the scene:. Po~: a 

SOocl npnttuoUoa Of the od.sJul pS.oture M, B aa4 K 

ehou14 be lat:SO wt w1~u tbe Uait ot epatia1 a1l4 



sa7 soak ~•·aol:t.tUoA oapablll,te• of ,.._ re«Miva. 

Orie •7 d eupUag a plot-. ia .to tb.t the va;lug 

of the CftJ' levele at 41taOnte ~of poJAta. th• 

p.tottlre tuaouoa oaa be npJ:eeated b ._.. ot 

eaaple tuac •. 1oa ~ .a illtozr~ol.air1M ttmotlOil• loG 

tua• 1\motiA'»la an tuea ee J'out.•• tnlletnm&ble• 

aoaetel4 ..... l:al£ (64) bav~-- the.~ b¥ l'o'ad.e:e 

••••·•a aao uaiq pJ:Opentee ot huiez ••••., 

8 

it 1a ;embl• to ·ttJut aeoeaaa_., e4 auttiei.•t 

OOII41,1oll fO&' •aot .OOf18tftOtP1UtJ' ot ~h. fllaot~ta 
I 

.IJlo'he war ot _,ua, 1• br ~ the 

pt...-• tuaotloa a tftM of a ••t 01 Ofthoaomat· 

t•o'l1-oa wa.4 teklas the oo-ettloieat• ot •• •qaaetoa 
&fl. pi·-· .. p ...... 

< 

It a pt.~•· 1a 'aa~tte4 ta • ~oalioa 
l1JiJt -..re an onhtmosal H't ot tuan1oaa 1• -.vat.l.ab1• 

: .. . 

at t.otat ttt• traa.Utt11\S eat reoel~ 04e, •• t~a• 

tau..S.881oa ot the oo-.tt1o1enta te at:-1-otat. the• 

oo-.ttt01cte - b. u.ee4 tn nooae'h:UOU.oa 0'1 .. 

plotuare. hJ: aa eno»-t~ ncoaetnotioa, a taf"la.tt• 

_.be.- t>t theae oo-eft1o1eDt.a an ~n4 1Nt to~ 

paotioal p~eee oal.v a tlatte· awatJezo is tftat~Ui:tte4. 

21wt •tbolao ... l. ~uoaa .. an u•all.J' om.~•• eo ~t 



1d4Jl-ordeft4 -.emne OOD.til'1bUte to tile ~tu. 4etai1 

ta ·a plotua 884 nec1eottaa them mar 1•4 to a 1oea 

of reaoluttoa. 

9 

eD~aples Vb.tch ue onb.OtlOJ:Ml eataPU.S• lleiMlt• fOr 

tll• aaapl.iD$ •J:J$• uef.JIB ;tou•J,e»• ~~-~ M4 

ot>Umwa GallPUftc aa ctteeuaeo '>J' .labtbl --' •••• ( 22) ~ 

a. t •. a iJUt&t•Mta d 1&1\NI, 1111&11• 

X. q111aUa&Uoa, the __., o~ Yaluee ot tu 
-pl.w ue· cUo1Ae4 U.o 1ateftl• aa4 · all the Yalu• 

Withta • ta~r-.al an qpneeatetl b7 a alll81e 1ew1~ 

•• •• ,..P,_ ue obtaSaet b •G».c aa auar -ot pota'• 

•• br •'anclua •••U.S• a a.. 4esne or quaatleattoa 
S.e aeoe~ 1a -a14De •r• .PAr' lewr ._see e101r~. 
Otll•~Wt.se talH ooat-. 'Hl•• clue to abnpt •hllaa• 
sa .f9$;/· level. bet•-- Ufteuat leYele. bbute -· 

Ltppel ( 58)• '''), Uawa••• '$bia Pft'l• ttr a4411ac 
iX'H&UlaJt ao.lse p.M.oe w quaatleauoa •. 

la sto•nlt •• qu81lttaattoa lewle a.· ohoea 

..,_lf'•. Jut 1a oaae ot ptcw., •ha• .-pJ.e ft1ue 

ta a oerta&a ftl'lP o ..... treq\leatl.,, ~F•GPaott4 

q;uatteat10J1 levele an ue4 ta that ~••• Coa.~:a.a., 

epaoe4 qardicaUOD. ..,.wla a.- plaee4 ·•~•· 
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.Avertge accara.cr . ~· the qlldtiaa,1011 can. •• tllc~:eauet4 

this wv 141Jhou"t inoreae:i.Dc -tlua- ••iter ot levele. 

this Jlethet4 is ao• ae $ap•red q1.18tl'iizaitoa. theory 

of optia'WD fl'latltisa.Uoa ·which ~ustifiee the z;eaeoa 

to;: -.pel:iDs qvan,i.aa.Uo,a; scale is giveJl b7 Mas (,a). 

lioa.Uftitoza q.ua'li.a'ilOD. when aamplee are ·mad• ~• 

paeu thro.gb o<:Napreseb beton quu:t1r&Ulg tm1tcu . ..at.r 
cmd agN.a pass1ns ·tbr~ eXpQder beton J:eooastJMO'ttoa 

1s lliaouaae4 b7 sm.th (70). 

2 2 • 
Oompreeeioa is "he teohiU.Gtte ot l:edU.cJ.ns •· 

iaput p1otee to a pre seat t. t b7 e.e fe1r bit«~ e.e 

poesibJ..e tor the );Alrpf>se ot t~.amission · o.r: sto~• .. 

la g~eal. the ple'\UJ:e 1e repzoeeent~ul b" UCO#elated 

data 1. •~ 07 element cannot b• p~edic'te tl from the 

nat. U •he YOl:ule ot ~be •ooz:rel.e.t.a 4ata 1e qllite 

1U8•• the thq auet be ~e4 acooriiq to ••sree 
I 

of el$'-':ltio&D.oe ot th.U ooatJtil»ll'ttoa to botb •be 
tli:fCil!llatioa content aad the fJftllljeotive q.Uty or tbe 

pic~. When tb1e ie 40D.e, those .eleeata ot data 

1fh1ch are unimpo .. at can be D:eslfJetect. Such 4elftt1oa 

is a major coatributit.Jft tmrama pictuJ:e comp•ss1oa.· 

A aumbe:t: o~ 1n•enip,ors ha•e studled the «ppUoattoa 

of 11zaeu ethogoaal traaet'o~l~Dat:toa ill ptot\l:£.e 

oo•paeeun., Some ot th• are Abme4, Bate._,• aa4 

aao (2). aab1bl .Qd vttlu (22), hbibi (It), Pa<at 



(52)1 (5,), !eato u4 tmt• '72) aa4 ¥:Lata (75)• 

Koat ot ••• ba•• apJU•4 JtaJ:manea•£o•'"• PRI't.••• 

Bade~.~ eat. Baa~ traaetoue. 

11 

Ooato\tr co41q 1e oa,e fd ~• :noet ett101•t 

method ot ocmpftaaion tot' ptct.res vi~ •all».uaMJ: 
' 

o~ recione ha.S.n& cor&ateat sn.r J.evel. fh:l.e meth04 

oohiete ot a.a41q oal;f the· Woaa:\1oa z:ep1'4i.OB . . . 

bouada~iea between the ooDs1;et sar lcrr•le - -. 

reo•1vcu: \tb.iob s.r. l'e •• ftpJ!04Uoaa tb.e ooatou. 

aotller aetbo4 ot plcwn OODIJr&&elfm 

Mpeat•e a picture irlto 'l'd&bt aa4 'lo••'. the 

'biffhe' pS.otW!'e ,_ b• obtataecl l:tr ·taJc.m& ei tho 

sracU.·•t or Lapl.aoiu ot •• plotuze and tho •lne• 

p1oture S.• ot.ta!Ari ~~ lo••paaa ejat1al fl.ltez:as of 

the pietu.. th• "h1.&ba' .PlOive 4on.tata ot the 

e4sea b the piotue trlille the •l.o\18 • ooaeiata of a 

plo-.ue w1 tb no lbaQ . ._.,. !M bJ.&b-tnqutDOJ 

uto=a.tS.o:a obtalae4 fi!'Om the 'bisbe' ptotue wbc 

coab:tu4 WS.th tbe •1owe• ptot\tre; sJ.vee nolt •••tl.U,· 

tbc:r ortamal picturo. .Appltea\!,oa ot tb1e teehntque 

is t<Alll4 1D Orabaa1 e (tT) wolk. 

ao,er:t.e (58) Ma GllMC~,oteei ,a teo~mS.q• of 

pio'hre comp~eeaton 1D. which sou no~ee ot \UlliOJ.'m / 

ampUtu4• Ue'tz1ba,loa, AtW. ».atr.-~peak ftl.u ~wal 

iO •• quat• ete,p le aclaed to tbe p1o'w:e eaplee 
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-.taton fl\\1Ulttea•t•t au i.4tnt1eal 1101aa is _.taot.H 
at tU "•1.,•Jr• tlle eet\11t looks Ut• a a.qllaDUad 

out.put. 

a •. J 
@ 

-. .... , J.e •• 1». O»Ctee to ooapea••• t~ 
uanaa•1oa of ~b• qul\11 9 ot • plotue -... oOilvenea 

t.na •• to• ,., eao.tb.••• files• ,..._ique ·ue 
ceaenl.ll' use4 - ftppne• Hlttote4 featuee ot • 

plown o• to •p~aa••• _.h featuree at thw •ap•ae 

•• othea to &aoau• tu pt.o••'• uet\Wleee. 'here 
.- ._, aoefUl ~-•· Glob· lfto1tl4e sureaeiJIB 

.-taat o~ ~ tbe snr-aoal.e -.. -~ 
~ ttnontoea aa4 .a..t,tq •• spatial ••o••. 
or tb.e Pio••• toa 1a ~· quJ..lt7 aad eMlbat1oeeat 

t.a 40M ., haac tat) •. Lm (34), Jto c8ar <»>·· 
lnwltt (M),. libeJ:1bD (1)• 

a •. , •. , MM .·IIMI 125\&Statua. 

Ill oon of -~1 ._ ... , ptctu••• -. ~ 

~ftl. O'f .taft poS;ot ot 'h• piotuM te atU•~•t ~-

·tbat of tbe oth.-. One ot •• aoat 1aee~ t.-tqta•a 

to a.Oblcrte uoifoattr te •• sar-a~• aoU~1oatloa 

vlle"ill' tu lbf level ot •• . .POiat le obart(l)-44~: . Ia·. 

_.. ot PiOWl:u ••• ,._, le"1 ot eaoh poll\' ie aot 



41~:terea~ 'bu't la •nt.torJl1 o••» a oerteJa ~-.to-. ot 
tb.e pictur:e, 1 t I.e oal.7 aeoe88Q7 to lllOfta• •ho 

ooaU&et. Oftr •cal• Ualleto .. tloa ta tW.• ...,.. 

te .awU•~ ao •.• to •aaae the .....,. 1ew1 ta • alto• 
-.,. ttu:apn' the »Ao•• •• ... nsto•• et "tbe 

Xt we .... ~wo ptotazea of aa.• aoea• tat.o 

a4er 41ttenat UptU...S coa4t.ttoa• aa« waat ·to oompaa 

'thea, •• c• ._.. ue• ot htetos-.m .Ut£cat1on teobaiqzae• 

Hiriosna •• tefm•ct bJ' aoa•tel4 .-4 Uk (64) 1:• •Bi•• 
a plotue t, l..t P1(z,) 4eute •• nlaUq fnqutllq 

with whltll e-r level z oooua. b t, to11 ~ z t• Wle 

pq· .lev.a .._s• (z1, 't) of' '~• the· pap~ ••' Jf(Z) 

ae a. 1\mott.oa o~ '• ao...U.••t 10 that _fat J 1(z) 41 ., 
ie *&Uc£1 t9 the .._. ot •• le oaU•4 the Jd.a,..aJ:'aJil o,f p. 

ODe 87 ot eorape-.tiQs to~: ·ty 411te~:ea.o• £a ..,.. level. 

at, .J.4ea,~oa1 pota'ts o'f '1'"* two plotll;J:e• i.e to -tnaeto-. 

