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h. 
This th.sis presents • n.w solu~ion to the imag. 

s.gmentation p~ob~em that is based on th. d.sign of a 

.... u~.-ba.ed 4txpert system. Gen.""'al knowledge about low ~e'vel 

properties of an image is 'orm~lated into prbduction rule •. 

A number of proe •• ses emplo.j~ th. rul.es to s~gment t'he image 

into uniform reg!ons and eonnect.d l.ines. - Zn .ddition to the 

knowledge ru~es. .. set or control rul..,. ar. .~so .mployed. 

'order .i.n wh.ieh th. kno .... l.dg •. ru~.s are .... teh.d. Th.... a1so 
! 

includ. foeus 0' attention rul •• that dete;Mine the path 0' 
, 

processing wJ. thin th. imaQ •. A third s.t 0' rul.s con tains 

str.tegy. 

strat.g.i.... .al". s.~.ct.d according to " .et or p.rrorm.ane. 
~ 

, , , 

-, .,~ 

output at an... point in tim •. Exp.riments with th. knowl.dge • 

rul.s ",.sp1 ted in .n optima~ .et based on output qua1.i ty .nd. 

to be qualitatively and quantJ.tativ.ly .up.",ior to p",evious , 

~ ., 
-, 
.-

<, -

/ 
; 
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-RESUME 

.. 
Un gr.and probl.me dCf la' vision robotique prôvient de 1111 

, 
dif'f'iculte 

.. , 
comprendr~ 1. contenu. Cette these propo.. un swsteme expert 

pour segm enter l.s im.ag~s. Les connaissance. empiriques sur 
, 

les characteristiques dCf base sont 
/ , 

r.present.es par des 
, ~ / 

reg les de product.ion. L'image est •• g~ntee en regions 
, 

unif'ormes entour'l'es de lignes par des"lProcessus employant Ce!'S 

, .. 
regl ••. En p~u. des r.gl.s d. conn.aiss~nc.s. nous emp~oyons 

'" ... des reOles de contro~e. Cell~s-ci comprennent des regle. qui 
, ... \ 

et~blissent l'ordre .a suivre des re91es de connaiSSAnces. En 
... , 

plus. i~ W a des regl •• regi.sant 1. ~oyer d'attention qui 
, ... 

det.rminen t le cours du traitement de ~' image. Une troisieme 

, ", "" 
c.ategorie de regles determine la strategie .8 employer. Lili 

" / ... 
strategie est d.finie par des conclusions au sUJet des regle5 

de 
,.. 

control. obtenues 
, . 
Il partir " donn •••. Ainsi 
, , 

la 

est l'ftodif'i.. continuellement par ces regles. < 

... , , ~-':: 
L'ordre des regle. et 1111 strlll~.gie du ~oy.r d'attention sont 

,1 .... 
Ceux-ci me.urent la qUlll1ite III tout 

tJ~ ~ 
D,is .,xpe,.. .iences .instant. 
... / 

ont IIbout.i Il un ens •• ble opt.imll~ base sur 1. qUIIIlite de la 
/ 

segmentat.i on et l'erf.icllc:1te du traJ. t.ment de l'image. Il .. , , , "-
est demontre Glu. le tonctionnement d~ens.mbl. du SlJsteme est 

• qUlllitllltivement et quantit.at.ivement superieur aux algorithmes 

" de segmentation ant.ri ..... rs. 

, . 
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1.1. OBJECTIVES 

CHAPTER 1 

INTRODUCTION 

. -

A primar~ obJectiv. in contemporar~ computer vision 
\ 

research ~s the ,abili~y to analyse"images originating fr~m 

three-dimensio~al scenes in order to underst"and 

content, This May be done by ass~gnin9 appropriate 

interpretations to obJecti within the scene, 
,1 

Accordin"glyJ an 

:image must first be segmented ~nto regions that roughly 

correspond to abjects, surfaces or parts of abjects in the 

scene represented by that image, Two stages are thus 

apparerrt. thé low level processing stag. conc'erned mainly 

with·the segmen~ation iS$U91 and the high level stage devoted 

t~ th~ interpretat~on oF the s$gmented r,sult. 

The hierarchy suggested here maintains that a low' level 

process "that has no a priori knowledge about the obJects in a 

scene. would be able to deliver a "plausible" output to the 

high level process. However, the option of receiving 1 
- .. ,. .... ...-""""'" ..... _ ........ _ ............. , o..? ~~~... 1 
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fe~dback from the lat~er for further processing in ordër to 

resolue hLgh lpvel ambiguities is left open This r'esearc:h 

is concerned with the low level st~ge of the image 

understandLng sys(em and ~s closely related to previous work 

on h~gh level ~mage interpretation [Leulne and Shaheen. 

1.981.J. It should be noted that the distLnct~on be~ween the 

two levels of analys~s is primar11y ~n terms of ~he knowledge 

ava11able to each Wherea~ the interpretation system uses 

doma1n specif~c knowledge about the contents of a scene. the 
1 

low level segmentation stage e~ploys general purpose models 

CZucker et al. J 1.975] -that contain knowlet:lge about images 
,~ 

and grouping criteria that are independent of the class of 

scenes under analysis 

This thesis proposes a nèw paradigm image, 

segmentation. namely. the use of an expert rule-based sy~tem. 

Th.1.s· solution was nlotl.va't.ed by a nùmber of' issues that ne-eded 

to be addressed and s+udied They can be classified under 

the following head.1.ngs· 

(1) The presence of a Idrg~ num~~r of segmenta1ion heuristics 

in the li terature. A method is requit~i.\d for ev.aluating and 

organizing t'hase to "Jork together. " 

-
(2) The absence of an explicit scheme for repr.senting the 

knowledge embodied' by these segMe~ta~ion h~uri$~ics, 

< 3) The lack of' quant.1. ta-tLve evalua.tions of a segmentation," 

< 4) The need f or a bett~r undè-rstanding of the methods by 

which' the segmentation heuris~ics should be applied to and 

image. 

" 

. 
<l'-I. .... ""~ q • 't'" • 'il" ...... 
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Fo'+lowing is .( discussion or these and how the. 

prop6sed solution affects each: 
" 

1 

<1.) IntegratioJ" of knowledgE? sources 1 
1 

1 

~" 
ApP'70aches to image $e9mentatio~ i~ the past have 1"·-=-lJ.ed , 

on proc:edural ,ügorl. +'h"'$ for boufdary detection and r-=-gJ.on 

growing [R~$~m8n and Arbib. 1.977~ . 

. different heyristics in their an.lysis. with varying degrees 

of suc:cess it",' obtal.nJ.ng c.utput p"'rti tions that are cornpatl.ble 
'. 

wi th..... humar. expec1;atiot1s. 'The diversity in the data 
; . 

structures. knowledQf:--- S:,ol,,~rCé$. and control mechanl.srflS 
- 1 

1 

. presents dif f i~ul ties. i"13in fng a general framework that can 
~ / ' 

integrate these efforts. prin'Jary goal of this ri'search is 
~ ~ ..... -. - ' 

i .. . 
'. to desi'g~n a qI0fllpleox $y ~m' that l'lot only is flE"xl.ble eno'..Igh 

to. accommodat.e 'the wl.de .variety of segmentation he'..Iristics. 

but would also~ be ca~able'o' evaluating and selecting, the 
1 

best heurl.stic~ for "diffet'ent .9ata situations For Eioxample, 
~ - / j • 

si .' both region a~alYSi/ for grouping pixels based on the 

si(l'lilari ty of their/ f~~~,res, and boundar'J anal y: loS for 
-/ 

parti tl.ot"'J.n~ the -i-Mage b-lised on d.l.scot"ltinul. t .1. es .1.1"[ the 

'features ha0e been sUl~gested as ~"ül.d methods for segment~ 

an image. The proposed system i5 capable, of doing both. w.l.th 

~he additiona~ po~~r of allowing interactions betw~en these 
" 

During the course of th1s thesl.s. we w~ll 

describ~ and dernonstrate how the exchange of l.nfOrmat10n 

be'tween various . segmentation heuristl.cs leads to ,a 

substantial improvement in the output del.l.vered to the hl.gh 



( 

" 
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./' . 

(2) Explicit ~nawl~d9~ ~epre$entation 

The 'd-tSl.gr'. cor àr. expert se.;;!mentation system ~h~t biends - , 

knowledge f~om a wide varl.~ty of sou~ces faces the problem of 

finding a suitable kno~ledge .representatlon. sch~Me In 

knol.<Jl'edge haVE< been reserved roainJ.",y fat" application do rll.:! 1. n 
y •• 

knot"ledge, wh.l.le get"'let~al, _ I,.'isual knowledge has: b~~ buried 

Whot, is needed xs a 
q ,; 

flexible mechanism capabl~ of experimenting with different 

processing mE<thodolgiesJ and an e~pressive coding scheme that 
l 

:~n accommeodate all PO~Si.~~le \ kno,wledge SOUrces 

rule-based approach to cont~~ which is proposed in 

The 

this 

thesis. satisf ,ies bath j] requl.rernen'ts. Knowledge is detached 

frOnl the app~icat.l.on processes and cOded\~.~to the rules. 

which are modular entities t~at can be modified wl.thout 

af'f'ectirlg the structure of a sys:tem. An additiorlal . gpai of 
- .,..~ -,.: .,.! '" 

this research is to l.nvestigate the use of the rulE<-based 
'J 

approach .Ln ge~eral purpose iMage~ ~egMentatl.on. 
.' 
This 

includes addr'essitlg issues su ch as confliet 
, , 

resolution and focus of attentionJ as weIl as structural 

issues like the syn\bolic' coding of' se.9menta1: . .Lon heurl.s):ics 
~ 

in1:o production rules. 

.' 

',-

" 

. 
• 1 
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(3) Output evaluation 

Rnother aspect of' the image'segmentation problem,is the 

non-uniqueness of solution. . a complete 

segMenta1.4ioYI should cc.rlespond to the ob.jects to be 

interpreted. Howèver, low level proc~sses can only produce 

partitions on non-semantic basLs_ and these not 

necessar1ly corr~spond ~o describ.bl~ obJ~ct; '~uch parti~l 
,r-:;' . V 

segmentations ar.e n-ot I..H"Iique e'Jen for humans .exam1n.l.rlg a 
" . . 

scene. This problem May not be of part.l.cular importance if 

the ult1mate goal if to perform high level analys1s w1th 

top-down feedback. 

output is required. It provides the Means: for designLng a 

system that produc:es thy Most appropriat'e partition. at,d 

hence m1nimizes·the need for intervention by the high level 

stage. Therefore. another goal of this: research is to 

establish design measur-rs that indicate the di,stance from a 

known refer~nce. The latter i5 taken to be a manually .. 
generated segmentation that corresponds to the obJects 1n the 

image. The$e measures are then used within the context of 

the rule-based system to tune the model by evaluating the 

rules and the control mechanisms. 

-
The development of design measures has ~ompted. us to 

search for other measure~ that estima te the quality of the 

output without the neeod for -a.a;.'Jo re,ference partitiot'l. 
~ 

Consequent1y_ these new measures can be used dur1ng actua1 

processing and will be referre-d to.as "re.al-tim..e tneasures" 

Low can now be posed an optimization 

................. ~ .... Jsa ... '._ 

1 

1 
~ 

1 
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-1 
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prob~em in which ~h. goa~ is.~o maximize a s.t of performarice 

- 1 parameter~. By cOMparing a~ output partition to t~è 1n~ut 

i.mage. the real-tim~ measures are used to modify the 

processing m~thodo19W in arder to incrementally improve that 

output. 

(4) The definition of a control ~trategy 

:- ... ..4. 

For a system that employs a large number of h uristics 
~ 

to segment an image, two control issues must be a dressed: 

1 

the arder l.n which different heuristics are applied. 1 and, the 
J' 

)path within the image alang which they are tested. Fo~ the 

rule-based system. the segMEH1t.ation heuristics are coded into 

the rules. A contro~ strategy is defined that·conS1.sts of 

rUle-ordering and 'path se1ection components. Differetlt ,... 
• 

strategies are implemented and tested. The best strategy to 

apply varies during processing. It depends on the state of 

the output segment4ltior'l at an~iven timë. Consequently, a 

d~namic s~lect1on mec~anisM is used to execute the best 

strategy based on the data. The next section,summarizes how 

this and other issues are incorporated into the rule-H~sed 

system: 

1.2. SYSTEM OVËRVIEW' 
'. 

The syste~ is designed ~n the form of a Modular ,set of 
o 

processes two ~ssoci.tive m.mo~i~s, as ,shown in 

'figure (1.1), 'The input image, ·the segmentation data, and àt 

the end of process~n9' th~ ou~put, are stored in a Short Term 

1 
f 
1 

1 
f 
1 
1 
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" ...... INITIALI2ER' l/ .... " 1 .... . 

..- .... REGION ÀNALY2ER "'" .... , ..... 
, 

- r>-= 

-' ... LI NE AUALY2ER " " , '" 

'" 
STM LTM 

-
-. .... AREA ANAL'T'2ER /. 

"': 
, .... 

0 

" ... FOCUS OF ATTENTION k ..... , r-.or . . 
. 

J 
w 

~ 

/ ..... SUPERVISOR t,.. .... ". 

Figyre C1,1): The sy$'t~rn block diagram. 

.. 
• ""i -

Mernory (STM). A Lor,g Ter-m M~mor-y (LTM) ernbodies, 
, . the model 

the system . knowleodge about l.ow level 

segrne~-tat:ion, as wel.l. as control - strategies. Éach of' the 

r s\d.stem pr-oc&sses has ac:eess to the information stored in the 

L TM. ,and. 'can â1so r-ead and mod.i.fy the data: stor~d in the STM. 
'tr' 

In faci;, this is the only way it can communicate with the 

other sys~em processes.· Thu5 any chan~~ in the data stored 

/ (J 

o 

- -. i 
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i 
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.l.n the S TM, brought about cby one of the system processes, 

W.l.ll be instantaneously ava~lable to the other 

processes 

The bas.l.c control s+ructure ~s that of a product~on 

in ... ,h1.ch general knowledge about 1.ndependent low 

level of an l.mage f ormulated ~nto 

A system proc~ss matches rules 1n 

the L TM aga.1.t"lst th.;. data stot~ed .1.n the STM, and wherl a rr,atch 

occut~s. the r ule f ire:= Th.1.S tr1.ggers an actlon that 15 

performed b~ that proces~. and usually l.nvolves mod1.fl.cat~on 

of the data 

The segfflentat.l.on of an .1.ruage ~s def.l.ned by a set of 

reg.l.ons that arE' conneocted and nonoverlapping. so that each 

.l.ndicates the rE'g~on .l.t belongs to In addit.l.on to the 

reg.l.ons, dl.scontl.nul.ties 1.n the .l.mage arra~ are def.1.ned by 

l.l.nes that are also conn?cted and nonoverlapp.l.~g In th.l.S 

case, p.l.~els .1.n the .1.mage can e~ther have a l~ne label 

~ndicat.l.ng the l.l.ne they belong tOI or they can have null 

labels to ind.l.cate that ~here .l.S no l.l.ne pass.l.ng through 

them Th.l.S approach s1.multaneously uses both r eglon 

~aformat.l.on, based prl.mar.l.ly on unl.formity cr1.ter1.d 1.n the 

as l.l.ne .l.nformation. tha,!., represents 

d~scontinu.l.ty cr~ter.l.a .l.n that array -. 
~ ,-

-' 
.f 
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In~t1.alll,:l 1.rllage grad1.ent 1.5 cornputed and 

threshoided The resuIt1ng edge p01.nts are then grouped l.nto 

l1.nes to produce an 1.n~t1al l1.ne map for that ~rnage An 

reglon map loS also coroputed by el. ther seIeC't1.ng an ( 

arb.l trar y segrllentatl.on of the or by 

The image ar- r 3':.1' 

.1 ts ';;jrad1.ent, and the HU. t~al regl.Qn and Il.ne maps are -!Ill 

stored 1.1"1 the STM Low level reatures are then extracted and 

stored 1.1"1 the STM Thes~ ~nclude the avera~e calor features 

for and spat 1.031 

r eIatl.onshl.ps: The latter 1.ncludes adJacency arllong regl.ons, 

and relat.lonsh1.ps of 1.1"1 front of, behl.nd, and parallel to 

1.nvolv1.ng ll.nes Reg1.ons to the 1eft and r1.ght or a 11.ne, 

and l1nes touchl.ng or intersectl.ng a regl.on, describe spat1.al 

reIatl.onshl.p~ between 11.ne~ and reg.lons 

aOther .lmportant data 9ntr.l9S ma1.nta.lned and s"tored .ln 

the STM are th~ rocus of attentl.on are as. These are areas 1.n 

the .lmage def1.ned prl.marl.ly by thel.r pos1.tl.on and S1.ze An 

area may correspond to a reg.lon. a l.lne, or groups of regloons 

or 110nes 1.1"1 the lomage segmentatl.on These areas are used for 

the purpose of dl.recting the attentl.on of the system to the 
J 

mOre 1.nterestl.ng and worthwhile parts of the l.rnag~. 1." terros 

il 
of processl.ng n~ed and rl.chness of segmentatl.on 1nforrnatloon 

Three types of area~ are def l.ned 
~ 

Sh\ooth, text~red . and 

areas def1.ned by' long ~1nes that close, or a1mo~t clos~. w 

forml.ng loops The latter are referred to as bounded areas 

Ini t.LallyJ the process responsl.ble for generatl.ng are~s, 

, 
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computes trlerll on thE> basas of' the segmeont.at1.on data stored l.n 

"the- STM 

The l..t'If ot'" O1!:1 t 1.0." s+ored Ln the STt1 is cont?-nuously 

updated dUt' .1.ng proc~~s1.t .. g, so that lot ref lects the state of 

the segmentatl.on of the l.mage at any pOl.nt l.n t1.01e The 

r eg1.ons, plus the1.r f'e.atures at the end of 

prOC~~51..ng. r~pr~~ent the output of the low level st~ge to ~e 

dell.vered to the high level interpretation system The 

~1.gher the correspondence between regl.ons l.n the output 

segmentat10n and DbJe~ts l.n the ~cene, the eaSl.eor the task of 

the- rugh le'vel pl" ocess Lines correspondl.ng to ma.jor 

d1.SCont1nU1.tles 1.n the l.mage, as weIl as smooth and "textured 

areas, can aiso be used to gUl.de the l.nterpretation process 

The model stored 1n the lTM ~s composed of three levels 

of product.1.on rules, as shawn 1.n f1.gure (1 2) 

level, the knowle-dge rules encode the l.nformation about 

propert1es c'{ regl.ons. 11.nes, and ereas in the form of sets 

of sl.tuatl.on-actl.on pal.rs Each sl.tuatl.on loS coded 1.nto a 

nurober of logl.cal pred1.cates that cOmpo~e the condit1.ons of a 

rule The latter are el.ther logical comparisons or 

evaluations on the ~eatures o~ reg~ons, l1.nes and areas Ln 

the segmented l.mage The cond~t1.ons are ANDed together. sa 

that when a spec1.f~c s~tuation occurs w1.thin the l.mage, all 

the cond~t10ns wl.ll be Met In th1.s case~ a match ~S said to 

have occuryed, .and the rule rires The rule action is then 

executed Thl.S m1ght be a splitting o~ a region or merging 

of two reQ1Dns. an addition, deletion, or extension o~ a 
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l.l.ne, a merg.1.t"lg of two IJ.n-es, or a creat.1.on or modl.f l.catl.on 

of a focus of attent.l.on area Knowledge rules are claE5~fl.ed 

by thel.r actl.ons, so that there are regl.on analys1s rules, 

11ne analys.1.s rules, and are. analYS.l.5 rules A t"eg.1.on rule, 

for exarople, I"~ll conta.l.tI cond.1. t~ons that match on f eatc~re= 

and are as, but w.l.ll al ways execute .1.ts 

act.1.on on the current reg.1.on under analys.1.s 

StrategIJ Rules: 

li 

Contr 01 R',.jl~s 

(F OCUS of Attef',t1.on 
Rules and Meta-RI..Iles) 

Kno',tledge F~'..Il"?s 
( Regl.or., lit"le and area 

analysis r ules) 

INFERENCES ABOUT 
STRATEGIES 

Meta-rules and FOA ruleE 
order1ng 

INFERENCE~ ABOUT 
CONTROL 

Data order.l.ng and 
knowl~dge rule order.1.ng 

---- ...... --,.------

INFERENCES ABOUT DATA 

.. 
Data modifl.cation 

F .1.gLJt~e (1 2) Thrè>E' level.s of r'ules, 

The second level of rules l.n the LTM ~onta.1.n5 the 

control rules ~hJ.ch can be further cla$sif.1.ed ,l.ntQ +WO 

categor.1.E'S First +he foc:us of atter,tion ruleos, 

respons.1.ble for f.1.nd.1.ng the next data entry to be c:ons.l.dered 

They have act.1.0ns that br.1.ng to the a~-::'" of the system a 
/ 

next reg.lon, or an entire ar~ea USl.ng theseo 

rules, a str'ategy for \)i5.1. t;n'Q ),Ieoions and lines W.1. tlun a 
/ j> 

{ i 



focus of attention area. and for alternat1ng from one area to 

another, can be defined and e~ecuted Th1S strategy w111 b~ 

data-dr 1ven, s~nc~ the cond1tion3 of these rules are ~lso 

The second type of control rules are actually t"l.ües 

about or 1n the spir1t of a product~on system. they 

They d1ffer from other rules. 1n that 

act~on.::: .jo not nlc,dJ. f':J the data ~n the SHI. but r <'ilther 

alter the rule ~atchlng order by rearrang1ng the prl0rlt~es 

of d1fferent t"ule sets S1.nce each process ln the system 1.S 

assoc~ated w1th a d1.ffe>t'en1; set of rules. the e>ffect of the 

meta-rules 1$ to establJ.sh the flow of control between the 

dlfferent pt'" OCesses 1.n the system. by specify1ng the next 

process ta be act1vated The meta-ru les are also responsible 

for evaluat1ng the stoPPlng cr~ter~a of the *ystem. and 

consequently terMlnatlng the processlng This approach 

renders the whole control process to be data-dr1ven One can 

effectlvely "pt'ogr.am" +he systenl 

strategy by putt1.ng toge~her the approprlate comblnat10n or 

~ meta-rules and (ocus of attention rules 

The th~rd and highest rule level in figure (1 2) 

conta~ns the strategy rules The~r,functl0n is to select. 

based on the data. the set of control rule$ (focus oT 

attent10n t'oules that execùte the Most 

approprl~te control strategy The system~s control strategy 

( 1S analysed 1nto S1X baslc elements The f~rst three are th~ 

region path strategy. the l~ne path strategy and the region 

, 

i 
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and 11ne updat~ng strategy They determ1ne the order ~n 

~h1ch the r~~pect1ve data 1tems are tested by. the rules 

Different path wtr&teg~es are implemented by employing ~he 

appropriate set of focus of attent~on rul~s The ne)<t thrtil/i? 

elements def3ne strateg1es for determ~ning process pr10r1+Y. 

the ordet' ln I"Jhl.ch the clifferE'r.t t'u~e sets are matched In 
\ 

thl.s case. the me+a-r~les are used to gl.mula~e dl.fferent 

str~tegies 

Str ateglJ determina~10n l.S farmulated as a dl,.marlUc 

deC1sion-makl.ng pro cess A tet of performance measurements 

are c?mputed ~or each focus of attentl.on area in the l.mage 

These l.ncl~de values for the average uniforml.ty of the 

r-egl.on~ wi thin the area. th~ aver'ag~ contrast across the3E' 

and the aVE'rage 

contrast across the~ lhese performance measurement~ are 

used ta determine the appropriate settl.ng for each of the 

strategy element5 described above For example. l.f an area 

has regl.onz of low ~verage unl.form~ty. the regl.on rule 

prl.orl. ty over merg.l.ng 'ules. Other constra1nt~ def1ne the 

relat~on between th~ performance measurements and all the 

el~ments of str~tegy 
1 

The latter w11l therefore change w1th 

tim'e. as weIl a~ ~patially from one area to another The 

strategy rules use thl.$ decl.$ion~making process to select the 

set o~ contro~ rulès ~hat acco~p~i$h the chosen strategy 
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Six processes are' ~nvalved in prbducing act~ons. 

shown ~n f ~guf'e (1. 1). The INITIAL'IZER genet'ates the in~ t.Lal 

reg.Lon and l~n~ m.ps. a~d uses them to generate init~al focus 

It also computes and stores the features 

of' these ih.1 t iai dat.a ele-n\'i?nts in the STM. The REGION, 

and AREA ANALYZERS ar. the three ma~n processing maduleg of 

the S~IEtem 

l'tlodificat~orl on re~pective ent.Lties The LINE 

ANALYZER. for ~x~ruple, m~+ches the line ~nalysis rules ~n the 

LTM ta the data ~n the STM If a rule f~res, it w~ll execute 

the act~on spec~fied by that rule on the current l.Lne under 

analys~s The s~m~ applies to the REGION and AREA ANALYZERS 

The FOCUS OF ATTENTION module matches its own rules to 

execute a detined p~th strategy that brings various data 

.L teMs to thE- attJi:'n1;.lC't't of the slJs:tefflJ it1 a particulat' ordet' 
( -i" 

when a t"O':l~S of attention act.ion loS executed. th! .. 

means that the current reg.Lon. line. or area will be replaced 

by a new region. li~e, or area who~; id~nt.Lty depends on the 

act.Lon specif ied b\::l that rule. Finally. the SUPERVISOR acts 

as a Mon1to~ for 
. ,. 

systeom corltrol pur poses It matche.s the 

strategy rul~s to seleèt the appropriate control strategy. 

Consequent1y, a set of meta-rules is used to determine wh.Lch 

set of knowledge rules. if ~nyl i5 to be tested next 

The system described above is seen to be bath 

knowledge-based ar,d data-driven. The production system 

approach to control a1.1o{.,Is for knowledg-e •• parab.Ll.L tlJ, and 

thus provides an easy means for "tuning" the mode1 used for , 

) 

•• 
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low leuel segMenta~ion Rule c1ass~f~cat~on, and the use of 

focus of attention rules and meta-rules perm~t easy access to 

the control mechan15ms of the system. w~thout comprom~S1ng 

1 ts modulaI'"" l. ty A ma~n ObjE'ct1ves of uSl.ng such <il des1gn 

approach. ~s to ass~st U~ ~n understand1ng the nature and 

• effect of ,Jar ious lOI" le~)el ~nowledge sources and control 

strategies 

1. 3. ORIGINRL CONTRIBUTIONS 
~ 

l.oJh~le the deta~ls of the reseat~ch ~g d~stributed OIV'E."r 

the chapters of thl.a dl.sSertat10n. th~s section br~efly 

highl1ghts 1tS contrl.butlons ~n t~e fo11ow1ng aspects 

Cl) Overall system structure 

j..Je have d;id~l.gt~ed at"ld implemente'd a rule-based expert 

system for ~he segroentatl.on of l.mages by computer The bas1c 

system strl.~cture fol1ows _ close1 1:(1 that of the, h1gh le')el 

irlterpretat10n system clf [Lèvl.ne and Shaheen. 1981] l.n 'that 

~t is composed of a modular set of 1ndependent processes tha~ 

comMun1cate and l.nteract through a COMmon database What was 

presented as ~ sl.ngle 10\" le',)el pt'ocess l.t"l [Le ... ·~ne and 

'" . Shaheen, 1981J iSt expanded to 1nclude the set of procesaes 

shown in ~igure (1 1) 

consisted mainly of a set 

relaxation labell~ng processl 

model 

of cOt"\stra..i.t"\ts that dt'HI!?!,l 

the basic: contre)! par;ad~gf(, for 

the low level segMenter 15 that or ~ production system In 

ract, the sws~em presented her~ introduces the rule-based 

! 1 

\ 
\ 

t 
/ 

, 

1 
1 



Pag9 :16 , approach to the iro~ge ~egMentation problero Previous v~s~on 

systems l~m~ted the use of e~pl~cit knowledg~ te the seffi~nt~c 

interpretat1Gn level tonsequ~ntly. the heurLst~cs used for 

10w level image segmentation were alwa~s ~mplemented ~n 

proceQur al for m The system presented here ~s the f~rst to 

employ the do~a1n independ~nt ~nowledge in an expl~c1t forro 

The knowledge i~ sep3rat~d from the processing modules by 

cod~ng 1t 1nto product~on rules and stor~ng them ~n the LTM 

It-. add~ t~Ô""I. systern cC1ntr'ol ~s rllade more accessible by 

~ntroduc~ng a set of con+rol rules ~nto the model Th~s 

allo ... Js.,a user (or ·U·I~ syS"t~m sup~rv1sor) to ~nteractl.vely (or 

automat1cally) prograrn d~fferent process~ng strateg~e~ The 

separab~lty of knowledge and control repres~nts a unique 

approach to ~olv~ng the S"egm~ntation problem 

(2) Data st .... ucture 

Two new aspects are ~ntroduced ~nta ~he da,a structure 

-F irst, regions and lines are combined and are simultaneously 

used in the analysl.s A~though other sy$tems have employed 

bath [Hanson and R~S"eman. 1978], eac:h was pr ocessed 

separately. and the resu~ts combined only at ~he end In 

this sy~tem, regions and l~nes xhare the same data structure 

and have commen spa~~al features The Model ~nc:ludes rules 

that manipulate combinations oT reg~ons and lines Th~s 

allows unl. Tor Illi ty and" d.Lsc:ontl.nui ty l.nf ormat.ion to blend 

( together c.:toperate in produc~ng a bettet~ OL~tpU-t 

Exper.rments Wl. th the syst&r/l prove tha~ this type of 
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~nteraction ~~ bene~~c~a~ 

The seca.Yld aspect ~s the l.ntroduct.1.on of' f o~us of 

att~nt1on areas as group1ngs of the regl.ons and ll.nes that 

represent l.nterestl.ng parts of' an l.ffiage In addl.t-.Lon to 

provid1ng valuable informatl.on auch as texture to a h1.gh 

level processJ these areas play an 1mportant role 1.n the 

p~oceSS1.ng strategy ~s adJu~ted ThJ.s allows the s':,4stem ta 

execute the be3t strategy based on ~he indl.vidual pro~ertl.es 

of' e3ch area 

(3) The rule-based fùod'el 

A multitude of .egmentat~on crl.terl.a are coded into the 

r·ules. 

the b.:isis of earller segmentat10n technl.ques. In addi tl.Ot"b 
. 

other general pur'pose kncII . .Jledge sources a'f e employedJ such 3S 

the Gestalt principle~ for perceptual groupl.ng 

The -system 31so intr'oduc&s a genel"'al symbo1.ic COd1t~g 

scheme f~r the ,",ules rhe cond~t1.ons are logl.cal pred1.cates , 

evaIuat~d on the STM data by uSl.ng an automatJ.c scal~ng 

r(lechan~sm. , Low level symbolJ.c processing l.S a step towards 

r'educing thedeperlderlc',J of prevJ.ous segmentatJ.Dn 
-. 

methods on 

nUMer~c~1 p~ramet~rs: model learrli.ng through l~ule 

modif~cat~on replaee$ the More ad hoc process of J.nteract~ve 

,. 
p~rameter turd.ng. 
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rhe actiorl$ Clf' thE>, ,t'ules are' -~ndepet'lderlt enti tiers that, 

at~e carried OfA1; b~ the I=lt'o~essing modules • They are de=~gned 

to ~odiiy the reg~o~~. l~nesJ and areas ~n f~h~te ways. ~e~ 

the y have th~ fie~~b~l~t~ to_ pe~m~t changes in different 
,-

d.lrect.lon~f (E< 9 J nl~·rg.it"lg and spli'tt.lng of t"egions), 
'. 

The condit.lon$ and actions create a "segmentatl.on 

and ~bdif~c~tion 

,knowledge base is tm ~mpçlrtat ... t; contr .lbutl..on that olS a t- eSI"ll t 
... 

of the symbol.lc cod.lng scheme and the rule-baied structure 

The testing and tuning of the Model presented .ln chapter 7 

was only poss.lble becau=~ of th~s powerf~l exper~mental 

feature futur'e addi t.lon and test~ng c,f n6'l" , 

segmentat.lon heur.lst1Cs reQu~re m.ln.lMUm user interaction 
r-

(4) Measures of segmentation 

. A pr-imar.1J conc:er'n of ,th~s' research is the ab.ll.lty to 

evaluate ~nterm~diate and final 'output part~t~ons A set of 
. 

error measures was devised that dynaM~cally cqmpute= the 

dJ,.stance a test 'part~t~on and a reference 

sègmentatioY, These are us~d to build the model by testl.ng 

d.lfferent rule comb.lnat.lons and selec:t.lng those that are the 

Most effective in reducino the errors 
~ 

.ln that thelJ do not require a reference segmentat~on 
~ 

Pe~formanc:e is Judged b~ comp~ring the- segmentation to th~ 
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original. 

estJ.Mates 

iroage. This enables \he system to have "real-tJ.me" 

of t~"e inCt~",me.nt.aJ deo,,':lopment in proceS'sing. 

T .... ese perfor rll<H1Ce roeaSI..H'·es. be-haved cOr"lsJ.stèntl.y WJ. th the 

segmentation errer fueasures t~roughout a wJ.de variety of 

(5) The control roech.anJ.sm 

A stra-t~gy dete,m,-,)âtion P'7 that varus with Ume 

and w~th image area has been 1ntroduced The elements of 

control strategy were def~ned and the1r dependence on the 

real-t1me perfor~ance measures was experJ.mental.ly ver1fJ.ed 

The exper1ments tested the affect of uS1ng different control 

strategl.es c.rl the pet'forll\_a,,:,c:e of the s,::!stem. 1t1 terms of 

output quali t'::! and ef f iCl.ency of computation. Anal.ysl.s of 

the results lead to conclusions about the best strategies to 

apply for different ranges of performanFe measures. Such 

constraints are used J.n executJ.ng the dynamic stra"tegy 

sel.ectJ.on procesS 

Thl.S dynamic strategy mechanism presents solutions to 

two First, for rul.e-based processl.ng, 

confl~ct resolutJ.on i5 ach~eved by creat~n9 a dynamic 

data-dr J.ven r'e-ordering procèSs Second, 
'1 

a focus of 

attention mechanJ.sm 1S cr eated -t'hat 1s capable of adJl~st1ng 

~ts path of process~ng within the l.Mage according to the 

data These factors result in a system that can select +he 

Most sU1table segmentation heu~istics and appl.y them to the 

parts of "the irnage where they are most needed. 
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-( 6) Experim,smtal resul ts: 

.....:. 

The ab11ity ta quantitatively measure pet"f'ormance 

combinations A rankl.ng of the fuIes was l the 1"', established 
. i 

based 
{ . . 

the1r effect~veness 1n maximiz~ng the perFormance 
1 

rraeasures and trle1!'" fr'equency of f 1rirrg, T~e contribut1on of 
J 

1 
these e)(per'l.rllents .1.S the :::eleci;l.on o~ an ~pt1Ma~ set of r ules: 

over a laI'" ge collection of segmentation heur 1stics, 

The perforMance o~ the system operating with dynam1c 

strategy sei;ting and the opt11'llal set of r'ules was compared to 

othet~ seg'mentation methods olt"l the l.iterature, The resul ts-

show a cons1der abl.e olmprOVenlent in .the quali ty of' the Olltput, 

,--Ir, the segmentat1ot"l et'ror measures. and in the perf'ormance 

measures The graph in figure C1. 3) sum~arolzes these 

results Ii olndicates the range of performance param~ters 

measured on the final ou-tput parti t~ons o'f seo.,'eral. images t'or 

three different segrnet"ltatiot' approaches. Algorithms that 

employ groupl.ng bas:ed ot .... s:im1lari ty resul t in parti tolons that 

are highly .... nifot ... 1'I) Hols1:ogram-based parti t.ions exholb.l. t high 

contra st between the regions, Each sacrific.s one measure to 

enhanc:e the other. .on the other rul.e-based 

segmenta~ion produces part1tions that simu~taneously maxim1ze 

uniformi ty arld contrast. The de~ail.s of tn.se results will 

be presented in chap\er 7. 

1 
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Figure (1"3) (.c.rnparu:on of performance measures for 
tl')rêe app}~'oaches to segmentation." 