·•• ...,. ·~ ~t •• plotue ao the.~ 111~ ld.etcw-. 
matohee .... .._ 'tb.at -~ the oike~, Whea- a p10t\\2"e• • 

blatosnm -ta t&'a'A.to_.cl ao that aU pq lewla •o-. 

.-u,. oft•• the nsul~ ._encle to blshu ••"-"•· 

Beemta the- potote to 4eaaeJ.r .POpUl.a'le4 ••'•• of sar 
~ •• t'o.oect to OOOUpf' • lat:'ger --~· ot trn:r lewle 
._... the poirata 111 epun nat•a ~. eoale •• teo•4 

to OeftP7 t••• Umtl.e• the ovezaU etteot le ff't eoot2aa-t 
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eiwloect. B:letopu .outl.oatla teobatW~•• aft 

41eauee4 ta 4etall. b7 Bal1 (U), !ai:Allok Clt)t a4 

,_,. (.,). 
1l'l oaae ol. pktu•• with opU-.1 •• •tellar.Jjoal 

U•torUou. s.-.tao ••nottoa ie aoet helpful~ 
Rieoe'ld.e• uaar app~tloa u e.- hifJhe-.o..Se• 
apJJ!Oatmatioae oaa • u•4 u tM --.oe U•tonsoa 
ea4 11co. OOJ:notioa. ta ...u. .._. WOdt la ....... , 

IDclwttrw s.-et2:1o ........ ,_.,,,. t• 4cm. a 

"'' ~oa LPoato.,. (46)1 

a.,.a. liliiiRatar 

Blasbc :I.e a a•eft8tnc, oc- iat.,ratlta, 

opeattoa 11htcb •-*•• high spatial ffttqaa.Olea mQe 

tha 1ov .,.... aceo-e aba.J."Peatas o• debl.~ le 4oae 

••tal~.Q' 8PPI¥iaa urr•-•••• Op.-t.•• pdtt.culdl7t 

L&Jl.aotaa otel'atoe •• ctoa• llr l'.,.w1"t (54) • aa4 lt.Ssh• ' 
• ephaele apat1a1 fbqueao, ttl•e~Qis ae 4CW1e bg ~o 

et. &lt (6)•· Ia ~- to • ..,.,. t.lura4 tee.~•• •• 
u eos•• al\4 ~··that _.ia ~7 ·~~eot10Dt .taoboplo. 

o,.ntozr 60tl24 •• appU•4• LaplAOS.u otftra'tO#t Jteas --u- llmt:liat 18 •• .,. uaetul a abupst.q p.lotuee. 

A ••tr:acUve ooaatutt.e ot a ptoW.• aaa ''• X.plaoSA1\ 

CS••• f'Wltf'ol roiJQlte. Ia o»4e• to .tteduee •otee 
etafllttutr, taeteact ot X.placs... • l.t.aeaa: e•taa'ttoa 

ot tht etoOIUl partial 4•am1vt m two ,pe.,a4io\llaJI 
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41recttoae a:- u•e<t. tid.• belpe to •ootb Wie pto-. 

I.D tbe U••n10ll alo1ltf • eds•• lh8M .-... ahw14 

lJe v.ee4 111: atutece of 1taoWle48" abou:t b11Ul• 

~o oomp••'- -:.tozr tbe 4fea4U.s ett•-'• ot 

l.i.P~t m9'\t.oa of the imaC• on tM t:i.lat ed the epatt.~ 

t'ftCl~·aepoaee Uml~&tie:B ot •he Z!8c02!ditls mecUIUl, 

hl&h-tJPa'ial tlHMIU•or ooatent of a p·lo'tNl:e mua• b• 

pqhefl ••• Bl.f:Ch•emphaae ~~to'-8 teobrlitJ.Uea llu a 
tru.et• toaetloa w.t.th. taaeaet.as apatS.al. t~:etueo)', . 

Qpto the pOUt wh._ aotee 1Gll4 bqia W· 4otdnat!itJ i' 
'thea 4J:Op• oft • more •• leee abapU, to auo. 0004 

'· .. . 

n.Ut lU1a he• tcl\ln4 'J' oeiltc •taaelc fullC"i!~ 

compeaeau-oa• bJ' A#&\leUo (6) • .. ,., ....... 
Dlftereattatioa aa4 ~-p"ale tlltedll.s 

oaa _. •• aee4 to ~· ptot.u~:ea Wit!l aolae eltlc• 
no1H seezal.lr itrvo.lvcus Uga t:ate u obarl• ol tri!&J" 

lft'ftlwll1ota: v.eaan, Mooaee --~~ than the tioiaare 

.tan-1 a't bip fnct'leDOleae SIDOdbPS teo'bal.t•• 

ab.wld be ap»llecl to r-.o._ aole\h Can $hw.l4t 

hoft'V'el'1• be take 1fb11e app~ the•• epeau.oa aa 

IIDOOtbS.Jls gives dee 'lt UuntllB• 
I 

, 1a CA .. Of pi.O.I:M whozoe *~ 1fl poeatble to 

41atiftp1ah aolat fltoa 1l0Jlolelo1e•, aotse ·caa be ead17 

tzemovd .,,. chftnc1118 tbe B1!8f l$w1 ot the noise \o 

ave:nse of the lev.tle ot aelahl>ourtq p1otuJ:e potata. · 

Jh ••• -ot -t..._val\1$4 piotaru ae.e it 1e poeelbie to 
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count the a.umber ot oeiab'boure of a colae ,oQ.._, a 

t»laok pttiat oao be oMaaerl to 1fh1 te it 1 t kae too 

~ WhJ:bo aetpboU'a aa4 ._.._.,...,.. !aotMI •t 

~B sr:aq 1•-vel of a auee potct with that ot 

fmt!.'J', aoisllbo\lrlfts pOibt.. ' ' te done ba- ave~iaB·· 
smce the whole pnceee 4•peaU upoa tile· Ob.Oioe ot 

ue1pbcudum41 the bo.S.er »>tata ab.ou14 be ouel\1llf 
I 

It it ie aot toaal•l• to 4t~tasuieh ·the 

ftO'• ta:o= tlle aet of ttt• p1~'\'\lnt til• p•oeu o~ 
Oftn:asJDS 1• ltODe at• ..... Wte llOisltt Wlt• .. 

haft teV'e.-1 aole o.-ptee ot the .,.. picture OJ: a 

.,_.,J:ioal picture '' I.e U1leful to applJ pOSatwtee · 

ave~•· But •• ·oalr a -~ OOPJ' 1a a'ftdl.abl.e.t 

leo&·~ te 4oae br Sl¥1DS eCh polat a n• 

crq t.w1 whJ.oh ~a the ueras• ot the ortamal arar 
l.eV$l.a · tD. eo-. neiSbbO\U'hoocl ot tb• polnt. Ia oaae 

ot tvo-wl.ued ptoture-. aoloe t~t is smaller t1:ta tbe 

pio'lure 4ete.U eaa be remove4 by the Pl'Oeeea ot 

&bftDlt1ag an4 nez,cm4inc (61).. !Me can be <1oae br 

ohMgjng al.l black poiata t_o White 1'f the7 have _.., 
. . 

tfhl te ne1shb0\lrb.o04 81'14 tben cl:la.nctas aU. wlltte potat• 
' 

to blaok tt ther ha'ft .,. olaok ••ishbO\U'booct. thia 

prooeq Aeletu oot onl7 taolat.4 poibte• but aJ.• 

thia ltaea., A ae1eot1ve l.ocal fi:ftragU!g WORe cbette 



1a •* a sltuatiOD-t Wheaen• • •ttse OJ!t a l.S.lle te 

J)haat. 1he . 41rectional · a.Yerap ehou14 be •• aa 

dOJUt bJ' Gmham ( te). lt -. aoise ia elaaal 

apea«••• "fari:able-l!ll.H4 ael_.O'Gl'Met ehnl4 b• · 

. ocme14&2*4 to ot.al:ll a \U'lUoa ndue4 aot• 1ew1 

thX'OPB,bout the piotu,n •• 4180\lesed tt; ·Pa.tsee ( 49) ,. 

Ve,tR '(SO) •. One war ot obtatfd.Dc ~a,ble-81••4 
\ 

aeiCbt»ow:hoOd is to oalwla1Je the tn.ata of -. erar 

17 

1nel.e in • seat.a ot eQilD4ltl4 a.etpb01.1rh004 ot a 

polft~, q4 atop •.zp•Mn6 'lfhf:e •he saa reach• a 

present threaho14. Q1:1aatw:a-Um1te4 pio-.•a Whloh 

ooaat.at ot eluatere ot 4ote ea11 ·be smoothed ., tble 

teetmi<t11e• In orAe,.- to asue that the aeiahbouhoo4 

doete aot ·erose· the ecte• ot t.b.• ptiJ~ • n.e1ghbolu:hoo4 

ou be potm. azcftnt4 a pOlftt by. a<tcep1-.t.ng ae&.Pboudag 

poiata if _theae par l.evel.e 41"er w.r el1Bh17 trom 

that of the poiat. ~l.'l,U aetn04 tle appl.loa'bl.e to 

bOatosaeoua nsions ot ».:Qa-aola7 plotuee.. 
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Sepentati()n of picture or image ta tha't put 

ot image analysis which oonoer~s itself w-1-t;h the 

spatial difter~tiat:ion oi' the various objects coasti• 

tuting a visual scene. , It can be regarded. as being a 
form oz preprocessing prior to object feature extraction, 

sel.ectioll and then classification ae shoVii in Ugure 

below. 

I 

I 

I . 
·Feature 
~ 

. Extraction S el ecti 
~ 

To analyse the pictute in different ways, di:t'ferent 

segmentation techniques are applied.. Some of them 

ce.n be used <lirectl7 on a picture whil.e othe;r:s oan be 

applied on partially segmented pictures. Bagmen tation 

procedures can be bxoa.cU.:r elaasif'ied into tour ma3or 
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2•4•t 1•*-" ;t•\11&1111 aft on a loaal """~"' 
" which oocu f~et••'Ol.J' e •• pl.owze. A bl.ttt;opraa 

tta7 be detilled aa a plot of the 1'11UlbeJ1 of p1Gh• 

poia'• at each pooei b.l• la'&Jud. tr l.evel. thl• t•otmtqve 

is ~ lA ease ,of ploW.e ha.W-Ds 41tferllftt •st••• · 
o'l Usttac' bom.oaeneous pq.l.eveltt. n.te •o UtfeNaoe 

in 1tlt&a1t7 •~ Sre¥ 1&ve11 th•~ wtn be 4letioot 

peate 1ft the histQSI.'f.UI vheJ:ebJ the pS.oture oan be 

eaa11J npoate4. Var:loua attetnpta. bave boea t:Jalle 

1ft th1e uee. bv Baaetuao and J'oaanso (45) so 
Bosctel4 et. al. (62) • Hlatosrams are s•ezoall.J' . ~ 

' 

If a pictuz-e has 40\ objecte Whoae smJ 1•wl• 

are d1tfereat t~ OAO MOther •. we eaa uee tldl aJ.ap1t 

metho4. of threebol41ft8 to aep:emte thea. B7 thftehol4Jas 

at a point w get a two-valued picture ••8• t•a •• 
obSec' pomte ead o•e ·ttleewhere. Bttt tt te alftre 

•e7!7 41f~ioul:\ to ohooee t~ •bHahoU becaue• U ,. 

tiutt:ebol4 too high, too maay ob~eot pointe wtU be 

olaaeif'ie 4 ae baekgrt~Wl4 -.he rea• i~ w. thJ.'Ie eholt too 

l.ow1 •n e revere• w1U h&ppea.,, One goo4 wa,- of 

cel.eotinB the threehol4 is to use 'tbe h1etosmm ot the 

p!e._ure. the ·~ts.etog.rsm will have et l•st ,,o pealtt 



(bSDodal)• oq oo~ruPO.ll4Jaa ttl fillet obl.o•-' th• · 
othc to ._.. ~a. -~~ tb4t siar 1••le to._. 

aeUat• beu.e-. 'he ebJeot •• til• b..._uta4 co aft 

ooeu ,.._ •• u,., ,. oe. ••• a flat ~·· ~-
... .,.. .. ,. 1e •o ewet -. llottoa of the .U~q '" 
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ct•• a coo4 -.8bo14. Ia _.. et pto'fatna •.- ••• 

an •• maar ..ner•• 'bcJttoa ot eao ..uv oaa .,_ 

ta1tta flo • .,.,_ .. th piota•• · to tt.& out tM app.o-

tJ:t.ate bool ttatue to ·o-.w t.lUJ JA~oa~ hl..,..• 
oi a •••e~ ot l.oea1 ,~._ an cu.-. ea. the •• 

_ eoeo va:u.,. • ._ •• '' '*•-• th.M•lUfta -oaa 
b• applied ~ • plctun baa a ki-M -ot 1lld.foaniy ta 

ear ~- Ia eaee ot •••-- bJ...._._. •••• 
JaunrledS• of • 1oca1 e'baeat't«t.tnto• ie to be •••~ 

MOJ:eo•• ibe :ped'o»._o• eat be .mowa ¥he th IHNM11• 

u. Dt.PPe4 ·ltaok oato •• illase ., .. Aa oaae ot a 

hlatogJ:aJsl>aae4 teobnit••·· , 

a.t. 2 ltllt&lltllJ'Id ,lutmiiN 

ba~e4 ~qus.tb.aoUoa 4heCU,· • 

the p'ot'Uit ..,._. atlle• "-• OJl blato.- e.paoe. fheJ' 

'- to ftD4 •t elal~att.ea •••••~ ul.81lt.ouma 
•sioae u4 th'Qa pow the rectoa. -., the a~Ut.Da $8 . -- . 
40Jie cteper:uuac •P• • c.tvo p~penr 8114 the pJ:Ooes•. 

ooatlml•tt vatU an potata u• ~oloed ·-to ..,.. apo1l., 



Ia ol:de to t.t.D.4 out poiata ·of ldeattoa&. 