1,,4.. THESIS DEstRIPTION 

Chal?t er 2 rE.H)iE'IJJ5 previ.ous efforts in' the f' ield. .., A 

selecti'Je SlH'Vey of t~e$eat~ch work in 'the areas of' cc.mputer 

visi.on sy ste-r~s and Kno~ ... Ledge-b.ased representations: is 

conduc'ted Image segmehta't~on approaches thit' use region 

and the 

hierarch~cal strl..-Ic+ure +ha+ has been eS''tablished for computer 

ThiS' . is fol~owe-d by .a bri.ef' descriptio'n 

of' "the- ba,i:~c proper-tJ.~s of' production systems. In 
~~ 

part.icular, ho,,,, the latter evolved ~nto the more comp~ex 

~ 

rule-ba.sed systems th.aft have- been designed fot" vari.ous 
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The few attempts at 

E-CflploY.l..ng t-ule-basl'=od systems for computer- <J~S.l..on are then 

evaluated F .l..1""I.all,~, the- :=ta tab.l..l.l.. ty ~nd usefulness of the 

rule-based approach for general purpo~e 1mage segmE'ntat~ün 

1 
The data structure .l..S ~ntroduced 1n cha~ter 3 

spec.l..f.l..c .l..nfOrmat10n stored 1n the STM 15 d.l..v1ded ~nto +hree .. 
catEl"got~ .l..es the stat.l..c l.ro~ge data, the segrnentatlon dat:l. 

and systefu .l..nformat.l..on and stat1st.l..CS The reg10n and lLne 

partLt.l..OnS are defined tOQether w1th the descrLpt.l..Ve fea+ures 

relat.l..onsh.l..ps that are computed and stored for 

e 3ch entry The differ~nt types of focus of attentlon area~ 

are then descr.l..bedJ and the method by wh.l..ch the y acces~ 

groYps of reg.l..ons and l.l..nes .l..S expla.l..ned A set of rnea~ures 

1S presented thiilt quan'tl. tatJ..vely evaluates segnlO:·nta"t.ton 

outputs by cOfupar1ng regl.on and 11ne part1t1ons to human 

generated references These eorror measures are used Ln 

chapter 7 to test and tune the knowledge base. as weIl as ta 

compare between d1fferent l.mage segmentat.l..on approaches 

In chapter 4. the process~ng methodolog~ 1S descr~bed ~n 

terMS of the s~~ modules that constitute the rule-bas~d 

segmenter Funct.l..onal descr.l..pt~ons ars- g1.ven of the 

INITIALIZER. the REGION. LINEJ and AREA ANALYZERS. the FOCUS 

OF ATTENTION module. and the SUPERVISOR The act~ons that 

merge and $p11t reg.l..ons. extet"ld. and merge 11.nes. 

generate and}mainta1n focus of attent10n areasJ 

the foc us of attent10n ~nd rule select.l..on strategLes are all 

1 
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descr.l..bed ~n dt?tal.l Every module has a set of actl.ons 

assocl.ate-d Wl. th .1.. t, ,.,h.l..ch are l.nvoked blJ the L TM rules ta 

execute spfrc.l..f.l..c procedures that affect the data ~n the STM 

The structure and content of the LTM rules are explalned 

lotî chapt€-t- 5 A 3cherr.e for the- symbol.l..c codl.ng and 

E'valuatl.on \ of th~ log.l..cal pred~cates that form a rule 

are The focus of ~ttent.l..on rules and 

met a-rules al' e then d~sl:uss:ed, and eyamples are gl.ven of 
'& 

they are used te program d~rferent control strateg~es 

Chapte-r 6 def.l..n~s the elements of the- control strategy 

for the- rule--bas~d sy.t~m, 

Wlo th each A .et of performance measurements that .l..S 

londepende-nt of a reference segmentatl.on 1s then ~ntroduced 

Th~s l.S followed by a brl.e~ l.ntroductl.on to the pr~nc.l..ples of 
~ . 

lhe constraints that govern the relatl.on 

between str~tegy ele~ents and performance ~easurement5 are 

def' ined decl.Sl.On-rf,al-' .l..ng ... 
process is then descrl.bed that uses these constralonts for 

str.at~~ de-tet" rn.l.natl.on 

System ifllp~(-'men+at.l.on and e-xperl.met"\tation are- the f ocus 

segmentat.l.or. error rlle.aSUl"es. and the output part~ tloons at'/.? 

used to .and rank the knowledge rules The 

constral.nts that govern the select~on of the control strategy 

i 
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1 are der1ved frOM thê perFormance patterns 1n exper1ments w1th 

aIl strategy elements Results w1th d1fferent types of focus 

of attent10n areas are then presented Overall ~ysteffi 

performance 15 Judged compar1s0ns with 

,egmentat10n techniques The thes1s concludes w1th a br1ef 

asse~sment of the results and suggestions for future 

research 
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CHAPTER 

CO~lPUTER VISION 

RULE-BASED SYSTEMS 

2. 1. BACKGROUND 

One of the goals of th1s research was to 1nvest1gate the 

use of rule-based systems 1n computer v1s~on Conse.que-ntly, 

two doma1ns of study are 1nvolved, both of Wh1Ch belong to 
, 

the f1eld of artlf1élèJ'Ji .1ntell.1ge-nce First, there l~ the 

computer v.l..51C'n problem, an a'P'plicatlon ot~.l.l?nted AI doma1n ,. 
-that has well-de-f1ned goals but no clear means of aChleV.l.ng 

them Ëffo~ts 1n the fleld have been substant1al, yet a 

unlf1ed theory for compute~ v1S10n has not been establ1shed 

On the positive s1de, early attempts prov1ded lns1ghts 1nto 

the complex1ty of the preblem, and preved the .l.mpotency of 

solutions- that are too slmpllStlc or those that work for very 

restr1cted inputs More recently, a consensus has been , 
reached that in order to s.1Mulate the ..... 'isu.~l task, more 

SOphlst1cated issues have te be addres5ed (Zucker, 1981, 

Marr, 1982, Levine, 1983) 
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The second related AI dOffi9~n i5 that of ru1e-based 

systems, SI flle-chan~S"rn that has been successfu1ly dep1o':.leod 1.n 

other AI app11ca+1ons What started as a general 

computatl.onal too1 known as product10n systems, became a well 

Mod1f1cat10n~ and 

var1at10ns 1n the bas1c product10n systems des1gn were 

1nev~tab1e 11'"1 order to accorllrroodate- the c:orllp11cated d:ita 

structures and ~ch1eve the mult1ple goals set by these 

app11cat~on$" 

The syste~ present~d 1n th~s thesl.s uses th1s popular AI 

mechan1sm as 1ts basic computatLonal deV1ce The rùle-based 

approach h~s affected the structurl.ng of th1S vis10n system 

both 1n terms of control and data representat10n nus 

chapter prov1des the necessary b~t~ground that has led uS" to 

br1ng both dom~1ns together F1rst, we presen~ a brLef 

reV1E.'W of the computer V1~1on f1eld and expla1n the need for 

+.'e framel,lor h pr ovi,jed bl...t the rule-ba5ed appro~h ~Je then 

stud'~ the c.hara,:ter1stl.cs of rlJ1e-based systems Idfule 

exam1n1ng programs 1n other appl1catLon areas Fel.) efforts 

have preceeded th1s one 11, uS1ng product10n SI,JSteofliS fOI" 1mage 

process1ng app11cat1ons Th~se w111 be stud1eod 1n deotall. 

11m1tat1ons and the need for a more 

general approach the sUltab111ty of productlon 

systems for computer v1sion 15 exam1ned,' and the advantages r 
ga1ned by uS1ng th1S approach are l1sted 

l 
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2. 2. COMPUTER VISION SYSTEMS 

Image analys1s by computers has become ~n actlve f1eld 
~ 

of research over the last two decades In the f 1ftl.es, 

research W~ HU t~.at,::.d ~nto the recognlt1on of ::lmple 
...... , il & 

structures l.n two-dl.men~~onal sc~ A area of 

appllcatlon ~hen and now l.S that of char acter recogn1tl.On 

The need for enabl1ng machl.nes to 

IT!()t-e cornplex: .::cenes ~terl)nH?d 

from appll.catl.ons automat.lon. b.loflled.lcal 

understandl.ng has Slnce produced a large number of 

appt'oaches, and prQPosed SOlutlon( 'T'et, the results 

obtalned are ln dlsproportion to-the efforts .lnvest,d The 

rea11zatlon that a slngle-shot solut.lon that.ls based on a 

few heur1stlcs 1S no~ the answer has recently became 

apparent The trend 1S now to des.lgn large scale systems 

that are cap~ble of encompa5s1ng a wlde var1ety of knowledge 

sources and 1hat produce partlal (lntermed.late) .5olut.lon5 

that are.ln the rl.ght dlrectlon The work descr.lbed ln thl.S 

theslS 1S an integral part of thlS appro3ch 

In thlS sectlon. we present a brlef reVlew of the major 

h1gh11ghts of res~arch ln lmage understand.lng Although thl.!: 

15 not lntended as an evhaustive survey, lt 15 hoped that .lt 
• 

w1ll prov.lde the necessary background for the work presented 
~ 

here and w.lll show the major trends that led efforts ln the 

f1eld up to 1ts pres~nt state Rosenfeld has cons~stentl~ 

provided extens~ve yearl~ rev~ews of the published mater1al 



~ 
1 

1 

( 

Page 28 

on ~mage process~n9 by computers [Posenfeld. 1977. 1978. 

1979. 198~" 1982] 

2 " 1 . c.. . Lin€' Anal'Jsis 

The work of Roberts marks the b~g~nn~ng of research ~n 

bl.uld~ng ,~en€ol' -31 v~s~ot) systerns (Roberts. 1965 ) Even ~t 

th~s early stage. he proposed a complete framework' of an 

~mage understand1ng system that had at ~ts ~nput a d1g1t~zed 

obJects 1n The deonl31t"1 

of the ~ystefu waS restr1cted to the world oF pl anar surFaced. 

s~mply connec+,ed po~yhedt'a, better known now as the "blocks 

world" S~mpl p. lItel~r istics l ... er e used to produce a line 

draw1ng from +he dig1t1zed ~mage These 1ncluded edge 

detect10n followed by the group1ng of edg~ po~nts 1nto l~nes 

Fa1l~ng to produce an adequate I1ne drawing, Roberts aszumed 
, 

the presence of ~ perfect output ta be ut111zed 1n the 

subsequent $t~ges of h~s program The h1gher levels of 

. pro~esS1ng cornpared the 11ne. dral. . .I1ng to .a set of m,:)d>?l:;; of 

stored recogn1z1ng obJects sequent~ally and 

deleting them from the sce~e 

Th~~ ~t)it1al ef~ort is s1gn1f1cant ~n more than one way 

first, 1t propased a h1erarchy of process1ng that ~tarts at 

the 1nput 1rllage, and proceeds through higher level~ of 

abstract10n, re~ch1ng the syMbol1c descript10n of ~cene 

content at the top In Ëp1te o~ the large number of 

in the f ie-ld, little change h~s affected th1s organ~zat~on 
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t wh~ch st~ll const~tutes the bas~c backbone or aIl systems 

presented to date Second· ~t ~llustrated the presence or a 

gap between ~he prel~ffiLnary processes of d~g~t~zat~on and 

edge deteci1.on the one hat1d, and the h~gh level 

gap 

~s due te the ~nadequacy of s~mple edge detect~en and l~ne 

group~ng algor~thms ln prov~d~n9 a su~table output th9t can 

b~ successfully manLPulated by the h~gh level p~ocesses 

F ~nally, the nE- ;;tr ~cted domaLn of' an .. lys LS becarile the sUbJect 

of many of the efforts +hat followed Blocks world programs 

have gLven researchers a lot or lnsLght ~nto the complexLt~es 

of the problem 3t h~nd, Blthough sorne 3rgue that ~t hLndered 

progres~ ~n the f~eld by concentrat1.ng ef'forts on d1.fr1.cult. 

bu~ less 1ruportant problems that are products of th1.s 

ar~Lf1.c1.al world [TenenbBum, 1973] 

Other bloc~3 world programs soon followed Guzman used 

s1.mple heur1.st1.cs ta l.nterpret perf'ect lLne dr3W1.ngs of 

re1atLo..'ely mor e côrnplex ~cenes (Gu=man. 1968] H'.lffman and 

C10wes stud1.ed the type~ of vertLces and edges that occur in 

the blocks world .. s weIl as the lega1 comb1nations that forro 

physical surfaces [Hurfroan, C lOIlJes, 1971] They 

1ntroduced a labelling sch~~e that constra1ned +he number of 

possLble interpretat~ons of a verte~ By propagat1ng the 

analys1s ft'oro th>? I)ert~ces to the $W"-r aces, 1. t l.Jas Possi~le 

to deterru~ne wh ether an obJect ~s phys~cally real~zable 1.n 

{ 
three d1.menslons Falk's program ~nterpreted nOLsy l~ne 

draw1ngs of polyhedra based on n1ne fixed-size obJect 
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prototl:.lP€'S [Fall<,· 1970] Sh~ra~ analysed l~ne draw~ng~ of 

br locI-<" conf.lguratl.ons USl.ng heur~st~cs 

addit.lonal l.lnes.ln part~all~ completed drawings [ '3 h .~ . .t' :IL' 

1975:a] 

vertex labe111.ng s;c:h15-me sUllilar to Huffman' s and CIo ..... ""::;' to 

ass~gn cons.lstent labels to the l~nes and vert.lces ~n a 11ne 

drawl.ng [Wa1tz 1975J 

As w~th Robert~' program, other blocl-<"s world progr3ffis 

either used perfect Csimulated) 11ne dr3w.lngs as the.lr ~nput . 

or fell to the .l.mperfect~ons, .and 

~ncoMpletene$S of +he output of s~mple low level processor.s 

For th~s reason, edg~ detectl.on and boundary formatl.on have 

been the :n~bJect of extensive reseat~ch (see [Dav.l.::, 1.975, 

R.l.sej'an and 

/ 
l~f,erature) 

1 

1.977; Nazl.f, 1978] for reV1ews of the 

Most approac:hes atteMpt to co~pute the gradl.ent (f~rst 

the ~mage array Spat.lal 

that ~s accompl.l.shed 

through the use of two dl.mensl.onal masks that are convolved 

with the ~mage EXaMple$ of these l.nclude the Roberts Cross 

Operator 1965J. the Prewitt Operator CPrewl.tt, 

1970]. the Kirsch Operator CK~rsch, 1971L and the Sob'el 

Operator (Duda and Hart. 1973] . The c:onvolut.l.on of these 

masks w.l.th the .l.mage produces a grad~ent ~mage P~xels w1th 

low grad~~nt valu9s l.ndl.cate r egl.ons ,?f unffot'M l.nt~nsi ty .ln 
, f • 

the .l.Mage, whereas hl.gh values correspond to changes 1n 

intens1ty levels st the boundaries between regions . 

,j 
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An edge ~mage ~~ th~n computed by apply~ng a threshold 

so that a p1xel represents an edg9 

point if 1t corre~pond3 to a h1gher value of grad1en+. 

v~ce versa the threshold 15 the M3jor 

stumb11ng block w1th these methods of boundary detect10n A 

s~ngle absolute threshold value w1ll almost always fa~l ln 

detecting aIl rel~vant edg~s ln an.lmage wlthout plcklng up 

art~factu31 edges and other nOlSy edges Adapt1ve thresholds 

b-ave been l.Ased as a func+ 10n of the average grad1ent 1n a 

W1ndow of Slze nxn cen~ered at each plxel [Hara11ck 3nd 

Shanmugan, 1973 J ExpetJt"l.men1;s W1 th both absoll...lte and 

adapt1ve thresholdl ng have shoJ,'n that the resul t1ng edges :we 

extremèV:!i .=;enS1 t~ve to the threshold value and the w1ndol,1 

S~at~al d~fferentat10n produces mult1ple 1nd1catlon.=; of 

boundaries, because the edges do not always correspond to 

step changes ln 1nt~nsit~ The nature of the dig1t1zed data. 

as ,,,rel1 as the eff'i!'ci: of 111t../M1nat10n and shadow1ng resL41 t ln 

incomp1ete, as weIl as r~dundant representat10ns of edge~ 

Operators have been 1ntroduced for the suppresslon of 

redundant edges by delet1ng mult1ple edge p01nts w1th 

non-maX1mum gradlent (Rosenf eld, 1969) Other approache5 

attempt to group edge p01nts ~nto l~ne$ and cCtnnect 

incomp1ete 11nes by 1nsert~ng edge po~nts 1n the gaps between 

detected b~undarle$ [Q/Gorman and Clowes, McKee and 

AggarwaL 1975; Perk~ns, 1976· 

Baird, 1977] 
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The preced~ng edge ~nhancement conc~pts have 

-Qenet'al~zed a 1'"1 d ~rllbod~l?d ~n .::;, proce5s of compet~ t~on and 

cooperat~on ~nown contl.nl..~OUS t' elax at~on labE'll~ng 

[Rosenfeld e~ al , 1976, Zucket" .1977, Zucker et al, 19;-'7] 

A lab~l ~s ~~Eigned ta e~ch p~yel to defl.ne ~ts l~kel~hood of 

The proces5 +hen 

1. tIeot'.ates ~n \.Apdatl.ng the 13.1< ell.hoods of .01111 labels at E' 3.=h 

" on tho3E.> of lots 3dJacent pl.xels l,Il. th ln 

specJ.fJ.ed neJ.ghborhood Ll.kell.hood:; are J.ncre:ssed 

dect'eased according to whether contJ.nuitW and thlnnes5 

constral.nts conf1rm or ~uppress the assertJ.on of an edge 3+ 

Relaxatl.on procedures 

at'e capable of connecting l~n~ se~ments and suppressJ.ng 

mult~ple edge indlcat~ons Thel.r applicat10n to lmages of 

natural scenes :;how ~ con~1derable improvement ove~ the 

output of edge detectors CRl.seman and Arbl.b, 1977] The 

qual~ty of the results depends o~ the form and e~~ent of the 

neighborhood funct~ons that defJ.ne adJ3cency If the::€' :tre 

extremely local, the ~lgor~thm becomE?s more Sen31.tl.Ve to 

noise and less capable of r -':'501\ 'long ambl.gl..u t l.es On the 

other hand, a l~rge ne1ghborhood allows for more global 

informat10n to propagat& ~hrough th& 1mage at the expense of 

increas1ng the computat~onal comple~~ty 

Instead of detect1ng edges by locat1ng p01nts w1th 

~ maX1Mum f 1rst det'1vat1vo,;o, Marr and H11d,'eth Pt'oposed a rnethod 

that depends on Çl.nding the !eroes l.n the second derl.Vat1ve 

of ~ntens1tw [Marr and Hildreth. 1990] 
~ 

A blurr1ng operatl.on 

1 
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was appl~ed by convolv~ng th@ Lmage wlth a GaUSSlan fllter 

The secQnd dprlvatlve was then computed us~ng a LapI3cl~~ 

de+ected The c~!:"caded opera~10n can be approxlmated by a 

(DOG) fune t 1. Or"l, I"Jh~ch ha:: a 

resemblance to the m~chanlsms of edge detectlon ~n humans 

[Wllson and Bergen. 1979] Because of the nature of the zero 

cr~oSElngs, the resultlng edge~ are forced to form closed 

curves, a property that ~s not always true for phl.,.l:: ~cal 

edges A second dlEadvantage Iles ln the dependence on the 

mask Slze (the wldth of +he smoo~hlng f~lter) Larger masks 

wll1 blur deta1.l. and detect major boundarlE'S, wh~le smaller 

mas~s w~ll p~ckup mor~ deta~led edges The problem ~s th3t 

more may C~U5e large boundar~es tha+ are spat~ally ., 
close to merge 3nd dlstort one another On the other hand, 

less blurr~ng make5 +he 

Moreover. a ~~~gle mask Slze ~s clearly not sufflc~ent 

Therefore. Mart" and Hlldreth suggested the use of a 

multl-level op.rator that comblnes the outputs from sever al 

mask cont..'olutions +0 pt~OdlJCe a mearungrul edge lmage 

A s~ml1ar problem ev~sts when detecting texture edges 

[Rosenfeld and Thurston, ~971, Rosenfeld et al . 1972] A 

w~ndow s~ze must be 5el~cted ~n order to sample the texture 

( features <.e 9 ' edge per unit area) w~th~n each reg~on If 

the chosen W.l ndat>Js at'e not large Wl th t'espect to texture 

,1 



Page 34 

1 elem~nts. -the medsure obta~ned w1ll nct be 1nvar1ant a~ross 

the textured reg10n On the o+her hand, 1f the w1ndows are 

lar ge, thew cannot 31ways be expected ta fall w1th1n a 

reg10n This le3ds ta th~ extraction of hybr1d values due to 

the overlap of two or more reg10ns Approiches ta overcome 

th1S problel\l sl~9gest that I·J1t"1do1.oJ slze selectl.on shou.ld be a 

dynam1c process [Posenfeld and Thurston. 1971, Uhr, 1'372, 

r1arr. 1376, Tan1fuoto and Pavll.d1s. 1975. Lev1ne and Leemet. 

1976] In ch ~pt€'t' b, ~e w111 present a solut10n th3t 

el1m1nates the need for f~~ed S1ze w1ndows when comput1ng 

texture mea5l..H'" es 

The preced1ng approaches used edge detect10n as a means 

for segment~ng an 1mage They depend on the ana.ly~1s of 
" 

discont1nuit1es 1n the 1ntenslty array to produce a 11ne 

draw1ng of th~ boundar1~s of obJ~cts 1n the scene represented 

by that 1m.age- In the next sect10n, we w1ll focus on the 

comp.lementary approach~s o~ f1nd1ng reg10ns that correspond 

ta obJect surfaces-

2. 2. 2. Region Analysis 

This type of analys1s relies on group1ng together p1xels 

that constJtute areas of un1form featur~ values. Surveys of 

region-based Eegmentat10n te~hniques can be round in [Zuc~er. 

1976i Ris~man and Arbib. 1977, Kanade, ~97e] 

( .. 

L .. __ "'~-4"',-_.J>_.""'l"'_"' __ ' ____ .... 
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One of th~ earliest approaches grew re9~ons by merging 

nuclear areas C2x2. or 8x8 p~xels) based on the 

sim~lar~ty in ~he~r stat~st~cal ~eatures (Muerle and Allen. 

1968] The proc~ss proceeded ~n a sequent1al scann1ng 

pattern st~rt1ng a~ the +op 1eft corner of the ~mage and.used 

grey levQl intens1 i y as the sole feature for. co~put1ng 

s~milar1ty 

Br1ce and Fennema u5ed a s~m~1ar process to generate 

1nitial regions cons1st1ng of connected p1xels of equa1 

1ntens1ty [Br~ce and Fennems. 19713] They def1ned two 

heur~stics for merg1ng .tOML~ reg10ns based on the 1ength and 

the str8ngth of the boundary that Eeparates them The. 

resulting reglons were strongly dependent on the thresho1ds 

required for app1YLng the merg~ng heur~st1CS. 

Yak~mov.~y and Fe1dman used a theoretic 

approach th~t 13 based on 1ntroduc1ng semantic in~ormation to 

:1.97'3]. 

They a probab111st1C estimate of the. abject 

1nterpretat1ons of each reg10n accord1ng to 1tS features 

The prababil~ty that a boundary separatez two regions was 

then computed baaed on the properties of the boundary and the 

tWo regions def1ning ~t. The merg1ng process successively 

collapsed bOI"lI".,d3r~es h:S')ing probabi1ity value-s th.!lt we-reo 

below a g1ven threshold This system demonstrated both the 

usel'ulness ·;;lt"ld the diff1CI"Ü ty of US1ng ser/"'Ul'tic know1edge l.n 

the segmenta~10n process \ 

.. 
\ 

J. 
J ·r 

1 
t 
j 
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Aneth@r approach that u.5ed semant~c 1nformatlon to a~d 

region proposed by Ten~~b3um and 

A roerg1ng algor1thm s1M11ar to 

Brl.ce? 5 and F ent1er"d / .5 employed to grow the r@glons 

Identl.ty lab~15 ~nteractlvely suppl~ed to 

r eg10ns and 1~p'I' e 

anether that w~s not lab~lled 

dJ.fferent labels cCH.ücl be manu;;üllJ bloct.<ed, I.Jh11e d label I,J3S 

prov1ded bW th~ u~pr for regl.ons that grew above a 

S.lze threshold l.nterpretatl.on process ut1ll.zed a 

Con5t.tral.nt nlechanJ.sm s.lm11at' to 

f 11 ter 1ng a1gcH'J. thrll Rlseman and At'b.ib po~n'ted eut 'the 

Arb1b, 

1.977] 

A d.lffet· erlt appr oach +'0 r egl.on analysJ.s 15 ba::ed on 

successl.vely partltl.Onlng the 1mage 1nto 1ncreas1ngly unl.form 

areas Th.l. ~s ~ccomplLshed bW threshold1ng the h1stograms 

usually J.ntens1ty. coler. and 

\ 

texture Ohlandet- devel.c.ped '<;1 technl.que for Ch005l.ng the 

. 
best peak i.rl a set of one-dlA1E'nS10nal h1stograms ot- '.Jar l.OU:: 

features [Ohlander .. t975J He defl.ned a set of heur1stl.cS" 

f orYeak selec-tJ.ol'". +h.a't seot 'thre-.=holds at the '..lalley5 on both 

sides of a peak Th~ reglons whose feature value f311 ln the 

range between ~he thre5hold~ were then gJ.ven the same 

s',:Imbo11c label. and +he process l.tera-ted In Clrder to 

achJ.eve p~ausi.ble results, texture-d regl.ons had 'te be 

excluded froffi the analY~15 The rn~..Jor f lal" W~ 'th hJ.stogt'anl 

,1 
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(\) 
~pll.ttl.ng tecr-Ifil.ques ll.es......k1"l' the 10s5 ot' spatl.al l.nformatl.on 

1n the h1stegram compu+at1an In 

contl'l.bute pea~s that overl~p l.n ~u~h ë:I W3y 50 

that the reEult1ng h~5+ogram l.~ unl.ffiodal Other-

+0 hl.stogr-am an~lys~s u~ed less ad-hoc ~ethods for thr-eshold 

desCI'l.bed a rnF?"thod 

197'9] Hanson et ~l 

\ 

cluster anë:llysl.s ln two 

d1menkl.onal hl.stegr8Ms, and pr@served spa"tl.al relat10ns by 

1975J Thl.S l.nevl.tably l@ad te the loandol" Sl.ze problem 

dl.scussed 1n +he preV10US sectl0n Consequently, 311 at'ternpt 

was made "to suppress nan-maXl.mum featur-e values ln or-der to 

ach1eve better cluster separation 

A technlque that cOffiblned beth merglng and Spll.ttlng of 

reglans was flrst decrl.bed by Horowltz and Pavll.dlS [Horowltz 

and Pavlldis. 1974 J The algorithm dl.Vlded the 

nxn non-over1appl.ng squares. where n var1ed from one p1xel up 

to the = lZ€' of the ThlS defl.ned a pyramld data 

structure CRlseman and Hansen. 1974, T~hl.moto and PaVlldl.s. 

1975]. w~th ev~ry nod~ at a certaln level (~esolutl0n) havl.ng 

four sons at , the ne":<t level (hl.gher resolut1on) 

Startlng wl.th an arbltrary ~onfl.guratl0n of squares. the 

algorlthm merged those w1th s1m1lar propert1es that are 

adJacent and have the same father node at the h1gher level 

This was f ollo"Jed by a process of spll. tt1tJ.'i/' squar es 1nto 

theit' four sons 1f they hsd large statlEtic~ errot' norms 

Mergino and ~pli tting were performed S(~~1Y and a1w .ys ~n 
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t-hat order A groyp~ng operation was perforroed on the f~nal 

output 

bu~ were spat~~lly adJac~nt Th~s f~nal roerg1ng oper a "1: 10n 

search of the .l.nlage, .:lnd .l.n ef f ec1;, 

r edu.:ed the alÇlot"l +hrfl .l.n+o one- that merged reg~ons on 

Thp s~mu1t~ne~us 1mpleroentat~Qn of the two 

::01 ut10n te. the:- SE'gmenta-t10n prol!llern the 

~estr1ct.l.Ve data ~+ructure ~nd the flxed arder of pt'oce- =: cS 1ng 

("EH"e f actm"s 

The ru1e-based segmenta+.l.on ::ys+em 

d.ata 5t~ucture and 1n a 

unre5tr~cted tempor~l arder 

Wh~reaE the approaehes diSCl..lssed 

Hanson and R1seman 

descr1bed a low level process.l.ng stage for the.l.r, .l.M.:lge 
~ , 

system that emplo~ed both [H.:lnson .:lnd R1Sem.:lti, 

1'978], A K1r~ch operator CK.l.rsch, 1971] was used ta gener.:lte 

-
an edge p.l.ct\.we This w~s Fol1owed by a relaxat10n labell.l.ng 

process [Zucker et al 1 1.977J th3t grollped edge~ 1nto 

Reg10ns WEW0 Fot~l'IIed b'y analyz.l.ng cillsters .+n the 

his-togram of 'colot~ Features us~ng a parallel 

relaxat10n procedure to ass.l.gn.each p1xel to one clu3ter (the 

cluster centers were manually spec1f.l.ed) The 

r'eg~ons 

the~r VISIONS $emantic ana1yser ,L.l.nes ar.d reg.l.or.r boundar,],.E.'s 
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were comb J..ne·d .1. f they fell w~thJ..n an acceptable dJ..sparJ..~Y 

rang>? Th>? latt>?r W~S det~rmJ..ned by the spat.l..al extent of 

the e-urround.l..ng the bO'...Indary Th.l..S 

acknowledged the .l..Mportance of US.l..ng bath l.l..ne and 

Howevèr, e-aet". .l..S cc,r"pu+'ed separato;>l.l,!' and the.l..r comb.l..ned use 

.l..S postponed un~.l..l the la+er stages of the analys.l..s. as shown 

l.n f l.gur e (2 1",) Th€? S'::;Is'terro propoEed Ln th.l..S 

provJ..des a new and more powerful approach that .l..ntegrates 

reg.l..on and Ilne analys.l..~ at the lowest level 

:,1,01' .... 1 t~neously ""~th regJ..or, 

.l..nf ot'mat .1on Ln l.l..ne analysl.s, and V.1.ce versa. as-shown 

J..n f.1.gur~(2 lb) 

" 

1 
Input lrJ'l3ge Input Image-

1 1 

'-1 .1 
r 1 

~ l 
RegJ..on L.l..ne 

Anal. r,ds.1.s AtH!l'dSis 
Region 

~ 
L.1.Y'oI? 

Analys.1.s A,rlal .... g' 15 

t J 
Reg.1.on Ll.ne 

Part1t1on Par 't .1.-t;1on" 
'V i/ 

J., J' Region LJ..ne 
Part1. t .1. or, ~ - Pat" t.l..tion 

0 

Cons.1.s1;~ncl,,"l 

Check 
Outp\.~t 

,It 

l, Outp'''/t 

<.b) 

~.1.gure <2 1) The comb.l..ned use o~ lines and reg.1.ons 
(a) In+eg,!~ion at the output 
(b) Integr,atl.on d\.~rl.n·g process1ng . 

..... --
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-'lpproaches Al t;hough some subJec~lve 

ou1:put of 1-hese 

segment;a1:1.0n there i5 a need for a quantl.1:a~l.ue 

-
n .. ?1:h':Jd of OUTput e') ::.lu :l1:~ot) In chap"tel' 3, llie ~~l.ll l.F,t;reoduc:e 

a set m@Bsur@s that compute the d~fference between two 

,.) 9r 10'AS by compal'long therll to 

r~ference OUTputs generated by hand CommOr-, erl- ors 

to unlfor-m r eg.l.ons "that 3re over-segmented, other reg.l.ons 

ll.nes that do not corre~pond to ac1:ual boundar.l.es The 

followlng ::h'::'t- tcorll.l..ngs CC'I"l'tl'.LbLlte dlrectly to th15 le!:s than 

l.deal outcornE-

(1) Knowl~dge Sources 

The use of a ll.M.Lted number o~ heUl'lstl.C$ that are 

l.ncompat1b1e : ',Jl.th the comp1exl.ty o~ the problem at hand A 

brl.ef reVl.ew of the efforts will qUl.ckly sho~ that a 131'ge 

nurtlber of ~egmentatl.on crl.~erl.a has been developed for 

segmentl.ng .l..Mages each approacr, COl1tr l.buted and 

Our efrort~ were 

motl.vated by a des.l.re to l.ntegrate the 

knowledge sources 1nto a 51ng1e $olutl.on thrbugh the u~e of 
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(2) Sear ch Or- de:-p' 

Most techrliques ~gncwE? the .Importance of the 0"- der l.n 

the p.1. x:els ~n "t'he J m ~ge ::-hould be pr- oce5sed Th~s lS 

espec~91lw tr-u~ of reg~on greWlng algorlthms. where the arder 
)/ 

~n whl.ch regl.ons affect.:; the f ln~l ou+come 

Zucker has pres~nted the graph theor- et.l.C condltl.onS 

,,,f"tl.ch t ..... e asbove statement holds .1976] Order 

reg.l.on gr- o~J1ng 

algor~thm lS equ1ual~nt to a parallel algor~thm th3t dec~des 

on al'! .l. ts rller glng actv:m-: bef ot- e per f'oP'rfl~ng ànlJ Qf 

shawn that ch~ng1ng the order ln wh~ch the 

C"'--1 terla 

produced dlfferent result~ CNaz.l.f 3nd LeVlne. 1981J In tfus 

re-sear&.. we erl'lplo1,:4 a focu~ of attentlon mechanlsm that 
, 

executes 3 dàta select10n 5trategy for choos1ng the regl0ns 

and l1nes to process Furthermore. thlS strategy speclfles 

the path of processlng through the lmage and wll1 be shown to 

The focus of attentl0n mechan1sm 

will be descr~bed .l.n chepter S. and dynam~c strategy sett1ng 

wlll be deal t .,a th .1.1'1 cheptEw 6 

(3) Control Struc1ur. 

Systems were designed .l.n the form of procedures that 

...... ere appl.led sequentlally to the .l.mage w.l.th l.l.ttle room for 

feedback between the var10US stages of anal~s.l.s A general 

purpose 101,) level~ stage should be able to ~nterac{ w~th 

higher levels that use doma.l.n spec.l.f.1.c lnformat.l.on ~n order 
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2. 2. 3. The Vision Hierarchy 

Ever S.lr,CE:- th"" '.Jorl-< of Rober t~ [Roberts, 
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1965] " cor(lpu tl?r 
1 

V1Sl0n sy3teM~ h~v~ been structured ln a hlerarchy of ~t3ges 

representlng the tranaformatl0n from the raw to 

the .symbo.U .. c that const1 tutes the percO:-l ..... ed 

two 

A low le·,oel deals d1t'ec"tly wl"th "the 

measured data (the lnput 1Mage) and produees a more conC1Ee 

deserlption of the relevant lnformatlon. ThLs output 19 then 
. 

used by a second and hlgher lavel whose proeesses attempt to 

\ 
descrlbe the image content ln terms of 3 world model 

grOWlng and edge detect10n are ex amples of lO~J 

Ro:-glon 

level 

processes tha't reduce the amount of data to be handled by 

Both crea"te E"I partl t10n of the lmage \.o,ho5€' 

descriptLon rep~aces the plxel lnformatl0n present at +he 

lnput A high levelo proeess can use the par t1 tloned lll1age to, 

assign obJect Lnterpretatlons ta eaeh of the reglons [Lo:-vlne 

and Shaheen, 1981.)· In thlS sense, the vision problem can be 

viewed as a data reductlCH"l proc;:e-ss. 

Although the above h1erarchy app11es to almost all 

V~S10n ~yste~s deslgned to date. they d~ffer ~n the amount of 

1nteract~on and" the extent of overlap 

Yakimovsky and Feldman's system represents the V1ew that 
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suppot"ts ~nformat~on ~n the 

t"ecognltlon and Feldrnan, 1973J An a 

p~lorl model must be constructed o~ th~ that arl? 

present ln ~he clas5 o~ scenes under anal~SlS (e g , outdoor 

seenes) A lar-ge nurnbet' of fllodels lS reqult-ed to CO',.ler- the 

wlde varlet~ of pos~lble scene classes For general purpose 

vlSlon. a s~areh m~5t b~ conducted roI' a 3peC~rlC model ror .,. 
each lmage Th€' laI' get' +he amount of da"ta to be de al t l..Jl 't-h, 

the more conq:,l.te:t ted th ~~ s eat'ch pt' ohien) bo:.>corne E 

more d~stlnct f~shlon The low level stage UEes ~nformatlon 

sources that are ~ndependent of the t~pe o~ scene to b€' 

Theae ~nclude knowl€'dge about ~ntens~ty changes ~n 

the lmage. possi.ble grouplng ct" l ter~a, no~s&. and art.tf lcats 

that al' e due to -J.mage f'cwm ation procedures 
\ 

They constl tût€' 

what has been termed gener~l purpose models [Zucker et al, 

1975] The lCJI,} lE'\Jel proçesses reduce the amount of data to 

be handled to the extent that allol,}s a search for the 

approprlate semantic nlc,del lhe expert h~gh level system 

then uses the selected model to ~nterpret the low level 

output 

Because of the fa~lure of early efforts ln produclhg a 

plaUElble for E~mple doma~n tasks, ~t soon becam~ 

appat'~nt that a s.:Lrnple s:eql..lentl..al prOCeEE.:Lng methodologl,.i was 

t"IOt sL~ff l..c.:Lent This sl.J~gested the use of' feedback o~ 

~nformatl..on from hlgher ~euels wlth.:Ln the image understand~ng 

scheme to provide globa~ gUl~ance to the more local low level 
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t processes [UhF, 1972. Le°J.l.ne, 1978. Hat"l::con 3nd 

1978] Feedback pathE between d~fferent levels of 

analys~s c~n be provlded by ut"llfy~t"lg the data structure and 

the rnethod 

tor the Each 

process ha3 ltS own rule~. and the commun~catlon channel ~s 

The5E' concepts w~ll be analy~ed ~n 

more deta~l 1n the next ~ect10n 

MarI' arqued that • free-stand1ng low level 
... : .. sy::item that 

does not (depend speclf1C ~e~ant1c model 1S 1n fact 

• 
reallsable [Mar t'I 1.976] His reason1ng about the fa11ure Dt 

J,Jas fold the amoun+ Dt 

used not ~uff 1C1ent, S1t)ce changes 

1ntenslty are not the on1y factors of 1nterest 1n the lnput 

Se~ond. 3 more tle~lble repre3entatlon 1S requlred 1n 

ordet' to accoffimoda+e aIl pos~able nuances olt" an 1mage ThE" 

r1cher the voc~bulary used 1ruage descrLp~1on at aIl 

levelsI the the need for mak1ng uncerta~n 

The repesentatlonal framework fOt' der1V.l.ng zhape 

1nformat10n f roln ~mage$ propoEed by Marr [Marr. 1982] 1s a 

t'::lpical ex ample 0'1 the h1e)'at'ch.lcal approact"J adopted b~! nian,=-~ 

researchers The framework eK~sted at four 

levels Ot 

1 valuE"s at Eoach pOJ.nt, second, a "pr.1.mal sketch" th 3t 

contained exp11cit two d1meons1onal i.nform.at~on about 

- - ... 
·~-~11i11._, . , 
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J .- ~ntens~ty ch~nges ~n +erms of zer O-Ct'OS s~ngs, blobs, edge 

th~rd, a 2 and 1/2 

D sketch that deicribed or~entat~on and depth of surfaces ~n 

a v~ewer-cen~ered c:oot'd.l.nate and f.l.nally a ]-D 

representat~on of the ~hapes and the.l.r spat.l.a1 org3n1z3t.l.On 

1n an abject c~ntered coordLna+e frame le 9 a st1ck-f 1'~ure 

representat.l.Ol'"I) 

S.l.nCE? we ar'" c:oncerno:od 1.J.l. th 1;h~ o:oat'llJ stages 

pr~mal skE?tch 

d6!'sct~ 1bed 11'"1 chapter 3 aspec-ts f t~or(1 -the 

const1tuents of the- pr.l.m 31 .sketch In add~t.l.on to 

d1scont.l.nu.l. tl:.~' un.l.form.l.ty of fE?aturE?S .l.S cons~dered an 

.l.mpot~tant 3:OU" ce of .l./'"tformat.l.on for .l.mage segmE?ntat~on Th~s 

~s represented b~ the lnclus~on of l~nes and reg.l.ons .l.n the 

data strl.lctur-e The bas.!.c pr.l.nc.l.p1e beh.l.nd crea-t.l.ng a large 

and comple-x data structUt'e ~s closely related ta the 1dea 

that "at the ear~ly s1"3ge~ of the ..3nalys.l.5J the representat~on 

used dependz an 15 p05s~ble tg compute From an 

.l.mage than on wh~t .l.S ul t~matellJ des~t~able If [t1arrJ 1978] 

One of th~ .l.ntel'"med~ate stages that .l.S ga~n.l.ng a-ttent.l.on 

15 the recovery o~ three-d.l.men3~Ona1 .l.nformat.l.on from 

The underly1ng conc~pt .l.S th~t ~mage 

are a func-t .ion of the 111um.l.nat1on of' the scene, a3 weil as 

the character.ist.l.cs and or~enta-t.l.ons of the surfaces from , 
which l.lght ~:E" t'ef .leç:ted [Horn. 1977 J By mak.l.ng appropr.l.ate 

assumptions about the l.l.ght sources, the surface retlectance 
) 

1 

J 
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propertl.es, and the geometry of Sl~r face 

orl.entation c~n be c0mp~+ed f t- om l.rrlage l.ntenSl.tl.es Hu.s 

task has proven q~Lte dl.ff1.cult a sl.mple scene 

compute surf9ce reflec+ance 

1977] R kel.,:! LSEue 1.S -+"h€' stud(,.f of the constral.nts 

ta recover the l.nformatl.on 
" 

fr-om the l.rflagt? [ZLlCl-<er-, 1~81. 