~ i.ev-.1 i.e a picture .of Ublt-.r lft.7 lew1, 

matollln& teohntqu te 'Yetf1 ueetu1., ~h.eH mar ·•• 

~oue ._..,le '01." eompla patteae to t>e.~m~'t•el 

esa1aet a pUwe. ltatehlug te aot a 4Uftaalt 

taek if ihee is ao ••t• pn·eft.il a tlle··ptotuH. 

· Due to pneenoe of uot.ee• exact aatoh ie •••• 

pesalbl•• Oalr &aGmteaUOD. .steb. ortt•rJ.oa Uke 

etpal~olee ratio Call be tow.~4. 

0..· W&J' ot matObiq la br oeoe.-co=tlatle 
. .,.,Y._ tw. tt.cttoaa of cnr 1-nel.a ove~: ce~:ta&a 

ns1on 4..._.,.ea br t~ar.eta (26) • 

21. 

.Arri two ptotue ou be aatebe4 if ea uaUraS.tM 

•OIUlt ot 41etontoe '• .U.owt. ht •• pioqt.'Ge ·· 

eltou14 Mtell u-. G\ili2D»a U .. O".J..Oil• A tfJlQlp•te oa 

be -~ ot ae OOGJO•cl ot __,. 8Ql)teaplilt;l?at e-.. 
or Which ou roat:oh .. nth ~h• ptcW.•• 1a ••• to 1la4 

a · oombSaatioa ot :pa~lal .match Yitb leaet t•aiOD:~ 

matbeme.Uoa1 pJ:Opammf.as o• be ue4. O.e ot the best 

wa.ve ot 4o.tnc this s.e to fJ-114 tht· •tcmee o'f. the ab

temp~aa4 thn to btlU& "' a oOJliblllat.toa of thea vtth 

lead teaetoa b,r ums llWd.ettc ••-" teob!dq.ua, 

Xt 41atozUoa la not p•••• 1'l beoaee 11m~ 
to aeanh aU poaa1bl.e poattiott.th fJle bee\ abOd ft1; 

"":ll•f .7/.ui~ . 
TI-t- :;) ~ bKI·lJ.· 7'1 

J</12 
k 
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le to re.Jeet a ld.emateb coaple~ eft~• ~« 

oac•• 9hta w.S.U reduce the .aumbe» of tosatbtUtleo 

u4 tseoe 't•·•· 
~wal. ( 1) IJ!Y•a e. tecbnlque of iflace 

eesmentat~oa uetns PJ»totn• fd.mllaJ:ltr• Bla 

prooe•• et~e Wltb tlotdeg UR ot a fctW oamdtcate 

;res10as m ~he ·t$~ in. teme ot Whioh th~ Whol• 

11188e caa be t!ep.res•'tect. Spboltc "preaeata~10l\ ' ' -

te used to ees,mat ue mace into· aea.atasf\11 . ., ... , .. ' 

2 · ' Ma ~ft 111 ~ ··. -~& . •4• ....,.t=rualfb• mil~ Ill 

Aaoth•.r ., .... ,._.. Whtoti nuollee •• pto-. 

uao• te eeae-'banA teotud.q;ue (.2$, 46). aea •• 

41e~.l.ad 'J'· l:tetw•• •BS•Ae ta aeuche4 out. ~b.uo 

at-e maar 'tfaF8 of flD4J.o.g o eCS• vb.loh 18 "pnsatc 

ll7 a Uacoaiau~tJe~robarwt 10 8f:Q 1evel ot a ·ftat•• 
~be obnae ...,- be ebJ!Upt o~ 1t0re or leee a.mtuel.. the 

' 

l4ea1 oaee 11 ot a etep edse *•• the srte7 level.. 

1a a"-PP•A GP or 4ova aharplr but aue to pne•c• ot 
· 1'1lrtou.e no1u, thle toea. not happesa.. the eds• 

lneoUoa ope~atoJ: ~de aot oftly to the -•OS• bu.._ 
el.eo to aolee. Vartoue matheaatlCIIl optialati.oa · 

teOhniquoa a»e thareton uee4 1• ,tl•eieatD.S' au . .,._ 

4etector. 

DR!.:¥&'1•• O»&atft' Sift• hltll valuea •" 

poill•a *-• Pe/llevelte ohangtaa• ~- opuatoe 



•• u t;aplaoitm oan h ••d u eqe 4eteoth~ lt · 

the ·•cts• l• b:1urre4 1turtea4 ot bems abaupt, the 

s.Ueat give• mUimoa value e.t 'he •t•pe• po1at ... 

•• caa e.sraeut tt. . ht a eaH of a piotun wltb • loas 

rfll~Pt. the paclient ¥111 hJWe a o•••• value a the __, 

.Ule the Laplaotea 11111 ba.Ye ••• ftlu. :rs.n4iaG the 

ehooldeaa o:t the nop, •• oaa eeleQ' tu ld..~bt t;o 

"~' the ptotu"e. Moautoa•iR ot ctedvattw epeatu 

te ~* 'bJ »nett (54) -~ ·o4ctt 4eteolloa •. 

23 

'bt~ are ma111 aethoaa or «h't8" deteotloa l)aee4 OA 

pHbab11.1st1o t'heortee nprdblf *•• a edge ahod4 •• 

t.._d.. Sbi.J$1. (6?) won•4 wtth the ho14eage. dout th• 

etzuo'ture o~ pelpedNl. blooke.. .sasea wea ·a<*ll to be 

e-tralpt aa4 poiata d euvatw:e ••• ltrlotm. to \WI· 

ven1cee. tbe .,.tea OOD14 bes1a wlth a~-· feaRae 

like • cmta4e •ts•• e4 pJ!OOeea aUl a venn le tOWUI., 

the form ot Ulte •••• oaa 'be uee4 $0 pQUot the locna.. 
of •"her ede•• th\le wea 1lle wea'teat •Oc• oaa be 

4eteoted etaoe apaosrs. kaovl.-e. UO'd 1'• loOatla :ta 
aval1able,, 

lard-a (29) bae aa4e • attaapt to .. ,._. ptetu'ea 

b7 'Ohe ooabSaation ot line., nglon, ad. eemall'blo •t:t."!ltOkn 

1u the 11rlq•• 
lteUer ( '2) gi·vee • eqe 4etectioa m-'h04 •a:lb.a 



24 

p1uDIJI8• a. pa,aat • .-1.1e1: ·4iei'-1 piot:an with 

lea• 4etat1tl hoa the odgiul. Ids•• ol o'b,eot• •n 

. •• 1ooatt4 1a 1be ~•••4 pi.O\Ure. fte e~sea · toua4 4a 

the weftoe4 •'""" a• ••• u a p1aa ten: tla41tW 
.,. .. u.. •• oa:saaa~.. 

a-•·• ~...,~~ 1aaa1w 
t·-.. l:ftitN. ........ touJtd ... • 

ooaiaaUoa ot aU. tlle ._ .... uoua ••Ode. Botta 

•ase-baeect .a. "St_...,aae4 teobalfi..,. beill& -~
act_,., th., eaa a ••ect w f;l;teacrt ..._.-uan,. •o 
11w Mtt•• , • ....,.. Jtea1oa-ba .. 4 ••etmt••• oan 
~>• aae4 to ttD4 •ol.o•4 ana of • ol084 patw• _aacl 

aoott1 ,.,.de. ot *idl . ., h ••tatae4 br •at.aa ea · 
eqe-1Hlae4 teobai.tv. Bb.tala •4 Bn (N) baa uae4 

tbta teobaiq,ue Ill taotDs tbe oeU t»o•4u of totaUr 

OYed.apte4 odie. Ue eratem flftta tke· -.o1os..a ~A8 

bJ' ···~ teotmtq,u. kd.Jla t01md. •• -·-· 
~-o-. th• •7et• taee to ~la4 tlle amoo-..t: \loJ!14• 

ot a oell bJ applJ'Ioe •dell oteolmlqv.n oa tbe liOI'4eJ:•· 

at.•topaa teehl11tu• oaa. be uaect to ft114 • 

~:ectn •Z'• eoae pJ:Opety tU¥ lie tcu4. to 40Gd•ate •ct 
J.t-siOJt•ba"d eJ.soat-. ••4 u t'ia4 -. title ftlldt•·~ 
Dltte•at pmqeaue mar ~·zeot a Yad.OGa wqa 

4epeu&q •P• the Pt:O•ltrl SA•ol.ve4. L••• ~att• 



, ..... ~t~ ....... ., lD lltctMDUal teohUqUe• •• 

the r.-J.t ot ou ,_ .. , -acte u ~- eeleote4 sou._ 
,. 

of ooaplltaUoa la th• am. 'tlleae Molaltl\\0 ho.•t 

•• apPlleatloa ia ,.obl.-a 4't o.U •alvets. 
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xaet...a ot ooapu'tift8 a oomplu teOhalcrat at 
_.._, to:l.at, .,.. SAapta&d.Y• ooaputattoa t• 40ae 'to 

u~.n -. Ob~eota. lion ooapl•• ooaplltatt•a te 

a-.. • 'th• ctetNM4 potau to eztea4 n taa ··the 
.... 

oll.leota•. tbie •tt•ats.al aetb04 or applJ'1at ee-.J.t 

e·f •• ooaptat&a 'loJ: fudlft iaveri!sa•s.oa hM •• 

oon aav.atas• oYee the "p..Ue1 ~~·--· xo"ow-. 
'baokSqaeth04• .u. qute tWbl•• 

U • ll&T• t*4eote 11111& an.· t~Wt, dade o4 

ooa:timmt• Olll'na ••• elO»•• D...,.» Utt•• aell boa 
9P, we 081l •an thea bF taoklq thea ....._ ••• 

~e•eotto• aa4 tftO)ttq lAYOlw 1ooa1 pJH)penr Uke 

loeal Cto'lltna't• ssaoe aacU.•t oaa be uae4 u a 

aeallln ot ooata6t a4 s.• ha8 a Unot1oa too. ·ta.cdltac 

oaa u ctou ales ·the pe1'fRdlcntlu cU.nottea. taotU..S 

. od.tma-., 4ep•4 upn. tu po.IJiUoa ot pOiat • tte 

-~..,_ll004. 