LeVLne 1983] For eyample, ~n1.queness 

been sugge:sted as reëlsonable assumpt1.ons about grad1.ents of 

surt~3ce l::;.rJ.erlt:)tJ.on [WoQdhan), 19('7] 

Barrow and Ten~nbaum deEcrl.bed reg Lons and edges ln the 

scene 1.n terrl'ls of' the' ch"wactet'l.stlcs of th/? sl.. . .rf ace elements 

that are vlsl.ble at each pOl.nt 1.n thé [Bat~r- ow and 

Tenenbauro, 1978) Ref lectance, 

illuffil.natl.on, ~nd r-ange are aIL 1\ 1.ntr LnSl.C char- acter- i~t 1.CS" 

, ' 

that are useful for hLgher level Ecen~ an~lysLE 

s+age crf aSS.l.gnl.ng ph'=.IS Leal 

the low level l.rnage p:trt.l.tions "the ph'=.fs.l.cal 

level of procE':ss.l.ng" [Kanade, 1978J 

A sl.ml.lar approach that employed semantl.C Lnformatl.on l.~ 

1981.J ObJect label. were Ln.l.tl.ally ass.l.gned to the reg1.ons 

produced by the law level process Depth cu es were then u5e~ 

to establ1sh or~~ntatLon ~s~~m3teg for the An 

iteratl.ve algorl. thrn grouped r~g1.ons Lnto surfaces, and a 

semant1.C net ~f obJec{ models assigned surfaces to specl.fl.c 
('-"' 

ThlS type o~ 3-D regl.on Lnterpretat~on const.l.tute~ 

,1 
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Re~earch ~n ~mage under3~and~ng ~5 be~ng conducted at 

the Comput~r V~s~on and Graph1cs L9bor~tory oç McG111 

Le .... '~ne, Le'.'1ne 

and T ~ng, 1981. LeV1ne and Sh~heen, 1981, LeV1ne and Naz.t.L 

The ult1mate goal 15 to bU11d a gener~l 1mage 

understand.t.ng system ~hat ~s h1ghly modular, and ~as l~rge 

r.:apab.L11 + les These f eatur es allow '..I13.t.on 

control strateg..t.e~ .Ln order to determ1ne those best ~u.Lted 

for the v..t.~~on The hl E>t'archy 

starts w1th a 101,...1 level segment3t..t.on system [Levine and 

N 3z.t.f. 1982a J that 15 folloLh::od b':.l 3 h1gh level 1nterpretat~on 

system [Lev..t.ne and Shaheen, 1981J Intermed.t.ate stages have 

also been siud..t.ed [Le-J.Lne and T.Lng, 1981] The research 

reported .Ln'th1s thes.Ls 15 an 1ntegral part o~ th..t.s effort 

and dealsr w~th the lo~.J l,:.'Jel stage of the analys~s The 

slJstem ..t.s des~gnt?d to use< seg((lentat..t.ot) r,ules, and prov~de$ 
./ 

f.le'l<..t.ble and high 

exper..t.ment31 capab~11t1es 

.. 
Thé h1gh lev el ..t.nterpretat..t.on stage discyssed in [Lev..t.nè 

and Shaheeti. 1981J was des..t.gned as a process of compet..t.t..t.on 

at"ld c.oopet"ation ..t.teratl.vely ass..t.gns obJect 

~nterpretat..t.onc te the reg~ons ebtal.ned ~rom the segm~ntat~on 

process A spec1fl.c wor.ld model of the obJects ~n the scene 

1S used to gu~de a relaxat10n labell..t.ng process into f1nding 

the best set of Lnterpretat..t.ons for the given partl.t1on The 

" 
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results obta1nêd show a sens1t1v1ty to the qua11ty of the 

1n1t1al 1041 level 1Mage part1t10n Th1S has mot1v3ted the 

development of :3 mot'';'> SC'ph1Stl.Cated segmentat10n system. not 

only ta de11'1""'" a bl"ttef' output, but also to open the I .... al;:l Tor 

1nteractlon between bo~h levels of 

an.:llys1s The reader 1S referred to [Shaheen, 1979] for a 

deta11ed look at the h1gh level 1nterpretat1on system 

The v1s1on h1er.rchy adopted here 1S the one that has 

'--..been rna1t1 tairwd by most rese9rchers S1nce the ear1y days of 

A r~presentat10n that go es from p1xels to 

In the ne><t we 1 .... 111 

1nuest1gate the rule-based approach ~n AI and show 1ts' 

usefulness 1n solvl.ng the 1041 level segmentat10n problem 

2.3. KNOWLEDGE-BRSED SYSTEMS 

l·le staY' T OI.,Ir d~scusS" 10/1 by 1nd1cat.ing what 't'he term 

.lfIlP.1l. es The ternünology 1$ sOril>?what 

vague. S1nce aIL sys~ems l.ncorporate sorne form of knowled~e 

and are. theref'ore. k nOI"de-dge-based. It ~s generally 

accepted that the ~nowledge used has to be weIl defl.ned and 

easiIy iderltif.l.ablEo W1 +'~un the bas1c str·ucture of a. Eysteol. 

One wal~ of aclu.ev~ng th.is 1$ by. se-parat1ng tlie knol,lledge- ft~oll'l 

the control mechanism Rule-based syst~ms ar~ a sub~et of 

knowledge-based systems that successfully Me&t the above-

cr1ter10n The rul~s embody the knowledge and const1tute the , 
world modeL ProdMction systems (PS) form the build1t"1g bll::>ck 

\ 
... _~--
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oT all rl..lle··ba,;ed systems eX.l.st1.ng todate They were f u~st 

.l.n-trodl",fced bld Po'S't [Po3t. 1943] as a gener al~ computat .lona.l 

.. 
rrtechan.l.~m tha1" has th& c:apab1.l.l.ty ot~ a T'.wi.ng mach1.ne Since 

then, a lot of de'.J~ atl.on ft~om the basl.c PS cnaracter~stics 

has been it·,"tl' oduced .ln ot~der to 3ccornrrtodate the .large.· . ..A.I 

programs thaT emplo~ 1"hl.~ methodology 

In thl.s :sec1;l.On, .. lE!' pt'ovl.de a brl.ef descrl.pt.ion of the' 

f'1 .. mdl.,lmental PS propert.1.E's Tfus .1.S tollo\,.led by a S'hart 

they d1.ffer from the sa-called "pure Il 

l~e 'then c:oncentr ate Ot"l the I",fse of' PS" s 

.1.n \)1.5.1.0n, .1.n arder +0 pOl.nt out both t .... e validity oT, and 

the necess1. t'::f f ot', Ctur approach. 

2. 3.1. Production Systems 
J 

\ \ .' '. 
1 

The te-t" fil "pure" production sy.stem l.mp.l.1.es three basic 

requl.rements a set of' t'ules (or produciaons), a data 

s"tructl",fre (I.oJYd.ch.lS l..Isua.lly some starage area Of f'in1. te 

and a rule l.nterpreter In 1. ts s.1.lllplest form, the 

databasE> is cornposed 'of a 1.ist of symbols of fini te .len9th. 

W.l. th new slJrl'bolS' added ot) one := .1.de at the expe~slo~ .losit1g 

others ft'om the 0PpO$l. te sl.de The- ryles are 

candi t.1.on-action pa.l.rs, wi:th a 1eft hand side cons'isting Of a 

number of s',drnbols to be mai:che-d ag~.1.nst the database. If the 

match ~s sl..Iccessf LÜ (.1., e. , • 'the symbols are f'ol..lnd in the 

database 1.n the pr escribed order) 1 the, act.iôns are executed. 

The latter being the addition at the top .of': the database lOf" 

--

lUI!,. "'" 

1 

1 
t 

,~ 
- " 



1': 
1 

Page 50 

the symbols &pec~f~ed by the r~ght hand s~de- of the rule 

The fl...lnct~on of the ~nterpr et€-r .l.n th~~ f orrn 3t .l.S tr.l.').l.al 

It matches the cond.l.t~ons and evecutes the 

are usuaIlt,d rnatched ~n a cI~clic arder, and the f .1.1'" st 1'" 1,..11 o? 

whose cond~t.l.ons rnat,=h LS allolAed to J"ts 

act.l.ons) ,.,.'tl'" .l.3 t ~c,ns ('n the- m"ethods of 

pattern match.l.ng ll?d +0 compll?'~ 

Th.l.S lJ.l.ll be the sub lec"t of dlSCUS5.l.0n .l.n the next sect l '113 

Fl..rst, I,Je I.J111 e",am.l.nE' the propert.l.es th!j'i; 

the-

framelJor-k for AI pl'" ogt" ams, .l.nclud.lng 

The 

s~mmar~zed as follows 

(1) T~e datab3se .l.S the ~ole method of commun~cat.lon 

the t" ules Each rule can only detect the changes brought 

about to the database by other rules The ch3nne1 aiso 

un.l.que .l.n the 5ense that all ruIe; have access to all parts 

of the database [Dav.l.s and K~ng, 1975] r o? SOt'"t 

to the use.., of "tags Ot~ othet" Iflore comple~( m>?ssages that :'t'e 

depos.l.ted b~ a fule w~th the purpoEe of .ac-tl..vat .lng another 

spec~f ~c t"ule ~h.l.S ~s gene-rally con5~dered agdlnst the PS 

equlvalent to hav~ng a rule that lnvokes 

another 

l, (2) The rul~~ ar~ h.l.ghly independ~nt and modular 

that. can be or ~v~n dele\ed, w~tho~t set".l.ously 
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(3) The- pt" ~ce- fol'" ~n the d~ff~culty of 

~rnplemet"lt~ng 

(or equ~'v'alentl':d e-;'pla~n~ng that beha .... ·~ot~) 

~ 

of the proble-rn Eaeh ao:::t~on ma'~ Hî ""f act COtîsJ.st of a cornplex 

procedure. as long az ~ts effect ~s CDt"lEJ.dered to represent a 

'..In~ t of conte~t of the system The 

condJ.t~ons are aiso Boolean combJ.natJ.ons of comput3tJ.onally 

pt~1.m~ t~l,)e operat1.ons that ~nVül~lY rt,atch1.ng and 

detect~ot", / 

l 

CS) ~S prov1.de a un1.f1.ed approach ta data and control The 

rules have a that 15 readable by the 

This alIot,)f:; fOI' a f Ie;able cont,'ol par ad1gm 1n "'Jh~ch 
W 

the system can mod1f~ 1ts own rule set 

F1.nall~, lot shouid be noted that PS and procedural 
• < 

sl~5tems are S1.nce- bath can 

s~mulate a Tur~ng mach~ne The 

approach dppe-nds on the requlrements of the task at hand 

The question loS ~ne of effJ.c~ency and ea5e of des~gn and use 

Appropt' ~ate f~elds of dppl~cat1.on of PS w111 be d1.scussed ~n 

sect~on 2 4 2 

(, 
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2.3.2. Rule-8ased Systems ln AI 

The reEe-rlibl ::sne'? of PS s+ructl.lre 

>?arly F'S appt· oaches 

concerned. and st~ll 3re· w1th model11ng h~man behav10r The 

"il th ~ +.-E r .l.TIl te leng"th, .l.S analogous. to the- hL~man 

The desl.gner a"ttempts ta fot'mula"te a 

m1nl.mal set oF pr0duc+10n rules that WIll produce the 

requ1red behav.l.or E~<,,,,mples of such 1n~e P';G 

[NrelL 

scgnn1ng 

1973], that w"'s rlle rnot'IJ 

PAS II 1974] w~uch 

learn1ng and VIS [t1ot'",n, 1973] I.Jfuch 

s1mulated the descr1pt1ve ab111ty of v1sual 1mages Sorne of 

theEe 
l' 

=y.5teruE .l..mpl eroented mol" e SOph1st1cated structut- e:=- th 3n 

those of a pure PS (e 9 . the use of roult1ple act10ns and 
4 

more complex pattern match.l..ng 1n VIS and PAS II) , 

Davis ~nd K.l..ng class1fy rule-based systems 1nto +wo 

categories [~av.l..s ",nd K.l..ng. 1977] The f1rst 1nclude:= the 

The second 

cLass containE '.Iha1; the\;.~ term per f ot'mance-or 1entE?d e "pet't 

systems The latter encode the knowledge about a SpeC.l.f1C 

task 1nto product1ons and attempt 

behav10r .l..n executing th",t task • The d1st1nct1on between the 

two groups goes beyond the d1fferences that mot1v3te them 

Large AI programs that ~re app11cat1on or1~nted belong te the 

secon categorl.;j 

t"1 .. Ü,;,-S. the databas~, and th!? 1nter pt" et€?t' 

In the.rema1nder of th~s sect10n. we w1l1 d1SCUSs examples of 
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from the pure form of 

The f~eJd or art~r~clal ~ntelllgence has gone through 

the trans~t1on from the general~ty and power of ~nference 1n 

though rne-thods: 

1977] Psycholog.l.cal 

e\)~dence +'r~nd and S~mon, 1972) 

their pr~c<blems by go~ng to the expe-rt, 3nd 

spec1a11zat.Lon .l.S the- ba.:;.l.c therllE' that organ~ze-s hum3n 

A typ.l.cal ~~ample of a rule-ba3ed expert system ~~ the-

MYCIN med.l.cal con~ulta+.l.on program (Shortliffe, 1976] It 

conducted a d~alogu~ U1 Eng11sh w1th a ..... ser (an e:<pe-t't 

phys.l.c~an) , reason1ng about a med.l.cal case, and ult.l.mately 

d.l.agnos.l.ng and providing treatment for b~ood ~nfect1en~ and 

men.l.tig~ t~s l.t"lfe-C"tit,s The r ules we-re coroposed of IF-THEN 

cl;;:,uses, and fiad 1S0C.l.ated W~ -th them .. degree~ of 

cer"ta.l.nt.l.es" represeft.l.n g e-xpert conf1dence .l.n -the~r 
... 

ual.l.d.l. t\::j /'1'T'Crr~ e-rnploy"?d backl,Jard cha.l.n.l.ng of the rule-s- to 

create a Ilne of re-~50n.l.ng about the c;;:,se- at hand The 

. 
cond.l.t.l.ons of a rule were ver.l.f.l.li?d to be e.l.ther TRUE or 

FALSE Th.l.$' be poss.l.ble because of the lack of 

certa.l.n .l.nformat.l.OM at one stage dur1ng the consultat1on In 

th.l.s case, 

.l.nstant.l.ated 

degrees of 

the' conct~t.l.ons became the new goals te be 

confl.denc~ 
Il 

l~nes of reason.l.ng w.l.th 

The dec~s.l.ons 

rendered blJ!j the program agt~e:d ,û.l.1:h e}<.per1: t)p.l.nl.on .l.n ove,.... 
f 

,i 
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90% of the cases t.;;>sted 110r ~ l.nter~e:;t~ng wa.=; the s'Jsterll':; 

to a,:tl.Cms ()~ The Varl.OllS of 

reasonl.ng were auallabl~ to the program as knowledge sources 

Th~s enabled the program te ~nswer questl0ns as to =--nd 

at a certaLn conclus~on or 

~ecLf l.C datulii Th15 prepert'J 15 a dlrect con.=;equence of +he 

un~ty of data and control ~n productl.on-based systems 

organlc fllol€'cules, prE-sent€'d to 

rule-based e~pert =ystem:: [Felgenbaum et al. 1971] In thl:: 

case the data was ln the ferm of graphs whose nodes 3nd Ilnks 

represented a~oms :":Ind bond~, respectl.vell,:! The rules 

embod1ed theorl€'s 0f m~ss spectrometrl,:! wl.th a sltuatl0n part 

representlng a p~rtlcular atomlc conflgurat10n. and an act10n 

part 1ndlc.atl.ng a pO~:;lble fragmentatl.on ta be appll.ed by 

breaklng certaln bonds Thus. the rules were con51derably 

more comlex than those ln a pure PS The cOnd1t1on part was 

rllaJor of +he PS SP.l.t~1 t because the rules 

rept~esented pt" 1011 t" 1 liE' concepts ln the doma.l.n of the problem 

[Da\11S and Klng. 19-:'7] DENDRAL was pr.l.mar11y a ~edel-drlven 

sl,:!stem. Wh1Ch employed a generatl0n-and-test heUrl.stlc se arch 
II 

wl.thout feedback The 

generated accerd1ng to +he rul~s ThelJ "Jer.e then te.5ted and 

ranked blJ comparinQ +he generated data to the actual lnput 

data '...Is~n';I best f l t ct~~ ter ~a Performance W1th1n very 

spec1all.zed molecular famll1es (F~r whLch the ~rogram was 
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taught) to humans. bath l.n speed and 

accuracy 

The two e~amples descr1.bed above have had 

of f SpI" 1.1"Igs TEIRESIAS i 97E.] used f aul tl,.~ ~l'T'CII'J 

con~üt"!= to tr3ck and Wl.th the help of an 

expert, the rules that c3use-d the el" t'ors An l.rnpor-t",n-t 

of other rules. an ~dea that w1.1I be 

d~scussed lot"! More det~l.l 1n sect1.on 2 3 4 because of 

relevance to our rule-based V1.510n system 1'1ETA-[·ENC·RAL 

[Buchanan et al , 1.976] ','as a st,.~sterll that infered rule5 of 

mass spectrometry for poss1ble later use by the DENDRAL 

1 program TI'I& stt'ucture ""as t)ert,.~ sl.m1lar ta that of DEr~DPAL 

and the result1ng rules Were compat1ble ta those produced by 

an exp&rt Tho? approach undo?rscor'ed the ~mportanc& Of 

knowledge fOt~ the rule-based systems, and 

provl.ded an automated framework for such a task 

Other rule-based systems 
$' 

1.1"1 var10US f1elds Of e!'X1.st 

knot.Jledge selected systems 15 preE&nted 1n 

[ Fe1genbaum, 
,.' 
on 1.977], and recent bib110graphy 

knowledge-based expert systems 1.5 g1.ven 1n [Rychene~. 1981] 

In the ne-xt we present an e!'xarltple!' of a 

knowledge-based system that d1d nct use ru~&s 

, 
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. ' 

2. 3. 3. 

J. 

There \are ~ '}arl.l?t\:,1 of other fOt'ms l.n a 

knowledge-based system ~3n exl.s~ One prl.me example that has 

varl.ou:s;: 15 the HEARSAY-II ~peech 

under stand1ng sy5tern (Erman et al • Lt?sser e~ al. 

1975, Less~r and Knowledge was dl.str1buted 

over a nl...lmber of ~ndE?pendent knol.Jledge sou,.- ces .: I(S), 

representlng ~he evpertl.se Wl.thln a partl.cular sub-are~of 

~he problem (for sp~.ch understandlng. these lncluded ~lgnal 

phonetic$, syntaK' semantlcs. and pragmatlcsl In 

additlon. a global database, termed the blackboard, con~alned 

the current state Ot th~ system The basic control mechanlsm 

allowed coopera~ion among the KS's by lmplementl.ng a 

hypotheoslze-and-test schem~.... Esch KS was ab.le ta read and 

write hypatheses on ~he bla~d, and thlS represented the 

sale method of communlcatlon among ~S's The latter is also 

an l.roportant reature ~f rule-based systems Other pOlnts of 

resemblance between HËARSAY-II and the rule-based paradlgm 

include the in~epend~nc. of KS's, wlth each 19norant of WhlCh 

other KS's 
/--'-v 

the lnformatlon that JJ; used, Ot' WhlCh 

KS's wou~d u$& the new ~nformatl.on 1t prav1ded Thus, the 
\.. 

KS~s resemble the rules, and lndeed euen their baslc 

structure is compatlble A KS contalned three 

components 
~ the cond~t~ons under wh~ch ~t was actlvated. the 

1/ 

changes l.t made to the blac~board, an~ a pOl.nter to the 

program that e~ecuted these changes 
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HEARSAY-II from the character~st~cs , of 

rule-based $~5teME ~mpot'tant aspect 

(blackbo.atrd) l,las d~l).l.ded J.nto segfft€'n"ts that correspond "to 

d1ffer€'nt levels of ab~tract~on of the da~a 

t/ 
sJ.ffiJ.larly class.l.(J.ed accord.l.ng to the level at vJhl.ch 

operated "the database only part.l.ally 

accessl.ble ta each of the knowlpdg€' sources Al -thol..lgh "thlS" 

l..Jas J.n contt"adl.ct;J.orl I,.i+h the PS forrnLllatl.on, the data and VS 

organl.zatJ.on allowed for t~e .l.mplementat1on of 

control structure 

. \ 
HEARSA'T'-II has at'fected the des.l.gn of other 

S:1~~s"tems .l.n -the field 80th the blackboard appro3ch and the 

.hypothes.l.ze-and-test mech~n;~m have been J.mplement€'d l.n a 

nUfllber- of AI progt'ams 

Fe.l.genbaum, 1978J ) The hJ.erarchy of knowledge and data J.S 

syfllbal.l.c 

HEAPSA'r'-IL dl. f'ferent 

d.l.ffer-ent le'vels, 

Se,'er al leuel::;. of 
\. 

and "the 

"that constl."tutes the output In 

op€'t'ated .l.ndependen-t 1':.1 

e3ch level The .l.nteract.l.on between the levels was .l.nd.l."rect 

through the hlJpotheoses, hJ~ th each hat.'J.ng "support froln above" 
'" 
Ot' "support ft-am beolow" In the .l.mage understandl.ng S':-l:::tem. 

we dl.st.l.nguJ.sh between +he low level of segmentat.l.on and the 

hl.gh level of .l.nterpretat.l.on The hypot~eses are replaced by 

reg.l.ons and l~nes, and they became the med1a of J.nteract~on 

between bath levels The low level segmentat~on rule~ can be 
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app11ed to Mod1~y th~ 

rules prov1de the labels th:tt pro duce a conS.l.~tent. 

clescr 1ptl0n of the scene based on th€ g~ven conf1gurat.l.?n 

Both leve-lE can be·nef 1 t ft~on,' "the 1nteractl.orl For exarnple. 

reg10ns th~t are not supported b~ a cons1stent label can be 

resegmented by the low level rules the 

h1gh level t'~ües ',)111 ",ssl.gn 1ntet·pt'etatl.ons that are based 

on the conf1dence of the low level system 1n the reg10ns 

') 

Hav1ng dl.scussed +he structure of product10n systems. 

and revlewed ex~mples of knowledge-based systems. we now 

l 
concentrate on an 1Mportant aspect of the problem, the nature 

of control 11"'1 th~ rule-baged methodology Th1s has been a 

/' ma.jot~ cause clf d1lJerS1 ty 1n the strl.Acture of d1ff erent 

rule-based systems L 

2.3.4. Control in the Rule-Based Paradigm 

The control cycle of the baslc PS lS a s~mple mechan1sm 

that cons1st~ of two phases a match1ng phase and an act~on 

phase The former is also known as the recogn1t10n phase. 

and 1nvolves select1ng a rule whose condlt.l.OnS match the 

o;:::Iata ~he 1ncreased complex.l.ty of the rules and the d~ta 

structures of e>c.per t sys+ems trans~ormed *th1S r,ule selectl.Qn 

pro cess .l.nto a c()rt\plicàted problem that has recel~}ed~ rlHJch 

"" attentlon arld led ta a number of pt'opos~d solutions. -Thl.s >toi 

, . 
problem lS kr.ol"n as conf' ll.ct ~solutl.on atid can be s'tated as 

follows ~f aIl av ail able rules test the~r conditions on the 

data. there is a pos,lbl.ll.ty that more than one rule wl.ll 

-. 

,-
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match qu€'r:tion ~E" IJhi.crl t~u1e ta liel.ect ùu~ of thE' set 

of potent~ ;;.11 1:::1 ôlpp l~.:able t'ule:= (a150 knQ'Jn as the conf ll..ct 

tÂule seT)? 

[Dav~s and Ving. 1977]. and l..nclud€' 

<1> Impl~c~t ord~r 

whl..ch are stored l.Jhen a match occurs the proc&s:= 

e~ther rest?Jrt-s at tf,e +e.p of the l~:=t. or cont~nues from the 

last rule that f1red 
.... 

Th1S L5 the same as the ru1e 5elect10n 

mechan~sm of as "pure" PS 

< 2) Rule Order- AlI rul~s are g~ven prespec~f~ed pr1or~t~es. 

and the rule with highest pr10r~ty ~s selected 

for fa5t rule match1ng. but add~ng new rules becomes more 

c'"Imbersome 

(3) Data Order' The rul~ that matche5 the most ~mportant 

data ~tem ~s selected It follow5, of c'ow· se, That aIl data 

elements mU5~ be ordered The match~ng process become:= mt~ch 

slower, al~hough rule 1ndependent 

(4) General~ty Order The MoSt $pec~f ~c rule ~s sele"cted. 

Wh1Ch 1S a9a~n fast but requ1res extra work when adding new 

r'..I1es 

.. 
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(5) Temporal Sele~t:tr..g "the t'ule that ha:: rfIos"t 

recentl~ 

blased towa~d~ a subs~t of the rule set at the expense of 

1...I":lng other ~OLwces of I<r.e" ... ledge 

More comp11cated select10n mechan15ffis have aIse, been 

proposed F or e,~ample, DEN()RAL u'sed a precedence netl .. JCor v ta 

Thl:: 1$ a slow process that 

addlng new rule:: Pl..üe 1'1'T'CIt~ 

• 
accornpl.l.shed the 9'Jal-or lented chalnlng 

pt'ocedure The RHS of rules were .=;c anned, and 1;hose tha-t 

concluded sorlle-thlng about -thE:' requlred goal were .=elected 

The LHS of the:::e t-ules I,)èot'e then r"atched, 3nd lf a condltlon 

process re-lterated The system Bventually matched aIL the 

rules ln the confllct set ln order to collect aIL the data lt 

Another rll""thod f ,:,r conf llct resoll~tlon depends on The 

ldea 15 th~t lf the PS can compare the effect each of the 

rUle5(/ln the conf li ct se"t has 01"'1 the dat:il.. l. t car. 

the r~le whose actl.ons p~oduce the bes"t outcome 

5uggested the use of a relaxa"tlon labelllng process to select 

the rule that resulted l.n the mo.=;t cons1steti"t data set 

Other knowledge Sources must thus be emplo~ed to deflne 

conslstency In our .l.mage analY$is system .. we use feedback 

by measur.i'ng the eff'ec.1; ea~h rul€' has on .a numbe-r of' 

/ 
/ 

-, 
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perFormance parameters The v~lues oF these me-asures are 

~hen dynam~c~lly eruplo~~d to se~ rule select~on 9nd d9~a 

select~on ztrateg1es The ava1lab~l~ty of th1S d.l.rect 

f eedback path allow5 the :::I~~stern to detect the- conseql..~e-ncE<s of 

~ts act~ons. and perForm dynam~c adJu3tments accord~ngly 

A mod~f~c~t~on ~o the rule selec~ion method used by 

MYCIN (.lëlS ~n+,..oduced by ['!!J"'~S .l.n TEIRESIAS 

h~gher level rules that dec1ded. b3sed on the data. 

group of rl.Ales 1.'95 r/lore '=U.l. table for the task at hand [U6·v·.LS· 

" 
1976] Th1S set of con+rol rule3. were termed meta-rule3. 

S.l.nce 'they were actually ~ules about rules Although the.Lr 

pre~ence would u~olate the PS proper~y of not allow~ng rule.= 

to .l.nvoke 01hers. D~vis r~ghtfully argued that the 3p~r.l.t of 

modular.l.ty was left untouched Th.l.5 "Jas becau~e the 

meta-,-ules reFered to rule content and net to spec.l.f~c rules 

by name. and therefore +he addi~icn oF new. ~nowledge rules 

A rule h1erarchy can thus 

be con3~ructed w.l.th the knowledge rules at the lowest level. 
\ 

that spec.l.fy ,-ule 

s~rateg.l.es 

and 50 on Later·. +he ~dea of met 3-''- ule,;;: I·,as general.1.zed for 

aIL knowledge-b.asfi:\d sys+e.!:'s blJ advocatl.ng the creat1c.n of 

meta~level,;;: of knowl~dg~ [Dav~s. 1980] 
/ 

... 

... _ -_t'to<-' "nt. #, .. """ ~ 
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The advantag&s of uS1ng th1s formulat10n can be stated 

aE follOt.Js 

(1) It prov1des an intu1t1ve.~olut~on.to the rule select10n 

problem 

(2) It all.:)w:.:; the dEi'signl?t' to "reasbn ab.::>ut thè control" of 

tus In f act, f~nding the proper control strategy 

1tself can be posed as a dynam~c problem ta be salved by the 

same AI system 

• 
(3) The mec:hanism"used for reasoning at the obJect levei 1S 

the same as that used at the control lev el. 

(4) The control structure 15 expl~c1tly represented by th~ 

meta-rule5. Just as the knowl~dge i5. and thus the system 

beh 5II~,'iar becc'fl)""S ~are ~,·fS' 1ble and more e~<plaJ.,nable 

In the rwle-baEed vis10n system presented here, the 
, 

c:ontr,ol stt" ateg'd ,1mplemented aLS sJ.,oular' to that descr ibt?d 

above_ W1 th the not !llble add.l t~.on of tlr,lO fea'tures:: the 

c:reat.1.on of a second type of control rule .and the .1.nclusl..nn 

of a th1rd ~~gher levei 1n the rule h1erarc:hy. \ 
nature ,; The fJ.,rst add1tJ..on ~esults t'rom the the of 

problem at hand Image processing systems have ta deal l./i"th 

a c:emparat1vely large amount ~f data (me.asured and inferr~d). 

t The order in whJ.,ch the data 15 .matched affects the f~nal 

outcome and is reflected J..n the spatial or der in which an 

-
L 
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l.mage For the rule-based system. this data 

*electl.on prcblem eY1sts 1n parallel wl.th the rule select10n .. 
prcblem The 5am~ ~rgument th3t advocated the inclu~.Lon of 

rlteta-r l...Iles to 1'" e- :ason about rule selection l.S w:e~ here to 

Ct~e 3te a nelJ ,;;e1, of control rl"ües that reasc.t:' abol~+ data 

selectl.on 1hp l~tter ~"! termed foc us of attention l'"ules 

because they hive aC+10ns that select the next data item to 

match the knol.)ledge rules on They exist at the same 

conceptual l€-\Jel .à5 the met3-t~ule5. and are used 1n 

conJl.wlct.Lon Wl.th therll to Ct'eate vat" ious prOceS5.Lng 

strateg.l.es The focl.Js of 2ttent10n rules wl.ll pe descr1bo:;>d , 

The ,;;econd new feature l.S related to the selection of 

" different prCCeS5.l.ng strategl.9S for the syste~ As l.ndl.cated 

above. a partl.cular set of meta-rules and rocus of attentl.on 

will çor~espond to a speci f.LC stt"ategy. Ft :et of 
.; 

higher le-o..'el 1'" ules. are J'sed to 

reasc>Y" based on the data. about the suitable strategy to 

advo.=ate at any p'o.l.nt in proceSS.l.ng The three leveis of 

rul~s were l.llustrat9d .Ln figure (1. 2). Th.Ls· not.l.on of 

dynamic stra+egy selection w.Lll be discussed .Ln detail in 

chapter 6 

,~ 
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2 4. RULE~8ASED SYSTEMS FOR COMPUTER VISION 
\ 

one ()f the most 

.' 

and fun c t l. Cl t',.31 aspec-t.5 of' 

It l.5 hoped 

that thl.s ap~lt' oach 1,.'1.,11 l ... arj" to -d be-tter understand1.ng of the 

bl.ologl.cal 

computet' 

of the eye-bra~n ~ystem 

a1.d ln the cre.at~on of a 

f llt"\ctl.onal beh~ll.Lor 
\-

Rule-based systems have beE'n' u5ed 

of psycho log 1. cal 

taskE One of the maln goals of thiE thE'sis 1s to Etudy the 
, 

usefulness of +he rule-based paradlgm l.n solvlng one aspect 

of Comp~red to the general appro3ch 

undertaken in th~s rese.arch. prev10us efforts a10ng the S3me 

qU.l.te ll.m.l.ted. and wl.ll be revl.ewed l.n thl.s 

, 
sect.l.on be f 0 llol~e·d by an analys.l.~ of the 

of ui>.l.ng a rule-based system for 

understand it',g 

2.4.1. Re~)iew of Rule-B~sed Visiot1..S~stems 
..'" 

Unt.l.l a {el,) years ago. the use of produt.l.on system::- had 

been totally ~gnored the des.l.gners of scene analys.l.s 

systems [Duda e-t al • ~97'8] attempt:: have 

surfaced The fo11ow.l.ng d.l.scuss.l.on 

provides .l.nslght into shortcorfl.l.ngs and the prc.blems 

encountered by these approaches 
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t One of the early at~emptE 'Jas not 

'...Inde r S t 3nd.lng, but rather =-1:'..Jd.1.ed the s'elmbol.lc r-epr-esentatlr:>n 

VIS, t10ran cor'1p.lled set of that s.1.01ula+ed thlf::. 

fout' d~rect~ 01",5 H.1.S re5p0n~e .1.n de5Cr.lb.lng the 

create-d path w~s recorded The-

as .1.nput, 

o~ the unfold~ng p~th 

In ordE:-r bl"jp.a~s the c:or'lplex.l ty of unstt- uctut'ed 

of product.lon ,systems, the rules were grouped 

the,::! were totally or-dered 

Each proc.;:·dI.H' E' predef.1.ned tas~, and The tr3nsfer of 

control between procedur~s too~ place- accord.lng to a standard 

flowchart ~e le ct .1.01"", ffle-ch an .1. sm '..J as t hus .l n,~, l.le.l t 

and s.lmple. but this was a+ the E?xpense of comprOm.l5.lng rul'? 

modular~ty and .lndependence The s.lgn.lf.l.cance of +h.ls system 

.1.5 that defJ1onstl""ated th.e dif+" .lCtÜ t.les enco'...Intered .ln 

task that requ.lres very l.1.ttle computat.1.on The author noted 

the need "a control language" that encodes Il preC.lse 

statements of t~e relat.1.ons between rules so that any t",Jle 

Later .ln th.ls , the> 

representati.ot·, of knowl~dge and control D.1.fferent control 
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cÜfllb~na1;~on:: 'Jt 

contr'ol a language ~ha~ spec~f~@~ 

::trateg~es (0r the much more compl~cated task of low 

.Lmage anall,dS.LS 

~n .1.mage 

'...Inderstand~ng i .. J:t= r epcw+ed .Ln f( R S10,.n Jt- " s the5lS 
,! 

[ SJ.oan, ~977) Th'S!' 'S!'ffc.t'"t vJ 9f" r 'S!'s+r .l.cted to +'he hJ.';;Ih leu'!!'l 

contl'ol p :'It' i of +hE' :::1::oIs-terni .::sf'"ld lJJas: cleat'l'J se-pat'ate-d fr'Dm 

R s.1.fllp1e reg.l.on grower 

w.as us~d to produce a reg.l.on ffiap from wh~ch the color. shape, 

computeod 

Th.1.s ".l.mage pt- oce-ssl.ng 5+~ge" was then .l.nte-rf aced to the h.l.gh 

level systerfl that a loJorld model to aSS.l.gn 

interpretations ta th"? f'egions Control "'Ias 

sequ"?nt.l.ally f r om th>? ~~I'" le~,lel to the h.l.gh level stages 

w~thout fe~dbad< The rule-based structure was lll'Olted to 

the Lnterpretat.l.on stage The con+rol mechan.1.sm .l.mplemented 

a product.l.on s~stem that was or.l.g.1.nally developed ~or natural 

language proce,s.l.ng [Jo~h.l.) 1978J .,., The latter~ 

novel apprdJach to rn ~tch.l.n~ that .1.S based Ot'I a11ow.l.ng par t.l.al 
.t ... 

matches, so that the rule w1th the "b>?st" match was allol,.Jed 

to f.l.re In 
.... . 

addl. -t'l,on *0 data fllod.l. f ~cat~on, ru19 act.l.ons 

cont.~ned p~ocedures t~at modif.1.ed other rules Knowleqge 

about the class o~ sc en es ta be analysed was coded ~n~o the 

r'ules A'subspt of natural outdoor scenes with no man-Made , ~ 

c,ont~~n.l.t1g a lim.l. ted numbet") of recogn.l.zable 

s\..y, trees_ and mounta~ns) was used. 