1a Bann taotuc (ao,), ,_..,._,. oJtitdloa .s.e 

•Pfll•4 to •• ••tat o• tta• row tm4 uaotd.aa ••••• 
.18 •»»1M4 to eacm aco•p~e4 peta•• hteoUOil .ertteta 
1• •ppUed. to poida aot beloDsills to aooQte4 ftlioa, 

1fiiR bottoa t• ~4 t:r:aokiaS '• stopped. 
' '"'t 
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• ........ U&okia& beoaea aval.t4 ~- ••-

ouwq whiOb •• ~ llO~ie01t'hl Whi.tll oaa 1te (JWn-. 

bJ' ua1oa aotbMr peQftUcnllu. aete»• tb.ls 4outlee the 

coat 01 1ibe pre'fl•• Mthot. Oae U7 O'l llft14J.as ~bia 

p:roblel'l ie to •• OlllllldlhoUnal e..,._toUoldDs. ,.,. 

tho- our:t:>.t poiat • a taote4 ov.ne, a oun.,.toU•wJ.q· 

algoa tma ... s.aaa • aeiehbfJUrhoo4 ot that ;point seleet• 

the bee' oo.«l4ste tu tbe aest pot.at. U the outVe 

bftt)ottee, •• ot tu aext potat 1• kept tu fatlleJt 

laveats.sa:llo:a 'lll:teeae tbe othe» le 1.lM4 fo~: taatac •••• 

.lt ie pOaalt.le to .. ~ tbe oltjMte -.,. lo~Sa8 

aecepte4 poiate. .W. netpD.crtu:a ot aa a.ooapt•tl poiat1' 

an tDI\Sa.ed •• $11:1 of tile *' .. ,, •• taokiDs 

or1tc1a -.. ~· iaol.uea. Bttw pot•'• ..- eoceptect e4 

Joille4 to.,._ poia.t attl ao acceptable oelahbO\lte exiP• 

. Aooth.:.., .of aoe«!oa growua. 1a 4on• t.r 
puttiltoa lld.ltlq •• dae - Jav.U.41e (48),Wb.toh nan• 
nth a ia:lt1a1 pantUolllflB o;t t1te ptotur• a4 sn.d-.1 

l.ap_.aet •t tt by .PUttJas aa4 ••stas tbe lle4JiOJ\8 

uUl. a good. PU'i1Umd.as 1a Obtabe4. stutta, Vl141 • 

Wtlal P&»tlt~oa, the vuianoe oi each .:esloa le ohe0kt4. 

,, it eso.et• a limit •• ear. ihe r~ 1• ~the• 

par:ttont4 bto two O% ••• pawte eo u •• matte vutmee 
ot each paft!tte below s.. It two ~:est.oa.a an oloae l>V 

and tllel» --..ce ta 1••• the I a4 no• ••• ,_,. 



.levele are olo• •O'Q.Sb• the •• ue .jofJ:lecl to ..U 

• elagl..e nston d'th Yuiaa.oe l.ees Utaa L . AD l;a:ptriaat 

at•et.e Of tlle te0lm14.11ee 4ee-.t.b" ie •• so baok a4 

\lD40 a 4eete10Jl whS.oh pve• ba4 •Alta atte:r: aou tnePit• 

OAe a4Ya1aae ot 1lraoldaa taetlloo .I.e ·i:be ~W9y of aewl-f 

aoqldn4 utormatt.oa -~ '-trthe pxoneeaa. 

27 
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~tatloa ot a oomplfJ~e Jletue sl•ea •• 

t~ a abeet ot it tJbl.oh oaa be tuthe aesmeate4 lato 

1D41'fl4llal a•• 8Q4 .~oloeu euwa. tu 1d$blea o• 

MP18Dtattoa ot olf)M\\ OU'Vee ad.aee Whea tb.e b084Ulee 

ot ol>~eote ••••laP• RJ:Oblte• of tb1a kla4 qe ellOO\Illtfted. 

h•q•etl.J la ''o-a•tUoal fte14 •••• d1et~ehlas 

moaoortee bJ meau ot el&ap•• ot theu m.to1e1, akele'tal 

· ••~• 1ibaa la taaeree• eeott.oa, · .utaaatie deteottoa 

ot ••• la18e ~' o.n• tna .U.4•e eea PJ:Ot•• 

~ 'teelmlttUU ue availabl.e to euUla• tile ltodeJr 

41etmotl.J' •to• .. •U. u ta sad.ust~ •••• OOA'teoU.t.aa 

the· •e• o~ ti02 JO'deJt put;icle ~·las tile p.-oa.c.t1oa 
ot· pat.at oepoaeata. 

. »ueftlltaa "* the aattmt o~ •• pftblu, the 

teo~mt.-•e ot aegmeat*'t1oa ~ties. fb• Mete trb.~tiplta 

of •he aethHIJ an alaoat aa. •• t1\at o~ ptewn 

aeameata'tt.oa. sou ot ,._ aetbo.q ... 41aou.ese4 t:t~•• 

, .. ,. .. ..... 
ktohll:ls S.• a VWJ Ql.4 tec!mlt.U ,..« Sa opUea1 

•-.ot• noosntttoa, aap.aatcddas Daft6atl0a• •to. 

a. baelo paaolple ot thte aeth06 U• it& --~iDa -. 
4esn• ot aatoll betweea tile eeq._o. ot fllop• (i.e. ,eba!D 

104•) •~-.. •teaplate• ·and a pan or •• MCltt•o• of 

the Siwa 11U'ft• 8eUcb •eobnlq•e• beoome veJfllUJetbl 

~lee aa ia ibAt •••• ot ptotu:e ••tolli.q. wom b. tie 
• 



.. 
atatala au a. (56) bav• ctoa.e Uiea.aiv• wos 

on ove~lautns cell.t• _B1a pzo_... ••• 4trect eeaJ:Oh 
hwzt.au.o ,teobDtqu. to enact featuze uro.au.oa. 
AppUcailtoo of bta pJ.OSftlll l• f0llft4 .ta 'baaatolosr• • 

. . . '"' .. 
the ~i~at .tan of the pnsmm lla'Cle cmt . a01o•4 

nstoaa of the pattea. Be etuta 1fltll a •uo aa4 

te•te U tt·ta oomplete~ -~4e4 'b7 ·t••• Aa 

e~oae4 astoa it ••• powa •• the a•b• of. o•e 
la thfi 8WlP"te4 ·taolo-' r-saa 4ft oout•4 out. 
lt 4ut:IJls the ·p•oee., it was tou.4 tha15 the eaapQ'-t4 

a.o101t4 nss.ou waa ooaaeote4 to eoa. •ateJftfll. a:estoa 

'••• a 2 •• eaccnm'fien4 4ta1De eeuoh, 1bt O' • eou.at•d 

vtze all eaxw•4 to 2'• 11hlch as.antru4 tbe bo\1114e'f• 

Otb.et"Wla• tH O'• aft Oh-.4 to, • ., (fts •. ,.t). P..n X 

ot th• PeO:fJI'*IIi 1e eutftoiat to:t t'ia4&q out the DDbeJt 

ot oeue 84 tlud.i: app%02daate •~••• 

~--· Il ot th• JftSS'M a.ooa••• the J;ndee o.t 
a otU. fht• paJ:t stan• w.lth tU •.-J.t o1 Paat 1 ol 

ibe .-.~. 8tadSAc 1d.th a 1·, -.e aelsllbollldzla , •• 

.._ •eawobe4 to ttm& the ••• el•et ot ttl• o.U boi'Clew. 

Jlft1ou1t7 uieea •• ovul.e.Jpua, oeu. an. auow .... 

fttlf) tnOitts. • ce11 bo»de• -.. a poUt la naoh•4 t•• 
,.._. tile• .t.• aue thaD •• ,_h. to bt roU.owea. tt 
beo•e• 4Ut1CN1t to 4eoi4e 11hteh •• ot tile patlte 
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.ah0\ll4 be ooul4.ad u tbe ooatl1raa•le. of oell bortu. 

tl• -•etaJSilt ~· ..._.. ·o« th• p__. ...... 
IIIOOtbaeaa U~SQ~~p"ica on a oeU t.o.te~. lh• ~ 

14M --ae~ •••• Titllut,. ot a o.U. b0-2!481: 

tr a •d.a'J.tt-od..eDt114 J *'"*' Whlob -... U D•• ie 

.. 
U a olOoktd.ae td.p la uu ~ the JJOD1o• of a o•11• 

a• at.pt 8ea»ob _.. •• J.eft aeaft'll .. es..u. to 
atallbt Uu •ank f• Miae a •,eoW a1We$M1le. 

tu nniabt u. MtU:OJt .... •• pnn.oae e11aa o04t 
u..uw. u tlle leltlal .._fth 4iftCJt10a whenae ia 

t!W !leht sea• th• ltd.Ual.. 8llal!8 diftOUa ta one 

le•• thea thail et the tttniabt U.e eMa!lh. tid.e 

pzooedt.U:e ftacltJ· tlle mofJt oane4 eall &a.....a ot I!JZOOtbed 

o.U. the left eeanh u•• ae •• mttlal ..

UJ:eCU•• a 4lnoUo11 •• oea\U truu1 tba' :ol the 
nmlpt ltae .. ~. fhe. r..tt 84tdOh tsa•a t~ut o~ 
Mlltr o6 a oeu toued bJ'· the -stlaiaht ~- · ... .._ 

t11• d.eb1i MUCh Ctsa. ,.a). 

Blfttala • • fi!OSftlll ••• wtll lD •• patteme 
bv.t the=e ~- p~ilibol.<tcioal ••• wben it_, taU. ftlle 

ta 4u to u'b14d'Q' pzre.oct (tl&• 3.J) la c•ndo -••• 

,. 2 artlbtl4111 

the '"lmique of thfteho14tac ·caD. •• appl.loa 
to ;~:obl._ Ulto ved.tleatioa or baa4wzttte al&~uttm:.•a. 
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eoent1as a 4n1dDs tato 4tJ:eoUoaa1 ni:Okee, no., 
ID •• utho4, a p~ft ot •• CQftat\ln Wblott Uoe 

wttll1a a etve ._. ca •• eataciet bF mappnaalas 

,._ pomta at whlob -. -QJ• Uee outtd.tle this ~· 

Betpl'e ff5) woa oa Ml14fti~Qft -.-atut oaa be 
. . ' 

la \hl• teotatque, ounea .- bnte 

&J:IJl~raB.1J!Jlto pieces. · ll.ea1 OUJNe(l Of nan4Qd to• 

•• thea Uie4 to be rtHe to th•ae pleoea. - >01Veoa 
app~a'toa la oa ot the ~Gel\1.-tl¥ usect metbo4a 

ot this tc&H. A ad of pOt.ate an ptobct •» Ublt~.U, 
fee the ~ an.4 .an Joiaed 'to to:= aa meo•be« 
po1rgon. · It ttt.e 0\11:'\'e clOec not Ue oloae to _,. $14• 

of tl;d.a polRQf& thea tbat piece ia tunhe• aub41V14e4. 

PaYU41a (41), (5') and P~ (t)) baYe wzke4 •th ibie 

aPJtztOach. . .a,. mea•d.As come~ q,ual.it)' t'oz- ·eaob. ve"ea:, 
I . . 

tbe ebaH ot tbe od.Biul 0\lWe eaa be ~Otmt··· Vstrss 
. . 

' 

tbt• ~tozraat1ce Lee Ucl.lt\l.(,4) ••• st•• a c•eallot . . 

A td.mpl.$ tecbalqU can be appUe4 ta caee of 

nsmata'ttaa ot a bouada~:J .01U"ft .,.., .~ ob.teot, Gi.,. a_ 

.POiat .oa. "11e 0\lrV'et •• awabtta: •t po!a'ta 1a a stvea 
••t.a!lb.-ao04 o~ tile poill:t sa ooute4. lt •• matrlbe~ 

o'l pomts te .-out balt -. .area ot tb&t ae:lghbo\1~041 
- . 

\he •• ouwe muet be rela:ti velJ' nraiSht .,;; that »>ia"'• 



Xt the nwnbe.a ot poialta 1a vezw emal-1 oz w• 'ieJ!BO 

capued. to Jla1t ••• a""- thea the oblect aut baw 

ehU:P oolW'U ~t: ooaoaw _,1e nepeot1ve1Jr a\ tbat 

pout. ae• ttBaSa rt~ ot.t n~ can be 

auppJ:eseed \0 locate the aql.e ehal:pl.J'. 
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~the abO\J"e teobaiquee, are~- sa t•41D.s 
nt ·tllo ~ cuwa.are oJi the b~claJey" o-t ob3ecte. 