, 
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absero CE' of f eedtoacK 

Slo3n recognlzed thE' lac~' of "rllore po','erful and more t-ef .ln.;:>,j" 

Our 

-3 n a lld:S.l ~ 

"that c~ted "the need for b~tter low level segmentat~on) The 

~ntroduct~on of th~ rule-ba~ed approach te the 

stage eEtabl~Ehes a common ground of lnteractlon wlth~n ~he 

lm age prOCeS!lng hlerarchy that could not be achl€,Ued 

Sican '5 Sl,dstE'ru u::ang prllfll+l~)e lo ... } lel)E-1 operators 

bcth levels can commun~cate ~hrough the productlon 
( 

PI_Ü€'S at 

fr database. 

aIIo',Jing bath bottc.(O-up. 3S" Xell as top-do '.Jt1 procE-ssu-lg 

Once aga.l.n, t-I.Üe seIo?ct~on posed d~ff lCI_Ü tle-S for thlS 

lmage ~ntE-rpretatlon system 

system par~.l.alll,d ordered the rules accordlng to 5peclf~clty 

The ~nterpreter selected the rule whose condlT~ons were bes+ 

If no slngle rule eXlsted, th€' ~€'t of 

rules WhlCh together covered Most of the data cond~tl.OnE w's 

If two. or more of the 

se lect~on I,Ja:= rnade at- r<!1',dom 

Because of the ... colI',putatJ...c.nal complexl..tl.'!'s l.mposl!:?d b',.l the 

appl~catJ...on to J...mage anaIys~s. the above mechanism had to be , 
The number of ~1~g1ble rules at any t~fue had to be 

tr~mmed down ~n arder ta ach~eve reasanable computat~on 

eff 1c1ency f or the al'Ilount of data 1rwolved 
~ 

Sl:oan ~ntrClduced 
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d1.rect co n"tt- 01 ü\)€'t- rules, 

-teosteod) Th.l.<o: Nad~ 1.t possl.ble to choose the set of rule~ 

gl.\)en Cütytex+' Howevet' , 

d1.rect control reduced th~ freedoM of expressl.on provl.ded by 

the PS becau,;e The 

method of .=::trtlcttJr~ng t''-lies provl.ded the nece~sary 

fO~S.l.ng The sys-t-em pre~ented 

here p055esse~ a dynam.1.c rule orderl.ng capab.1.11.ty that dCH?S 

not corf,pr 0 h,.l.Se The use of met3-rules ta 

speç.l.fy d.l.fferent ~ontrol l''epresents a 

structl..we-d approa~h to rule organ1.zatl.on than the d~rect 

control .1.mpo~ed .l.n Sloan's system In chapter 6. we w.l.1l 

< 
descr.l.be ~he d,ta~ls of th.l.s rule select.l.on mechan.l.sm. and 

later, .1.n chapter 7, we w~ll show how .1.t enhances the ru1e 

;.>!\ 
learn.l.ng proce!'s \ 

The fl.nal r~levant aspect of Sloan's system.1.S that .l.t 

demonstrated the ne~d for a mechanl.s~ to deal w.l.th the large 

amounts of data 3ssoc.l.ated w.l.th .l.mage process.l.ng A buffer 
," 

memory was 1.ntroduced that only stored facts a~d assert.l.ons 

-~hat were current1~ l''eleva~t All o.;t:her assert.l.c,ns abOUT the ~ 

, 
scene under an31ysis I,lere stored .ln a lat'l1er long terln 

rnemor-~ The disadvantage of th.l.s method ~s that.l.t requ.l.r@d 

a lot of boo~keep1ng to store and retr.l.eve .l.nformatl.on 

of each data item The method a1so 1ntroduce~ another type 

) 

i 

j 
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.. 
s~nce the rules were 5elect~vely allo~led 

acce5S ta 

.Lnt,- Coduo:~n';:l a rnodl j l dr ,ocu': Ot 

attent~on m~chan.l.sm that spat~ally ~el@o:ts the next data ltem 

3nd 

and +he focus of attent~on strategy ~s set ln a 

manner that ~E analogous to the rule seIect~on strategy 

Bulloc~ h~s d~scus~ed two ~mage anall::ls~s systerliS 

have bee-n cons1;1' uct('od US1. n g product1.on systems [8ullock. 

The f 1.1' st l,las that 

sunple 9t":.:;ph rules to det'l.ve rela1;1.onal .l.ntot"lYlat1.0n trorTl thE' 

database 1.n r~spon5e to ~l.mpl& quer1es 

segmented ~nto reg.l.ons that had un1.torm texture propert1.e~ 

the then stored 1.n a tree structure and mad9 

ava~lable to the h1.9h level sys~em The bas1.c structure 1.S 

thl~S 

t-
fla,,} of contI' 01 I,J.=tS ':l'jt'oca-l:ed betl,Jeoen the 101,) and h1.gh 

stages of ~he at-laly.5l..s The use of product1.on rule~ W3S 

agal..n defeorr&d to the semantl.C prOceSSl..ng, thus 

procedl-olr al 

computat1.0na.l 

~he 10l.) level anal~lsl.s port1.on 1.nto the- st-anrrd 

::.ppt'O :;oches "that ha'.)e consl..der ab l I:::! ~ess 

:itnd ~nfE't'ence power- s In addl tJ..on, tfus 

structure allo~ed for ~ very 11ffi1ted channel of 

betw-een the r.hfferent s-tages of the ~mage understandJ..ng 

- systerll 

• 
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The ie-cond $I,Js"tem dE;>~t.:r~bed b'J BulloCk I.oJ.3S a IOt ... 1 

+hat s~mul~ted edge. l~ne. and corner detectors The 

+he ~r(1 age b e Tt- ansfor- rlle d ln-to a 

sl:drllbojl~c 1977], 

po~nterg to collect~ons of descrlpt~ve tags (e 9 • lntenslty. ,. 
'?dge 

..... 
pO.l.n t. ·,)erte_{. 

""' 
e+c ) 1he t~ould then 

cond~t~on sld~~ that are also sI,Jmbollc plxe1 arrays deplctlng 

much .l.n the sp~r.l.t of the molecu13r 

graphs ~n DENDRAL [Fe~genbaum et al. ~ 971] 

th~.;: S"1;:l.;:+em I.Jer e .l.nhet- entll,J pt'ocedural (e 9 , 

S.l.mUlatlng edge nla.:;~ opet'a+ors). pt'oduct~on rLües pt-o"ed to 

be computa"t ion::!ll'J Thu; lead Bulloc~ to , 
concludEi' that .. TheY" e should be a Spll t ~n 1_H"I.l.forrn.l. ty E"O 

the 101,..1 

h~gher level ope!" a-tor sare Wt'i tten as pt'Odl~ctlon rule=:" 

The above concluslon There lS 

nothlng 

are 

~mplement.l.ng procedural algor.l.thms ln 
~ 

HOI.Jevl?t'. the argument th:llt all low 

n~turally procedur~l lS perhaps 

as edge de-tectors 

leuel 

hast y 

conslderable ~mount of low levFl process~ng mugt st.l.l~ be 

applle-d ta the- output or the-se 0Reratars before- ~t b~coml?s 

re~dl,J for the ~nterpreta+.l.on stage Pre-v~ous approacheg have 

dealt wLth th.l.B probl~m b~ appl~~ng var.l.OUS h~ur~~tlcs to 

clean-up the ~utPJt A large number 

developed ta bridge the gap between the low level op@~ators 

! 
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and th~ h~gh lpvel analys~s (R~Eeman and Ar b.Lb, 1977] In 

th~s th~S~2. the rule-bas@d aD~roach ~s advocated b~caus~ ~t 

pr ol)~des a f 0t Illai 

rule-based l' t?d~On.Ln':;J componen1; [Brooks et al , 1978] 

actual data .trI ot~dl?r tQ locate the oby?cts.ln at'"l ~magt? 

• 
bas.l.c con1;t~ol .Lmpl~men+@,d 

Pu les 

f t'orY! 

t'l'TC It~ / s 

consequence-dr.lven methodology In anothet'" rule-based ~ystem 

of a nal1Jsed 

~n a pr\ocedut'" al f orro s.Lnl~lar to VIS 

for cell-trac~~ng 

l.oJa,S deter rn~ned 

• 

AlI the approaches d~scussed above have concentrated on 

r"l.l.gh level aEpa-cts 

repr@sl?nte,j 
~, 

spec.Lf ~c 

of the- V.l.S.l.on pt'" oblero The r ules 

that l.S 

What ~s needed .l.S a representat.Lonal 

m~ch~nl.sm that c~n encompass general pur pose ~nowledge 

and i'-hE' lar,ls of p~t-ceptual groupl.ng Th.:.>.:;e 

.Lnformat.Lon sources of the spec.l.f .l.C 

the semantic cont.:.>nt o~ the .l.mages 

formulat.l.on f.lIls the g9p between the procedural oper~tors 

that Measure and detect.features.Ln the image and the h.Lgh 

le.vei expert s~stems th:=.1: .l.nterpret the t-esul t5 Chapter 5 

d.l.SC·..ISSies the structurE' and t~pe of low level kno~ledge 

.l.ffiplem~nted bW the syst~~ 

\ 

/ 

" 
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2,4,2, The Rule-8ased Approach to Segmentation 

~~oduct~on systems May not always be s~ltable Fo,r sonl€' , 

appl~catlons a ,procedural approach mlght be more adequate. 

and ~n o~h9rs ~he PS formulat1on 15 aw~ward Waterman has 

11Iustratpd ih~ cQMple~.l.ty 0+ u5lng h1S PAS II system for the 

PS appllcatlonE [Da '_' l.5 and K lng, 1977] 

conclU5l0ns ta study how weIl the low levei V.l.S10n problem 

A swstem th~t 15 composed gr Many lndependent states lS 

more sUlt~ble for PS formulatlon than another that 15 based 

on 3 slngle unlf1&d and weIl deflned Image 

~egmentatlon 15 a good example of the flrst type because of 

the rlchness of the lnformatlon present ln the lnput lmage 

The 1ndependent 

levei lntenslty (or color), and factors that lnfluence lmage 

formatlon (e 9 , prOJectlons, and 
t 

The factors that constraln the 

relatlon between 1hese varlables are ln the form of loose 

concepts. for exampl., I.H"l.l.form.l. ty. 

and the pre.5~nce of +exture These h~ghly· lndependent and 

solut.l.on that is based on con Cl se and weIL defined 

prl.nc.l.ples 

'P._~"" ___ ,,,._ ) 
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Cont;~',::M. f Ot' PS .15 s~mpl"? ancl e-x "tt- e~lo?.l~ f lex~ble Th~s 

f(,ake=-

of l. ndE'pl!c' nd E' r,T as c.pposed ta rnul"t~"tude of' 

lnterconnected proce~~@s ',n th attached sUbpt'OCe33eos The 

lfiJd(J>? :i:.;?gmen1-a1;l.on dll,llded l.t-I"tO a of 

lndependent 

that add, extend and connect lines No d1.rect 

COmOll...lnlcat lori 1.5 any of the~e dctlons as 

they coopera+e and campete +0 produce "the flnal OUTput 

Commt...ln1.cat.10r.:E" bet,I,'een The d1.ff ... t'en+ pr'ocesses are th • ..!= at a 

rlJlnll\1UIl'I, aQd f.)CJdul :lt-.l. +,I,j .1.:: conE.l.der ed an lmpot't Sint asset ln 

the des.1.gn and functlonlng of the system 

R thlrd PS e.leg~bll.1.ty requlrement lS the abl..ll. t~l to 

separate tr-Ie I-<nQ'.'.lèdge ft'om "the control .structure The 

concept=- u3ed for ~mage anelYSl.5 are best sUlted for codl.ng 

l.nto productlon rules Th.l.S .lS bec~use the crlteria for 

reglon gro'...Ip.lng )'Jnd 1 J.n€' fot'lTlat.l.on can be eas1.1y stateod in 

rule form, of -t;he wa'::J t .... elJ are used .ln the· 

An e;<.3rllplE' of th.l.:S, .l.S" 1.n .=;t3t.l.t"lg the fact tha-t 

-th ... t hat)e s1.mllar propertles should b~ 

merg~d The condJ. tl ons pO.5ed and the act10n c1ted are 

lndependent of t"he-n. I"here, or how the _ event takes place. 

Th~s lS contrasted ta th9 case where 3 pt~ocedure des<!/"'1.bes 

how to accompllsh a certa1n go~l 
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Image 51?grllentatl.on .l.~ a task that t'eql.. .. u-es SI broad Ecope 

of 3ttent.Lon Id~ th the <3b.l.l~ ty tqJ focus on and t'e"ct to sfn~ll 

An .l.maqe fllê!l"j con1: 3.l..n a l.:':lr ge nl..Jrllber- of 

unrelated data confl.gurat.l.onE that requ.l.re the atten1:l.on of a 

sOI_~rces Each 

mod.l.. f 1.cat.l.on €:' s1:abl1. shed b'J orrl? of the knowledge sources 

1.ncrem€-nt.alll.d contt-1.bu te<5 ta the overaii outcome The 

f 
the r l_üe-baS"l?d segment .oiron 

In ch~~~er 4. ~e w1.1l present ~dd1.t1.onal structural 

solutl.on 1;0 the low lev€-l 

problerll 

constra1.nts tha1; renderad th1.s select1.on an attractl.ve one 

Hav1.ng dlscu~sed the sU.l..1:ab.l..ll.tw of the low level Vl.S1.on 

problem to ~hp PS formulat.l..on. we now descr~be the degree by 

which the B~51;eru presented here 1.5 conS.l.stent L.Ji th PS 

pt-opertie.; The m.:lin a.=:pe.:ts can be sUflHI)ar1.zed as folloos 

,. 
(1) The baa.l..C components of PS arch1.tecture are .l..ncluded. 

the databa5e. +he ~et of arld the t- ule 

.l..ntet'pt" eter 

not Just a .tr1.ng of symbols Instead. 1t 1.3 a large storage 

m~dl.um that cont~.l..n$ th~ states of the The latter\ 

~present the :input data) as weIl as the segmentatl.on data 
~ , 

and the f1.nal output. 

(3) The rule$ are Hl the form of cond.l. tion-act1.on pa.l.rs. The 
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) 

cond~ t~ons are logical pred~ca+es that requ1re the 

exam~nat10n of the data. and r~turn only an 1ndlcatlon of the 

success or f&11ur~ of the match1ng operat~on The actlons 

fot- the segmen~at10n 

pt-oblem 
" 

l'l,od.1 f ~t2'S" one or rOO!jr e of the states 1n the Eder. 

database thro~gh ~he appl~cat1on of an elementary operatl0n 

These lnclude the merg~ng and Spll+t~ng of regl0ns, as weIl 

as the delet~on, and connect10n of 

IJ.nes 

~" 
(4) The ruIez &re the modular un~ts of knowl&dge They cOIn 

• only commun~cate·wJ.th each other through the effect they have 

on the dat..,ba::e T~~s property ~s part~cularly ~mportant 1n 

bU1ld~ng the world model 
f1! 

Sources of knowledge can be ..,dded, 

deleted, or modlf~ed'~ndependently 

process considerably S"~mpler. 

Th1s markes the learnlng 

and 011101,.,1$ for autorrtatic 
li 

(5) The database ~s not partLtioned. 50 that aIl rules • 

access te ..,ny of the stored data ltem5 Although the sJ.ze of 

the database loS large, 1ncrement=1 changes 1n the data are 

broadcast to all kn'Iledge sources 

(6) Control is achü.·l)ed through the use of mul t~ple levels "of 

rules. Bes1des the st."mdat--d knowledge t'ules. two tl~pes of 0 
contro~ rules are 1ntroduced 

)-

A rule se~ection strategy 15 

programm~d through the use of ~ set of meta-rules. and a data 

selec~~on strategy emp~oys a s.t or foc us of attent10n ru~es 
f 
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A th~r-d lev€-l of si;rategy t'ules a1.lows t~Ot' the' cho~c~ between 

dLrrerent rule sel~ct~on and data select~on stra~eg~e5 

C7> The rule h~erarchy descr~bed above 

lI'Iodular~ty, S.l.nce the t'ules et an'::J leve.l refE!'r to rules at a 

lower level b~ the~r content and not by the~r spec~f1c names 

For example. ~ meta-rule m.l.ght ind1cate that 1~ is preferable 

those thit ~od~fy l~nes It do~s not spec.l.fy the f1r1ng o~ a 

particulat' region t'ule. ::md het1Ce the e~f ec:t On add.l.ng .:)/"' 

delet.l.ng r'.ües at a certaln level is r').l.'"nJ..mal 

Th.l.S mult1-1.evel rule hierarchy produces a control 

(i) An lt"lCt"'eased spe-ad, bec:ause not all rules have to be 
+-

roatcho:-d l.n each cycle. 

the s';Jst..er,) des.l.gnet', as well as the pt'ocessing modules 
r 

(.l..l.~) The poss1bil~ty o~ creat1ng , 
selection mechan~sm 

li' 

a dynarnic str ategy 

This chapter has deal t pr.l.rnar~ly wi th the relat~Q.nship 

between computer V1S.l.0n as an application and ru1.e-based 

systems as a processlng mechanism The field of compute~ 

'v1sionJ and in part.l.cular. low level image processing was 

brie~ 1.\;;/ exaruned. Prev.l.OUS ru.le-based systems ~n other 

appiications, a$ well as in computer vision were reviewed 

Final1.y. the motivations for using th~ ru1.e-based approach to 
\ 
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the problem at hand we~e pt"eseor\ted. This Idas f'Ollowed by a 

br~ef deSCr.1.ptlon of the MaJOt' properties of the 1010.1 level 

vision systeril pro?:=€'ntêd here. fr·::>m the point of' view of its 

cos~stency W.1. th bat::;.1.c. PS Pt'~er·ties. The rema.1.ning ~apters , . 
desct'.1.be .1.n deta.1.1 the str, ... c'iure and ~mechan.1.sm? of the 

system 

1 
" . i 

~ 

1 

l " 
, ! 
1 

• i 
1 
1 · , • ! 

, .. · . 1 
! 

.. 
\ 

" 

c 

L.-... _._ 



----..' . 
""~~ ...... ' "'_'IF \ 

1 
). 

l 

/ 

THE 

3. 1. INTRODUCTION 
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CHAPTER 3 

DATA STRUCTURE 

The comput~r vi~ion problem can b9 de'1n~d as a 

tran::;Tormatl.on of data f'rom 

measurements in the input lma9~) ~nto another (~ symbol~c 

.J 
descript~on of the ~mage) This , trans'orma'tion is not .os 

direct one InsteadJ-..J"he data passeS through intermedia't-e 

that correspond ta success~ve levels of vl.sual 

abstraction. In chapter 2. we descr~bed the r~presentational 

hierarchy that h~s been established for im..ge· undersi;anding' 

D-i.fferli!'nt levels of' dèScrl..ption inc:1.ùde pixels .. 

regions. .linesJ surf aces,' and 

se,gmentatforl 1s generally concerned with the first thr." 'da~~ 

types ... while the higher level repr~sent~iiôns ére us~d by the 

interpretation process 

: 1 

.' t 
l 

i 
f , . . ' , 
J. 
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!. 
1 
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The data f ot' rule-based segmentation C~Hl be classif J.ed 

into two dh.joJ.nt s4.bs..-ts Th~ f~rst contaJ.ns inlormation 

that J.S spore! (le t.o the l..rrrage under ana1.ysis This includes 

. thEl' measured J.npf~t, .. the data generated during processing. and 
, 

'f in,a1.1.y th,:;, output, Thè se~ond type of data repr~sents 

kryowledge that J.~ 1ndependent of the partLcular image. This 

khowledge_~s coded J.n~o the product10n rules and constitutes 

the world model used by the system processes J.Je have 

distinguished bet~e~n the two types of data by storing them 

i~ separate dat~ba5es The short term memory (STH) is the 

~to~age mediUM for the 1mag~ specif1c d9ta lts contents can 

be accessed and mOdified by any of the processin~ modules. 

STM data lose t.1eir sigtüf' icance as saon as the current imtllge 

wh~n pr6ce~si~g mo0es to 

another imaqe.'v In c::ontt'ast ta the, abovêo. 
, 1 

me..mory .( L TM) r.:ontal.t°.s the .,Jer Id madel: wh.ich is ëÜSO accessed 

and changed by the process~ng mddules, 

represent the current Kt'"lowledgè (irJ,i~i..al àhd ,acQuiréd) that 

is used ta analyse aIl ~~ages 

level pracess1ng mod~l t'~pt"e$ented by t~"Je productior. rul'fl's. 

The data stOl' ~d l.1"I the STM at .. ~ thè sub.ject" of' tbis' ~ha.ptet'" 

,and are classif'.1.e-d .l.t'lte. "three major c:a'tegorie5. the- s:tatiê' 

. , 
inf'armatian and $ta~istl.cs The f' ir~'t <:l.-;ass c::ohta1r1S 'the 

~o not depehd on the state of' the se9ment~tion~ s'uth as the. 

1 • 

. -

, 

{ 

1 ~ 
, 1 

i 

.\ . 
f 
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gt"adient of' it",tensi 'ty a"t each p'ixel in the' .lma~e The 

segmentation data desc~.lbe the re9.lons. 1in9s; a~ ar~à~ of 
t 

k 

attention ded~~ced blJ the proce:=s.i,ng rtlod'u1~s Two aspects .alt~e 

'of special inter est h~re 
\"------ , 

the integration of reg10ns and 
ï, 

l.lnes into th~ same data structure. and the .1ntroduction of 

f oeus o-f" att~t1tior, are<as The f~nal class of data includes 

el~ th~ compu~~t~on5 that er~ stor~d in th~ STM for cOntrol 

strategy detE.>rm.1nation. as weIL as for learn.lng purposes 

Bef"ore we proceed to discuss the three data types in more 

detaiL a br ief desct~l.pt.1on of the "daJt.abase l'Iodel and the 

notations use-d is in arder . 

(3.1.1. T~e -Database 

Both tHe- STM and LTN have been,implemented as relational 
, 

databases CCodd; 1~7e] Shaheen discussed the suitability of 

-. this re-J:>,reser,tation for storing image data and compared i t 

wi th- hierar'chical and t'let'.Jork mo.dels (Shaheet-., 1.979]. The 

mSJ;n advant.age of us.i.ng t,he relat.ional model 15 that 1 t deals 

wi~h data e-ntitles and relat~ons between th~m .ln a uni~orm 

manner. l,oJith image 

processin~ have to d~~l with ~arge amounts of data A 

si..mpler .struc:ture resul ts in simpler aceessing mechanlsf/Ys and 

The basic storage unit iz a relation which 15 defined on 

a ~in~te nurober of dOM~ins D.' 

s~ored as a ~et o~ n-tuples (dl~ 

b'e~9I'lgs to l'?~ ~ d 2.. belc)f\gs to D2, ~ 

InforMation i~ 

etc. The relations deTîned 

J' 
) 7' 

.; J . 

! 

l 
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Ln this chapter and the n~xt will be represented in terms of 

D -----) D 
~ 1+1. 

D 
1.+2 

D ' 
n 

where 
,1' 

~1.rst i dOMain$ a~~ the key domains of the relatl.on .. 
If 

that ' .. m.1.qYel~ doS'f ~rle e.ac::h n-tuple < ~ e. 1 - eac;:h new t .... ple m .... ,st 

have a di~fer'erlt value t'Ctr' at leasi: One of the first i 

domains) 

form of a table w1.th ~ach row re~resenti~g an n-tuple and 

each colurnrl ccorltain1.ng "the values for one' doma.in 

~f wh~ch is a ke~ d~main. So that 

Nam.e ----> F'igEo 1 \.Jei.ght (3. 2) 
, , 

of the v.ar i.ous:;, d.;!ta item$' 

rep~ti tive "match at"Id modify'-", ~~i&r.atiô,l')s. 
, 1 

des,;:r<.ibe in dèrtail' the' d~ta. S101f'ed. in the STM.,' . ' 

p.~&rJl.e . Age 'Weigh-t 
-~--~-

" 
, 

,Joht'\ 2'S 165 
Pal.A'l. :12, ize 
He~e.n i~ 135 

~ 

, ' 

T .ab.t ... ct -:1.) At' .xampl~ of .a rl!!olatio,:" 
- , , . 

• • 

:t 
:; " ,.r 

'f 

} " 

, , 

, 
1 , 

} 
" i 
'1 

, , 
': 
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3. 2. THE sTATle IMAGE DATA 

As the narlle i.mp~ie5, these data do not cha"nge wi th 
, 

pt"'oces5ing, represent features of the ~fuage (measured 

or computed) at the p~xel level 
.t>r 

~ 

these f ea:t;ures 

are ir,dependent of hOI"J the ~mage is parti tioned. ItlFluded in 
\, 

this category are the in+ens~ty measurement~ of the ~nput 

image and their f ir st der~vative. 

3._2.1, The Input Image 
,. 

n'e measur·ed data &t"e' in the forro of one or rtl.;)re' 

two-d.1.Mensl.orlal arr'ays of values wi th m rows an'd n columns. 

Each array repre$~nts a feature 0' the image. the Most common 

.( 

" 
j 

i 

i , 
··r 

, 

each pixe~ (array ~ 

single valL~e .i.s: / 

of' ar·e the intE'nsi ty '11 levels at 

element). For black and white images, a 
/ 

Col ô',... 

images:. on the other the s'torage of tht"ee 

arrays that contain values for the intensity of each of three 

color channels at each In most input devices, , 
... 

standard fil.ters Us~d to sepa~ate intensity va~ues for 
~, , 

the red, greerl J and blue chann6!'ls. An example of • digitized 

celer image is shawn in figure (3.1) . 

.J 
The ana~ys,i.s preset"rt.ed here cfoes not rule out th.., use of' 

For e'xample, ,such 

addition,l ,inforMat~on c&n come f~om range data·tha~ ,indicat. 

\ 
depth i.nfol""m.atiol"'l for v~r,iou:s obJects a't every pJ.xel. In 

general.. M ëir'r-ays: are read into 'the STM by the it'lput 
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, \. 

e mechanl.S'ms, :--. 
t1 1 for black ~nd I,oJhite t1 3 for t"h~.re _. ima·)es, == '. 

R0I4 NO <3 .:3) 

image, This 

Jo 

a t'~l:atl.on con+t' .\.tll..l+.es +'0 the eff .iciency and ease oT '..4$in~ 
<. 

thl.5 data st!" IActl..lre-. Eq ... ~a+'l.ljn (, 3. :.3) depic:ts the format used' 

, " 
as gt"'adient inforn .... :.·tiot'\ and ""egion .and line iabels, a~ 

described .L/"'. the f ol.lowit"lg sections. 

l' 

( 
Figure (3 1.) . Digitiz~d c:olor im,age of a tiat,ural sc:er,e .. 
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Because Cff' the ill'lportance- of' dis-c:ontim.d.ty infor·r.(!ation 

ir. detect ing and' ,processing lines, and in determ1ning the 

Unif'ormity 'of 

f'eatures 15 

regionsi the first derivative of 
~i 

the 

c::omputed and stored lt"l' the STM. Th~ 

two-dime-nsior.al gr ,!!Id.Lent is Vevalu~ted Bt each pl.xe-l by 

con001ving the image feature arrays with an arr~y of values 

represent1ng the weights associat~d w1th one of the grad1ent 

mask operator's. Fln _ eXèlmple' of these is the 3X3 Sob.el 

operator showr. it"l f'igut~e <3 2), The convolution .oT th1s mask 

Figurlo <3. 2) 

1 
o 

-j. 

Th. Sobel Gradient Operator 

wi th a!l measl,..lr'ed f'eat;ut"e~ will re:iu,l·t in M values at 'each 

pixel, and a weighted sum 1S taken to ~epre5ent the magn1tude 

\ oT the gradier.t. Th~ direct10n at whieh the gradient is a 

.~aximum is COMPut9d by. rotat.ing the mask .into each of' the 

eight possible positions: shawn in figure (3. 3), The mask 

. tha'i; produc:es the maximUM gr.dient m,agni tu de i5 seleocted ai; 
\' 

e~ch p~xel, and the number associated with that mask 

t"'eprèsents the gradi.ent dirèction . at th.at pixel, The 
1 

d~rec~ibn codes ar~ chos~n ~o be compatible with the chain 

coding scheme .for boundary representation tFreeman, ~961J, 

s~"n in figuy'e (3,4,a). The convention ysed .is ·that the édge-

.1 

f , ' 

· , 
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1 
,~ 

i 
1 
1 • 

1 
il · 
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.elernent ~at a pix&l ois "taken to be 
)' 

perpe,,;:,dicular to 

gl"'adient 

way that 

shown in 

:1 
0 

-1. 

-:1 
e 
:1 

'1 

Figure 

~ 

dil"'e-c:t.Lon, and has an arrOw that points in such 

t he- br' i.ghté'1'" s~d~ ôf' the- gl"'adient 

f iguy·e <3 41:1), 

2 1. e 1. e 1. 0 -1. 
0 
.~:-

1- 0 -j.- , 2 0 -2 
-2 e -1 -2 1. 0 -1. 

(0) (1) [2J 

-2 "-1. -2 -1 e ... 1 0 :1 
0 0 -1- 0 1. -2 0 2 
2 :1. 0 1 2 -1 el 1. 

• 
[4] CS) [6] 

.~ , 

(3.3> D~r(!<ctiot ... a~ IYlasks for the 

+ + 
+ ~ 
,+ 

> (a) 

is to its left, 

/$ 

o .-:1 -2 
1 0 -1 
2 ':1. 0 

[3] 

0 :1. ~ 
-1. 0 1. 
-2 -1. 0 

, [7] 

Sobel o~erator, 

(0) 

+ 
II + 
+ + 

F igu!"6' (3. 4) : Repr.s~mti.ng gradient dirl'c:t.ion. 
< a) The chain code di.rect.i.on sc:heme. 

95 

t"h~ 

li 

as 

< b) The convention used for' gr.dictnt dire-c:t.ion. 

Gradi.emt inf'ormat.ior"l contribu"tes two more image Oitr!""",,,,. 

to the STM. one- for magni.tude and the other for ~r"ectlon. 

format gi.verr in equat.i.on <3. 3>. This i.n~ormat.ion is used by 
< .... 

\ 

! 
! . 
j 
J 
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ThE- proc>?ss~ ni;:! ~,od,-üe.:;: ~n cr~a+ long 3tîd modi f 1::J.l.ng the HI 31~ 

se']mentatl.,on. 

( %:1) 

Grad.1.o::·nt inf'ot"UI::ftl'on for scene ln 
f .LgI..JrE' (~ 1) 

(.;'1) Th\? gr'ld~ç.n'i; l1'lagr"!l.tud~ irl)3ge 
(to) Gt" ad1.c·t·lt d1.t'eè:"t.iorl o:;:oded .u')·to 8 gr el;.l le\,.lels 

" 

1 
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The image par-+'i tion i5 descri.bed by th/"ee basic 
, 

enti tie5, the regions, the line~ and the focus o~ attention 

ar-e .. s. Follol.oJl.ng definitions of their 

re-presentation~ thEi'ir stôred f'eatures>/ and the re-lations 

arnong them 

3.11. Regions 

The image is divided into r~giOr$'by attaching labels to 

the pixels so that each ~abel de~ine$ the parti~ular région 

number to which a pixel be~ongs. The labell~n9, \ scheme used 

has the following properties: , , 

(1) Elich pixe-l in +'he imèlgE!' must have .al label, i. E!'. 1 th. 

segmentation i5 complete in the sense that it accounts for 

all parts of the .1.h'lage. This' 1s in corit/"ast to 6ther 
, 

segmentatiort o~~t'Put~ that identify particul,ar abjects l'gainst 
~ 

a backgro~nd of non-partitioned pixels (e.~:J de-tecting blOod 

cells ~n microscopie images). 

(2) A pixel has e~act~y c·ne reglot1 ,l.abel. Thi.s implies that .... 
regions are rtot al.lowed to overl.ap 

(3) A regiort is co.\posed of pix.l" 

so that it is àl ...... ys , poss:.i.bl. 

.,-- . 
bel.ong.Lng to other r,lI'giors. 

.ln "the 1mage. 

~ 
-that 

, 
are four-connected, 

1:0 "travelo be1:weCl!'n 'any t~o 

v.i,i1:ing pixels 
b 

• 

i 

! 
1 
-i 

r 
! 
f 

1 
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(4) ~here is no rest .... iction on regi0pY 5i%&.· \other than the 
'-. . 

r-&so~ution of" J..mage. I~ fOflows that a reg~on'can be 

cOMposed ôr a singl~ pixe~. or it can incl~d~ all the pixels 

in th~ image . 
J 

~. 

1 The r.9~on partition 15 best represented by the region 

map relat.Lonl \.o/hich tollows the f'or1nat in eql...lation < 3 3) !t 

is an J..rfI:lge ès""""ay in w-hic:h the I ... alu~ at eac:h Pix.t (or 
, 
\ 

et1tl'Y 

• 
in the relation) i$ ~qual te the lab&~ of the reg10n ~o ~h.Lch 

the p1xel belorlgs. 
~ ~ 

The re.der will note that the region map 
1 

preserves aIl the $pati~l relations among regiot1s. as weIl as 
" 

the pasi ticr.. and shape f6'atures. 'An exal\\p-\'e of' a region lYIap 
~ 

that c:ontains fiv~ r-~gion$ is shown in figure (3. 6). In this, 

thesis. region ~Iarti tions 1 •• '111 be deornonstrated by 

SI..Iper impcsing the boundàries 'on the orig.ina'l imagE', 

Figure- <3 7) .ia an eoxample of hà.nd-seomented regions ~ the 

.J 

, f 

-

1.1 1. 1 1 1 2 e 2 3 3 3 3° 
1 1 1 1 1 e 2 e 2 2 3 3 :3 " 
1 1 1. 1 G e 2 a â· 3. 3 3 3 
1122223333333 
2Z22222333333 
2224242223333 
22444~445533~ 

-2 4 4 4 4 4 4 5 5 5 5 5 3 
2 4 4 4 4 4 5 5 5 5. 5 5 5 
4 -4 4 4 4 4 ~ ~ 5 5 !S ~ 5 

Figu,..-. (3. 6) An .xamp.:le of a regJ.on map. 
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F iglwe <~ 7;' 

B 

• The ~ollow1ng sectiDns define the ~eature~ ~hat are 

expl.icl. tl.y corrtp/.~il$'d .,md stor'ed for fw'ther use ~Y the 

prccessing fuodule& 

3,3.1,1, Descriptive Features .. 

The-sè car. .in iLlt"n be cl.assi of iect l.n'to: . "Ir 

CA) S~atistl.ca1 Feaiures 

{:)S desct~ibe-d in section 3 2. 1. The averaQe \ië;,ll~e of 
r -

each featur~ ovet~ aIL "the pl.xels - belol1gJ.ng \.to the sàme regH)n 
• 1 _ 

indicates the br·l.gh+.ness lE-\)E-l of that fea'ture across th~ 

. 
" .. 

. . 
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"r"gion (oo.-r.go gr.y, ,l:"v"l intè~s'i ty 0/-color). Devi.tions 

f'rom the ave;"age ~Jal 1,.1" at:e best reprefer-ted by the vari,anees 

',Jhich .are also good i.ndica"tors of' the 

Let the 

" valu~ of feature Ft( à't each pixel .L belonging eto regidn Rj bEl' - .. then the rne-an of tbEi'se va~ues f' \oC is given by 

L: f 
i~R ki. 

'- . 
J ï' 

T = 
, 1<" A 

J 

r..i9o.i.ot) 'R •• i$- "th~n _ giv~n by 1 
~ ,~ ..... ,/' J .' t - • '"." 

.. 
, 2: 

-, (. r 
k1 " 

/\"" . 

,> . , ft '-
• >' 

1 

f' '1 
k: \ " 

II<' 

The variance 

\ 
. , ~"";:--
.': \ ~ .' 

.' 
, 

.' 

- . ,. .... , 
\. ~ '" '"---

" ~ -

or 

..... 

-

(3.4) 

(3 . ~) 

, -
", 

" . 

Equ.ati.ons <3, 4) .and <'3. 5) al"e als'o used to:. COlWp~-t. the m'eah 

'z. 
(;'::. 

.9 
of' 

,-

the gradi.el'l; a~"Y::ay; ov.r!"a ~e~i~~. ' 
, ~... ~ 

-g .and 
'. 

of the gradi~Jl'nt . " 

addi tj,~nal mea$l,.Irllt of reg.i.dn I,.lniformi ty. " 

, . 
that b.long "to .. paf'ticul.ar, region" 

(x J Y ) 
4. Cl 

1 

array. 
, " 

are computect by- ay.,.ag.ing ~h. 

, 
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hor1zonta~ and vert1ca~ coordinates of a~l p1xels 

be~ongin9 to .a regic'n R. Thus, 
J 

x = ~ x ~nd 'J = 2: 'J 
c ieR ~ c 1~R i . 

J .J 

(x ) 

max max 

l' • • •• 

(x y) 
c c 

.. 
' ...... ". .. '''. 

-. ." 

()( y) 

/ mir. min 

Figure (3 8) The cE'ntrol.d and m1n1mum rectangle of a reog1Ot .... 

In additl.on, the coord1nates of the min1mwm bound1ng 

rectangle (x. ' ... ~. ) ~nd <)( ~ y __ ~) shm.rn 1n figure ("3 8) 
"'or, - '" "' "'al(·--... 

are aiso :;; tor ed The rectangle who:;;e sl.des arE' horizonta~ 

and vertl.cal 15 cho$en ov~r the more accurate rectangle that 

has sides parallel to th~ major and min or axes of a region 

This 1S because the former i5 computational~'J less expenS1ve 

and p~ovl.des the required informat1on 

reasonable accuracy Position features prove to be very 

c usefu~ in ~ocat1n9 a region, since the a~ternative 1S to scan 

the region map array searching for the region labe~. 

. \ 
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CC) Shape Feature~ 

S~mple features .re ~ncluded that g~ve an ~ndLcat~on of the 

approx~mate shape of a reg~on An est~mate of the s~ze is 

g~ven by the tot~l number of p~*els that possess the region 

label. also r.ferred to as the reg10n area A. 

The pet- Hile "ter of a reg10n ~s egl4al to the length of i ts: 

" boundary A popular measure of the perimeter is calculated 

From the chain code rppresentat~on of th~ boundary tSh~heen, 

1979] A un1t measure ~s .dded for vert~cal and hor1zontal 

1ncrements a10ng the boundary, l.Jh11e a f .actor of' {2 is added 

for d~agona1 However. th1s method for computing the 

per imeter be-corlles l naccurate for:- small reg Lon sizes Por 

example, the per 1.Il1etel' t~or a' reg~on that Ls composed of one 

pLxel is not def1ned, wh11e that of the two-p~xel regl.on 

~s equal ta 2 A new and more • 

appropr1ate est1mate 15 u;ed here and will be shown to be 

be"tter sUl.ted f or c..ompu~tig a-d.jacenCl,d bet' .... een reg,ions. The 

value of the per1me+er P 1S taken ta be equal "ta· "the number 

of p1xels that are four-connecte~ ne~ghbors of the p~xels on 

the reg~on bound~ry, each counted once. aS shown in 

In~ddit~on. two o"ther sh~pe features are computed. the 

c1rculari tl.:.l e and the as:peci: ra"tLo 0 The former estLmates 

how d1fferent th~ ~hape of the boundary ~s from that of a 

cLrcle, .and 15 g~ven by 



t 

( 

cc "" El 
P :::; 4 

cc = 2 
p ::!: 6 

(b) 

F1gure <3 9) Per1meter co~putation. 
(a) F~ilure of the chain code method for 

slnall reg10rrs 
(b) Perime"teor l..Is1.ng tour-conn.cted neighbors. 

e = 
4 n A 

2 
p 

<3.7) 

The aspect t~atio i$ def .Lned as the ratio of' region heig,ht to 

w1dth, and 1S coroputed a~ ~ollow$ 

y 
max min 

èl = (3. S) 
x x 

hl.Ln 

The desc:r iptl.\Je fea-tures of t'he regi.on .are stor,ed in the 

reg.Lon description r~lation, giuen by 

2- ~ 2-
Regl.on No (.J) ---:> f of , C", ()V, 9 CV, 

;1. M 1 M 9 
• 

(x , y ), (x , y ), (x 1 y . ), 

c c m.1.n· min max r~ 

A, f, e, a , (3.9> 

::; 
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The coord~nates of one 

boundary pJ.}<E'l ar e ::tored. a.lon.g I,.JJ. th.::. descrJ.p'tiot'\ of the 

p3th tha1 ::tarts at +hat p1yel and follow5 the boundary 

8ecause a regJ.çn i5 compos~d of connected pJ.~els. ~he 

boundary mu~t form a c:losed p3th th~t wJ.ll return ta the 

boundary pixel to the ne~t· need to be ztored Thes€' .Olt'€, 

coded accord1ng to the notat10n gluen 1n figure (3' 4a), 3nd 

are stored 1n the r.gion cha~n code relatioA as follows 
tif 

RegJ.orl rIo, -_ ... > x, y , Length. Cha~r:t·Code, 

:S s 
(3 :10) 

where (xs ' ys) are the coordJ.nates of the starting pOJ.nt. and 

Length J.S equal to the nu~ber of boundary pJ.xels TM cha~n 

code repre5entatJ.on pro')ide3 a f Erstmethod f Ot' traver's.l.ng a 

Thl.S pro~es to be very useful J.n computl.ng 

next sectJ.ol"I. 

3.3.1:2. Spatial Feàtures 

The low lev.el processtè's require the kno ... ledgl? .of I .... h~ch 

amount of adJacency between each paJ.r of regJ.on5 Th~s 

informatJ.on 15 not only useful for analysJ.ng each regJ.on, but 

also J.n deterroinl.ng a strategy fbr moving from one reg1qn to 

the ne~t durJ.ng proc.ss1ng These ideas will become apparent 
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ln l~ter chàp1~r~ - , 

The value bW wh~ch region R· i5 adjacent to reg~on R· ~s 
J .1. • 

def ~t"Ied as 1· ... '1' t'atl CJ of ~he per ~M'eter shat"èd between t'l"le tl.oJO 

to the total ~er~Meter ~. of regian R. 
1 1 

[Shaheen, 

1979] ~s equal ta the length of commor. boundary, or ~n 

other wards, the nur\fbet~ of p~xels belongJ..ng to reg.llon R, that 
J 

are fQur-connected to pixels belonging ta reg~on R., as shown 
J 

L&t the adjacency value between the two 

reg~ons be a. ' , 
J.,J 

P 
S'h' 

a ... 
~, j P 

i 

Theref ore, the ,.tUlrt of' <ilIdj<lc.ncy v~lues 

adJacent ta R: i~ one 
.. _.7.L 

,.. . . 

~ 

..... 
" 

.. 

: R 

... . 

Figure <3 1e> 

~ 
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l' , ~ •• 1 ". , 

'\ .... Jo. 
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o 

: 
R 
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: 
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.. 
. ..... ,. ...... 

~patia1 adj8Cency between regLons 
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Page 96 . -. 
This concludes our discussion of the STf1 re-gion 

featur.6· Table (3 2> ia a sample of the ~nfQrmation' 

computed and stored for one region, nam~lw, the grass area in 

the partition of f~gure (3 7) 

Information on region 26 

Average color featur~s (RGS) 
Varianc~ of color features 
Average gradient 
Bounding rectangle 
Centroid coordinates 
Area 
Perimeter 
Circ1.Alari ty 
Aspect Ratio 

. 
AdJacent ~egions ( ~a) are: 

22 --) 

24 --) 

19 --) 

Table 

3. 3.. 2 .. 

0. 21 • 
13 09 
e. 04 

.. -. 
(G) 

) 

Lines -

28 --) e 1'7: 
32 --) 0. 08 
29"--) e.03 

36 S9 4:1. 17 
4. 77 3. 91 

14.4266529 

24. 38 
4. 45 

( 2, 62) and (255,127) 
(:1::58, 9!!) 
4690 

743 
e.11 
3. es 

15 --) 0. 1:1. 
30 --) 13, e5 

31 -.-) e 99 
55 --) 0. 04 

, . 

The gradient information derived in section 3. 2. 2. is 

used to guide ·the-. , it-.i tial formation of lines. as well as 

subsequent modifications dur~n9 rule-based processing Lines 

are defined as separatE' 'el'\tities that do not necessarl.lw 

cor.respond te the bound.ariE'S of the regions described in the 

prevl.OUs section. The basic assumption is that since lines . 
and regio!'"'s derived trom indepe-ndent . sources 

(discontinuity for ~1nes versus un1formity for re910ns), they 

carry 'di~ferent inforMati~n, and therefore their s~multaneous 

~~" f-' _1. -'~~" ... ---'* ____ 1_ ........ : ~ '\10. -ê 

, 
i 
~ 

'1 .r 
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u~e should iruprour;. thé pa l'''+' i tioning of the i.mage pl"'od'.~ceq b':.~ 

This ~s accomplished by eruplo~ing 

lines ~n region analysisi and u.:iing ,"egiOt1S to gui.de lit"le 

process~ng 

A second rno·t;l,I)E' fot" l.nlpl:-e'~enting lines separately is, . ' 

+hat 

boundaries of abjects) l.n images of ~eal world scenes The 

1mage of a ~elephohe li~e ag~in~t a sky background is a good 

example of ~uch OCcurrences. The shadow of such a line is 

visible on the grass beh.in~ the ~ar in the zcene of 

f .1.gure (3 1) 

ambiguous and 

A repr~sentation in terms of regions i5 orten 

ji.on,e~t.i.me5 .1.nlpossible. Of 'u~sel such 1it1e5 

can be visu~ll.zed ~$ th.1.n obJectsl but because they approaeh 

the l.1.Ml.ts of the resolution of the huma~ e~e (and the 

,d.1.gi tized .1.ft\age) 1 th"!!' t1oi:ion or .a boundat"y for such .,0bJeci;s 

becomes prl':.~sl.c:;,ll y Furthermore, '. region 

ana1ys.1.s - wh.1.ch .1.S based on optimi~ing feature uniformity

will .1.n ~ost ca.es overlQokthe presence of such ~b~upt 

discontl.rlui tl.es- 1 espec:iall':J if, the.y take place wi thin l,arge 

unifor'M areas-. 

Structur ally, a consis'J;s of a or 

eight-connected pixels ihat ,has the form of a flexible 

f~lament which çan assume any shape. The method by which 

lines are initLallw tr~ced'from a ~roup of edge pO.1.nts will 

be described in chapter 4. 

specifie label that i~ attached to each p~xe~ belonging to 

that line " termed a line.map, describes 

, . l 'r_ 
I 

the 

... 

:" '-. _.~_ .. _-'"''''-_ .... _--, - .~ 
.! • 

j 
l ' 
, , 
\ r 

1 

l 
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line» ""i'thin .an l.m·age and has the- fOllol"in9 proper ies 

and bear' l.1';s 

or it maW not be part of any 11ne In the latter 

case, the pixel carrie~ a null C6r no-1~neS label. Thus~ by 

the 11.ne ruap ~s not cOMplete ~n the sense descr1.bed 

(2) Lines are compo~.d of connected p1xels so that ~t 15 
" 

always possible to form an eight-conne~ted p~th which starts 

and ends on any two pl.xels, and 15 made ent1re1y of pixels 

belonging to the same l~ne Therefore, if two 11ne segments 

are not connected, ~hey will bear different l~ne labels· even 

if they are part of +he sam~ physical boundary. 

·(3) Each ~ixel can carry one 11ne label at most, whl.ch 

ift~plies th-?tt no I;)\)er lap i5 allowed betl.Jeerl li t"\es 

I,oJe fI\ay associate t"JJ.th eac;h p1.x:el 1.n the origl.rlal im.age 

e)(act~ one r'egion 1.:Jb~1 and one l~ne laOe'1. 

The line map i~ stored in the STM 1n-a relation of the 

form given blJ equa'"tl.on (3 3). Because mo'St of the p~xels 1n 

an image do not belong to 11ne$, this method of storage rnay 
i) 

seem ineff l.cient. 
. ~ 

HOwE' .... er, 

es~ential for computing spatial relations among 11ne5, as 

will be. descr·ibed' latet'" in this section, F l.gw"'e (3. 11) 

represen"ts a line n)ap for the scene ln t'" ig .... re (3 1) .1.1'1 I.J~uch 

the lines: ar"'e s-upe..rl.mposE'd ov'&r th.ao original image 

, 
\ 

l 
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3. 3. 2. 1. Descriptive Features 

V3rl0U3 line f&3tures ar~ comput~d and ~tored in the 

STM Some are u.~d by th~ 11ne analysls process to verlfw 

the condltl0ns of dlffer~nt rules Others provlde means for 

fast and ea~~ acc~.s to +he Lnformatlon carrled by a I1ne 

The Mean and uarlance oç e9ch of the M measur~d features at 

plxels belonglng +0 the same Jlne are computed in the same 

Thus, J. f f 1-$ the value of' fe iltl~re F 
K~ k 

at pi~el 1 of I1ne L·, then 
,J 

\ 



, 

f 
k 

2 
and G'" 

k 

" 

,1 

= 

= 

L: 
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f 
k1 

(3. 12) 

..1 

.2. 
f ~f ) 

ki k 

(3 13) 
~ 

.. 1 

are the Mean ~nd variance ~f th~t fEl'ature. respect~vely. and 

lj is the length of line LJ 

The Mean and v~rianc~ of th~ gradient for the p~~els of 

a line are compu~.d in a sim~~ar manner. Note that the 
~ 

averag~ magnitude of the gradient alon; a line provides a 

measure of the $tr&ngth of the boundary represented by that 

line. On the other hand, the average grad~ent w~th~n a 

reglon <descr'J.bed in section 3. 3,1.1) ind~cates the 

non-uniformity of that region 

) 
The centroid ar,d I,\inimum r~ctangle coot"dinates prov~de~the 

approximate location of ~ line. 

features include the coordinates of ~he start1ng and ending 
1 

Each line has: a spe-cific dl.rectJ.on that can be-

l'''epre$ented blJ an arrow along its length, as sholotn 1n 

.figure <3. 12). The av~rage gradient dir9ct~on the 

~ine determines which of the two possible arrow d~rect~ons 

, 
j 

î 

i 
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(x 1 IJ ) (x -•• IJ 
max 

, 
(x Id) 

mi 1"1 min 

F igllre (3. 1a) . Loca't i.on and direction of a ~~. 

)J 

must be selected.' Initia~lyl th~ chain code of the lin. i5 

computed by tr·acin'ÇI the pixels in the map starting at ei th'er 

of the two terminal pixel~ ThuSJ the direction of,the arrow 

~s ~rbitrarily ~hosen) ~nd the result i5 stored in the lin~ 

chain-code relation as follows: 

L~ne No x ) y" Length, 
s s 

Q , 

Chain code. 

At each pixe~ i, the element of the chain code c· 
L 

(3.1.4) 

indicates 

th. di.rec:tion at '..Jhich the ne-xt pixel on "t'he ~ine exist5. 

Thi.s is compired to the gradient orientation o. at that pix~l 
! 

in or der to d~termin~ the correct l~ne direct~on If the 

modulus of the difference is less th an t~o. then both 

directiorfs are consistE't'lt, and vice versa. On a global 

basis. the fo~lowing decision function is computed for~ l~ne 

L· : 
J 
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( 

,ct = 1: 
j l.é: L 

J 

C - 0 
.i.. i 

1 1 (3. 15) 

J 

bJhet"'e the v~r tic-&l b~"s represent \'!ector differences, 

ac:cording tO'l f ig\.H' E' CT 4a) Fot' example. the 

be'tween 7 :1It'"Id (3 .1.$ 1. f èind 1 is 2, 6 and 0 15 

Equat10n (3 1.5) .l.ndica+'@s "the gl.obal. c:on.15-t; __ nc:~ of' 

code 

'the 

direct~on and ~he gradient orientation'o~ ~he 

value of d . .\.S çlt"eater than tl.o'O, then tke 
.J 

~ 

difference 

e. etc:. 

th. cha.l.n 

c~ain code 

representatl.on is in error and must be reversed. 
, '1 

The ending 

point bec:omE's the s+arting point. the arrow along the line is 

rotated. and thi chain ~ode 1s r~c:omputed and stored This 

method pt'ovides a .y4lndard for r-epresent.1.ng the direction .,of 

l.ines. Acc:ording +0 the def1nit~on of gradl.ent orientation 

~iven ~n section 3 2 2. while travelling in the direction oF 

the arrow, the area to the Left of any line will always be 

brighter than -the a''''ea to 1. t$ right. The convention 

introduced here is 1ropor+ant when c:ompar1.ng different line 
1. 

segments. as !,rJell a.s .Ln c'omputing consistent spatial 

relations smong ll.nes 

The star tl.t19 and ending directions of a line. d s and de.' 
fi.!" 

are taken to bop the a .... e-t .. <i\ge chain code dire-ctions along thE' 

two reatures play ~mpor~ant raIes in computing _ s~atl.al 

reLations ind in extending and Joinl.ng lines. 

~ 

~ -._ ... "" ... ~ ......... ' ..... __ .... _Ilii ""'... ,..'" 

l 
j , 
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Th~ type of a line is a multi-valued reature that can 

ass'..Ime one of' the f"ollowing syrnbo:lic enl1,t~~es~ 

(i) Aline i5 a LOOP 1f'1t ~lo~e~ back on it~elf, 1. e.' the 

(ii) A line i~ START CONNI::CTEC if lts: s-t'"artit"l9 point has at 

least one .i9ht-connect~d n~igh~or that belongs to another 

line. 

(ii1) Aline is END CONNECTEè if its ending point has at 

one neighbor that bélongs to another 

(~v) A CLOSEC lin~ 
;w 

has both points 

eight-connecte~ neighbors that belong to other lines. 

with 

Cv) Finally. ~n OPEN 11ne has bath terminal points open. 

i. e. ~ all eight-connected ne1ghbors that do rtot belong to the 

sam. line ca.r·ry th~ nu1.1 label. ~ 

during r.ule ma~chin9 by e1.i~in~tLn9 rules that do not apply 

to a particular line FOr ex ample, ~here i5 no need to match 
. 

on a CLOSED li~e rules that extend a line towards others In 

tWis case, a 'cond-i tion is: 4l,dded at the b4tginning of -"these 

rules to 11rni t matchitl9 to l..i'hn that are NOT
o 

CLOSED. 

1 ' 

1 
f 
1 
i 

i 

: . ( 

} . 
t 
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as fo11ow:;;:: 

., ,. 2- - . ~ Lin. No. ._--) Typ~1 f t (;V, {)-', 9 1 Cv 1 • 

1 M 1 M 9 

(x , y ), (x 1 y ') 1 • (x 1 y ), 

c c: min min max max 
~ 

()( • y );~ :,,'x , Y ), d d , 1. <<3. 16) 
:1' • .. .. s • 

. , 
3.3.2.2. Spatial Features .' 

Bearing in mind th~ topo1ogic~1 description of a lin. 

intl"'oduced 1.(". the previouS' section, thre-. 'types of spat,ia1 

rE?làtions arE!' defil"led. A l~ne can be IN FRONT of, BEHIND~ or 
1 

PARALLEL to anoth.,.. linE? 

estab~ished.n~a~ the terminal points of a ~ine, 
. 

50 th.at .other 

lines that cross the$e are as are considered spatially related 

to the' given lit"'!!'. 
1 

_v J 

A di$t~nce Measure ~st thén 
. 

comp\Jte'd to 

describe this- ",·elation. ~ -./ \'.. - " .. 
." ! .. 

The pos! tion and size of the search .are-a depend. on the 
~ .. .. ' . 

individuâl 
~ 

spati.~ features of line.s, as t w.e"1~ a~ .. on the 
'1,.', J~ 

relation to-be computed. For . ,the IN FRONT '''el,a''t.1on. 1:.,. : ëu"~a ' 
~, 

is positionëd at the end~ng po~nt of the line $uch ~~at tw~ 
.... , .. ' • '"'!Ji: 

~f .1ts s~des are parailel ~o .1t$ ending direction, as' shown ' 
, 

in f':.igure _ (3 .1-!.~) t. Th& l~ngth of the side. is t.k." to 'be ~ont 
" ' 

quarter of the - ~Dt·al . lin. leng-th. 

~s considered- IN FRONT. Of .l~n. 1 ~f pixels belQngi~g to tne 

.-

T<>rMer fal~ wi. th in th. search ar •• of the ·latter.. Le"1: E be ' j. 

-the ending 'pcant c.f line i, .and' P' be a point on ~i.ne 2 such 

rJ 

f: 

'. 



.', 

1 

" " 
~ 

, 

Pag~ 105 

1 2 3 

4 5 6 7 

(a) 

\ 
S 

P 

---- ~d 
S :> E 

\L:~e 
2 

Ll.ne 1 

<b) 
.... 

~ 

t~ 
~f 

2. 1 1 
:» ) ) ~ 

S' P - S' P S' P 
--CI '3 --'" 
S'E' S'E' 

0. 5 
S'E' 

= 1. 

(c) ., 

F~gure (3 1.3) Th& sp~t~al relationship IN FRONT 
Ca) Se arch a~eas as a tunct~on or line end~ng 

direction 
(b) The relation parameters. 
Cc) Th~·signiticance Ot po~n~ P 

,. 

------
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that the d~stance EP ~s a ffi~n~mum the spat~a1 

re1at~on LE descrLbed by the d~stance EP and the pos~t~on of 

po~nt P relat~ve to l~ne 2 <the arder of the po~nt a10ng the 

the fo11owLng manner 

<3 1.7> 

The pos~t~on of p01nt P on the ~econd 11ne ref1ects certa~n 

topolog~cal of the re1at~onship. 

f l.gw'e (3 13c) Th. value stored 1.5 equal ta a fract~on of 
, 

the total length of 11.ne 2 (0 1.f P ~3 the start~n9 p01.nt and 

1. ~f 1t 15 the end1ng p01nt) Th1.S 1nformat~on ~s used 1.n 

l.nferences about extendl.ng and ~o1.ning Il.nes. as w1.11 be 

descr~bed ~n chapt~r 5 

The BEHJrW t'e1~1- ionl::hip is 

FRONT The search areas are 

t .... e e~(act~ppos~ te of IN 

establ1.shed at the startl.ng 

pOl.nt of the ll.ne and depend on its startl.ng d1.rectl.on and 

as ~hown 1n f~gure (3 14a) The relat10n 1.5 

descr~bed bW the d1.stsnce From the 3tart1.ng p01nt 5 of 11.ne 1 

to the nearest pOl.nt P on ll.ne 2. as weIl as the pos~t~on of 

P relatl.ve te. ll.ne 2 (figure (3 1.4b) J C'1fferent values of P 
~ 

ref1ect dl.fferent spatial confl.guration5 as th~ .~amples 1.n 

f1.gure (3 14c) 1.llustrate Relation 8EHIND is stored ~n the 

STM as follows 

L1.ne 1.. Line 2 ---) Distanc~ (SP). Position of P. (3 18) 

( 
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-' 

0 1 2 '7 .., 

~O 
4 5 6 7 

(a) 

c' -' 

L.l.ne 2 

S E 
Ll.ne '1 

, 
E ". 

(b) 

) ') .t., ./ 
)' ) 

"2. 1 

S Ip S'p \ 
S P 

--= 1 = 0 5 = 0 
S'E S'E S'E 

(c) 

Fl.gure <3 14) lh~ spa~ial relationship BEHIND 
(a) Search areas as a Function oF start.l.ng 

direction 
(b) The rela't .Lon parameters. 
(c) Differen~ spatial configurat.Lons. "J , . 

,1 
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1 1 

o and 4 1 and 5 2 and 6 3 and 7 

(a) 

s' ,<. 

L = 
ll.nt:' 2 S'E' 

( b) 

F~gure (3 15) The PARALLËl relat~on3h~p 
(a) Search areas as a functl0n of the average 

l.lne direction 
(b) Th~ relat~on parameters 

The th~rd spat~al r~lat~onsh~p 1nd~cates the extent (~f 

any) by wh~ch two 11n~~ ~re parallel Agaln. ~earch areas 

are used to de1"ect possible candldates These are posltlQned 

Whenever another l~ne (line 2) crosses the rectangular area. 

the length of 

line 

the segment that ~s par~llel to the or~glnal 

c:omputed. Th~s ~ccompl~shed 

number Of po~nts on r llne 2 that are wlthln a 
-' 

f lxed tolerarlce ~t f r·om the a'jer~e dlstance between the tlJO 

ll.nes Figure (3 15b) how the relat~on~hlp ~s 
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+he 

spat~al conflguratlon th~ average d~Etance between the two 

and +he fr~ctlC~ of parallel length L on Ilne 2 

T hl...l s' the PAPr-1LLEL r elat10n 1.5 g1.',l en by 

L~ne 1, Llne 2 ---) D~stance D. Length L <"3 19) 

Table (3 3) summar1.zes the features stored for a l~ne. 

ln thlS case. the one at the bot..lnd':'t',,j bet(.Jeen gras$ and the 

car trunk ~n f1.gur~ '3 11) 

Informat1on on 11ne 113 

L~ne tl:dpe 
Aver3ge color fe3tures CRGe) 
V3r~ance of color fe~~ures 

Rvet'age gradient 
Grad~ent variance 
Average grad1ent d1.rect1.on 
Length 
Bound~ng rec1ang1e 
Centroid coord1nates 
Startl.ng pOl.nt coord~nates 
Ending po~nt coordlnates 
Startl.ng d~r~ctl0n 
End~ng d~t'e.:tion 

Ll.nes IN FRONT ( 4) are 

189 --) 1 8 e:;.8 --) 4 0 

Ll.neE BEHIND 4) ar e 

141 --) 1 J!J 131 --) ::: (3 

PARALLEL Ll.rles ( 1) at"e 
73 --) 7 J!J 

CLOSED 
25 3e 35 74 3B 51 

8 64 4 54 6 51 
18 88 
11 7e 

2 
43 

(17~, 78:' and (21~, 8'5) 
<19'3. 83) 
(,175, 85) 
( 21'3. 78) 

0 l 7 

105 --) 4 e 97 --) 8 e 

148 --) 5 el 85 --) 7 0 

Table (3 3) E~ample of l~ne featu~es 
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3. 3. 2. 3. Line and Region Relations 

clas~~f~ed ~nto two Cla~se5 The LI/JE ---) REGION t~elat~ons 

aEsoc~ate a partlCular l~ne wlth the reg~ona that surround 

lo1;. ""Iule tl-I~l REG] Ot~ ---) LIUE relatl.ons af f il1.a+e each 

r~g10n w~th all +h. J~n~~ *h~t ~~ter~ect 1t 
(1 
1 

The f~r.t cla.s conta1.ns the two relat~ons that de~crlbe 

the conflogurat10n of r~g1.ons to the LEFT OF ~nd to +he 

These regions are detected by 

thE" p.'Lxels on bath SJ.d~s of the- IHre 

selected iO the LEFT (~IGHT) are obtaloned b~ " El 90 

clockw1.se (ant1.clockwlse) rotatloon of the IJ.ne chaln code 

Rl.;'giOtîS whose- l.abe-ls "WEI attached to th,ese p~xe-ls ..3t~e 

con5~dered to be +0 +he LEFT OF (RIGHT OF) th. llne The 

ploxe1s that belong to each regl.on and are to the left (r1.ght) 

of the l1.ne, re13+1.ve to the tot~l llne length Fc.r e'>Carnpll:? 

ln ~lgure (3 16bJ, r~91on A is to the LEFT Di Ilne 1 by a 

value of e 5, if half the pixels to the left of the 11ne bear 
". 

The t~ ... o LINE ---)- REGION relat~c,ns at-e 

exprE!ossed a:s f 0110'-',. 

Llne ---) Region left, Value LeTt , ('3 20) 

L~ne ---) Region R~9ht, Value R~ght <3 21) 

• 
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/ 

.. -....... 

fi: 
A 

R 

B 

/ 
X 

" 

<b) 

R 
C 

Pag,=, 111. 

x = L~ne label 
L = Lef't p~xel 
R '= R.1ght p~)(el 

L.in'!' 1 

FLgure (3 16) LEFT OF and RIGHT OF relat.ionsh1p between 
l1nes ~nd regions 

(a;' F i.r/ding the p1)C'els to the left and r ight 
. (b) f<'e-gp:ms A ah~ B are 'to the lef't of' 11ne 1 

1,1.l. th .... ·alue::s of 0 5J and t'eg1on C 1S to 
i t~ r1ght 1..J.1 th a value Q-f 1. 

1 

The REGIO~.--~> LINE relation 1$ constructed by finding 

the l1nes tha-t 'tNTERSECT each t'egion. 

line 1erlgth l +hat ot,Jerlap-s the regi.ot"1 is l~sed to 
fi 

characterize the re-.la-tl..:;.nsh.ipJ as shown in -f i.gLlre <3 17) 

The INTERSECT re,l.a t 1 C.fI 1S' stored in :the STM as -follo!"JS 

Region ---> Line, In~ersect ValUe (I) ("3 22) 

S1nce a Line in~ersectin9 a region implies tha't the 

reg10n must be to ihe léft and/or to the right of the I1ne. 

there is redw"ldanc:y in the it1form-at~on s'tort:oQ. 1n b.,'th 

relations 
'( 

Howevet:', 
• 

~he extra storage requ1rements are 

• l 
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" comp.;?nsated f Of' bl,.~ the ::;.al,)~ngs 1.1'1 computation tJ.me br ougtî"t 
, 
about blJ ruaI-' l.nl~ the l.nff)f~rl\atJ.on r"!?-:adl.l':j avaJ.l<:lbl"!? Ir. 

For the 11.1"1<::> 

1. t5 s~des 1.J.1.1'h l.;>tt -?Jnd t-l.ghT value>s eql..lal to 1 

s 

FJ.gl..lre (3 17) 
fi. 

Lines l.nte r~.:;:ecting 

99 --.,'t- 1 013 1f.'9 
132 --) 1 013 143 
148 --) 1 138 15fJ 
134 --) 13 95 154 
1136- --) 13 89 123 
11313 --) a 86 149 
199 --) I!l 77 153 

94 --) a 60 197 
222 --). 0 5(:.'1 116 

50 --) 0 24 175 
86 --) 13 13 144 

Table -~ ' .. j 4) 

.,.. E 

;;:7 
;/"X R 

A 

The INTERSECT relatJ.onshJ.p between 
re>gl.ons and lJ.neE 

ri?gJ.on 26 are ( 43) 

--) 1 00 113 --) 1 00 122 --) 

--) 1 00 145 --) 1 00 147 --) 
--) 1 00 16'5 --) 1 00 212 --) 
--) et '.33 178 --) 0 92 157 --) 
--) et 89 124 --) 13 89 168 --> 
--) 0 86 97 --) 121 85 114 --)-

--) et 74 177 -- .. } 1;3 72 141 --)-

--) e S3 112 --) .... là 52 10S --) 

---.,> 0 45 164 --) 0 '33 126 --) 
--) et 21 167 --) 13 20 125 --) 
_._) 0 13 198 --) là 1.3 

l 

LJ.st of IJ.ne:s; intersectl.ng .El regl.on! 

v 
" 

= 
S 

1 00 
1 1310 
1 013 
121 91-
0 88 
121, 78 
'3 72 
'3 '50 
0 25 
121 14 

_., ............... ....-..._ ....... _ ...... ~ ... 'f. 

E 

> 
~~,~ 

\ 

,1 
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In 3dd~t~on +0 maLn+alnlng r~g~ons and Ilnes separa+ely. 

they ar~ grouped +og@+her lnto areas 3ccord~ng to ~pec~flc 

STM for use b~ +h~ proc~ssLng modules The m3~n r@9sons for 

(1) The nee,j f Ot~ of 

1ndependent ~re~s that can be treated by the proces5lng 

modules ln accor~ance w~+h thelr ind1v~du~1 characterlst~cs 

Measurements of pet" fOt- rrl =t"IC;? at" e c:omputed for e-dch 3r ea, and 

the procesE.\ n$l str~tegy 15 adJuste-d thè 

particular requ1reMents reflected by these parame~ers 

(2) Areas c~rry structural 1nformat1on that i5 not present ln 

reglons or lines alone The addlt~onal data can be us~d by .. 
the h~gh level proce~s ln aS31gnlng ob~ect lnterpretatlons to 

parts of the lmage A pr~me e~ample 15 ln the dete-ct~on of 

textured area'S wl th.l.rl 'the- .l.mage For outdoor scenes. the 

propert.l.es of such area~ will ~uggest whether +hey represent 

the crown of a tree or the pattern on a brick wall 

(3) The seg~egatl0n of regions and l1nes 1nto spat.l.ally 

independent groups a~~ows for 

prOCeSS.l.ng of the .l.~age This a~lev1ates the ~orrw about 

synchron~zation d~ff&rent processes can wor~ on 

sep~rate areas w1thout .l.nt.rference 
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Areas are gen~ra+ed based on the region and lLne 

conf~gJration. stored in the STM 

rules that ~re u$ad +0 create and m3~nta~n dLfferent types of 

f'ocus of For each new ~rea, a number of 

properties are computed snd stored Sa me are features thSit 

desçribe. the pO~Li1on and topolog1cal atructure. other. Sire 

as will be dLscu$sed ~n d~ta~l in ~hapter 6 Beforeo defl.nLng 

the stored attrl.but~~ fo~ area~ l.n the STM. vie loJ.l.ll f l.rst-

introduc~ the three types generated by the system 

3,3.3.1. Types of Ar'eas 

The model stored .ln +he lTM conta.l.n~ yulea that exam.l.ne 

the reg.lon and l.l.ne propert1&S descr1bed lM sectionk 3 ]-1 

and 3 3. ê: and consequently generate one of the followLng 

types of are""$' 

<:1..) Smooth Ar'e-as' 

These are charact&r1Zed by Large reg10ns that exh~b1t l~ttle 

var1ance in the.l.r measured features They are eas.l.ly 
... 

detected by simple rag.l.on analys.l.s techn~qYes, beCàYSe ,",f" 

as ~ell as the un1form1ty of the.l.r f"eatures 

Th~re,ore, th~y a~~ u5u~11y composed of a zm~ll number of" 

r.gions (or, 10 sorne cases, a s.l.ngle reg10n) FOt~ ex ample, 

.in natural sc:..er,es, areas that correspond to -the sl<y are 

usualllJ - S'moot ..... Such _~reas are also ref"lected Ln the 11ne 
Jo 

map wherEH ~ .... r,ot~1I14d Sol. tuati.ons, they wJ.~~ not· conta.l.n any 
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the detect10n of a l~ne Cespeclally a 

short one) will ~n Most case~ lndlcate an error ln the 11ne 

p.:at"'"ti tJ.on. 

\, 

snlalI Slze al"ld dl. f f E>rent average featw'es represents stt'ong 

eV.Ldence of 

consJ.sts of baSlc ~lement5 of dlfferent 

alternate ln sprue perJ.odJ.C manner Each element J.5 unlform 

1.011 thin l ts.?l f . but b~ars a dJ.stlnct diss.LmllarJ.ty to J.t~ 

adJacent nelghbor. (a 5J.mple exaruple J.5 the checkerboard 

pàttel"n> the regl0ns that ar~ created ba~ed on 

unJ.~ormlty ~naly$J.~ wJ.11 correspond to the elementary unJ.ts 

of The .::patJ.al 

conf1guratJ.on of these regJ.ons and the perJ.odlcJ.ty of thelr 

features defJ.ne +he area a~ a who1e (the ent.Lre board> 

An example of +~~ture .Ln natur,1 scenes .LS the crown of 

a tree, whet· tÉ' the ~eaves are interlaced wJ.th a uniform 

ba~k9round ~uch as the sky 

methods 1.01111 result in a large number of reg.Lons. wlth e~ch 

corresponding to a s~ngle leaf or to a patch of sky that 

shows through Such data con~iguratJ.ons 1n the regJ.on m~p 

ar~ con~J.dered cand.Ldates for ~onstituting textured areas 

,t OncE!' detected .. an area ca~ be examined clos~ly to d~+ermJ.ne 

whether tnd~~d .Lt belongs to a particular texture p3ttern A 

comparison between thJ.s approach to texture analys~s and 
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prev10us methods wlll 

(3) Bounded Ar~35 

Long l~nes ind1c9t~ the presence of ~ prOM~nent boundary 

with~n the ~~age The f~ct that an edge ex~st5 consi~~ently 

over a cons~derable numb~r of p1xels contr~butes to our 

conf l.del"lce ~YI 

In 

use-d to 

cert3in ~ltuat~on3. the, long 

decompoi'.... the l.rMa~ .lnto 

boundaries car. be 

of 
-' 

attent~on Alterna+l.vely, sepal"ate 3rea~ are formed when 

long l.lnes close (or almost close) on themselves 

enclosed (01" b~1 $"uch a loop may l'"epr~esent a 

part~cular ent1ty or phenomenen Ln the .image Fer~ example, 

l~nes th3t fall wlth~n a textured area are short and numerOU5 

because they cot~t'E<spond to boundar1es bet',Jeen the .l.nd~v~dual 

element5 of te~ture 8y contr3st. a boundary +ha~ del.l.m1ts 

3.3:3. 2 . Descriptive Features 

. As w1th reg10n$ and I~nes. the pOSl.t10n. structure. and 

1nt..ernal pn:1poe.>rtl. ... s of areas are computed and stored .l.n thEi> 

STM. 

These .l.nclude th. number 

of reg10ns and l.l.ne~ that fall with.l.n the area boundar.l.es 

The size of the area i5 equal to the sum of the 5.l.ZeS of .l~S 

const1tuent regions The total le!'ngth of the- lin.es W1 thin 

the area i5 aIse stored Finally, measures for reg~on 
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-. 
I.JtU.fonni ty, the c.on"tt··,ast betwE'E'n all adjacent r~ons,' the 

contrast across all l~n~s. .and the connect~v~ty o~ the l~nes 

const~tute a p~rformance VE'ctor ~or the area These rl\easut~es 

w~l.l be deEcr J..bed ~"'I de+sJ...l in sectl,on 6 '3. 

rel,at~on ~or areas ~s gJ..ven by 

Area No ---) FJag. (x , y ), < x y ), 
m~n m~n max max 

r~o of Reg~ons, No of Li.nes. 
Ar ea Size, Total Line Lengths, 
RegJ..on Humber, Line Number. 
V Elr J..ance ~, • Var ~êmce r'l. 
U"'I~f'orm~ty 1. , Url.1.~orrnity M, 
Peg Contrast ~, • Reg. Contrast M, 
L.lne Contrast 1. • , Lina Contrai"t f1,. 
L~ne Connect~v~ty (3 23) 

The t~lag it1dicates ~J~'lethet' the are .. ~s actl.ve (Flag = 0), 

~nactive (Flag = -1). Ot' l.~ J..t has beet"l deleted (Fl,ag = -2) 

Areas are rendered aC+J..ve or J..nactive by the AREA ANALYSER 

accord~ng to the s+ate of the ~egmenat3tJ..on SQ that the~ can 

be brought in and (.ut of the anal.ysJ..s, ,'espect~vely. 