Al'ter tlncU.Ds the~.· coaca'9ltJ 011 eODvait7, 

eepentattca or the w""'•• or ece a..-e done bf' jo~ 
the . siplf.toan't maabsa ~ .Cid.!Wfta pout a, 

,.. .Ma 4dtd&a 

teolmlque o-r •as• 4eteouoa ie baad. • 

4e"$eot1fls 0\1.n'ataa •••• SisftUloant ...... 1e 

4etoote4 br tatins aYe~ elopea ove» ad.jaoe,, aoa 

ov•l'lAPPlriB ._.._. of a o~· ant SQ.Pl)Haaizls aoo

....Sroa. tble Nth04 ta ueect b,- Ree4!1ltttl4 aa4 · b"tcm. 

(65). 

· aoeeateU aa4 JOhG.,._ (61) ciwe taotllec 

p~ 'lor ~lacUaS llBGiticaat OUn'4WJZe MSI.!Jat 

tb., aea..-. .ae ooelue o'l ttl• a.b81• Mtw.,_ tat.w.rts . 

aa4 l..Uq ve.Ur:e. tll•• Yecto~ra epeA a 'YU'iable 

alllllbe.a: o~ poib'e oa the b~. the aaUid.)&z ·ia 

4eO&-eaM4 CI!Oil a flzed Talu• u"t11 th• ua~~~am value 

of 'tile eoeine i.e tOUild. tld.e ftl.ue 1• ••• ae a 

..... of the ow:vatun. 
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La4ley (") stna a 41tte1"eftt aetho4 toz meall.rtfts 

'h• angle. Be. ccme14e•a ·-.oD4al:7 aesm•t• ae oaaiatiaa 

et aJae a4jaca.t boUll4ar, ,o!cta. Sa.ob eesmeat la 

aeaoo~atett With two ·veetoee t tbe tailSaa· verio# f~ca 

the back eo4 to 'ta• ae~ .-tn,, _. ~- :lAUDS 

notor, t~:a the eepeat cctn to tb• flOat e4 

(t.t.c. '•4). the -ale bet.•• the leadiq wetu eel 

tu ~ni1t.us Yeotozo 1• tuea appaod.u.t_, popORS.OJ'lal 

to •• cnu:vatun et th• -~t. !he ·•ctne 6ft 1&14 

ott • a not~ sd.4 wi'Ul tbel~: taUa at the 
o~. the aumbezc ot ootate a SOSq· taM.. tile heat 

of the t~:a1lt.Aa veow: to the hea4 ot the 1ea41rJC 

-.eo'fJor alons ·the wt.e14e ot "Ute {P:14 1» '*• apfl:Oal• 

r.aatel.J' pzoponioa.al to •• · Ol'ICl• betwec the veoto,e &., •• 

»ZOpon10Dal to the ounature ol the eqraent. th• 

olookdee. oe uttcJ.~ oOUDt gty•a . ._ cor.weav 
o~: ooacant:r ot th• e~t •. 

Aaothe~ ettp deteetS.OD 'l•Ohrlitu 1a baaed oa 

~ia4Jaa potats o~ tnfteetioth Poiate ot 1at3Aot;toa aH 

eero eroeeiage of tlle ounatv• 'Whlob eepqat• til• ·OH'ft· 

•• coavu and eotlcave ~·· tb.• 4ls1UH4 'boUD4aztt 

1e eltra7a sub~eot to aoi••• Bola& oa:a be ~Vri bJ 

ooaYo.l:nos it 111 th a no~aflB'ilar · ti1te~. no boa~ 
ot a 0\U!'Ve can be npresee4 as a Ohala ot pot.ata 011· 

cUJ:Vatuee. Aft•t ~s uotee it becOl:lea poastble 

"o ohooee ou~ poillte Vith ll&aYf wqatt• cuwa:tu)!'e~. 
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!he eoaoe U(t olaetd.tiod an4 matohe4 end lf.no oepat-.. 

t1oa <!be between matohe4 pe.tn. 

Bcol.ee, Mo Queen aocl ROdD (12) uaet ~ 

a 1iechn~.Cf\l• ~ eesmc'tUrc .1udapoae4 ot.~e.ota eOUletiils 

ot aom::tnall.J" U.aee'• .ancl aepa.ra'te ob#eots, au:ob. •• 

• sele\al mueole ftbrq ae "._ io. traaoveJ:M eecttOJa:•. 

fhe· bOUD4ar1ee ot tbe ob~eote are tap~aae4 

~ ••=- ot a sequence {tit) Where Ut le a .c04e tor t:U 

4treot1oa t~om (si• Ji) to <-,_.~. l'J.+t>• the eequcce 
I 

Vi. c~ed the 4tnc't'1CD obtda, &114 th• •i&bt pOeatbl• 

41a:ect.toaa on a recttmsulaza sr14 1a deal.• ri,b. edenMYelJ' 

bJ' fr&emllll ( 14). 

Oor.t.U.eJ:Sas 1afo cCGaec)UtS.v• elements ot 
dbec'tiion ~ the cun"a'Nrt element ~1 la· 4efille& 
I . ' 

aa Rt • octmo4 (V1-u1.t+ft)•J when t~o f\auotioft 

ootmo4(e) stne the abaol'llte ftl:u ot s. mo4ul~ e. 
ltavills towut tb• neptt't'~ture pointe, 

'b•J an categOri..U as .81sn1floaat(e)• nc)a slp1.r:t.coat 

(B) o~ not.ae aooomtaa u tw thl!•ebo14 levelti (ttB• s •. J). 

a..-a~tl~ beilvec a-s ao4e pain ad .-a aode pain 

1• allowed but betwea Ji-B pelJ:e cU.ealJ.o""• t!U.e 

P»>H$8 OSD be 118M ill OVOl:'CO'II.DS the tifftoul•J' of 

~al• a.esmentat1Qb pa$b eaoo••es:ed b7 .uoel.U tm4 

.flev~ (5). Paths 0~ eeseentalioa an 41.-&U .. 4.,_dJ.D8 ... 



3.1 

\lpoa 1nte.m04a1 4iataooe an4 •• ~· -etwe• th-e 

41:rect1ona in ·vhS.oh 'he •Odes po111t a.4 the l.iae JoJa·izt6 

them. fhia ia 4one 1n order to oveJ:coaa• 41ff,t,.oul'b 

sitv.ations ~O\Ul4 ia certain ocm3ugateci ob3ecte. Aftel1 

ses=entins p~:imaJ:J (between aepenta't1cm pa\h aa4 

boundar,) aad eeoonda~ (t.etween two eepeatatt-oa patllJ) 

1obe (tJc.,· ,.i) tile z•ddual pari oau b• tH&t•d ae 

oasiftal. ob~eot aD4 Oe p»>M4ue •ppUe·d• ••th•r 
· edge-baM4 app~ 1• appl.i•4 b7 AJ:oelli aact litrt'18ldt 

' 

(5) •• •puat• ove.a1ppi.fts OORva 1>l.oba pceeat f.a a 

bS.Daq illput picture., Tbla proszaa tiade appUoe.tiOli Ia 

ooatarollJas the ••• ot ta.o2 powue panlol.H 4--. 

the poduti• ol ·--· compoeenta. OOJ'lOAYitv ..... 

du• 'to ovez:lapp1fts bl.obe, · 1'lle po-te 01 oonoaritl' ue 
4eteo'tie4 e4 e•sm••tatioa pe.the cu:e o.a ~- th••: 

lfo$ in thla 41sse~t1oa 1& in the same 

Un•• It 1a an att«apt of sesmatms a p1otu:re where 

ob3ecrts o~l: within the eame boua4~. aonca-.ttiee 

aze obta1ne4 d.ue to Justr.llpOeltion ot .coJtvea o))leote 

whteh are extmo,e4. tu app~:oaoh ba81caUr 1e •G&e

based,. aepenta.tion path• u• .draVD fzom the e'Bal• 

t1oea• poiate ot o.oacav1t7 towazode t!W :lllte.d.o~ ot th• 

piotur• until thee• pa'thfJ meet each othe~ arut aegmen'tatloa 

io aob:tevet. 



B 

Fig. 3.4 

Fig. 3.5 

Fig. 3.6 

e. 
J).'o -t-1 -t-:2. 38 

+3 

+ tr. 

+5 

Ladley's Representation : For An Arbitrary Point 

The Trailing Vector, B A, And The Leading Vector, 

A C Are Shown. 

Some Possible Shapes Of Conjugated Objects 

Segmentation of Conjugated Objects Showing 

Primary (P), Secondary (S) and Residual Lobe (R). 



CIAPTil U 

$&GM&BrAf10. 
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•• .,.-., ae alna41 4eanttle4 ta· ea~U•• 

e.hapt•n• baa beea 4ealp4td to~ •ftiMJ'Uns aatapoal4 

• ooajusate4 ob~eote,. . It oonelat• til two ,..~.. •• 

-~ out epeo1tlo tutta. fhe outpot o-r tlle Ac·at 
• . ' •>t 

pan ia ••• q .iaptt to the aeoOB4. th• fJJ'ete 

. etute. With •• f.U01flD8 ~1aa.t 
., ' 

(i) A 81tt10ia11J" DO:i~fte p101:G.H 18 
&valkl)l• • . 

(U) ~ pattea ooafd.•'• ot objecte of.
·Oe Uffe.at ••• 'Mba.oh aft ~at.4 
tognhe eo a• to apHaJ: to hav.- the 
- boUild.u,. . 

(Ul.) fU bOUDda&r hu ~S.flo811~ ta•n 
ouwatuto. 

,,,, 

ocmvtd it to ataoae•• fD-.. mtate la 4fm:e b7 .,..,. . . 

iapo.aS.u· a pld o~: .aautx ot at.Uaae ove2: the tt.sve. 

A t ia pla04t4 a •«>h ~~t~li.U• When the ana ooveet 

br tile pattea eaoe•4tt a ce;:tato •bftldlol4. D• 

-.ahol4 1. takitb- ., (l*•• bAlf -·bOlt) 1a tll.1• 

-.... Zao• ue t1Ue4 1ft elM1fhel:e.. Ia the pftOeoe 

o1 41&1tlaatt.oa aoae,iaee theM '• a fai.&~ pOaeit»Uttr 

of 1oa1Ja« 1tlt~ttoa ooa~ the oa&iaal patt••• 
Clan hu ben taken to ret1\1De thie 1oea u4 it 1a 

aohi..,.d. bJ' iaoreaeSDc th• aur:nbe~: ot eqaaae pe:r: urU.t 
' 
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i.~ . 

-~ p1etua ie uv obta1ae4 !a a 41se:eete 

tom (ta ~• d 0 ead t) whldl m&J' OOileiat ol 

oOI'ITea oh3 ens agloaaated · tosethe~. ~bi.a •td.a 
ot o•a ar.ul t•a ie ~e4 u lDpU.t w PQi 1. !o avoi4 

corapUtatto•a tor -· O'• e a't the boml4aa7 ot the aatrts, · 
, . 

tM 4Jile~··o~ 'h exao• plotu~e .,11d.x le ltlonaeea 
-,. elz by a441Ds the oateJ:mOot bouadQ7 ot t •· a aDd 

keep1ras two .S».tentcllat• COYera of 0 'e. fhle la 

Ulv.atmtect in tS.• 4• 2 bj' tatt'as the elmple ooa~U• 

catea o-.,3·ect of 11&•· 4. t. 

lQt It 81e!A\IZ. i!Vdta 

OOJleafttJ ,. a local p~rt,. eo teet 

Vhother a pi~ ia eoaca._ 01: not. a• AJ:oeUl (5) 

B~W• • • ••• ed.atance of t!U!ee po.t.ate te euftioteat, 
f!ftloh that q 1a 1U t'tle Utle sopeBt 'olaiDa p eta4 • ·ae4 

p 1• 1ft .t (the p.t.c~e) • ' ia an 1ft A. aaa. e le sa •" • 

tlle 4ip.tu•4 ••• te tak• aa &aput. tbta 
••d:a la eoaane.4 a:o.Use aa4 OOl'J.oa•t7 4etec,.1a 

·oelted.oa 1e appl!.e4 on. oaflb aero ·•1••"• Witb. eaGb. 