A l~st of the reg~ens and another for the lines that 

belong 1:0 e.ach at~ea are alse TAainta~ned. Th~s~ are s1:ored in 

the f'orm of a chalon of lJ..nks between 5ucçessLve pairs l.n the 

11.5ts. The ",wo STM rela'ti.ot1s invo~ved are termed 

ARE A-REGIONS and AREA-LINE~ and have the form 

':3 24) 

(3 25~ 

where A and e ~ndieate a pair of reg1.ons or li.nes that belong 

- ..... - '\ ~ ., 

• il! ' 
! 

\ ., 

" 

-; 

1 
t'f..-t- ~.- t 
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to the same ar-eoa. The methl~d 6f' storage .is b~st described by· 

The ar-ea cOtltains reg.iercs - 3, 

4, 7, .:md j.2.,. A pOl.nter ,te regl.on 3 is stored in the 

descr.1.ptl.on r·elat.l.on. En'kies that linl-. reg.l.Qns 

together ar·e inc~ud~d it"l the ARE'A-REGIONS t'elatidrc. as shown 

in f igur,~ < 3. 13b). 

4 
1 . . . 

. ' . " 

.' . 7 , 

12 . 
. . ' 

F i.gure <3. 18) 

3 

: 

Regl.on A 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

/ 

,(b) 

RegJ,on B 

-1 
-2 

4 
'( 

-1 
-2 

9 
-2 

~" -2 
o 

Exarnple of' $t~ring ~ list of' regions -
fot'" cne area. 

.. 
Acc:essirlg al.1 i;he regldns that belong te th~ area is 

reduced to t"le si.mp~e task of' follow.1ng the l.l..st start.l.ng at 

the label obtained f','·orn th(;,l area deSCr.1pt.Lon refation. S,ince 

e.ach r'egion c:an orlly btëolong to one area (i e., ar'eas dQ not 

overlap), a~l are_s can use the same rela'tl.ot"J ,to stot"'e the.l..r 

. regl.on lapels. Ii') g~neraL .&Ill. the regi.on label.s at"'e' 

.included un.;ier the- REGION A co.lumn of' the rela't .ion Ln 

equat.ion, (3.24), The' RtCION e co.lumn can contain one' of the 

! 

1 

l . 

\ 
l 
; . 
• 
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fo110w1.ng (1.) ano+her rE'g1.on label that be10ngs to the sante 

(1.1.) zero ~f REGION A ~s the last regl.on 

" .1.1.1.) -1 1.( PEGIOrl A d':l.es not belong to 

any areoa, (1.V) -2 If REGION A 1.S nat ln the regl.on m~p 

a regl.on .... aireddy f~lls wlthl.n an area, a fact needed by the 

~rea generat1.on proc~3s The same r"ethod 1.5 used for storltig 

the Ilne labels for each area 

Thl.S Sf?ctl.ot"t de-EcrJbed the uarl.OUS attrl.bute~ of 

11.nes, and arE?95 that are stored .ln the STM Some 

or of these are ysed dl.r.ctly ln the matchl.ng prOCf?SS ln order 

to determlt"te whether the COndl.tlons of rules are satl~fled 

others help .in e~<.eCLJtlng the acfl0n.:: of rules by pro','ldl.ng 

'''''"tl.ch wouid delay process.lng 

cons1.derably 1.( they were to be caiculated only when needed 

Chapter 5 wl.Il dlSCUSS the Fyle match.lng process 1.n detal.l 

and w1.11 enumerate, 1.n addl.tl.on to the features descrl.bed 

above, others that eXl.st ln rule cOndl.tlons and are evaluated 

each tlome they appear It should be noted that the seIectl.on 

of the featuFE?S to be stored pr~or to rule match1.ng and ~hose 

that are compu~ed dur long proces~long depends on two ~actors 

the frequency of and the amount of computat1.on 

requ~red 

t 

1 
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"# .., 4 . THE OUTPUT ~ 

'" 
• .J . .. 

Start~ng loJ~ 1 h ~n .ln.!. tJ.a.l. conf.lgurat.lon . of reg.lon= 3nd 

l.lnes, the t' l...l l el, 91' ê' u:::""d t,(j I~enet'at'E" !It'eas of at+ent 1.0t, 3nd 

conso?quentl~ JllodJ.f ':4 the reg1.ons, l.lnes, and areas untll 

f.1.nal t'"E'sul-t .1.S ach.1.e'~lo?d Theref ore, the output of thl.s 

" rule-basE'd .egmen~a+l.on process l.ncludes a s~t 

( wh1.ch part.l.tl.on th~ 1.ruage .ln+o un.lfot'"m sub-par+s, a =o?Cf)nd 

3nd a group.1.ng of Eome of 

and l.lnes .lnto are.as Although the reg.lons and l.lneî are 

oS- Jn b 0 d 1. e d 1. n 

w111 U$~ the ~nform.at.lon from both ~out'"ce~ to 

ensur8 a. cons 1 s1;~nt r ept'f?sen1:at.lon .ttY thf' tl"O par t.1. t.l.on 5 As 

the. pt'"oces33ng progresses. each map w.l.ll approach .l.ts f.l.nal 

status:, and at the the l.lnes: w.lll gt'"adually 

conform loJ1-th 1;he bout"ldat'.lo?S of' the t'E'g.lons 

~ confl.lct May ~r.lse .ln the f.lnal output, .lf sorne of the 

rem.a.ln.lng ll.nes h ;j'Je 0Pf?t'l ends) .and are not p.ar t of a reg.lon 

boundart,:! 8ecauFe the boundar.les of reg.lons are clo=ed. 

--is not poss.l.ble ta p.:1Ir1a -t .lon ..." r e-g~on along aÎ'l open l.lne In 

·most cases, the rul~s w~ll at+~mpt -to delete SLICh 11.nes. 

based on the surrOund1t'lg r~g.lon .lnformat.lon 

d.lscussed ~n 3ec+'.lOn 3 3. 2 , optS!'n l~nes may l.n f' aet represent 

a phys~cal ~nstanc~ of' a th~n obJect 1n the scene TI,JO 

the 1nclus~on of these l.lnes.ln the , 
f' .lnal output) 01" the creat.lon of thLn reg.lons that have a 

double boundarW at 1he same p.lxel locat1ons. In el. ther case, 

the source of th.ls problem ll.es in th~ ll.m.ltatl.ons pre=ented 
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t b'::! the f ~n~ t!? r-- eEollrt;~on of the measured ~mage 

to h~ghe-r stages of analysls 

1981] The dat= descr- .l.be the f.lnal 

conr~gu~at.lon of l~nes prov.ldes ~n 3dd.l.t.lonal and r~ch ~ource 

. . 
of .lnfo~rnat.loYI For ~x~mple, thE' ~trength of the boundar.les 

[Yakimovsky and F~ldman. 1973] More,)ve-t- ) 

c3rry ~upplemen~ary 

~eS.l.deE p~ov1d1ng an 1nput to the next stages of 

analys.ls. we are lnterested ln the output segmentat~on as 

be.l.ng a d~rect product of the rules .l.n the ~odel In order 

to test and arder Out' 1-< nowled9E' b 35e, 

ab.l.11ty to quantlta+lvely evaluate thE' output 

lE'vel segmentat.lon .l.S not un.l.que. .l.ts qual.l.ty can only be 

Judged relat.l.ve to hum~n expectat.l.ons The followlng measure 

of ~gmentat.lon has been des.l.gned te s.l.ffiulate su ch 3 task 

\ 
J 4.1. MeaSl~re of Segmentation f 

1 
The m~a~ure d~scrlbed here compares two 1mage par~~t.lons 

. 
computlng a two-dimenS.l.onal d1stance est.l.mate If cone of 

the partit.l.ons. taken as a reference, .LB produced manuallYJ 

,i 
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then the rlleasur e \'J~,I.Ald ~nd~c.at.? h,jlo.l far the oth€'r part.1 + .1,.)n 

A l~rger d.15tance .1mpl.1es a greater 

et'rol' ln th€' te~ted output relat.1ue to the human generated 

onE- Theret or e, -th1.:= o;:ompal- .1'::01'"1 measure can be uEed to 

the perfotman~e of a part.1cular algor.1thm. as well 

as to ran~ different outputs 

abovE? ha.:: 

component ptopor+Jonal to the amount by wh.1ch the reg1.ons .ln 

other compon&nt the arllount by wh.1ch the te5ted 

Th€:'t'ef or e, the tl,.lO 

C'::lmponents the o~ under-merg1.rig and 

over-merg.1ng .ln the +~5t s~gmentat1.on w.1th respact to the 

ref et'ence 

Cons.1der a reference segmentat.1on output conta.1n.1ng the 

set of tl r eq.10ns [R • R" 
- 1 .. 

P ] ha<).1ng areas [R ' R 1 

l'-i 1 ). 

conta.1n.1ng th€/' 

areaS [a 1 a 
1 t 

.1S thE?n g.1'v'en by 

2: 
l'J't'l 

UM = 

and a te.;:;t segmentat.1on output 

~et of M reg.101'"15 [r t' , 
2. 

t' 
1'1 

3 ] 

"" 
The under-merg.1ng error me35ure 

FI 
k 

IÎ (1'" 1 R ] ) 

A 
k 

J k 

n [1'" • 

J 

R ] 
1--

0::3 26)' 

I"he-I""EI n [r,) P ] l.!" the att'ea of the l.mage st1ared betloJe€'n r 
'" K ..J 

and R: .1 E? the number of p~xels that have label r 1n the 
k ~ 
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test output and label R K ln the reference. and R l.E the 
t<: 1 

reference reg1.on such that 

.II [r • 

J 

R J 
1< 

MAX ( 
1~ l.";:N 

n [1" • 

J 

R ] ) 
~ 

(3 27) 

In other wordz. for each te5ted regl.on. the reference reg1.on 

that has maXl.ffiUm overlap ~s ~elected 

the value of +he ov.rlap and the area of the reference reg1.on 

The contr.lbut1.on 

to the meazur e 1.S r::orllput~d b'~ sc.:.l.lng thl.s d.lffer ence by the 

r at.lo of the- to the rererenee reg.lon area The 

sl.mple ex.ampleE ~n f.lQure (} 19) show a 51.ngle reference 

reg1.0n that 1.S 

\.Ji. th no The value of the under-merg1.ng 

compor,,~rlt 

• 
l.nd.lcated under eaeh case. where A 1.$ the arGa 

The over-merg.lng error mea~ure .lE gl.ven by 

fi 

Ot'1 = ( a 
.1 

n (r • 

J 

R ] ) 

1<' 
<3 28) 

The balance of th& ar@.a of a reg.lon 1.n the test output that 

l.S not COI)er ed b'J the t'efet~ence reg.lon "'1. th maX.lmum over lap 

l.S proportJ..or,al +'0 the o'v'er-mergl.ng er[or Notl.ce that 

.l~ +otally contal.ned wl.th~n the reference 

regl.on. 1.t3 contrl.but1.on to the rtleBSUre .15 n.ll 

, 

r 
0, 

,) 

'~ 

r·~ 



, 
l' 

l 

( (1..-'4>A >.. 3/4 
1 +a C3/4)A )< 1, .... 4 "; C3/8)A 

1 
~ (1/2)A ); 1,'2 

+ (3/4)R )l 114 
+ (31'4)R )( 1/4 = ( 5/8)A 

t ... ~ •••• ' 
, 1 . . 

14 (15?16>A x 1/16J 
+ (14/16)A X 2/16 = (23S/256)A 

P.agl:' 124 

(1/2)A >:: 1/2 
+ (1/2)11 >: 1/2 

.. ( 

4 [(3/4)A x 1/4] = c3/4)A 

••• 1 • ', .... , 

16 [(lS/16)A x 1/16] 
= C240/266)A 

Figure C3 19) Exaropl_s o~ under-merg~ng error computat~on 

.. 
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bound of ZE-I" 0, wh~n +he ~est and reference outpu+s are 

rll~nus one Th!? 't;10.I0 me a SI.,1I" es can thus be n(ormal~ zed ::snd 

comb~ned to produce one o~ the rollow~ng compos~te errer 

es't;~mates 

2 
M = <. Uf1/A ) + (OM/A 

1 l 1 

'f 

Ot- M :: 1 UM/Ft + OM/A 1 

2 l 

where A ~s the ~rea of the lm age 
'I 

2 1.-'2 
) ) 

l 

If 

In or der to ~valyate the l~ne partition. .. 

C3 2~) 

(~ , ~ 30) 

an add~t.lon31 

set of measures ~$ requ~red By compar~ng a line map te a 

reference reg~on Map. two sOut~ces of et~rors w~ll becon,e 

appat~ent 

a boundary waB de*ec't;ed where none actually ex~sts 

a line at the boundary between tWQ (2) The ab5ence of 

refer~ce region~, ~ e , at'l aC+I..lal bound an-d l<Jas not detec+ed 

Theref'ol"'e, .9 .. hJo .... d~mens~on.Ql '~,~61Tipal" l.$on measure 1 ... 1 th 

ï 
cemponents for exces~ lines and m1ss~ng ll.nes will accoun~ 

for the above errors The two errer ,measure5 are computed by 

superl.mpOSl.rtg th~ l~ne map on the reference reg~on map For 

each l~ne L .• ~he portl.on or 11ne length n, that falls at the 
~ u 

bound.ary between two're~erence reg10ns is computed (n, .l~ the 

" 
number of line p~x91s th.at have different reference .reg.lOps 
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1 on alternat. s~d~s) Tho;<.se \..'211 L4es at-. then added fot- :!Ill the 

11nes ~n the tested The length of refer@nce 

boundar~E'S r~OT COl)E·red b'~ 11.nes 1.S fOl..md b',d =ubtr-ac T 1.ng the 

above total From ihe lengthd of aIl r-eference boundar1.E'= BL 

Th15 ~s the·t-, not·rll.;.ll.zed to eobt3.1.n thp. rl'I1.Sii1t-'g 11ne:: i2t'ror 

measure ML. ~s follows 

8l 1"1 

.aIl L J 

-' 
r1l = 

Bl 

The balance of the l.ngth of 11.ne5 that do not f~ll on 

reference bClund'='t- .les .1$ (:uv~ded by the total l.1ne let-,gths to 

L ( 1 1"1 ) 

.;,11 L J J 
J 

El == <3 32> 

L 1 
aIl L J 

.j 

where 1. 1.5 The leng~h of line L 
~ ~ 

The two components can be 

combined ta prod'..Ict?.a compos.1"te measure s.lmi.la-r to 'tho=e 1.n 

equat~ons (3 29) .;,nd (3 J0) 

Other rlle 9s.ylr es +ha"t are b<!lS05·d ':>1"1 "the ~dea of compar.l..ng 

"two part1.t.1ons hau~ been described ~n the l~terature The\-

method ~ntroduced by Coleman computes a stat1st.l..cal me~sure 

( from the h~s+ogram of the segmen"ted l.mages 

(Coleman, 1977) In effect, th.1S compar1son mea5ure 
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1 est~matt?:= tht? numblO't' of 

The dl..sadv3ntage of +hlS 

me"thod llt?E l..h ~h~ loss of spatlal ~nforMat~on ln compu+l..ng 

+he h~stogr a III does 

t"lot to agre~ weIL w1th human observatl..on To correct 

for sueh et't'ors, -:1 OIClt'.:? e.:.mple->< flH?35UrE' has been developed 

that COrflpdi" e;; rnanual pat" -tl.. t1.0n of cell 

computed. ono?5 ["r' ~Enc.f f, f1ul, and Bacus, 1977] The P051+10n 

of ml..SCla;;:3lfled +:.~en lnto accoun-t, aE loJell as 

of the -taken -to be 

pr'oport1.onal 1.0 1;hE' sunl of tho? dl.stanc.:?'> be-tl,!eo?n pl..xo?l" that 

have been l.ncorrec~ly 35~lgned to a partl..cular class and the 

ne3rest ~hat .2!ctuall l:;:l belong to that class The 

method appears to p.rform well for the cell l..mages whl..ch have 

weIl claS~1flcatlons for the pl..~els (e 9 , nucleus, 

red cel}s;. ~nd bac~ground) .' In the absence of 

th.l.5 conte,~ tu al the measure l..S not computable 

contrast +he 

above) descrl..bed above 9 general 

purpose low lev~l comparlSo~ mea~ure that ean be appll..ed to 

A dl..fferent type oF performance measurement has been 

developed ccon-,uno:::t~on hll.. th edg@-based segmentatl..on 

technl..ques Fr- ::slll and Cleutd, [Ft"dm at"ld C'eu"tch, 1975] cornputed 

tWQ measureE that pvalu~te the output of edge detectors The 

( correctly dei:'ected edge 

~n fa synthes~zed ~mage of an edge 1~ the presence of 
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t nOl.se Th~ Eecond compu+ed the ~ract~on of the ac-tual edge 

that was covered by detected pl.xe1s The~r- resul-ts Eho(.1 +he 

deterl.oratl.on l.n of edge detector-s v} l. th 

nOl.se 3150 able to r3n~ sever~l mask oper~+or5 

and demonstrate the COnEl.stent superlor-~ty of 

over others 

Abdou and Pr~t~ [Rbdou and 1979J 

edge orl.entatl.on rop r l t 

for edge quall. 'tl~ [Pt' at .... , 1978] that ~z bazed on 

dl.sp1acernent of thE! detected €'dge pOl.nt f t- o fil the l.de.:.l 

pOSl.tl.on riS I.Jl.th thE' pt'E'\'lOIAS rllethod, thls reqUl.reE the 

kt-low1edge. of the ç ort~ec t loe i!I't-J..on of the the 

The resu1ts 3how an orderl.ng of the 

edge detectorE that lS QUl.te =lMl.1ar to that obtalned by Fram 

and D€'utch 

~easure thst 1S on the correlatl.on of the ou+pu+ of 

edge detector E wl. th .:In "ldeal" Ol-ltput, pre-sumab1"'1 pt~oduced by 

harld In an effort to ell.Ml.nate the n~ed for the knowledge 

of the correct oui put. they descrl.bed 3 second me3sure tha-t 

computes a consensus of s€'vera1 edge detec-tors On +he 

presence or absence of edge pOln~s Each -then 

eva1uated 01'"1 the 1:oa$l.5 of hOl~ 1·)e11 l. ~ conf Ot~MS to (ot~ dl rfl?t'S 

.l 
from) th3lt Ç-OnsenS"I,.J$' The results are the 

sl..lbset of operators used to compute the consensus If' a 

consistent error ~s part of ~h€' consensus. the error wl11 not 
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be detected 

,-
Loeal edg~ çoher~nce waz used as the bas1s fol'" +he 

o.?valuat1on [1:1tchel'"l and 

Posenfeld, 1981] 

the gradlent d.lrl?ct.ions 

edge pOl.nt 

The method ~uffers from a presumptlon tha+ +he 
... 

detected edges are ln +he~r proper pO~lt.lOn The-r-efore, 

does not pen~llZ~ COn!1stent errorz .ln mlzlocatlng edge 

pOlnts 

only as 

Wl.th super1mposed n013& 

generally agree w1th preV10US f1nd1ngs w.lth regard to r-a+.Lng 

The approaches rnenti~€.'d so far descr1be COmpal'"1S0n 

measures that requLre a reference segment~t10n l.n order to 

evaluate perfor-mance However, 1n automat1c process.Lng. the 

human e-lement LS usually not ava11able, rendet'.Lng these 

measures u3eless for real-t1me utl11zatl.On Consensus 

measureMe-nt and edge coherence me-thods reall.ze the .Lmportance 

prov1de general purpose M~asures that can functl.on w.Lthout 

thr knowledge of th. correct segmentat.Lon, or sorne other 

precomputed reference (as .Ln the consensus case-) What 1S 

~ 'requ1.red 1.5 a comparl son b&'tween the measurements .Ln the 

~nput 1mage and +he compu~ed pert1.t.Lon tthe l.ntermed~ate and 

final outpl..I1 ) F.l.gure <3 20) 111ustrates the d1.~ference 

1 
- 1 
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between a rt·al·-t~me nlt;'aSlH~eJ and one +hat ~s <used f'o,' te:;-1- Lng 

and comparLEon 

Image 
[f'le3S I...lr emen't J 

cr~terLa 

l' 

P e a.l - T .L roe~_---, 

t·l""d.;:ur~ 

r--~-'~ [) L stan c e-~ ___ .., 
r"'e-eoSUt' e-

Segmenta"tLon 
[Computat~onJ 

Scene 
[Human 

Peorceopt1e,n J 

Two measures of' segmentatLon 

of optvllLzat Lon 

.Lnvolveod .Ln measur1ng the peorf'ormance of' 

1mage segmentat.Lon These 
11 

are .Lntended 

the appropr .l.ate sub::e-"t) .Ln evallJat.l.ng, as "'>::011 as gU1d1t1g. 

the proces51ng of eny p3rt.Lt.l.oning algor.l.thm 

and texture-based approaches to 

segmentat.l.on In par"t.l.cu~ar. these measures are deE.l.gned to 

prov.l.de the me ans for sett.Lng the process.l.ng strategy of the ,. 
ru~e-bao5ed .l.rnage 

thes.l.s .. 
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3. 5. SYSTEM INFORMATION AND STATISTICS 

.l.nf'or!(J~t~on 

1$ accumul~ted 1n th~ STM Thes~ data are used by the 

m@ta-rules and th~ focus of attent10n rules that eyecute +he 

.as I,)~l.l be descr 1bed 1n +he 

folloh.l1ng chapt",rs Fur+hermore. S+3t1St1C~ .about th~ rules 

are us~d to eEt3bl~rh a dyn~rn~c learn~ng procedur~ that 

prOCe~s1ng 1nforrnat10n and rule 

stat1st1cs 

3.5.1. Procp.ssing Information 

A rule c~cle 1~ def'1ned as the per10d of t1fù.e that 

elapses between succes31ve 1nvocat1ons of any of th~ analys1s 

modULes the ~et of knowledge rules 

belong1ng to one module 1S matched aga1nst the data 1n the 

order spec.!.'f 1ed b ... ~ +,heu' j:"t'10t'1t.1.es. I,,/ntil one r-Lüe ffi.-tches 

or all rules are- teste-d Therefore. each cycle def~nes a .... 
part1cular prOCe$~1ng modl,,/le <REGIONS. LINES. or AREAS)~ as 

well as a rule ~ct~on Ce 9 • roerge> split. extend. delete) 

The latter May be the NU(L act.1.on in the case where none of , 
the knowledge rules match A record of process1ng to datejis 

stored in"the SYSTEM sTATUa relat.1.on as follows' 

, ... _-...... • &., ft 



( 

Cycle r~o ---) Prt,c:e s:::;:, Act~on, f40 of a.ct~ot:l\s, 

Ar~a No , R~g10n No , L~n~ No , 
Under M~rg~ng Measure [opt1ona~J. 

(l1!tI!'r M~rg.:Lng M/;!'8SP.lre [Op1;l.ona~]. 

EYcess L1ne~ Measure [optiona~]. 
M~s5ing L.:Ln~s Measure (option~~J 

is .:Lncreased b~ 

the data The labels o~ the current area. reg.:Lon, 

Page 1.32 

('3 33) 

and 

and lu")e 

are also Etored Th~y change .:Ln cycles where a focus o~ 

If a reference 

segMentat.:Lon .:LB aVi11abl&, the four error measures .l.ntroduced 

~ cont.:Lnuous prof.:Lle of progress that w.:Lll be 

used .:Ln chapter 7 +0 analyse d1fferent knoNledge sources 3nd 

control strat~g.l.~~ Ch~pter 5 d1scusse3 how the 1n~ormat.l.on 

ga1ned for the preu.l.ouS cycles is used by the control rules 

to select the next process w1th.l.n the fram~work of a g.l.uen 

strategy 

3. 5. 2. Rule Statistics and Priority 

When a knowledge ru le and rnod~f.l.es 'the 

segmenta;1aon (e Ç1 ) by mergirrg two regions), the pet~f'ormance 

change. These ~ncremental changes ~n performance are. 

gathered for aIL act1ons: produced by the' same rule. Their 

sum prov1des a m~asure of the effeçtiveness of the ru1e 1~ 

enh~H",c1ng p,r·f Ormance For example. ~ merging rule w~ll tend . 

----.....,.~,-- '" ..... ~-~----"'_._ ... tl ... • _____ •• 2 ~ ... Io. ...... -

, , 

f· 
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t If 

Another factor +ha+ influences +he cholce 

The hlt ratlo of a rule 

~S der~ned as +h~ number of tlmes 311 ltS condl+lon~ 

.,- , 
the data, d.1.Vlded by the nUII)ber of 1- HlleE the rule \,Ias te:s-ted 

E+ore:;:- the lnformatlon abou"t 

expressed as 

Rule No ---J 

1 2 1'1 

R .. ües +hat perform the :ame (e 9 

are considpred +0 fall wlthin the same category In 

chapter 6 we Will deflne the prlorltleE among dlrferent rule 

categOr'les p,ar' t oF the HOf.,Jever, the 

orderlng or the rules 

through le3rrung Rù,~es are matched 1t"l the order' in .,.hlCh 

+he~ appear ln The rule priorlty relaTion. ~hlCh has the form 

aIl lncrements ln 

performance measures c~u~ed by the rul~ 

rule 11'> equa1 to fll t ratlo Both quantlt1es are 

( normal.l.zed and quantlzed 1nto Just f.l.ve categories uSing A 

scallng method that Will be descrlbed ln chapter 5 The 
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1\ 
sot'+ed :iccc1t'd1.ng to l. ~ "thre€' ke',.;l dOm.H.nS 

by 

The Y€latlon 15 dynamlcally 

updated uSlng the lnformatlpn 3tored ln the rule statlstlcs 

• 
Long terM statl.stl.CS about the rule3 are aiso stored ln 

a relat1or\ sl.ffil.lar to (3 34), evcept that 1t l.S part of ~he 

LTM the effec~l.Vene9S and 3Ct1.V1ty measurements descrlbed 

above are accuMulated over 

The lnformat10n 1.n the LTM rela+1or\ 1~ used to 

~n1tl.ally arder +he rules when prOCe5Sl.ng a new l.mage ~hth 

the e~ceptl.on of +he last relatl.on~ thl.$ chapter lntroduced 

~he l.mage 5peC1fl.c d~ta stor&d 1.n the STM The nel<'t ch",p+er 

Wl.ll dl.SCU3S how +he dat~ .l.S rnodlf .l.ed by the pr'ocessl.ng 

modules. wh11e chapt~r 5 wll1 descrl.be the l.mage lndeopeondent 

data stored .l.n thE' LTM 

1 l' 



• 

CHAPTEF.: 4 

THE PROCE,SSING t10DULES 

The proc~~5~n9 modules shawn ~n f ~gl.Àre ( 1 1) 

respons~ble for carrw~ng out tbe rule-based an3lys~s Th~~r 

funct10n ~s ta 3pply the product~on ruies stored 1n the LTM 

+'0 the STM data 

d~fferent modules 'w~ll attempt to place the 

represented b~ the rules 1n conform~ty w~th the measurement~ 

~n the 1mage The mechan1sm ~s the same for aIl process l.ng 

Modules and ~z compo5ed of test-and-mod~fy cycles Each 

Module matches the cond1t10ns of a rule to a par~~cu13r dat.:i 

and ~f the match 15 successful. the changes spec~fied 

by that ru le are appJ~ed to the data 

'The 51.>'. rllodu.leo5 are dli?~:1gnli?d as modular Ut11. ts 

perforM spec~f~c funct~ons. The INITIRLIZER produceg r~g~on , 
and l~ne pat' t~ tir.>ns f or the rerna1nl.ng modules to opera+..e on 

The AREA ANALYZER generates and ma~nta~ns focus of atten~1on 

areasJ I>.lh~le -RECION and LINE ANAL 'r'ZERS .l.mprove the 
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The FOCUS OF ATTEtlTIOtJ module se l ect.s the 

at~ea,;;, t"eg.1ot",s. ,H"pj J.ltles 'i:hat ar-e teste,j at :H"lY po~nt d'_H'.1ng 
~, 

.'-t p r oces s.1ng S UPEF:VI ·;O~· the 

of ~11 

Wh.11e each mc,dl.de has .t t~ own set of rule:) they :!ll IJse 

the 

It l.5 

the qb';,t1on par 1- -th 31- .l.do:?ntl.f' l.es "the modlJle to whl.ch a. rule 

For the act .loriS of' th€' REGIOt-.! At~AL 'y'ZER 

that mer ge- 1;\.)0 reglOns together Bi?fore dl.scuss.1ng l.n 

chapter 5 WHAT i?3ch ~odul~ cati accompl1.sh by applY.l.ng 1.t5 

de:cr-1.be HOW the data 1.S 

exam.ln~d and modlfled 

'. 

4.1. THE INITIAlIZE~: 

the INITIALIZER 

15 br ol.Jght to provl.de of 

segmentat.l.on dat~ Th1.5 process 1.5 tI~cessarW for the proper 

functl.on~ng of aIl ihe o+her procesE~ng modules The REGION 

and LIllE ANALYZE~'S c~n on1':1 match the.l.t' t~ules on e.><'l.5t.1.ng 

corlt 19Ur at .1.ons of r egl.ons and l~nes S1.N\~larl':l1 the AREA 

ANAL 'y'2ER w.1.1J ger'IE'r a"te èlt'Ii1<i1S of attentl.on based on such 

partl. tl.ons a SUPERVISOR rule Must .l.nsure th3t 

....... __ ..1 -k ·.,... .. b .. É ;;.~ 

, 
; 

.~ 
ii 

J"'" 
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1 the INITIRLIZEP ~~ +h~ flrst ruodule to handle 

dlSCUSSlon of how the data are prepared for 

the ensu~ng proce~~~ng 

4, 1. 1. Initializing Regions 

8ecause bath mergLng and 3pl~++lng 

On the other- h and, the INITIALI;:'ER mat~ 

employ a E1111plo? ësnd r ast gt-':)up~ng technique to pr od'-~ce à 

ffi3nageab1e number of reglons One e~ample of the latter ~s 

to .:Iss~gn 

have th~ same grey levaI lntensltles <or caler). a 
1 

that make.=; U3e of ~ne e1ementary rule and requlres a 51ng1e 

Arbltr3ry segment3t1ons are produced by 

dlv~d~ng the lmage 1nto squares of S1ze nxn. where n var1es , 
between 1 'when each pl(el 15 cons~dered a3 a new reglon) and 

the Slze of the 11'IIag'-.:' t.1,lhJ_ch becomes a 3~ngl~ lat~ge reg10n), 

as shawn ln f~gure (4 1) 

of process1ng and on the 

f1nal outcom~ wlll as part of 

exper~mental result2 pre~ented ln chapter 7 

Once the reg~on m3p .1.t .l,.S used 

conJunctlon wlth the lnput and grad.1.ent lmages to compute 3~d 

store the reglon features deEcrlbed 1n sect.1.0n 3 3 l The 

region map lS scanned and the locat10n, Slze. shape. and 
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1 stat~st~cal features o~ aIl r~glons are recorded The Ch31..tI 

code descr l.pi..1.on.:: Cof the t'er;jl.on bOI..lndat· 1.""5 at' e al 50 ex tt· acte d 

{rom the mit'p, étnd ar-e thE'n u~ed to .ldentlfl"j all ê:ldYKen+ 

regl.ons and store the1.r adjacency values Ft~ soon a5 the 

f eatl...lr es are corltput,;·d. thE' .lTl~ tl..al regl..on pat't 1.. t Lon become-s 

r eSl!'t'vl!!'d f Of" +he REC,Iot~ ANAL'T'ZER 

1 2 '3 4 5 6 7 8 1 l 1 1 1 1 l 1 
9 1f'! 11 12 13 14 :15 :H. 1 1 1 1 1 1 l 1 

17 18 19 20 21 22 23 24 1 1 1 1 1 1 l 1 
25 26 27 28 29 30 31 3ë! 1 1 1 1 1 1 1 1 
...,~ 

.J':' 14 ... .". 
':"-' 36 ~1 .. ;t 

.JI '38 3~ 4L3 l l 1 1 1 1 l 1 
41 42 4'3 44 45 46 47' 48 1 l 1 1 ·1 1 1 1 
49 50 51 C'j 

...J ... 53 54 1:'"" ~,..., 56 1 l 1 1 1 1 1 1 
57 58 59 60 61 62 E. '3 64 • 1 l "1 1 1 1 1 1 

Ca) (b) 

Figure Col 1) rn~t.lal reg1on' part.lt1ons 
(a) Ea'=h pJ.)<el 15 a region 
Cb) The IoIhole .l.rnage ~5 a single- reg.lon 

. 4.1.2. Initializing Lines 

ll..nes ~s ob+a1ned b':.~ 

adJacent edge p~xels The .1 ~tter -3t'e 

obt3.l.ned by thresholdl..ng the grad.tent .tmage, and therefore 

------------------~--... , 
correspond +0 local dl..scontl..nu.tt1es 1n the 1mage array 

Threshold selectl..on has a d.l.rect ef~ect on the 1n.tt~al 11nes 

For example. a low absolute value wLll produce a large numb~r 

l Consequ.ntly. the result1ng map w~ll conta1n 

some of Wh1Ch do not correspond to phys~cal 

boundaries in the 1mage Al ternat1vely. a high threshold 

L 
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v:i1ue to less @dg~ p01nts. and henc~ a 11ne map th3t 

1:icks representat~on of the weaker boundar1es 

SPèC1f~c nelghborhood can al~~ be used [Rob~nson. 1977] 

They t~nd to suppreE~ mult.r.ple edge 1nd1cat~ons. and 

lesz l~n&$ that represent the same bound3ry 

adapt1ve threEhold~ are more suscept1ble to na1se 

~ 
In ch ::Jpt,E'I~ (, 1 ... 11", ~I.l.ll e x.pet" 1ment I.a th the ,'ul.e-based 

system's sbil~ty to reCOVer fram d1ffer~nt faults ~n the 

Excess representat.l.on produced by 

1':;)I.aJ threshold.s tr 19ger:::. "I..ùes th at delete n01sy 11nes, wfule 

m1ss.r.ng 11ne~ that result fram h.l.gh thresholds are detected 

by rul~s that pyte~d and complete the 11ne map, 

) 
r,'om The 

method by wh.l.ch the edge pi~els are grouped ~nto lines rel.r.es 

on the grad.l.ent d1rec~10n at each p1~el The edge arr al::! 1S 

t ;0 

scanned unt11 an edgE' p1xel· is enCOLlntet'ed The 

direct.l.on st 1hat p1~el 15 then exam1ned. and three cand.r.d3te 

. ' 
p1xels are det~rro+ned So +h~t the result1ng 11ne orientat.r.on 

will be compat1blC:' "I~ th the ovet' !Ill. gt~ad1ènt d.Lrect.r.on acros:: 

the ll.ne F~gure (4,2) .r.ndl.cates the order in wh1ch the 

1 The 

f1r~t candidat~ that ~s aiso an edge p01nt 15 seleeted as the 

f. 
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next add~ tl on te +hE lJ..ne 

o:-nCJ-po.1.t1i; .l.S t'eached I·Jhere aIL 

rp::>n-edge The scanning process w.1.11 then cont1nue to 

ScannJ..ng and group.1.ng 

al ter' nate I ... mt 1.1 all +he E'dge p.L vels are accounted for A 

t' low char t of proc9~S 1S shown ~n 

f~gut"e (4 3', 

• 2 2 1 2 1 3 1 3 
~ 1 ;:r 3 t 2' ") 

'" 

[0 ] [1] [2 J [3] 

3 ~ ~-2 1 ~ -, ,/ 5. 

2 1 2 3 1 'J .... 3 1 

[4] [51 (6J (f] 

\ 

F.Lgure Ut 2> C .and.l.dat.;;o p.l.;<_els fot~ l.lne group~ng 

The pt"üce-ss deos,=t' J..b~d above ... all resul t l.n a labelled 

• 
11.ne map, as 1.J~11 as a ch.ilin code derscrl.ptl.ot,:, of all detected 

ll.nes The attributes descrl.bed .Ln zec'tl.ot"l 3 3 2 are 

f r oro each l.l.ne b~i t'r O'IcJ..ng along J.. ts leng'th anl~ 

'" 
Searcn 

area$ are th0n establJ..shed to detect nel.ghbors and compute 

the.lt' spatial 

relat.lonsh.l.p= 

and stQred 

t: I?lat.lonsh.lps Fina.lly, the spatial 

amOt',g inJ..t.l.al regl.ons and ll.nes are computed 
.; 

" 
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F~gure (4 3> 

NO 

SC RN FI1F" BEGIWnr~G 
OF NEW LIt~E 

NO 
FOUrw? 

'rES 

E~AMINE CAN~IDATES 

'T'ES 
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ADD A NEl·j 
pona 

R Flow chart of the l~ne generat10n process 

be used ~n th.:,· an.o.llJ$.ls 

~nrluence on the ensu~ng 

processJ.n 9 The f~n:al (lutcorll'? depend rnëunliJ on the 

rules used and not on the 1n~tJ.al conf~guratLon of reg~ons 

and ll.nes Th~S lS 3ch1~ved by 1nclud1ng bo~h mergJ.ng and 

spl~ ttJ.ng rules, as .\.ell as rules +.hat add or dele+.e I1nes 

Consequent IIJ· 

in1t1a1 pa~+J.t1ons on bath the output quall.ty and the 

process1ng ef f J..ciet"lcl,:! Obviously. dirfe~ent 1n1tial 
< 

j 
1 



.. 

a 

L 

, 

pt- 0 ce:: 5l.ng 

eff ~cl.enc'=J (e q . lf the J.n.1.tl<'ll '::;l'?grnentatl.on l5 cor-rl?ct, /10 

process~ng wl.ll ~e requ.1.r~d) 

/ 
of pl'" OCeSS-1 1'19 rnlJst bl'? 

l.nfluence on th~ outcome, as weIl as 

computataons. ;.-'s IAI.lll be dernonstrated ln chaptet- 7 

4.2. THE REGION ANALYZER 
, 

The actual pr oCO:-.l;5l.ng of reglons tal-< es placef I,Jhen t~ie 

REGION ANALYZER ma+ches l.ts rul~s agalnEt the STM d3ta The 

modl.fled by the 

the crl.terl.a ta be embodl.ed ln the flnal 

outcome The' re9.lon Illap \.oall change \Alhen a rule f.Lres: .Ln one 

of two ~J :'1,d5 or a reg.Lon 

4.2.1. t1er'ging Regions 

Two reg.Lons ca .... only be rnerged lf they share a comman 

boun~ary The REG] ON ANALYZER makes use of the stored 

attrlbutes of bath to accorllpl.Lsh its goal The 

follow.Lng steps are e~ecuted when regl.ons R at"ld R. are 
J. J 

merged 

(1.) The ne ... ) ,. eg.1on acqult'I?S the label of' the f.Lrst reg.l.on 

(R.), while t.-IEt i;ecol'"ld label (J<'.) .l.S freed fot, future 
1 J 

use 

) 

) 
<: -
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(2) POSl.t10n feature:=- aro? uSI?d to locate p1/els l.n the rllap 

that carrl~ 

13bel to tha~ of ihe 

< 

t,- aced arld 1 t..:: ch!:iJ_n codti? de3cr- 1pt10n 1S store-d 

(3) The 51:=e of th"" n€'w t~egl.on l.S eq,-~::.l to 

Sl.zeS 

A A + 
1 

A 
J 

the sum of the 

from thel.r adJac~ncy values. accord1ng to equat10n l3 11) 

p .a P = a p 

sh l. J 

and the new regl.on perl.meter 1S equ3l t~ 

p ::. p + 
1. 

P 

J 

p 
sh 

(4 2) 

(4 3) 

(S) The mean and var~.ance oF the measured ~eatures over the 

new region are a~$o functions of those of the l.ndl.v1dual 
c- 1 

r 

• 
\ 

J 
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reg~ons, 50 ~hat for any f~a~ure (~nten51ty or celor) 

f t== A f + A f ) ~ A (4 6) . 
ne,,} .1. .1. J J n€'w 

2 2 _2 2 2 --. ;:, _c- ~ ..... 
A <CV + f + A ( C"'. + f ) A f . 

-=> ..... .1. l 1 J J .J new neJ.,) 

0- (4 () 

new R 
new 

Equat.l.orlS (4- 6) and (4 -;-) al..=.o apply to the mean and var .l.anc'E? 

of the gradl~n~ across the new reg.l.on 

The new adJacency values between a P 
K 

and 

3 ::: <- el P + a P ) ! P (4 8) 

ne loi , 1-< .1..1< 1 J,k J new 

3 ::: a + a 
k,new k,l k'J 

/ 

F l.gurE' (4. 4) .1 S 3 schema-tl.c y È'pres€'nta~ .Lon of' the miTrg.l.ng 

The rule .Ln~erpreter .l.dent~r.l.es the above act.l.on 

as MERGE·REGIONS <*) 

<*) Actions recognize~ by the rule 
denoted by upp~r-ca$. characters 

.l.nterpreter will. be 
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.. '. 
" 

, . 
R c::t> I? 

J ~ 
!' 

, 
,', . ' 

" 

F.lgUt~"" (44)" The !nE'rg~ng act.lon 

" .. 

4,2.2, Spli tting Regions 

Unlike ~e~g~ng. th~ process'o~ spl~tting a reg10n can be 

ThIS ~s because- a region can be-

div~ded ... .101'19 ~nlJ cornb~nation of borders, l",Ii th th,=, sole 

. 
connected p~xt?ls 

the criteria used to accomp~~sh the sp1~tting Fat' examp1.e, 

a s~mplE!' a1gor 1. thlfl bl sec'ts a re-g~on al.ong equally spacecf 

vert~cal and ho-r l.zot"ltal· .1.ines A more meaningful method 

l..solates a1.1 aciJaclii'nt pi x/i!'ls that have the same r;,1re l ::;l level 

It .1.'» cl.ear th.&t the 't\oJO Rroce$.s~s: wi.l.l gen~rall.y produce .,' 

t 
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tt.-fO ~ct:10ns prov~de the 

genE>t'al put" pO~1? 

of the rnea.::ur (,od f eatures <!I6'oss the reg.Lon, ~Ih~le the sec.ond 

. 
1..I.5e:i a morE' s-tr-uc+tJr.al approach that b~sects the r'eg~on .along . .:;.... . 

.. " 
local dLSCOtrt l.nu.i. .. tl.l?S 

4. 2.2. 1. Histogr am Spli ttirlg 

Hi.:stogt- arR anal\~~.ls has been the basl.c; .. par'adi9rt1 -ôf a 

of 

1975, and Rosenf eld, 1979] The 

a.s$UmptLon .1..5 that .l.sola+e-d peaks WL UU.n the hl.stogram of one 

Ot' more featlAt'E'S ec·r respond to di$ jOl.nt sets of pi...;'elS in t~'1e 

.1.mage 

ref lect sp atLal t· ela't.l.onsh.l.ps among p;.xel.$ 

peak th<llt covef-» a t'angE.> of gr' ey lével val.'ues may, Ln f act, 

.Lnclude con+t".l.butLons ~rom p.LxelE l.n non-connec1;.~d l.mage 

Becau5e the rule-baseo system e'tnploys ,in 

addl.tLon te spl.1..tt~"g, the above problem do es not pose a 

threat to the method of pt)al.'::!s.Ls What requl.rl?d 
.. . 

l.S a 

mean.:;; for d.ir: irltegra-t,l.ng a reg~on; Wl. th the poss~ble prospect 

of' t-l?-merg.Lng a $ubset of the parts durl.t"\g future an.::üysl.s. 

A single tht"ol"shold .,..t one of the f'eature hl.si;:ogt'ams 

classi.f' Les p.Lxel.SJ Lni;o subsets with l''ll.ghe .... · and ~ower f'eatur--e 

values. Whem thes& are 'tran.J.ated back .1.nto· the image, they 

create a number < tlJO or more) of connected al"'e4S tha~ be~ong 

-""' ..... -.. .... ~ 'il ... f51 na ''!I ~I. 
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the other subset Each d15Jo~nt area ~5 g~ven a 

label that the of the r e-g.l.on 

par- t~ t.Lon .l.ntt- odl.J.:';'.j .Ln sect.Lclt"1 "3 3 l The 

Errors will result at 

P.Lxe.ls W.l.1;h ·)<,ll..Je-.x 1,hat are clos€' to th!:? sel.ectE'd tt'weshold 

A small de"..tat~-I ln fe-ature ~alues vall r-€'sult .Ln 

.lSO la t i01'"1 of th9t should belong to the same reg.l.on 

J.n f eatur es, the s.Ltuat.l.on 

remed.Led through the fu+ure 5ppl.l.cat.l.on of merg.Lng rules 

.. 

+ 

ThreEhold 

--------------,-----
" 

R 
+ R 4 

+ R R 
r 

3 
1. -:) .... 

'-

t 
" 
f 

Figu,.e (4 5) H~stogram spl..l.tting 
, 
i 
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In order to &uecyte the SPLIT HISTOGRAM actLon. 

REGION ANALYZER mu~t eY~mLne the hLstograms o( aIl measyred 

f eatur es· and :;-E! 1 ect 't he bes-t "tri"" e3hold on one of therfl The 

CandLdates (or thresholdE are 

detected 

A (Lgure- of merLt 1$ then compu+ed for e~ch cand1date ~nd the 

one w~ th t~·IE' lCia)< 1.0llJffI 1..'-3 l ue .lB SI? lec-t ed Evaluat.lon 15 b~Eed 

tYP1cal mLnl~um p01.nt T .lS assessed 

feature ValUE'E at WhlCh the maX.lMym 1Lstogram value~ occur 

below and above T, In other' word.;;, -the two 

pO.lnts repres@nt the best pe~k5 on both s1des of T 
Il 

and F'~ then 
T 

the flgure of mer1.t for po~nt T 1S g1ven by. 

M = 
T 

~ MIN CF - F . F - F ) 
A T B T 

(8 - A) 

The f1rst term.ln equatlon <4 10) ~nd.lcat&~ how deep the 

This method for threshold ~elect~on ~s des.lgned to be 

lndependent of any tlmlng pat'" ameters, such as N'lose U':E',j for 

peak selectlon ln [Ohlander, 1975) The appraach used here 

15 a relatlve one It compares aIl figure of mer.lt values 

and selects the f~ature and the threshold that prov1de the 
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Another ~mpor~ant consequence ~s that the 

figure of mer~t ~s50c~ated w1th the best threshold represents 

hJ.stogr am 

r 
F F 

A T 

lhe latter ~s used as an argument w~thin rule 

A T B 

B - A 

F~gu,.e <4 6> Threshold evaluation 

F 
B 

F 
T 

4.2.2.2. Splitting at Lines 

An al ter·nat..\.~)e Cile-thod 1.5 to splJ. t the regJ.on at the 

line that pass through J.t UnlJ.ke the prevJ.ous method where 

J.nf'ÔrmatJ.on "or.-. al,l. p.l. .... els (as reflected in the fusto9ram) 
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Therefor~. th~s act~on ~s 

a,:;soc.lated Ioll. th rul.-:-.:- th::!t attp.mpt to ~'econc~le the ~"eg~on 

I.Jh~n a s~ngle 

.lntersects th~ boundar~ of a reg.lon at two pO.lnts. as ~hown 

Splltt1ng 15 also posE1ble 

.if more than ûne Iln~ ~ntersects the reg.ion boundary, as 

shown .ln f.lgure' 4 lb) 
~ 

If the l~ne doeE not cro~s the 

01" .lf the l.lr"ll?s are:' not connected. as ~n flgure (4 7d), then 

spll. tt~ng l..l F..l~'Jg In 

~ comb.ln~t.lon of one or more ll.nes must .lsolate 

subsets of the pl.xels belong1ng to the reg10n 

The SPLIT AT 1 L l tlES 
(, 

algor ~ +hrn. ~n ',Jh~c'i\J aIl adJacen+, p~ >(els that belong 

ot~.lg~nal reçu.o'n. <.!nd )t;h:a't are not part of a llne (~ e, 

act~on a f~111ng to 

tc, the 

c 3r-rIJ 

1 
the null Ilne l-3b~ ) reg10n label Rs 

manw new label~ are used as 1t +~~es to cover aIl the p~)els 

that carr~ed the or1g1nal reg.lon label Th1S process J'J.l11 

spI1t the regl.on .1nto as many d~sJo~nt sets as lS created bIJ 

the presence o~ l.lnes The only p.lxels that remal.n to be 

clas5.lf.led ar. those that fa Il on the Ilnes thp.mseIvp.s 

These are g.lven t~~ region label of the nearest p.lxel that 

belonged to the or.lgln~l reglon 
1/ 

• ) 
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LJ.ne 1 

~. 

1\ 

R 
R 

Ll.ne 3 

Ll.n"? 1 

;- RO 

A 

/~ 
Ll.ne 2 Line 3 

(d) 

Spl~ttl.ng at ll.nes 

Both spll.tt~ng act10ns deScr1bed aboue transform a 

sl.ngle regl.on 1n+o two or more. and the data structure has to 

be modl.f1ed accordl.ngiy 

regJ..ong cant",ot bo!" computed from those of .the old one The 

stored pos1t10n feeture~ are used ta locate the new reg1ons. 
\ 

Sl.nCe the latter fllust f ail wi th1n the old rn1tUmUrn rectangle 

coordJ..nate.s Othet"'''l.se, the stat1stJ..cal. structuraL and 

spatlal pr0l=,el' tJ..es of the n&w t" eogions are computed by 
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ÇlI' ad ~ ent, 

descr~bed ~n s&ct~on 3 3 1 

8ecal..~se of 

Th~s conclusl.on 

4. 3. THE LINE ANALYZER 

The 

conf1gurat~on. of l~nes and reg~ons ~n the STM w1th the goal 

Th~s LS accompl1shed by 

remov1ng 11nes *hat do not corre~pond to ph~sl.cal boundarl.es 

1n the l.mage. by addl.ng l1nes where gaps eXl.st, and b',J 

unifyl.hg p~l.rs of Il.hes that belong to the Eame boundary 

The- test and fllodl.f IJ c';:Icle .1.;0 eyeçï.Âted b'"j the LINE AflRLYZER 

wh.l..ch examl.nes +he features that appe~r 1n rule condl.tl.ons 

and updates thPM accordl.ng ta ~he ~pecl.rl.ed actl.ons The 

varl.~$ been descrl.bed 1.n chapter 3, we wl.ll 

now dl.sCUSS how they are modl.f1ed by the actl.ons of the LINE 

ANALYZER 

4.3.1. Deleting lines. 

When a I1ne l.S d~le+ed from the l~ne map, aIL r~ferences 

to 1.t mu.=:t 'be renloved ft'om the STM The followl.ng are +he 

steps taken by the LINE RNALYZER to ensure the consl.stencw of 

'" the stored data wh~n the DELETE LINE actl.on l.5 executed 

,. 
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(1) The l~n€' ~s retrac~d 1n the ILn€' map uS1ng 1tS startlng 

p1xels ar e rllodL f .Led to C ::iI't'y the? nu Il label 

,,' 

(2) ALI r ef et'" >?nc.as i,::, thE' deleted l.l.ne at'€, t" ernoved ft" or" the 

spat1al rela~lOn$ 
, 

relat.l.on 

rernoved and the 
\) 

l~ne label LB frped for futur~ use by newly ~dded I1neE 

It should b~ noted ihat updatlng l.l.ne .l.nformat.l.on lS 

generally f~Bter than 1ts reglon counterp~rt Th>? maln 

reason 15 the 

desct'1ptlon to 

t" ap.l.1 3CCE.>:S prov1ded by 

~11 ~.p.l.XelS that belong 
---

the ch~Hn code 

to one l.l.ne On 

coordinates must b~ used to locate aIL the p.l.xels of a 

pa/;;'-1:1culat' r E'gion 

4.3.2. Extending Lines 

\. 
8ased on ""t-tH? as.sumpt.l.or"'l that 

1 
1 
'-..... 

an .l.Mage partl~1on is 

composed mostly of cl:)nnec'ted l.l.nes. a subse-€ of th~. ~r ules 

will attempt to ektend open l.l.nes 
~ 

Forward extenS.l.onS are 

achieved b':l add1ng p.l.xels 'at the ~.l.ng pO.Lnt, Jhlle bad<~!=lt'd 

extens10ns att.mpt to elongate the li ne at ~ts start.l.ng 

l 
fI 
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Tho? LIrŒ AtJAL'lZER use.=: three d~ff"?t'E.'nt method5 for 

! 
wr 

4. 3. 2. 1. Local Gràdient t1ethc,d 

ThlS m~1hod ~Ytend5 a 11ne- along the d1rect~on w~th 

maXlmum local gradlent (lf 

pOl.nt 

ad~lacl?nt 1;0 the term.'ln,Ü pOJ..nt to search for the presencE' of 

a local grad1ent Only a subset of the el.ght-connected 

The I1ne d~rect10n near l.t5 term1n31 

pOl.nt l.S" used to sele·,:t posslble r.::andl.dates for addJ.. (lon In 

pOl.nt of a 111'"1P, ~nd the arrow l.ndl.cates the 1l.ne endl.ng 

dl.rectlon ~d&flned ln sectlon 3 3 2 1 ) Otlt of the e.l.ght 
'-

neJ..ghbors. +h9 three candJ..dates denoted by + sJ..gns are 

selected baEPd on endJ..ng dJ..rectl0n Thes-e 31'';:'> 

chosen to a~)OJ..d -3br'upt chan':;Jes ln dl.rectJ..on a10ng the IJ..n8> by 

code transJ..t10ns ln a ~lmJ..lar manner. f J..gure ("4 8b) '5how~ 

the candldates for b~ckward extensl.on from the start1ng p01nt 

/ 
S as a functJ..on of ~he starting dJ..rectJ..on 

Candidates wJ..th a LOW gradJ..ent value are reJBcted If .. 
more than one c~ndJ..date remaJ..n, the one with the hlghes+ 

gradJ..ent magn~tyd~ 1$ chosen as the new t~rm1nal pOl.nt The 

process lterat~s untl.l no new pOJ..nts can be added Thu;: 
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occurs when another 11ne ~s encountered. or when aIl three 

ualue- 3bove procedure 9re 

+ermed E:.-:TEtm Lrr~E FORWAF:D and E>aEND LINE BACn·JARD 

-1 -+ 4- -+ -+ -+ + + 
---;:. E + E .... E .... E 

+ /1 t , 
un [1.J [2] [3) 

-+ i/ ~ ~ 
-+ Ë~ + E E E + 
-+ + -+ -+ + + -+ + 

[4] [5] [t.] [7) 

<.",) 

+ /' t '\ 
+ S~ + S S S + 
+ -+ + -+ + + -+ + 

(0) Ci] [2] (3] 

-~ + .... -+ -+ + + + 
4- S + S .... C' v + S 

-+ / t ~ 

(4] r5J [6] (7J 

(b) 

F1gure (4 8) C~nd~dates for 11ne e~tention 
Ca) Forward From end1ng point. 
Cb) 8ackward from.s~ar~~n9 point. 

4 
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4. 3. 2. 2. Proxiroity Method 

Gaps are cr.ated ln boundarles when edge p01nts are 

m1ssed beca~z0 th€~ possess wea~ local gradlent The t" e5ul t 
( 

1 

1S a "partltl0n of the phy5~cal bou~dary ln~o several tletached 

line s=egmeni.s 

~01nlng the:e 11n.= +oge+her bec~use of the lack of local 

Another 3ct10n 15 therefore requ1red that 

The 5p3~1al relatl0nshlps between I1nes. lntroduced ln 

sect10n 3 3 2 2 , provlde the nece5sary lnformatl0n for such ~ 

a procedure and 

there eXlst5 ano-ther lJ.ne ln front of 1 t. the reJ..:I"t'10nsh1p 

1nd1cates the d15tance 3nd POZ1tlon of the nearest p01nt on 

thlS ne1ghbof1ng Ilnp Aga1n, +hree cand1dates are selected 

based on the ~ndln9 dlrect1en accord1ng to f1gure <4 8a) 

the next P01nt on the 11ne 15 now selected 50 as to 

mln1m1ze the dlstance from the new end PW1nt te the nearest 

point on the 11ne 1n front, as shown 1n f1gure (4 9) The 

process i~erates add1ng new p01nts to the L1ne unt11 the gap 

1S closed, or the I1ne strays from lts dest1natl0n 

latter w111 eccur 1~ the dlstance between' the two l1nes 

1ncreases when a new p01nt 15 added 

ln""", 

.. 
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p 

) 
,fo? ----

L.l.ne 1 
o selec1:ed pO.l.n+ 

b~ extend1ng 1ts $tart~ng pOS1tion Oppos.l.te to ~ts start1ng 

d.l.rect10n. a~ long as this reduces the d1stance be tt..JEt' en the 
" 

" two l.l.nes The two aC+.l.on. prov1ded by the LINE ANALYZER are 

terrned JOIN LINES FORWAPD and .JOIN LINES BACI<WARD 

4. 3. 2. 3. Extensions Based IJn Regions 

In addit10n to the prev10us methods. line extens10n can 

gU.l.ded by neighbor1ng rég10n 1nforfuat10n 

par~.l.cularl~ useful ~he~ a l.l.ne falls between two reg~ons and 

has one or both of 11;s term1nals open In the absence of' a 

s1gn.l.Picant local grad1ent and any ne1ghbor~ng 11neg. the 

boundary between two d.l.fferent reg.l.ons prou~des a path for 

It' th1s case, 

1nformat.l.on is used in .l.mprov.l.ng the l.l.ne part1t.l.On 

( 

.: .-
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The b~sic procedure of select~ng the cand1dates at 

ei ther terr.l~nal f cd l O\~S fram f 19 ... ~re <.4 8) Çlf' these, the 

p1xel that falls at the boundary between t~o reg10ns ~s 

chosen as ~he new addii10n to ~he 11ne, 

f 19l..lre (4 113) The process w~11 cc.ntu\ue unt~l the 11n€' 

closes on another l~n~ or an abrupt change 1n the d1rect10n 

of reg~on boundar1e~ forces aIl cand~dates to be non-boundary 

points The aCt10ns that extend I1nes by 1nsert1ng new 

pb~nts betw~en reg10ns are termed INSERT LINE FORWAPD and 

INSERT LINE BACkWARD 

L~ne 1 

F.1.gure (4 H» 

The s~x act10ns 

resl.Jl t in a.ddi,ng 

eX~$t~ng 11ne Th1S 

the STM fe atl.H- es for . 

R 
A 

_--0-. - .... 

R 
B 

de$crJ.bed 

new p01nts 

in 

at 

., . 

th1S 

the 

o selected p01nt 

section "'111 aIL 

start or er,d of an 

will t"eqU.l.re a mod.Lf1ca-t.LOn .:;) f' fI/ost of 

that l.l.nJ The l.l.ne length ~s .Lncreased 

and ... .1. ts cha~n c:odl!!' has new add.i t10nal Th~ 

stat.l.st.1.cal and pos.l.tion f'eatut"E'S are recomputed, the 

1 
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startJ.ng (or 

l1ne label 

€.~ng) p'J.l.t'tt and direct.J.on are changed, ~né:l the 

loS a~d to tht? t)l?toJ points 1n the map. F'J.nalll::l_ 

the spatJ.al r el a t1.ol"l$h.t.p = t..r1 th othet~ l.l.n';s and regions 3re 

altered to r~flect changes J.n dl.S~3nCes and length 

.4.3.3. Î'1erging Lines 

When two IJ.hes ffiPet i the poss1bJ.l.l.ty arises that the y 

are p3rt of the- ~:aflle ph\.~s.l.cal bOI"l~~~';f ') Fl.gure (4. 11) shows 

two examples 1.n whl.ch the above 1~ true In (El), the two 

I1nes are co11near .and cati clearly be merged 1nto one 11ne 

The sJ.tl"latJ.on 1n <b) 15 l'lot so stra{ghtforward The 11nes 

f orm a T J\ .. mct.l.on. and J. f' a r ule"s cond1.t10ns stJ.pulate 1 t, 

they can be ffierged 1nto a comblnatJ.on of two d1fferent IJ.nes 

For example. the l.lJustrated act10n wl.ll minim1ze changes in 

the d1rect10ns of the 11nes In general. when two IJ.nes are 

merged_ the result 1S two other IJ.nes. one of which can be 

non-e;,ustent (.as 1.n f1gure (4 1i.a)) In sorne cases. the· 

second 11ne will be a res1dual artifact of th~ mergJ.ng 

::t,:. shoJ.m 1n t .l.'~UN? (4. 11c). to 

preserve the 91!"nera11ty of the action, the IJ.rle .l.S 

maJ.ntaJ.ned, and wl.ll pro~ably be deleted in the future 

through the applJ.catJ.~n of another rule \ 

t terminal The mer gJ.I"";;) ac+ l.on \·'-l.~l dynamically ((rodiTY 

points, and cha~n code of the two lines 

l.Lne .1.$ merged WJ. th an.:d:her that is in f:ront of i t,' as in 

f'igure (4. 12)J thE' ~tëlrtit)g point of l..Lne 1 remaJ.ns the .same, 

th~ enaing pO.1.nt of l.ine 1~becomes that of line 2. and the 
: 

. ~,. --·· .. ---_'11 ... _ ...... *fu'.~. _ 
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.C> - ,. 
Line ~ 

C' Line '2 
i 

> ,.. 
Lir.\@ :1 

.--- ~ \... ...... _-~)-----
\. L.ine 2 

c===~ ----____ ~>~~~-------
L1.ne 1 Ll.n~ 2 Ll.ne :1 

(c) 

Fl.gure <4 11.) MergJ..t"lg Ll.nes " 
(a) Iwo lines marge into one 
(b) A partial merge of twp lines into two o'thetls. 
Cc) The residual line is artifactual. but i5 

maintain&d to preserve generalit~ 

S 
:1 

)0 

Ll.r.e 1 E 
'1 

s 

c 

s' :;> S 
e 2 

Ll.ne 2 

(':=' C 

Line 2 

f-

E· 
, 2 

---_____________ ~~2-----------------
)0 

S'= S Lim! 1 E).= ~ 
1 1 l' /2 

Figyre (4. 12) T~ fot"ward merging of two li~s. 
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E 
1 

E' = E 
1 1 

F l.gur!? (4 1-~) Th~ b~ckward merglng of two Iln!?S 

ch~.l.n code of 11ne 1 .l.S mod1.f.l.ed to ~nclude the part of the 

ch~.l.n code of l.l.ne 2 between pO.l.nt C and .l.ts end pO.l.nt The 

cha.l.n code of Ilne 2 15 reduced to the portion between .l.ts 

st.:wt1ng .. pO.l.nt and pOl.nt C, ,,,,h.l.ch becomes the net" end p01nt 

for that l.l.ne· The EpeC.l.al case 1n figure (4 lIa) w111 occur 

when pO.l.nt C 15 +he start1ng p01.nt of l.l.ne 2, ln whlch case 
..l't' 

th.l.s l.l.ne w.l.11 be completely .l.ncluded w1th.l.n the cha.l.n code 

of l.l.ne 1 

merged w.l.th l.l.ne 2 wh.l.ch ~s behlnd .l.t The end pO.l.nt of I1ne 

1 rema.l.ns the same, lts start.l.ng pO.l.nt becomes that of I1ne 

2. and lts chaln code is ~h.l.fted 50 that the port.l.on of cha~n 

code between the new itar*.l.ng po~nt and po~nt D lS added 

first L1t"IE:> 2 nOI.1 has a new starting po~nt _ D, the same 

.... 
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corllpletel~ rllerged lf po~n-t Co hBP!=.ened 1:0 be ~ts endl.ng pOlnt 

upd",-ted 

+he 

str uc "tural, ~pet.l.al 

pOS.l.t.l.on features must be rE-computE'd Once aga.l.n I.JE' no-tE' 

th~s prc.ee55 

loS done 3t 1111.11.\ nl:d carllput 3t.l.Qnal cast L.l.ne rules refer to 

the above 3ct1on3 a2 MERGE LHIES ~OP(,jARD 

,) ) 
and r1ERGE LItŒS 

1 

4,4, THE ARtA ANAL ~'ZER 

Part of the anaJys.l.s of an l.mage .l.nvolves the 

and updat.l.ng of +he foeus of attent.l.on areaS 1.ntreducE'd .l.n 

sectl.orl '3 '3 J Th12 t3S~ .1.5 carr.l.ed out by the RREA ANRLYZEP 

module, thes€' that 

generate nelo.l ~r ea:: dnd those that rna~nta.l.n eX.l.:;t~ng ones 

4,4.1. Generating New Areas . 
Areas of attent.l.on dre generated from groups of reg.l.ons 

and l.l.nes through the ~mployment of rules that have three 

types of actl.ons The fl.rst creates a nelo.l area whE'n 

partl.G:ular r eg.Lon or ll.ne satl.sf.l.es the crl.ter.l.a for be.l.ng , 
the nucleus for that area For example. a large rE'g.l.on W.l.th 

low var.Lances .Ln the measured features serves as a nucleus 

For a sffiooth area A sm~ll regl.on lo.Iith a large nurober of 

l ' 
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ne~ghbor~ becOMes the core of a teA+ured area 

can forro th~ foynd~t~on For a bound~d area When any of the 

above cond~~~onE ar e ml?t, "the APER RNRL'T'2:ER cr eates a nef,l 

entr'y ~n the STt1, COfllpf...J+e.::- ~IU t~al de.5ct'.l.pt.l.·,Je f E'atl.-Ire=- for 

the ~rea. and Let~ up the proper area type The act~ons; '!\hat 

prov.l.de for ~he aboue are termed CREA TE SMOOTH AREA, CPEt-iTE 

1 TEXTURE AREA. ~nd CREATE BOUNDED AREA. respect.l.ve1y 

the second type of ac+~on prov.l.de3 for ~ts expans.l.on Rules 

exaM~ne ne.l.ghboring reg.l.ons and I1nes to determ~ne whether 

they should be 1ncluded wlth.l.n the area If the Cr.l.terld are 

met. a reg~on or 11ne 15 added to the area, and the stored 

pl'oper tl.es are to reflect the change The 

correspc.nd.1rlg éict.lons are ter-l'lied ADD TO '3MOOTH AREA, ADD TO 

TEXTURE AREA, and ADe TO 80UNDED AREA 

The thl.rd and f1n31 ~ctlon type 15 performed when a 

grOW.l.ng area Mee+s the crlter.l.a for represent~ng a typica1 

For examp1e. a smooth 

... area must be- dr suf f .l.cl.et .... t S.l.ze, a tex1;ut~ed at'ea must contaln 
Q • 

a ffi1n1mum number,of reg1ons, and a bounded area must conta~n .. 
,\, 

l.l.nes that fOI' m è lc.~ The AREA ANAL 1r'2ER wl11 then e>~ecute . ' . 
'" an' action that J.dent.l.f~S ~thGl .al"'ea.as an ~ndependet1t en1n~y 

within the STM and computes 1ts descr1pt.l.Ve propert.l.es. ~he 

act.l.on name ~s e.l.ther SAVE SMOOTH AREA. SAVE TEXTURED AREA. 

1 
or SAVE BOUrWED AREA. t~espect..l.vely The areas are stored in 

the area descript.l.on relat.l.on descr..l.bed 1n section 3. 3 3 • 

'thus allowing th~m to be used for focus of attention and 

, 
'. 
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o~her strateg~ d.t~rmln3t~on funct~üns 

4 4.2. Malntalnlng Current Rreas 

e-ach area undergo changes as a result of merges and spllts. 

Con!5eq ..... en+,l '::l' t'he 

pt~opel'"t~es of SI..Ich as +he number' of reglons. +he 

and E",)en the shape, 

These ModlF~catlons are monltored by the 

AREA ANALYZER so that lr an area ceases te satlsfy the 

cr~tel'"la set 

01'" .l.f 

for lts lt can be reclas~~fled 

Rn eXlstlng area can be relabeled lnto a~other 

J. -t f alls t-q meet the requJ.r~men~ 
(-

or sm~:l tl.,iP~ ... 
the 3rea I.all be d~leted For example, an area J.S ln~tJ.31ly 

class1fJ.ed a$ te~tured lr J.t contalns a Large number of SM3ll 

re'J.l.ons If thoi:'se .... are mer geod dur J.ng proc:esslng lt'"1"tO a 

smaller nl.,Ir"ber of large t'egl.ons, the area rtl8 1J b€'come srnooth. 

or l.t May cease to eX1st as an J.nterestl.ng entry fer fecus of 

attentl0n 

The actl.ons· that prov1de for these adJustments are 

RELABEL AREA sr100THJ RELABEL AREA TEXTURE, RELABEL AREA 

BOUNDED, and DELETE AREA The F1fst thr~e involve m.l.nlMal 

and 

S.l.nce they only requ.l.re the mod.l.f.l.cat.l.on of the area 
1 

The la:::t .act.l.;.t~ w.lll t'lérg the- areaJ free 
1 

r~MOV& 1tS entrw frOM.the lJ.st o~ ava.l.labie 

lab~L 

érreas Th1S, 

ensures that the stored areas at any pO.lnt in t.l.me, as weil 

as at L ~he end of procesSJ.ngJ wJ.li truly represent the label 
~ 
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4.5. THE ~OCUS OF ATTENTION MODULE 

The t OlH' JilOdu.les de.sct" J.bed at"e 

responsJ.b.le for th& actual proce.ssJ.ng that produces an output 

The next tua ffiodule~ deal 

Becau.s>? of the 

. 
the data atructure .stored ~n the STM. a 

mechanl.sm J.S Fequlred ths+ organJ.ze~ the methods by whl.ch J.t 

J.S tested and ModJ.fJ.~d The three I<nowledge modules 

pastl..üate- the presenc~ of a specJ.f1c region. IJ.ne. and ,rea 

ta match their rule~ ag31nst at ~ny pOJ.nt durJ.ng processJ.ng 

The functJ.on of the FOCUS OF ATTENTION MODULE J.S to choose 

1 
these data entr1e~ from among those stored J.n the STM , 

The ~~lectJ.on process proceeds a 
~ 

f ash Lon FI" Clf" \th"" Il'§t of ",'..J2;l.labl ... at"ea;=; one J.:S designated 

If thLS list J.S elilpt'J' the 

whole l.mage 13 consJ.dered as on"? area When a ne~ ~rea 1.S 

ft"om that t~elatl.on 

, 
~quatl.on (3 23 J .O+her regJ.ons and IJ.nes are then selected 

• from wJ.thJ.n the current area by YSJ.ng a number of actJ.ohs 

provJ.ded by the FOtUS OF ATTENTION MODULE The l.3ttèr 

t 
as shown .1.t'1 f Jo g'..Ire (4 14 > 

• 
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LI'3T OF A('JRl ENT 
1 

"- , 

1 

REC,IOW; 
1 

1 

..... C UH'ENT .- PF-GION 

J 
~ LIST OF TOUCHIt~G .... 

r" LIt-lES 

/CURREtn 1--

( AREA ~ 

l -
, LIS TS OF LINES 

7 INFPONT) BEHINu" 
RND PRRRLLEL 

, 

, CURRENT 
~ 

LItJE 

, LISTS OF f<'EGlm~S ,. 
LEFT AI,JO RIGHT 

Fl.gure- (4 14) Current ~n+rl.es selected by the 
FOClIS OF ATTEtHION f10[oULE 

Whenever +he FOCUS OF ATTENTION MODULE lS called upon. 

1.0.11.11 

f l.g\ .. we (4 1.4) 

data-dr~yen 

ta update the structure shawn ln 

The mechanl$M 1.S aiso ru1e-based and 
1 

Focl..Js of attent l.on ru1e.s are matched agè)..t.t~t 

the data, and as a result, the current entrl.E.'S ma'::! be 

replaced b~ new ones The rules hav~ actl.ons that focus on a 

ne .... area, as 1.011;,.11 as others that brl.ng l.n the next reglon and 

next llne W1.thln the current area A ,set of rules can thus 
C; 

be programmed to execute a partl.cular strat~gy fo,.- vlsitlng 

~ 
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f?.ach areoa how the focus o~ 

to exeCI.,ltE' 

al t@t~~ng th.;. t "" str~te9~ dur~ng process~ng 

L. 

th.;:> 

~ 
avaL1ablE' opt~onE for $elect~ng the nE'~t data E'ntr~ ~re 

d.lsc1.,lssed be.low 

4.5.1. ~ocusing on Areas 

D1fferent ~ct10n$ are prov~ded that select the next area 

~ chosen based orl thE'.lf~ typ€'o '::;0 that there are 

AI'"E.>3S can be 

act10ns t.hat , 
GET THE NE/":1 S~100TH AREA, GET THE NEXT TEXTUPED AREA, 01'" GET 

THE NEXT BOUrWEu RPER 

-- .1rre,:;:pf?ct~\)e of tl,~pe so th3-r the actl.on w.111 GET THE NE:"::, 

AREA f rom al.l the :;,') iiI.l..13ble ones 

based 01'"1 f ac,ot-:;. ::uch as time c.rder Ot' need f 01'" pt;''pcess~n9 

The se1ect1on ~tel'"~a and the d~c1s~on-making process for 

these act.lons w.lll be d1scus.:;:ed 1n deta.ll ~n chapter 6 

Once an area .1~ self?cted. ·po.lnters at-e set to 1 ts 

features, ar,d +'0 the fJ.t'st reg.lon and ll.ne .ln the area, as 

t 
spec~f~ed b~ the descr.lpt.lon l'"elat~on of equat.lon (3 23) 

The FOCUS OF ~TTENTION ~lODULE executes a strategy for 

·V.lS1~~ng aIl the reg10ns and .11nes in the area Th~s 

! 
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the 1.lhole 

thE' FClCUS OF AT rENTIOtl M[I[iULE fOUS+' ke-ep trac\.< of "the rE-(;Jlons 

IJhen a ne-',i reg~on or l~ne ~s 

fetched one of thE' de-scr.l.bed Hî the nl?V+ 1;1"1) 

sect.1.0ns, label 1$ added ta one 

pt' ocesz~ng ~'I.1. sIe, r ':.~ En-!;r.1.es on these 1.1.5t.= cannat be 

re'Jis.1. ted Th.l.5 vall pt" e'Jent loops th,~t accur ',i!r,en tht? 
" 

mech.an.Lsm oS'c.l.ll~1tE?x bE'tl~een two pat' t.1.cul.ar entr.1.e:=- Two 

ac:t.1.0ns are J:' t' 0 \),1.d E' d th ::lt dllol,i for r e-gl.Ot"l.s ;,nd l.l.nes to b,:::· 

" 

CLEAR REGIOt~ LIST and CLERR LIt-JE LIST, resp~ct .l.vel':.l The 

act.1.0n.i:> the- ~ffect of forgett.Lng the prev.1.ous pa+h of 

,.. F .l.nalll~. th>? FOCUS OF ATTENTION t'lODULË has ttî€' optl.on of 

., rerllo\).l.ng ft'Ofll th.;' 1.l.Et of oW3l1abll:? are as th,.;. ones that CP3se 

to be Ot .l.ntere5t 1 hlS can be e\.adent lof no S.1.gn.1. f .1.cant 

place '.Jhen an are-a. .1.5 br ought lonto proce sS.1.ng 

To avo.l.d fLlr+hE"t' VJ,S'lts -to such an area a rule car. rflob.1.1.l.ze 
h 

an act.l.on that w.1.1J F~EE2E the RREA out of process.1.ng Note 

that th.l.s 3Ct.l.<:m .1.:::" dl.s-tlngu.l.she-d from the- AREA ANAL 'r'ZER 

-that t'rom the STM Free:;:.1.ng ~J.1.11 

. 
render 't'he at' ea ,lnEtct.l.l.'e J.t) the .l.mage-, but l"J.ll rn:nnta.l.n lots 

proper t .l.es for r-epresentatl.on in the f.l.nal outcome- For 

e-xample-. when -a. te-Ktur-ed area c~ase5 to be ffiodl.f.l.ed by the 

" 

1 
!", 
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r 

t proce5s~ng modul~s 

., 
.\.. ts entr" J.€'S 'Hll not b.,. 