84Jl!O aa cetu, the '• 'matd.a ie obeoke4• the 8dal 

or en elemel'lts ot th&• matrtz.i• oa1ou11ate4• It 'Obe 

,.. 18 fatB4 to b·e azeater thall OJ: eqUal W tt ~he 

the eezo a" ~he oeatre ia. e.ple.o•4 by 1he aua. lo 

aotioa ia ,._ otb•Z'WiB•• thle pzoo•• J.e ftpeate4 
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--r J · 1 l 1 1 1 , , 
~ I I l . ,! . .1 "j -· f ~-j . ~ ,,• 1 f i . 
j ; 1 t 1! l 1 I 1 1 I 0 Qi ()l . j . 

1 

) t ' . . ~.- ! : . .. f ' 1. 1 1' 1 0 o· Q I ·) I 

; : 11 I 1 1 l. l 0 6- 0·' T' ~ 
) .. 1,1 L 1 1 1 t 1:11 [ i' 
~ t 1 1 I : l 1· J 1 1 : t l . J ··_·l 
; ~ oooot 11.11111: 
; . ·- 0 o: 0 0 r t : t ; 1 : j \ r~- :! .. 

' 1 · r 1 1 ! f 
. II ~ -·-· ~ . ~ •"• t 1 
·. ' I ! I 

_,.,J. 

Fig. 4.1 

Fig. 4.2 
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I• au. the o• s. 'lbe elea•te ot the aataz .vhoee 

ftlu• . Utt snate thea t .~ the ,alate ot coaoa1'it7• 
l>tfteMJst poeeibl• ooaoantl•e ot fl.&• 4•' are aowa 
atte~ pwoeae1q sa tltr• 4• 4• 

.u a »ftdt: of the aboft p190eclUH* 4oub1• 
in 

ooaoau,, .. aer a»Pfti'W/fl4jaoe' poaittoae. 1a •••• to 

2_. 4oUU8t au 4•1a.mat• ... pzooee•e4. hliDs 

• ' • ' da4ow wt1ih •• 4-eleau.t •• oatn. it _,. 

llUlleJ: cN&tR •• 4 ia tOW14 a _, ot the etsht 

aei&J:lbO--. ••••• tua. the •laat 4 1e raplaoe4 b7·~z·ero. 

Die olaeek le z-ep•tet With euh 5-elaleat u •• oeatr•• 

It thea an two •fl'Ml ~a Sa th• ' a J •tzht. eztF 

one o'l tba• ..,- b• tala aa tli• polat eoaoa1f'it7• Afta 
' . 

ooapleUBa thlt PJ:OO•ea, 40Ul•t• an nm.O'h4 11114 

•t.plftoat polllt• of oonoa'lltr ue obtdaect. the 

po•e1~»1e ooatifJUatt.oaa of dout.lei;e an4 the~ p•ae•aiaa 

amt ·l'boa JA ftc•· 4•5 ao.4 4•' ••»ectlvelr:• 

Ia oZder to baft oo.rreot aeSMft•attca. th• 

appJ!!Oprlate tU.r•otlon o'f the path lltl8t he 4etft'ld.ftecl. 

»r co~ 8eptetattoa, n aea a eepeatatlOtl 1Jb1Cit 

te aot 41ftereat hoa the mu:af.\1 ou. the proaeee ot 

ttaUrc tbe CIS.ftotioa ot ...-uuon path& 1e baed 

oa -.. awi!OXlaa"tlpn or ~atue ill toaa ot 
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1 0 0 .1 0 1 
1 0 0 1 0 1 

1 1 1 1 1 1 
( Cl) Cb) 

I ol 0 I (1 
I 

0 0 1 
1 o11~ 1 0 1 

; 

1 1 1 
• 

I 

l 1 1 1 
(C) (d) 

I 

0 0 0 
·-----

1 0 0 

1' 1 1 
C e) 

Fig. 4.3 Po::;sible ccnfiguraticn of cmcavith~s 



1 0 0 1 0 1 
1 5 0 

• 

1 7. ~1 ' 
1 1 1 1 1 1 

' 

(tX) (bJ 

0 0 0 0 0 1 
1 5 1· 1 6 1 
1 1 1 1 1 1 I 

(C:) (d') 

0 0 0 
') 

1 ~ 0 

1 1- 1 
'· 

0 

Fig. 4.4 Ccnfiguratioo of processed ccnca\fities 
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-- r-· 

0 0 0 1 () 0 0 1 
1-·---

0 0 '-1 1 
. 

L, 1 0 0 
--

0 ~ 1 1 1 5 1 1 
- . -. 

1 1 1 1 l 1 1 1 
-·--

ror1 1 
i 0 1 1 

0 ~ L, 1 
"--- -----·--

015 I 1 

... 

0 '4 1 
0 [1 1 

' -

1 1 1 0 1 1 -

Fig. 4.5 Possible doublet configuratim 
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o'olo 1 0 0 0 1 
1---

1010 0 1 
i 

0 0 0 1 
; 

'-f I 1 '0 1 1 5 1 1 

I 1 1 1 1 .L 1 1 1 1 

10 ' -1 
I 

1 
I 
I 1 0 1 1 

l 10 0 1 0 0 1 
--

0 4 1 lo .5 1 I 

1 I 1 
I 1 0 1 ·1 

Fig. 4.6 Ccnfiguraticn after removing doublets 
• 



aef.6h'bou1Aa poia'ts• to . ft.a4 1dle cU.noU.oa ot patll 

\Itt ou•pat ot :tan 1 All futbe• piJGO•e•4• AU •• 

ld4ii1~1o.t ,~ o1 ooaoa..s.t, ..- Obaased •o 2 •• 

ooaaniece a 1\lnha ·••••••es• Asata a J a ' 
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'. 

aat-.a •• (tu et.ssdfio.aut poia' of OPOa.t•rl a • 
o•'" u eeoke4. awa ot the elemeate of each ot- two · 

ft.U.oal. act· ·wo h9r1eontal zowe wbt.Gb 4o. aot: coatata 

tn polDt of ~u,,. ia aaloulatec1 sep•at~r. Path 

riU DO• laoa th• po~' ot oollcaYltv aloas· the pe.

pcu.\touiaar tzca poa' ot ouoa•l~r towaate the •• 

ha'f188 .- et.ual 1io '• u the~e a• two .satot!stctiaa . 

... ha'dDa 8Uil ·equal •o '• path la .... ftOa pobt 

of ooaoa'fltf' a.o.-aa the boa oommon to. 'botb the nwa. . 
Wile tlle:r:e aa:e tbett Zt01la each M.~ 8\8 eqaa1 to J .• 

the tho path ie aU.o•e&t to pow aoJ:Oea the Mx ot tbe . ' 

.,. tdtoee ~eat ~ bODa are ab&rea b7 tba other m 
•••• All t!Utae can• an illtll)tatd lD ttaun 4-.1 t 

Ia the pnoe• o~ ftoCUn• eeptD,aUoa .»atb 

.-l.US the above toumt 41.ftJOt1a, th• box aat to •• 

polJlt ot ooneant,- aloas •• path 41xeot1oa ie np1s.oe4 

by • -.. •• '~ !he paooeee ta repeated t• .an J)Olate 

of' ooaoavA:tJ'• Bow wlth ·tttt.e ' ae catt-e, tte otmta 

attshl)ou8"0o4' polate an ehecke4 (the box 1a •• patll 

dlrectioa le nov coc.Uered). It there is anr tmmbez 

~ter tbm 2• the path is te~a'ted aA eep8Gtat1.aa 
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1 0 0 1 0 1 ' . ~ 

1 "" 0 (., 
• 

1 2, 01 

/ 1 1 1 J 1 

. ., 

0 0 0 0 0 1 
1 z 1 1 z 1 

-

1 t 1 1 1 ~ 
. .. 

0 0 0 0 

0 

1 ~ 0 

I 1 .t 1 " 

Fig.4.7 Direction of P<1ths 
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If the. path 1a aot temlftate4t we ooaU»ue 

eronma the path Ill. the sue 41rection bJ' pkoiDS 

n:umbez: 41 5·~~··••• D 1a euoeeed.n otepe. ~o aoht .... e 
aqaen .. atlon. ''• a•1atdto1U'h004 check t• mde after 

eaoh atep. 

!o ~uatrate the pJ:Ocees, tile pap~ ,plo.tte.» 

outpUi of en ob~ect ell4 ita p...., o~"'" e'b.ata, 

1fhen tnoe4 fJrOa bot'lQD Utt lD aat1olockw.te• dlreoUoa 

1a taken. ftle picture ot mueole ~.tbre, ae atvea 1D 

loclee•e (t2) paper, ia map.ifie4 and. dawn oa a smpk 

papez• the l'W14 eo4e4 ~ ls eb.OWil ia ftB• 4•'• . tu 
su.ooeaai·ft .,._,.., Of conoa\'l.,. ct.t.,t101'1t •ata~ttoa ~t 

elgnlftoat OO'Deavltft path S%'0W1ztg 1a the appl'Op~late 

41reot.toa an4 sepeataiion, are exampllfle4 ift, flf.h 4.91 

4.10, 4. tt aat. 4. t2 reapect1vel.7. 

tlle lNCO ees ot aegQtJatati.oa depetUla: upea t'he 

t1Jltmesa ot qwmtJ.ssattoa i••• oapaett• ot •• biae.I'J' 

ma:tzt.x to retain ~be ohaZ"AoteJ:ie11q.o o~ the p1ota•-• 

On• ot the mala ohanotezi..Uc• ot a ocm.11asate: ob~•e-t 

bel~tg tlle •- ooaoa.tUea at. the llo\UlCI.aJ:7, th• »>!ata 

of ocmaa'fi't7 lhou14 . be p,neuve4 1'or o'bt&.1ftlos eucoesa~ 

ftaulta. 

AlthOUIJb, ma4orit7 ot- the pathe merce, ~Ncoee~, 
aGLtt .-s sepeatatioa pathe .mq s-•• tbla ta •• to 
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0 0 0 0 0 0 0 0 0 0 0 1 J . 1 1 0 0'0 0 0 
000000000001 1 11!0000 
ooooooocoo 1 J:t·ltlOOOO I l 
0 0 0 0 0 0 0 0 0 0 1 1: 1 1 1 1 1 00 0 I j i I 

! 

. 0 0 0 0 0 0 0 0 0 0 J ' t 1 1 1 1 1 1 :0 0' 
o o o o o o o o o o 1 J 1 · i 1 1 J 1 o· o 
oooovoo0051t1 11111 to 
oooooooott1l1.l11 t 110 1 
oooooootJtJ 11itllttr· .! 

0 0 00 0 0 01: 1 1 f 1 1 1 1 1 t 1 1 
0 0 0 0 00 j 1 1 l l J j 1 1 f L 1 l 0 I 

0 0 00 0 0 1 1 f t J t t I 1 6 I 1 1 0 
00000011111 t lltOOtlO 
0.0 0 0 0 0 0 0 0 5 l 1 1 7 0 0 0 0 0 0 
oooooo ooo o It J 1100000 
QOOOJ t 114 51 t I J 1 11100 
0 00 01 1 1 1 t 1 1 t t J l 1 1 1 1 0 
o o o t J 1 1 I l I 1 1 t 1 l 1 I 1 1 . 0·-

i 

I I 
I I 
I t. 

l I 
I t 

l I 

; ! 

. I 

001JlJIIt11lJ1tlltto i 

: l 
! 

0 0 1 t 1 I J l ·I 1 I l 6 5 1 l 1 1 0 0 ! ; I 

000 I t 1 t t t I t t 1 o o o o 0 oo· 
0 o 0 5 G 7 1 1 t I J I 1 0 0 0 0 0 0 O~ 
001l1lf11ll110000000 
00111 lt11l1100000000 

., 
I 

0 0 1 1 I 1 1 1 1 b 4 0 0 0 I 0 0 0 0 Qi j I I ' 
001lllll1l00111IOOOO! · t 

OOJ 11111115511110000 
o 111 I 1 J 1111111110000 1, 1 , 
111 1.11 l f 11 11111 JOOOO 
1 l · 1 1 · 1 1 l I i 7 I 1 1 · l 1 0 0 o o· o 
1 J 1 1 1 1 t I t 5 1 1 · t · t 0 0 0 0 0 O: 
t 1 t 1 1 l 1 1 o o l I t o o o o o o o. 
1 I 1 I 1 1 1 0 0 0 0 1 · 0 0 0 o o 0 0 O· 

' ; ~ { 

! 
I 
I . i 

l 
! 
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I 
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ooooooooooott toooood 
ooooooooooot J tlOOOoo 
00000000000111110000 
0 0 0 0 0 0 0 0 0 0 1 J 1 1 1 l ooo 0 
0 0 0 0 0 0 0 0 0 0 1 1 1 ) 1 1 1 00 0 
o 0 0 0 o 0 0 0 0 o J 1 1 1 1 I 1 t 00 
ooooooooootJ 1 I 11 J too 
Oooovoo0051tl 1 l 11110 
ooooooootttl1illl 110 
OOOOOOOJ1t11111lt1lt 
0 0 00 c 0 01 t 1 1 1 1 1 J 1 l t 1 l 
o 0 0 0 oo J 1 1 t t J J I l f 1 1 l 0 
0 0 00 00 1 1 f 1 J 1 1 I t G I l t 0 
ooooool t tilt t 1100110 
0000000005l117000000 
oooooooooott l f tooooo 
OOOOJ 111 05Jt 1.1111100 
0 00 0 J 1 1 l f I 1 t. 1 1 1 I 1 1 1 0 
oo 01 J 1 I J t t t 1 1 11 l 11 10 
001 1 I 1 I J I I I 1 f 1 l 1 1 1 10 
0 01 t J I l J l 1 I I Go 1 1 1 1 00 
000· 1 t 1 1 1 J t ( 1 1 0 0 0 0 0 00 
OoOoC?t 11 I I 110000000 
0 0 1 1 l 1 t 1 1 l l 1 l 0 0 0 0 0 0 0 
00111 J IJ 1111000ooooo 
oo1 111111 Gooootooooo 
o o 1 1 I I 1 l 1 too 1 1 1 I o oo o 
00} 11111115011110000 
o 111 II J l 111111110000 
1 1 I l 1 l I I 1 1 t 1 1 1 1 J oooo 
1 1 l 1 l 1 1 J i 7 I 1 l l t ooo o o 
1 1 l l 1 1 1 l t 0 J 1 I 1 0 00 0 o 0 · 
11llllll00lll0000000 
ll 1111 1000C1 00000000 

F1g.4.10 S1gn1t1cant Ccncavit1es 
a.tter removing doublets 
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ooooooooooo11 toooood 
o o o o o o o o o o o 1 1 1 1 o o·o o o 
ooooooooooot 111 toooo 
0000000000111 1110000 
0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 00 0 
000000000011111 t 1100 
ooooooooootJ 1 II 1 I too 
oooocoooo~111 11111 to 
000000001 t 3l il11lll0 
00000001111111111111 
00000001 t 11f111li111 
o 0 0 0 oo 1 1 1 1 1 J i 1 3 1 1 1 I 0 
0 0 00 0 0 1 1 f 1 J 1 1 I 1 2 I 1 t 0 
0000001 t 11 '3t t 1100110 
ooooooooo:2ll3:2.oooooo 
oooooooooott t 1 tooooo 
00001 1110 211 ll 1 11100 
0 00 01 1 i 1 1 t 3 1 l 1 1 1 1 1 1 0 
0 0 0 t l 1 1 1 1 I I 1 1 1 1 1 1 1 1 0· 
001111 t ttf 1311111110 
0 0 1 t 1 I 1 l ·I 1 1 l :z o 1 I 1 1 0 0 
000 1 t 1 t l J t t t 1 0 0 0 0 0 00 
ooo oo!23 11 r 1 t tooooooo 
001 t .t 111111 t 10000000 
00111111311100000000 
oo1111111 ~ooootooooo 
o o 1 l l 1 1 l 1 l 0 o 1 t 1 I o oo o 
001llll111201!110000 
0111 11 1 1 13111 1 110000 
I 1 1 11 1 l 1 1 3 1 1 1 1 1 I 0 0 00 
11 t 1111 I i:t11t11 ooooo 
1 l 1 l 1 1 \ l t 0 l 1 I 1 0 00 0 0 0 
111111-11001 I tooooooo 
1 I 1 I 11 iOOOC 100000000 

F1g.4.U Jl1reet1·cn or SegmEJltat1cn 
paths 
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ooooooooooo11 tooooob 
ooooooooooOi 111000oo 
ooooooooooot 111 toooo 
000000000011 1 11 }00·00 
00000000001 t 1 1111000 
OOOOOOOOOOJ 111111100 
oooooooooo!J 1 !I 1 J 100 
Oooo00000~111 l 111 I lO 
ooo o o o o o 1 1 3 t 1 t 1 It 1 1 o 
0 0 0 0 0 0 0 1 1 1 1 4 5 1 1 l 1 1 1 t 
0 0 00 0 0 01 t 1 1 11 4 1 1 1 t 1 1 
0 0 0 0 0 0 j ! 1 t t j j l ::3 1 1 1 l 0 
0 0 0 0 0 0 1 1 f 1 J 1 1 l 1 !l I 1 1 0 
OOOOOOllllr.?t 11100110 
ooooooooo~143~oooooo 
oooooooooott t ftooooo 
00001111 0!2.11 IJ l 11100 
0 00 01 1 1 1 f t 3 1 I 1 1 1 1 1 1 0. 
o o o t t 1 t I l I 4 4 1 t 1 1 1 1 1 0 · 
001 1 1 1 l t t t I 3 I 1 1 1 1 110 
0 0 1 1 1 I J 1 ·t 1 I 1 2- o 1 t 1 i o 0 
000 1 i 1 t t J 1 f l 1 0 0 0 0 0 0·0 
00000~3~1 If I 10000000 
0011 .t 114111 t !0000000 
oo11 t II 1 '3lttoooooooo 
001111 11t20000l00000 
0 0 1 1 1 1 1 l 1 1 0 0 1 1 1 1 0 00 0 
0 0 1 1 1 1 1 1 t 1 :2. 0 1 1 1 1 0 0 0 0 
011 1 J l 1 1 151 11 1 110000 
1 1 1 1 1 I l I 1 3 t 1 1 1 1 J o o oo 
1 1 1 1 1 1 1 I i 2 1 1 1 l 1 ooo o 0 
1 J 1 1 1 1 1 l t 0 1 1 f 1 0 00 0 0 0 
11 t 11111001110000000 
11 1 I 11 1000C1 00000000 

SeemE:rt t~ Pattern 
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th• pJH.teeftoe ot eertatll amOttttt ot noise Wbioh e:tvea 
nee to f'alee o•oe.'V'ittee. •1r1 .-eh a. case. the path. 

1iunea4 &t ••ts.as .,. other path, w;ill grow toreW» 

act •eet. tl'l• ~ae1:7 of th.e ptctuze. WbU.e cbeold.D& 

iu ••• f!.dghboura, tt a eeo elem•t le eoouatent 

aloas the. Ui:eotlOD of the »atb, the path t.e 4eol.an<l 

tal• 8ll4 i.e emee4 &ftc ses:matauoa is ooat~l•te. 

lhl• ie 1Uuetm'ted ill 11~ 4. ''• 

2b11 methOd. bas aleo been app11e4 to the data 

of OYU19ping '!to2 blobs g1\'a by uoelli (·5). 

8\lec•asf'ul oecmentnt1o11 ie acb1eve4 aa ebon Ia. 

~!B· 4···· 

\ 

' 



~ET_ ~-rJT ' . : i < : : · ' ' .· ~-~ -J 
; ____ : ___ J 1 1 i 1' 1 :o o=o.o: 0 0 0 o·o 0 0 o·:~.; ~! 56 
~ l u 1:f'1.200000000000: i r·· ···-- : . . . . . - ~ 

L~ ___ ,J~1_: 1 :'3 ·1 · 1 o o.o o o o o oo:o;~]~J 
f .... L ; 1 1 4 1 · 1 l 1 0 0 0 0 0 0 0 0 0; ! i 
L .. ~ . 1 5 1 ', 1 ' 1 1 1 1 . 0 0 0 0 0 0 9 0: ··t·~j 
L ~"- .. 6 1' 1 1 1 1 L 1 o o o o o o o a· ··I=:J 

. ~ __ ;__·1 11111 111 e ttoooo_ .. ! .. J 
I--- i - . 1 . 1 1 1 1 1 1 . 1 1 3 1 1 1 2 0 1 ; ·; I 
! __ !.__.. 1 . 1 1 1 1 j 1 ' I 1 4 1 1 j 3 1 1 .. I-~; 
! ; 01 1 1 t 11 1 15 t 1 lit 11 i ., 

:----~-- .. 0 0 1 1 1 1 1 1 1 4 1 1 1 4 1 1 . t"'~ 
:-· ·:··-- ·0 0 2. '3 4· 5 (3 7 ~ 1 3 1 1 3 .t 1 ; --1 
r --: -· o o o 1 1 1 1 1 r 1 1 .~.- o 2 r 4. · r--; 
- ... ·- J. ... 
~- . . . 0 0 0 1 1 1 -1 1 1 1 ! 0 0 0 0 1 ' 
; ___ ·l~. 0 0 0 1 1 1 1 1 1 1 1 1 0 0 0 0 ; . ;: 
t.. . . o o o 1 1 1 1 1 1 1 1 t o o o o ... r-··: 

····1·--; 
I , 

.... _-I .. l 

Fig. 4.13 False SegrJ.e."lt atim Path 

. . . 1 - ~~ 

' 1 
·- .:..! -~- ~ 

! ! :' -:. 
) 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 . ·. '\ . ' 

, 1 1 f 1 1 0 0 0 0 0 0 0 0 0 0 0 ---~- ' 
1 1 1 1 110000000000 ; ;'. 
1 1 1 1 1 1 (0 0 0 0 0 0 0 (J 0 "';' : 
1 1 I l 1 1 1 1 0 0 0 o 0 0 0 0 .. j -.. ; 

---. 1 1 1 1 1 1 1 1 1 2 1 1 0 0 0 0 -~---~ 
· ·-· ·· 1 1 1 1 1 1 1 1 1 3 1 1 1 z o 1 . · r --; 

1 1 1 1 1 1 1 1 1 Lj 1 i ·t 3 1 t· ~-~·_: 
0111111115111411_\,_ __ _ 
0011111 11it 111ir 11'• ! ... 
002'34S6'7g 1311311 i __ . 

·ao o 1 1 1 1 1 1 11 z o 21 1 · · 
0 0 0 1 ' 1 1 1 1 1 j 1 0 0 0 0 1 ~- ' : .. 
0 Q 0 1 j 1 1 1 1 1 1 1 Q 00 0 ~-I 
0 0 0 1 1 1 1 1 1 1 1 1 0 00 0 : . ~ ~--., 

Fig. 4.14 Test figure ·or Ti0
2 
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1.8.1, 1-i I I I.Jl-• - . . . . 

A aethocl llaa ••• 4eft1Qd to ••sl• oat 
.,, ...................... .u, ...... ,... '' ....... . 
• •• .. ._,,* that tbt ooaeatd.''- -. to putlal 

oved&pplli8 Of tile-~ u obJm• . ....., a •• 
plo-.. aaphaal• •• "• .. .,.. • •• U\eotioa ot 
pc.tate .,, ooaoa•t7t -..Wtl of Jaa~eaat potat .ot 

ooue..S.ty, ft.aciias the_ 4lJ:MU• o• sepAtatt.oa pa._ 
aa4 podft.s ot ,atb O't ....-.~atl• aloas that- «i.noUca 

towaJ!de • ateaoa of •• p1ow" Ul.\tll ......-tau.oa 
le OOI!P1•*•• 

tu p._na hae· ,._ t•at•4 wttll .-J" ..-.,a.. 
aad ._.wtoa •• bee towacl •o asn• •• raaaual 
oaea. · 0ae Of' tll.• eDliJlee S• O~QSA.'84 84-.te a• ·eeea 

a ,_.,....... uctu. of ••• ftb»e• aa lU1liJt•t•• t.r 
BooJ.•• (6'1). .,._ •• tu .,. ••• __._.. ot li*<'n-

aat PP••• O'bl•ne,- '• .,._ -. '• a ..s.qa. oltwteot • . 
to thet~ autapo.S.UO.. De QeoSIIeA taktllll eoatd.na ot 

ob~eote to..a br two • aoft _.,. ... ·~••. De 
I 

•~•• ot these ·ObJeou. ooataia tbup ooaoa'f'1'J' 

pota••• !ben sa ao "'"~ ot' ooad.Uiuet ~*-'• o~ 
Ob3eot8• 

ADotbew ft'8lBple tee•e4 i• tbat, Of OWa1ap»'M 

oa~a ·bl.Ql)e 1UuM~nte4 b7 uoell.i (10)• ••• t»10ba 

u:e tb.e tiOa ~- pant.oi.ea wb10ll an to tt.e eSBS1•4 

out to ••t••••• ••u aae whioh .., .. _.. ueoea__, to 
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.. 
eoatftl tlle fdu ol the powd.n p.U.olea ....... tb.t 

pzoaott• fit Pettit ooaJR•tl• 
ana. 1Uqb *'-' o-t a. a.-lte .,.._..,_,._.,. S'al• 

.. _..,.,,. patba .- ~•sa.• «neloJH 4u to • 
pnHiloe ot ~ale• eoaoa'Ylt7• ftl• bl(ppea od.J' ,..,. .. 
ot ,.,._.. ot aos.• aD4 o. h ..-..a 'V •»lf;tlls 
apJ.Opaat• abalOelltf1t poo.O.•• a. ulat J:eatmil. 

With th.e otmtAs up of: ••• e4 lmpaoY•4 t•Ohllt4'1e•· ot 

.._ abuJ••DS ~· UeltaU~ oaa t.• bO»tA to •• · .... ,. 
.&-...tioa ill 'the aoqUllit'• aoctlate32JHtaU• 

ot 4ah u ld.noeotPr bae beea a tocae o~ tJiMt4toa1 

netUOh r. ~·•. a leo~•• Oosput•• uetat•4 p-..edt'la 
ot blo$4 tlt4h, oa»Ut• .,.,. to: •-'--~allJ etoz-~a., 

aalJ'td.aa •• -enea.otiq. aatoaatloa m M!atos8Jie 1a 

auobu •••e&ae• --.t:l.o naolostoal U.as• _.,..,_.., 
•*'- .-o •. ue alr._ 1.a ••• Ill com,••••4 .._._,_. 
w¥6 le DOthilt& btlt -.. •eta• o~ coa'\rfttliOD or ,_,._ •• 

4a-ea "o a «ls1t£u4 to•• a OOIJJ1lte 1N11t la• a. 
0011pa..S.ee4 toMog~:UP!ar appaatu•- ••aau:• ~ ,, .. , 
iooatla e4 X'a4S.OcteGalt7 ot -. »ath010sr &PP..naa OD •• 

oomputeaaeti tomosnpbJ •oaillltas ........ A\t-.Uo •••• 

eaqale ot bi01l•d1oa1 ••• llk• las s-nr l»eoo.•• on-. 
DeM•saJW' ~- tiaf.PlOdllg tbe 4~ ot ...... ., Of Mal 
.._Jtuf 8 PA8WDOC.OD.Oe1e. B(ftre\"Pf· 1a epi·t• Ot _., ee:ioa• 
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a't•''"• aeObaaloal tftOe»U• ot ao-.oopt.o flelae with 

a ~e1lab1U." 1ihat •Oll14 laepift aouUae apPU.oa,toa etW 

m4eaue. 

Wt Ita" ~•4 a »aallel~ttoa, .,.._.. Ia 

ae»1al acoea&,t the vaua eaa opera'l• • ellOh polat 

d.tl4Qetu1a""• lt oar. be ..,.,.,..4 •at•et•447 wltb. the 

avai.lMiU tJ oi' pa.:U.el 00Jap1ltatf.ca. th011Ab oa · 8J'etfia 

oan be appUtA to pa»Uell¥ OY•~:1appe4. l)oaadaJ:J ot Olt$eote. 

tbe pHliuamC7 _.oeas eooo.ragea ua to kJ to m04lfr -. 

Mtho4 aot oal.J' to &mpove the •eooa.-roou.cm of the 

llbape a.4 ate• ot Ue 14~4 ob~eots but aJ.eo to app1Jt lt 

to ••.ur ove):lappt.Ds oll~• .. ••, tbla ••tb.oA ..... 1d.U 
' 

g!.ye u meana to 41ffere'lAat• tile bounda&J' ot tbe ~· 

04 6e c;rtopl,aem _,. • o.U.,i a... teclul1oea DaJ alao 

Ulp u. J.Wktlac •Msaet ~11• ·~ -.. 1Ukelf' to be 

ot UM 1n za«lotheap'fi 

-:·''-·:::. 
\. 
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lila· pnpftaeesed pinoJ:ta1 data ie .atere4 oa •• 

.. so-toao .i a)"etem-. •1n81• b&a..eolllls ....... . 

tbe pHpz.oceefd.aS S.e doae b.7 ooavertma the p10ttlM floa. 

CtOilt!llUOtlo to= to 4laorete form (Ug1Ut$at1GD). &e 

4ata i.e compt:ease4 eo aa to ooaeene the etozage apaoe. 

Ebb&Dcemeat au4 reetom1;.1a techD.tquee are appU..S to 

iap1'0'fe the degraded• blu~4, or nolar' picture. aowewm, 

the tmplemontatlon 4eecu:Uul4 here 1• reu,J:1cte4 to 

:beatU.tna oa.11 'he pnpnoeeeect pi~e. 

Whe z-outlllee ot the eegmeta.ts.cm pros~ were 

4evel..ope4 Aft J'ORTRAB tv. The pJ:Ograta oee1ata ot Pari I 

ud Pan XI. The outll!le aketchea ot the tmpon•t 

.ntbzoutirlee ·O~ the two pa'l'te &a•• bee 4eeo1.'1be4 iD •• 

IQbeeCQ.tat eectlOBe. 

aaa.i 
hn I o~ the p.zopaa tl04e ~•t tile potata of 

oonoaYI.t)' ~1~. 'thea .1'\ aelecte the fd.enitlcaut potet• 

or COJloav1t7 tt7 ~remo'ri.rla clou.blee. It has· the to110td.q 

at:epet 

(a) Ma4 A (J,J)• 

U>) It A (1,1) a.a etual to ee~o, e.l1alree a JaJ 

v1Uov with A (I,J) ae o•tn• 

( o) It 'b• swa or an el•ct.e o:t the 3&3 wt.D4ow 

1e fP66U~ tbaD OJ.f ~81 to .t, th. npltlo• 
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A (1,1) bJ tb.e --. (!beae elem.eAte vhioh -

t'10tf s~te~: than u equal. to ••· - tu pObte 
ot ooaoaft.l7). . 

(4) It all A(it:i) • 0 u. a.ot scaue4, so to ·(a). 

<•> "''g.' 
(t) lt 4(11.1) 11J K, Mal¥ae .. SxJ 1da40W With 

•<Xtl) aa eeatre• If •r o-.~: el•ent I.e 

Brett'" tha o~: equal to It, put. A (1,1) • o. 
te) lao:reae• & •r •• 1••• KwE•t a4 so • (r). 
(b) Oon'U.Ilh Gtil x-6. 

(i) to r.-ove cloublete, npeat. etva:(t), (s) ·•4 

(h)· to~ aU A(l-·4) ·• K. 

(~) Nt a •~ ibe- atl',f t• pea.te» 'thaa t. (!low 
,. 

aU. w.au ba'fiq w.lue 2 are ctlPI.tiOall. 
. ·. 

' " 

' . 

ltdil. 

»an 11 ot ·~· ,_,_. oonsete Qt soaa ~Z . .t.. ~ad.t8£ 
·~ ' . . .. . 

tu c11ftotite of·flle pa~ ..4 So-. Ill~ S"V~ tbe' 

path atU. ._ea.tatica '• •*""~ UM: II • '· . . . , · ·· :r 

(a) aoaa A Ct • .,) ~ta..; 
I 1 " 1 ·~ 

(b) lt A(l,l) ·~· a •• ooa•«•• .e ,., ••• •• . \. I . : . , . . . . . . 

· tht• .a (X,,4') •&t oeatnt , · · · · 
. ' '.'. I, . . . . ' 

(o) It A(I.J) t• aot equal ;to 2 th-. $..1lowaeat. ou . 
. ..( ·\ . 

I •. I • 

(·4) ._. -. .-.· ot·au. ..__..,. ill. th~ .owe eaa 
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• 
C•> It M1Bl • ? then oheok. poaittoa ot 0 ana 

nplaee tbe elaea'b oPPoal t• to o ba '• 
GO '0 (h). 

(f) It' the eum ot aU elemete of 011• ool\lma 

o4 oae .J:OW la '' ob.eok .ntch. colua aa4 

which row Joe ba91DS the aaa '• Ka• ttw 

"rteap0a4ias COmmtJ!b e1emett '• 00 tO (ll)• 

(&) It ODe oolumal o:.: oae J:OW hia bavlag the 

... equal to J •• tm4 the a£44ie el.-t . r 

ot tb.e.1: row or col'UIIll aft4 make 1 t '• . 
. . 

(h) hpeat the etQe (a), (JJ), (o), (4) toa aU · 

MIIU,I 
(a) 

Ud 

(0) 

the el--.te ot A(lti)• GO to so• Ill. 

SOD A(I,J) ._, n•• .. ' . . . • • ••• ..... 
If ,,1,1)• I the acan aU .the ~43ae•• 

. .,_ . . ·. . 

e1emeate of A (l,J). 

(4) .11 there te ODl.J'· •• a«Uaoe't ~.-at whiG 
~ 

·te ...,_. to U au u eleaeat la equr4 to a, 
therl .. _.. the oppoet~t Of • ._ •1-ll't L 

• • •. -~ '1. • ~ (: 

coa.tmue t1U ·tb• a:ow Ae ft.D1dlet41,, .. 
'• 

(6) Jllo~:••t -. eow ill t. au ·so to (t.) tAU: 

aU the J:OU· o~ •tas bave beeo aO$me4~;< 
' ' 

(~) Xllora•t B bJ' t i~t •. Jl=rl+t aa4 so to (b)., . 
. ~-- ~ . . . 
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IRaaqBI MIS&CZIP· BIILIIDAllt 

t., as-wa1, a.&., •Acl&ptt• lmia_ • ~atatloll vasaa »m•n• aa.tlQI_.•,·a lBBB OO.Jdea 
80Qle1r c•rer-.. ·•~'•'••• BDOf&llltloa 
aD.4 X.... Paoceeaiq, 18 OK IJt&-to • 

.a. ~4, •·• ••~-. 1., •• BaG, c.,., __ •M.ozete 
Oo··· 'f.a.at=-ailOD'• b lUI ,..._ 
ooa,ut., o.a,, 1tT4, fMJ• 

J • .&a4fteoa, G.B. fl'D4 ~~· l•l•t 'Jnt••CI7-Domala 
~ .,.. lMa• _BaG_ · •• t. • ... Ra•tea ae~t1oa, ' ,, .,,,,. 185-196. 

4• &bfte, a.c., 'IJltX'Ocblott• to aatbtllilttoal Rat"e• 
aeo~u••, Wl~Iataaoieaoe, a 4lW.alOA 
o~ Jiba Wu.Q' & SOD.•• lao. 19'12. 

s. ueeUl, o.,t :r.e~s. a., 'Piotan_ »no...sa __ -s_ea4. 
wnl.apJSas Jlfte•, Ill nsa ,.... a GODip1lt .• . o-ao, .,... .,,,,. ' . . . 

'· .taneUo:~ a.J., a.u.u. a.a. aa4 stolla, .r.z., 
•tzeot•• Ja~toUe comp ... tloa ot SD»le4 
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