J 
tested any 

be noted ~n the t· eEI.~ltJ.nq 

segmentai-J.Otl 

4 ~ ,. , '., c. .F oCI~sing on F.: egions 

capable of follow1ng 

!:iltet"nate- path.:;- I,.h.;.n 'J~s1tJ.ng the t"€i'g1ons I,.1J.thJ.r" • .3 c'Arrent 

that mo' .... e J.n ~. dJ.f f e-ren+ manne-I'" ft~om one r eg~on ta the- next 

Two possJ.bJ.litJ.E's &xJ.st eJ. "ther a random s~lectJ.on of 

another regJ.on ln the ~ame 3r~a of attentJ.on. or a selectJ.on 

b.ased on the f e :lt1.lreaE of the ew" t" ent and new r~gJ.ons The 

focus of atte-ntJ.on rule3 can èxecute one of the f ollo~JJ.ng 

(J. ) Get the regJ.on tH th HICHE':.T ADJACENC'f valt~e te' the 

CW' r ent r'?gJ.ot't 

< J.~) Get the reglon wlth LOWEST ADJACENCY value 

(l~.l. ) Get th€" adJ!:icE'rlt re9~on' ' .... 1 th LARGEST ~.IZE 

(lV) Get t ~""t ëtdJacE'nt t'eg~c,n vil th SNALLEST SIZE 

(v) Get the reglon that .l.S encol...jntered when ~cannJ.t'lg .. 
the .Lm.age l..n a RA';TER SCAN starting at the current 

(v~ ) Cet the re-g.l.on lII.dh the t'lext HIGHEST regl.on LABEL. 

( 
The fl..rst two act.l.ons: dep'Ô?nd on s:patia~ adJacency. the next 

two on sJ.ze. the fifth on pos~t.l.on, whLle the last action ~s 

independent clf thE' r-e-g~on propet-.ties 
., 
" l;. 

.. , 

L l 
'"' ~ ..... - ........ " '#_~""' ... a ........... '_ ........ IÎ k.~_ 
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Cand~d'j+es fC1r -the ne<t r~'g~on are arranged .=tccordlng to 
4 

F c't' "", arnpl"" , the f ~rs-t ae t~on abovp 

nelghborE of the 

1:0 "thE'lr adJ~cency v3lues Th~ reglons ~ha~ 3re 

Of the- t'E'rlld~n lng 

ch03en to th~ n~w current reglon 

nE1'.l.ghbor 5 .:sr E' on the process wLll ~terate by 

selec t1.ng - ~h€'- neo.l..ghbot' of a nel.ghbor (u3.Lng the- S:ilYle 

erlterlon) 

the area have been &lready vl.s1.t.d 

Each of the at>c·\;(;> 3etl.Q/ïS w.l.1l r.."su1t .Ln the replac€'mo::'tl-f 

of the- current reglon POl.nter$ .at~e set to the propert.l.es of 

to 

f l.gure < 4 i4) 

4.5. 3. Focusing on Lines 

of regl.ons, except For the faet that the 

The FOCUS OF ATTE"TION MODULE 

can l.nvo~e one of th~ followlng actl.ons , 
o 

(1.) Get the C LOSEST line that 1S IN FRONT of the 

current line 

. C1et the CLOSEST l~ne that loS BEHIND the current 

l1.rr. 

~--~- ....... - ~4_$-__ ... n ... __ - • 



, 

(l.l.~) Ge-r +he CLO;EST l~nE? that .LS PARRLLEL to tfle 

c: '.H' r.? rd: I.l.n.;? 
~ 

( I.~) ) Ge+ +,h"" LONGE';T l.l.ne th:-.t J.5 n<?:!r the cur t' E"tlt 

11.1'10" 

Get the ~HORTEST l.Lne th,t J.S near 

( lJI.) G~t thE' l.l.ne wI.th HIGHEST GPADIENT that I.S ne3r 

" l)I..l. ;. G~t th~ lI.ne wlth LOWEST GRADIENT that 1.5 ne~r 

(Vl..l..l.) Get +he l.l.ne ln a RASTER SCAN 

f 
/ 

f 

Note that :. l.l.~e thai l.S near another must be l.n front, 

Ot' 1=':':11' Oillel ta .1. t When ~here .l.S more than one ll.ne 

.Ln ft'ont (beh.\.nd or p .• wallel), th.,.. f .l.rst tht~l?e c.pt1.on:: (,'1.11 

get the one t,'l. th the lell"e.:;+' dl.stance ft'om the curren+ l1.ne 

The next four opt.l.ons. on the other hand, wl.ll get the l.Lne 

f o;;.ature, W.Lth respect ta the other llnes 

• R9aI.n, each e,f,.,. the de t.LQns ~JI.ll '.,Ipdate the l.l.$ts -:and pO.l.ntet'3 

4 ,. 
, b, THE SUPEP',iISOR 

In addl.t.Lon to determ.l.n.l.ng the sequence in whl.ch the 

data .LS to t,e eXanl.l. n>?d <:ind mOd.l.T .Led, other .l.mpor -tant control 

A 
J 

mechan.Lsm .l.S needed 

W.Lll spec.Lf~ the order .Ln wh.Lch the V3r.LOUS prOCe5SI.ng 

modules are act.LI,'ated, settle the- conf l.Lcts that OCClW to.f)en 

more th.m Qne- r-ule can nl<3tch thE? data, and dec.l.de- ~.,hen -to end 

the pro~ess.Lng of an ~mage The-se funct~ons ar~ undertaken 

the SUPERVISOR, .a control module that employs .a 
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J 

rt..üe-'bas€-d. dat 3-d,..- .Lu>?" mt?"thodologl:l 

The SUPEPVISOP ma+ches .l.ts own control rules (or 

rr,eta-"'-'.-Il€-3,o on the data 

spec.l.f':=J '.tfuch set of t'ul>?S" sho,-~_ld be rn.atched nE;'><t 

rl.Ales· th.l.s .l.f eqlu~"'::.Jlen+ ta ld""r,t.l.t't,.l.l.ng, based on the datE). 

the ne~t module +0 be ~ct1v3ted 

t1ATCH REGlüN RULE'S, f'IATCH LItŒ RULES, MATCH AREA PULES. and 

MATCH FOCUS PULES 

'set of 
1 

proceSS.l.ng s+rategy 

p3rt.Lcular 

One of thE' fl.mctl..ons of the SUPERVISÜR 

proper ly l..nl.. tl.ali:::ed 

The INITIALI~E REGIONS, !NITIALIZE LIrlE'3, and GENËRATE AREAS 
'v 

actl..ons trl..ggE'r the 3pprOprl..ate processl..ng modules 

INITIALIZEF' and the APEA 
l 

(th~ 

the rule-based ~odules The . STOP 

act.Lon l..S (:o:><€'cuteod OtÜ~ once as part of' meta-rulE's tll\'a1: 

embody +he Crl..ter1a for t~rm1nat1ng the proce~s1ng of an 

image 

In addit10n to the me~~-rulesl the SUPERYISOR ~mplo~s a 

set of h.l.gher level ru~es to adJust the system contro~ 

strategy by chang1ng the c.rder 10 wl1l.ch the val"~OUs rules arv 

matched te the djta A dyn3mic decision-mak~ng proc~ss 

determ~n~s the d~rferent e~em~nts of the control strategy. 

i' ,1 

~ 

1 
-.... " ... ' .. ~ .. , • ' ,. Il 1 "',ch ~ < 
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deC1~10ns are used by strategW rules wh1ch 

the focus of 

"attent1on rules. and the m~ta-rules 

the control st-,.- 31;{\'9~~ ,jete t~m.Lnatl.on process w111 be 

c:hapter 6 

.. 

" 

\, 

, 
, . 

( 

• r 11 ,~ 
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C' CHAPTER' 5 

~ 

K ,..~ CHa.I LED G E A~~D CONTROL 

5.1. INTRODUCT10N -. ~" 
In the past" al.mos"t a~l ~mag. s~n"ta1:.ion sy~1;ems have 

conf'.1.ned their 1:0. an a.l~ot"i thn'iic: t'::fpe" of'. 

proceSS.1.ng So far; each of these approaches has prov.1.ded a.· 

~olution b~' incorpor aili.1.~1g ~ome knowledge about the proper+'l.es 
.. 

of' .1.mages, or "the :=:cent9s that the y repre:;E!tnt. , As a resul t, a 

l\1.1.de variety of' lOl,J J.ev~l sources of .1.nf'\ormat.1.on ab6ut hOl" ta 

segment an iroag ... ' h-3 I , l e I:leen ac:cumulating." The :structure 

emplOl,,4ed .ln order to u~ the knowledge is, .in IrIC?St casl:>si a\ 
t-' 

s.1.mpl.lst.1.c one. that .1.5 +ail.ored to the part.1.~ular needs of 

the s'Jstem SUCCE?$$ h.as been restric:ted to very $peci~l ... 
; . 

purpose mechanisn1~ that. make use of specifie knowledge about 

the c/ass of' .1.mages und@'r cot",sider.ltion. in order 1'0 soh .. e 

the segm~ntat.ion problem General' purpos. alg.orl. thms' eXl.st, 

but they only provide part.ial soluiions, in terms of f indl.ng 
~ . 

e~ges> or some other" for/l'l of incomplete 
.. r 

s"Olnentati.on of' a 1'\ 

imàge. Ji 

..--~ .... ~ ............. -._-------__ t __ ioIS, .... ..,.,r 

j 
.' 

, 
J , 

1 
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A general purpo~e solution ta the problem must util~ze 

an ~malgama~1on of the learnt e~per~ence reported in the 

F.Ot' all 

there ~'1l'l è~~L::+ a sl;bset tha+. .l.S more su.!. table f or a 

particular clas5 ~f 1mages 

only be u:=ef LÜ for p ::wts of an 1mage, wh.!.l e other-=- ' . .1111 be 

more appropt-ja-tp..l.n d.l.ffE't'ent arl?.a.:;: of th.;? S!3ml? 101.age A 

'" general pt.!!'" pose aIL a~).a1Iable 

1 

~nformat10n. sa ihat 1t can br.l.ng the proper on~~ 1n+o act.l.on 

In ordl?r +0 comb.!.ne aIL these var~ous source. of 

~nformat10n 1nto th~ same model, we need a format fle~1ble 

enaL4gh to "'.1.1 h:::+ ","d +he dl ver.5~ t'J of ~ ts C:Ot"lst.l. tuent.€". Onè 

from the procezslng modules. +he control mechan.l.sms. and the 

data ta be pro~e~sed 

delet.l.on of a p.1.~ce of 

the mode1 

The add.l. t1on. 

onl.".j .J reQI.,l.1.re 

or 

+he 

Th1S 15 aQ ~mperat.l.vl? neees.€".!.ty. 
-~ 

sinee .l.t renders the model eagy to e~tend and mod1fy 

Kno'oJledge .=:hotd d also be t'ept'eEe-n+ed .l.n a l'lI0duiar 

fash.l.on Each chunk of informat1on should be l?as11y 

access.!.ble. .and a~ mu ch as poss1ble. .l.ndependent of th~ 

o+hers con3t1+ut~ng the model Th.l..€" requirement ar.l.:::e.= from 

the Tact +11::.t -th\? d6's.::ign of" a gene.ral pl.../t~pose l-mo1olledge-ba.::ed 

system mus+ pass +hrough a learn1ng pha::;e DL1t~~ng +h.l.s 

stage, d1fferen1; h~I..H"~st~c:z ar-e tested .l.n ot'der +0 e',)alt~ate 

the va11s:f1. t':.-I of ~rncll...Id.ln9 them l.n the model. This should be 

, 

1 
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modular enough to allow ~or the employment of an 

.a:s 1,1 <? 11 a ~ co rtü:'.l. ri a i;.l. on:s 0 t~ , 

model Th e for m !l"t- I--ISE'd must be general o?noJugh to accofllflJod :::.te 

This tllu~i; be 

~mposed by ~he ~act +hat the Model wlll be ava.l.lable to 9n 

~he creatlon of 3 

and machine Ideall~ ~h~s 13nguage should prov.l.de the ~e3ns 

t 
~or transla~ing +he l.l.ngu.l.st.l.C text u3ed by humans .l.nto +he 

spec.l.f.l.c data representat.l.on used by a mach~ne 

The- reqL./.l.r' eme-nts do?sc:ribed above represent the 

structural constra.l.nts .l.mpo3ed on the medel .In add.l.t.l.on +0 

o 

the system propertl~s dlscu~sed .l.n 3ect.l.On 2 4 2. they 

pro\J.l.de the roo-la\}.<'.d:~on for usang the- t~l"üe--b3sed approach to 

image pl"oce::::::-ii'"lg Vnowledge abou+ +he low level propertles 

o~ images .l.E e-ncoded ln+o product.l.on rules. Thes€' are stored 

in the LTM. and are separated fl"om. but acce~s.l.ble to. the 

system's proc:ess.l.ng modules The L Tf1 th!."s pro ')ldes ~he 

storage med.l.wo for +he modç:oL I.Jhose mod.l.~ .l.Catlon \,olould Qnll~~ 

reqU1re acce$S to that data structure The rules are th~ 

modular entit.l.es of it",f"ormat.l.on They can be ac:c:essed. 

.. 

; 
o . 
\ 

t 

l , 
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modif~€'d . and replac.d ~ndividu~lly or in groups. 

of a nurnber of 

desl.gned TO be f" l>"'x.l.ble <?no~gh to allOt.) for the 

representatl.on of all the sl.tuatJ.ons encountered ~n the da~3. 

while actions corr~spond ta procedures provJ.ded by the 

The model ~tored in the LTM embodies the three levels of 

rules l.ntroduced ln f.l.gur~ (1.2) Rules at the f1rs+ level 

~nco~porate J.nforma~J.on about the proper~~ps of reg~ons. 

l.ines. and Efreat in an lmage of a ~cene 

the system proce$se~ yhat to eYpect ln the data. as well 35 

Every rule dep1cts a part~cular 

~ctions te be executed 1.f th~t s1.tuat~on ar~ses Th>:>s!? 

the data 

d~rection tha+ bet+~r conforms to the system's concept~on of 

Sl.nce they provide ~he 

means for applyin9 the gal.ned experJ.ences to the data 

sets of .~t",cJ',Jledge 

assoc~a~ed w.l.+h one of ~he ~NOWLEDGE MODULES 
,,~ 

e3ch 
1 

The PEGION. 

LINE,and Af':EA t~l,üe:: :lre' grouped i.nte these :::ets accord.l.ng to 

"the da'ta UPOt'1 whid) the ac"t.l.on of the rule l,)i.ll be per formo?d. 

) 

, ' , 

, !" 
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Unl~~e knowledge rules. the second level of t'uleS" loS 

l"hat J. t èan do 

implemen~ the E~~+em Etra+egy ~n proceE51ng an J.mage 
~ 

thelJ are tel' Illed +1-( con+t'c.l 

d~vided J.ty'tc) tl,IO cl ~sse!: th~ FOCUS OF ATTlhHION 

t· ule.= Thes€' are, 

3nd 

the meta-t' I.üe's Thp ~ormer determJ.ne ~he next data en~ry in 

the sn, 

line, ot'" arr?'a on I..,h.l.ch "to match the kno"Jledgl? rules On the 

of In doing so 

l·Jl+h the FOCUS a 

spec1.fic ccmtt'"ol ~t,r "'+'egy. 

cantains the strate91J rules 

~elect the proce2S1no pa+h strateou to be implemented by the 

In ad di tl.on. the 

method by whJ.ch the me+a-rules select' the dJ.ffet'"ent se~s of 

The Varl.OUE aspe~ts of thE' system control 

strateg':.~ will be dealt wJ.th in detaJ.l in chapter 6 ThJ.S' 

chapter ~s concerne~ wi+h the knowledge and control Fules 

we will de$cribe the structure and s~mbolJ.c nature of 

the ~uleS". and J.ntroduce the language devised to represl?nt 

. 'th~m This will be followed by a revJ.ew of the dJ.fferent 

in the rt'aodé.L 

, . 
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5.2. WE STRUCTURE OF THE RULEs' 
... ... , 

Knç'hll edge t' ""pt' e· ':l en t <:t 'la 0 t1 (0).1 II largely de e-nd on the 
/ 
/ 

comp·jsJ. + 1.0 n of the t' "Ile::> const tuting the model The 

-
'( \ 

rules As l.nd1cg t ed 1n ~.ct~on 2 3, the approach used here 

R rule has the followJ.ng 

format' .. 

CONDITION AND CO~AD:nJON ...... 'ANCJ COHDITIOtl ---:> ACTIONS .: 5. 1) 

... The left hand slde 1.$ compoEE'd of a Eet of CONDITIONS 

E'valuated on th~ data The ACTIONS on the r1ght hand s1de 

The logJ.cal 

Note +hat 

there loS no prOvJ.~1on for a log1cal OR within a rule This 

is because the la+~~r c<:tn be accounted for by 1neludl.ng 

another rule +h3t ~ncompa~ses the 3lternative Sl.tuat1on 

Each ru)e depl.cts a cprtain situation that ml.ght be 

present 11'"1, The data. A process will match a rule on the 

features of the regl.ons. ll.nes, or areas. or on sorne other 

data item stored in the STM A seareh is conducte~ over the 

STM Tor 'th.;. data conf.l.'gur'at.ion portrayed by €!'ach t'ule. If 

the st?3rch is zuccesgful. the rule wl.Il f1re. and lots act10ns , 

For this reason, fuIes have b~en t~rmed 

si t'..lat'ior[- re~pon$G' tuplesJ or j:or.dJ. tion-action sets, 
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,t 
5.2.1. The Rule Candi tiOtiS \ 

.. ~ 
The cor.dl. -t l.on:r 6f:,/ -3 t'ule- 3r.e- logÙ:al e-nti t~es. or 

) 
1 '\ -\ equivalent .lI;::!. 61 n.;jr IJ v<all.Jed ~).ar .Lab.les +hat c.an b@ 

l.nstant.Lated -te. bE' (Il. "1;ho;?t~ TRIJE or FALSE. They corre~pond to 

10gica1 Each 

condi t~on logical pred.1.cate that be 

preceded b':,:j th.? qU:ll:t f' J.~r NOT, a rl?f'erence to the 10g10::a1-

complement of that pred.1.ca~e The STM contains mo~t1y 
1 

nLHnet~~cal var.1.~bleg representing f'~ature~ of reg.1.ons. 

and areas :tn -th~ image segmentation The S.1.ze of .a reçp.on 

r .and ~he length of a 1.1.~~ ar e +YP.1.cal e·x ~lYIples. Some 

non-numer.1.c31 d3+a are also ~tored 

include labels +h~t .l.nd~c3te the presence or absence of a 

entry (a 1.1.ne as belng a 1oop. or an are.a as smooth) 

We W.1.1l d.1.stingu.1.sh between ~our classes of 10g.1.cal 

pred.1.cates that can e~1st .l.n a ru1e cond.1.t~on Thes!? are 

class.l.fied acco~d.Lng to The nature of the 10g.1.ca1 operation 

performed, -El::; ,,'e.tl as +hO? ~ype of' UëW iable +'hat 1.5 -t.:ested. 

Fo11ow~ng .lS 3 d.1.scussl.on of each of' the logl.cal predicate 

Type 1. Logical Compar1sons on Numerical Varl.ables 
--~------------------------------~--------

Thi$ 1og.Lcal op~ration compar~5 ~wo numerical variables , 
together in c.rd>?r· to det..,rmine' ,,jh~,ther the f irs't has <il ~Jalue 

that is LOWER th an. EQUAL tOI or HIGHER than the value of the 

second Exaffiples of +,his are: 



Page 181. 

-, LOWER LINf GRADIENT 

HIGHER PEGION SIZE 

operations te. l.ncludl? NOT Ef;lURL, rlOT LOI~ER (eqlHü or hl.gher), 

.' 

same or dl. ff li"t- ~'nt labels· Thl.S type of condi tl.on ~!l.ll thus 

contain the log.l.céJ.l opt?rat.l.ons SAt1E and NOT sm1E For 

example. 

SAME RE.GION L.E:FT 

.is a log~cal comp-3"'l.~on on t ... ,o of the ll.t'lEi'so in the S'TM to 

-1 hey ha\)E.> "the same regi"n to their left. 

Note tha~ thl.S operation l.S computat.l.onall~ equivalent to the 

T/:::lpe 3. L09l.Cfll Eo;üuat.1.0n6 on Numer.l.cal Variables 

As d~$crl.bed in chap+er 3. the STM conta.l.n~ a large number of 

variables that r~present a w.l.de range of features belonging 

to different data pn+ries The':.~ desct- .l.be l. tem~ that ar- e 3s 

systeM performance The +ask of the t'ule interpreter l.S to 

de al "'Ji-th aIl of these .l.n a utll.form and unif.l.ed manner To , do thl.s, we def l.1"\& ... set of l09.1.<::al opet'at.l.ons, that E-n.able 

the sys-tem to 3cce~s and make use of all stored and cQmpu+ed 

quantl. t.ies l.n· one and "t.he same w<!Iy Thus, 

l 
1 l, 
1 
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\) . 
• ' •• '~t vari.a~le i$ Te!:tlD'd it'l ;yorde-r" to detet"mine ~/hether i +, has a 

,va11 ... e that H' VER'y LOl,f, LO\-J, MEDIIJH, HIGH~ or ~VERY HIGH. 

E.xampleS' of thl?so:> .1 ncludE' 

VERY LOW REGION VARIANCE 

t1EDIUt1 PE.GIOtJ ADJACENC'T' 

HIGH L:r tŒ LENGTH 

E L. f th'" b l .1.. • d·"'fJ.' t"_..r "a , aC~J. 0 ,e., :=:1:::11\\ Co :E: m.:?n, .l.one O'JE'... I~ range, o~)er" 

"the scale of e'-éJch fE' :;,'~IJre If +he value of a t':eatUt~e lJ.es in 

a given range. +he correspondJ.ng logJ.cal evaluatJ.on will be 

TRUE 

J.s represented sChematJ.tally i~ figure (5.~) 

/ 

Note that the , . 
ranges for LOW 3nd HIGH J.nclude ~he ranges for VERY LOW 

ThJ.s seems to conform wJ.th the 

O+her ranges 

us~ng the scale of fJ.gure (5 1) are accessJ.ble through 

combinatio n$ of ql.Jal.t.f ii:'r s and the- addi tion of the rmT ~, 

't-'- .. 
qualifJ.er (e g • rWT LO\-!, HIGH Atm NOT VERY HIGH) The 

choJ.ce of these zymbolJ.c qualifier s, their number. and theJ.r 

ranges \,1J.11 be discu$'s~d J.n more deta~l in the next section. 

VERY 
1 <;:- LOW -): 

:<----- LOW ------): 

:<----- MEDIUM -----)1 

1(------ HIGH -----): 

VERY 
1<- HIGH -): 

" 

Figure <5.1.) 1'< Relative ranges of' symbolic qualifiers. j t.., 
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Type 4 : 

-------- ~--------------------~----------~-------------

labels An 
,; 

'or 80UNÇiE[) A pr' CIe!.!':;" s name can be r REGIONS, LINES, AREfiS. 

FOCUS OF 1"'11 TEtHlbtL or SUPEPV~SOR 

e-val.uation on sIA.::h <1 1,1.:H'.l .. bl.e, \oJc.l.,ll.d l.n f act arnoun-t to a 

, 
variableo. E~ample$ or +h~~ type or condition lnclude 

LÎriE l SLOOP 

RREA IS NOT SMOOTH 

" PREVIOUS'PROCESS WAS REGIONS 

J 
18 (ARE) and WHS in the evamPles above repreosent theo keywords 

The use o~ The NOT 

quallt 1er 15 :s"..e~) te • .oldd rnOt~e rleX.l.b.ll.l tl:::l to +he evalua+ l.ot"l 
.,.Jo 

type 2 and 4 COnd.ltl0n~ .1& the add1tion of a DIFFERENCE 

quali.r.ler Hu.s ... n",bles the sl:::Istem to perforrll all the 

loglcal operatlons C1+ed ~bove on differences .ln the v~lues 

of two ~ vat~ .l.·:sbles~ .1 n!ti;e.sd of on the I,J.;ÜUe'& +heflîse-l ves 

"LOW~ DIFF EREt~CE III REGION FEATUPE i oc ind.lcates i-hat the 

difference in the values Clr the f.lrst color feature 

red lnten:5:1 tlJ l.euel) of "+;""'0 regiOh:5: mU:;:1; be ln the Lm~ r .at"\I;I€' 

for 1;he condit~on ta be 5at15fi.ed (1;he pred1cate to be TRUE) 

" 

Each numer~cal fe~ture must thug have an add~t.lonal scale as 

) 

. , 

l 
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t 

, ~ :1f:..~";;:':'t;.Ji". "~~-1~_'t' ~ ">wt-"" .. '~ J.i •• > . , 

per ~~gure 5 1. ~n order +0 specify the range o~ the ~ymbol~c 

qual~ t ~ers on +h~ d~ffere~ces 1n that feature 

A 
a 11ne Iength of 10~~ +han 50 p1~els m1ght be considered LOW 

On The oThe. hand. +he 1~m11 tor a LOW DIFFERENCE 1n the 

113 p~ '<els The ~01ect10n of th@~e ranges w11I aiso be 
. 

discusEed ~n s~ct10n 3 2 2 

~hat ~hey include -the follow~ng b3S~C 1tems' 

(1) A s'Jrnbol.l C qua11f~er that dep~cts 

Iogical ope~at1on +0 be p~rtormed on the data 

qual~f~er w~ll depend on +he type of feature to be 

accord~ng ~o the classif~cat10n giuen above 

the data entry 
.~ 

on 1,lhi.ch the 

cond1ti.on ~s +0 be matched By def~ultJ it refers to the 

current region. l~ne. or area cons1dered by the SySTem. as 

spec~f1ed by the- FOC US CfF -ATTEtn ION module Th~s 5 1::;1rnbol can 

he om~ tted pt" o,ndE·d 'I;hat tlO amb1gu1 ties re~l.ü t (t<). 
1 

Other 

en~ries tha+ are ~patially related to the current ones may 

a,lso be teE'ted For eX<ilmplej the te atures of an ad . .Jacen't 

reg~on or a paraliei li ne Table C5. 1) 11sts aIL suçh 

po~s1ble entr~esJ togeth~r w~th the symbols that are used to 

express them 

---- --------- --------
<*) The tested op~rdnd csn only belong to a region; a l~ne, 

or an area, e. 9 t l~rle length. 

, 



/' , 

. ----------
C ur I~~n+' RE'giot1 

(Ut- t~€'rlt L l.ne 
Ct~t" rent Area 

Region adjacent +0 curr.nt region 
Regl.on te ~he l~f~ of curren~ I1ne 
Regl.on te ~he rjgh~ of current ll.ne 

Lin"" 1"If? ::if' etH' rerd: ll.ne 
L1ne ln front of current ll.ne 

L1ne be~1nd current line 
L1ne parallel ~o current 11ne 

Line l.ntersectlng current reg10n 

) 

T:able ('5.1) Poss1ble data entrl.es 

, -
, 

"-

.. 

Page 185 

:~~~~=J 
REG ( 
LINE 
APEA 
REGA 
REGL 
REGP 
LIrIEN 
LINEF 
LINEB 
LINEP 
LINÈI 

) 
1 

f 

1 
1 

/ 
.( 
1 
1 

J 

J J ~ , 

.' 

~ 

(3) A pOl.nto!'r +.::. the featl.Ar e belonging to the daTa o?n+rl~ 1 , 

----disc1..lssed above (e g. Sl.ze. length. and gradient) The r------'; 

value Of tha-t f ~atut- E' (a tlI.ul1ber or a label) is (tthe operand i€)r 

AlI available reaTures w1ll be llsted 

1n sect10n 5 2 3 • 

(4) An opt1enal NOT qualifier that negates the effect Of 

The condi tolOt"! 

('5) An op~10nal DIFFERENCE qua11fl.er that forces the 

operat10n to bp on dlfference~ 1n feature values 

Rlthough 1t 15 11ngul.stl.cally dl.ffl.cult to restrl.ct the 

vocabulary c.f 3 language TO the~e bas1c 1tems. our m3l.n 

more ref'l.ned language can be created. and 1n fact, a larger 

subset of' +he Engll.~h langu~ge h~s b~en used ~n ~ number oF 

art1f1cl.al intel11gence programs eW1nston. 1. 970] 

'than tal.lor a language to the needs cd' spec:~fl.c 

appl~ca~ .ion. our approach 1S te defl.ne the constoltutnts that 

j 
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A More sophl.:<:t~catE'd 

. . 
interpre-ber can oe desl.gned ·to .l.n+er f' "!Ice .anl~ lang\.lage -+:0 +'he 

fi 
model, bl::::l anall,fsJ.ng .\ +,.=; S'\?t1+ence-s: :itid f l.ltet'.l.ng ÇAl"t 'the b<=:lzl.c· 

elements cl.t~d abov9 Fl.glJt'e ('5 2) EUmr03r.l.ZeS +he structurè 

of' a cot"ld.l. 1;iol"'l ValU~5 l.n square brac~ets :ire (optl.onal] . 

whl.le those 1.1"1 round bracket are (variables) "te. be 

instantiated -
COtH>l TION 

1 _______________ ........ __ 1 _ .. _-__________________ _ 

[NOT] ( PREDICATE ) : , , 
------------------------,~-------------------------

[ENTR'T'J 
, 

--------~----I ______ ------~--- &. g 
REGION 

L'THE 
FOCUS ARE A 

PROCESS 

LO"lER 
EQUAL 
HIGHER 

SAME VEP'r' LO~~ 
LOW 

r1E[JIUM 
HIGH 

VER'r' HIGH 

IS (LABEl) 
!-lAS 
ARE 

[DIFFERENCE) 

<OPERAND) 1 

(FEATURE) 
e. g. 

LENGTH 
VARIANCE 

F igut"'e ('5. 2) The structure of a condi tl.on 

Note that cer + ait'! cCtmbJ.nat~ons: of' s'::1mbols are Illegal 

For e,><ample, addl.ng the DIFFERENCE qual~fier 

non-numerl.cal ~'a"l.abJ."'" C,t' +'es:t~ng a non-ex.l.z+.en"t featl...lre of 

a par+ .l.cI..I1ar en+r~~ (e g, r€"g~on length) Ta de.al -{"J. th 

sensing this tlJpe or si +'uation, t,le u:-€" the RULE INTERPRETER 

I,o.lhich l.n+erf aces +hE> Modeol +0 th>? pt'()CE-5:,ang l'I'odules, ëJS I·Jell 
~, 

as to the e x-pet'l.nlen'l;er Illegal OPérat~ot"lS are def' J.ned 

expll.cl. t l'J I.,)~ thl.!'"1 the INTERPR'ETER Th.l.s 
( 

"t1,...1,:.-I.o.Iay 

comm~7icat~on ctïannel allow$ a desl.gn>?r to mod~fy the model· 

1 
1 

.. 
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.. h"? rr,- ,jel ~o, ,con trol the-. 

thi'> LnL th ... 

t F"-::-"?l!J€'! '_")mm,,,,"ld:: frr:'lî' a u":o!:'t'" tr::. edlt i;tl() [lIc,c·?-l· 
/ 

It 

Ofl 1: h"~ 

~lJr"J,~l '~·J.d<J,-.tj.. - (("",;l/)d~ 1.:'17, l,~_ ·'''''l'''IH'"G <ln 

s~t 

'- ~M 

no ::'EL 
PI _ES 

1 

,,"';:=':::",.1 IrJ ~ i:-RPP[ .~ EP 
~~ v" 

L 

:: • NTA;' 
>~F.CI<. .:::" 

1 

~ 
1 

->~J 

'\'1 Operation 
F<?a+ure 
[l.:::t"t:a entry 
[NOT] 
r llFFEPENCE] 

AC TIOIlS 

Add 
D~l.e1;e 

E >'.affi.ln8 

Ct' .'3Inqe-

Th/? Pt'oCE":'::' ~ ng 

If 

the 

(lei' .1,r)ns 

PROCES::·IUG 
t'lODULE 

'------_._-

Th-e fur-'c"";1.ons: .ç" the RULE INTERPPETE.R 

~\ 
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5.2.2. Symbol t1anipl.üatioti 

Part of the rule match~ng process involves test~ng 

-- nurnet~ ~cal features to determ~ne whether they 

Wh::.t tl'us amounts to 1s the 

ver1f~cat~on th~t a value ~s bounded by sorne l~m~ts These 

def'.1.ne a r ang"-" Ç)l)'.?r '.,h.1.ch the- l' e,~, .. ü.r'?d cr~ terJ..on ~·'l.ll be p 
For example. ~t ma~ be necess3ry to determ~ne whe+her 

the si:z:e feature of th~ re9~on to determ.1.ne .1.f .1.1'5 Ilalue 

conform5 t 0 O'.,lr d!?f ~n.1. t~on of "larg.;.>" S1nce reglon S1Ze .1.5 

a numer1C :il qu.ant,1-to".l expressed ~n tqrms of a nLHob'?t' of 

pixels, there must be a range of values over wh~ch S.1.ze 15 

def'.1.ned ta be large Two values on the scale of that feature 

w.1.11 def.1.n e 101·Jer <lnd upper l.l.m1 ts for the qua11fl..er If 

this .1.5 extended to aIL poss1ble numer.1.cal features, as w'?ll 

S9 aIL symbol.1.c qua11f.1.ers. the number of thresholds def1n.1.ng 

L~nr(lanageable The systeom ~ 1.'ol .. üd 

suf'fer from The prec.tse dral"lback .t t .1.S . trl:p .. ng to a'v'o.1.d by 

the presence of so Many parameters to tune 

Thl.S 15 +hat has plagued 

ef'forts .1.n the fJ..eld The .1.nC1US10n of' thresholds for 

h1stogram analys~s [Ohlander,1975], regl..on grow~ng [Brice and 

Fennem.a, 1.970], edge detect10n [Har.al~c~ dnd Shanmug.an, 1.973, 

Rob.,l.nson, 1.97i] ·3re but è fe!..) exarnple5 These parame~ers 3re 

c often problern and w.1.11 ysually have a dJ..rect 

inf ll..lence on the Ol...ltput, The.1.r ult1mate effect 15 to reduce 

the reliab11.1.ty of a system. and render 1t only userul at a 
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~ 
user lonterac:tl.·.)t!? 11!?\/e-l 

A more s~ructur.d approach l.S needed 
Il> 

thl.S dlrectlc.n ThlS. of course, wll1 lnvolve some lo~~ or 

inTormatl.on, ~l.nc& ~e sre erTect~vely restrl.ctl.ng the number 

of quant1z3tion H OI..Jl2'.)er, th1S loS h1o:?lcorfloi?d .,-
re5trl.ctl.on, 

representat1.0n to that 15 compatlble w1+h uzer 

l. n t er a c t 1. 0 n 

use a very s~all nurub~r of le\Jels to qU3ntl.f~ the descrl.ptl.on 

of events A person, for e~ample, 15 

descrl.bed aE bPLng ~hort or tall The extremes are 

represented by addlng Il',''~rlJ'' to our desc:rlp+1.0n A rnedl.um 

(or 

vall""es A choloc'!? of fl.'Je levels 1.Il.ll thl4S prcl\Il.de a b-3sl.c 

c:las3l.fl.c:atl.on schern(>. More flone tl...Ining l.S 

addlng o+her qual~fl.ers! suc:h 3S sll.gh+ly 3nd 

Yousspf has ~tudl.ed the number of levels +0 use 

in order to symbo11cally c:harac:+erl.ze the behavl.our oT a 

movlong blood celi [Youssef. 1982J Hl.::; output q~an+l.fl.e~ the 

In corder to 

sl.mpll.flJ the proc:e~s of adJustl.ng the model .. also 

ll.ml.t our repre.entation to the five symbols l.ntroduced l.n 

Tl.gure (5 1) 

, , 
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The second constralnt on representatl0n 

result.:; ft'oui appll,pt)Ç! th~ ::>ame CI" l.t~t'1..a l.Jh~rl dl.viding the 

scales of all ~he fe~tur~s Once the number of level~ has 

1~ remBlns to define the threshold~ ~h3t 

A un1fled way of comput1ng these thre~holds 

w111 conslderably decrease the numbe~ of I)arl.able~ In 

addl.t10n. ~t ~ri)n:;:fclrMs +l'v~eshold :s-elec:"t10n froro be1ng a 

featur e pt" oce::::> 1nto a st 3t-tdar d1zed 

computatl..on 1hat deflne3 symbols 

"that def l.nes Il n';:><:Ir Il ':IS <;. f'unctl..on of the maXl.rl'lum mea:S-l...Jremeni" 

The prc'posed 

"threshold.s: are defined at" 

rnultl..ple value.:;: of 1he ~c:ale. If' the threshold on "near J' 1..5 

1. then other thre~hold3 can be round by multl.plylng 1~ by 

pOSl.tlve and nega 1 1ve in~eger power::::; of 2, 

+abl".? (5 2) 

SYMBOL RANGE 
------ -----

ver l::! t"leat" x ~ 1/4 
qUl.+'e rlear x (: 1/ê 

near x <; 1 
no~ qUl.te t"le>ar 1 < x ,-

~ 2 
not qI..Jl.."tE> fat' 2 < x /" 

~ 4 
far ')( :> 4 

qUl.te far x ) 8 

1,'1 
vet" I:.~ far x :> 16 

Table <5 2) Cons~cutive nearness thresho~ds 
(from CDeno~sky, 1976]). 
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of' 

th1S 1dea ta ~he select~on of thresholds for +he symbols 

related t CI O'At~ To do +hat. w€' w111 d1stLngu1sh 

between three type:= of featureE 

(1.) Fea+ures ,,'J.th.:ln op>::>n-Çlnded scale 

at a 

well-defined v~lue> 

bound that 1S not $0 e~~11~ tl0d ta a A 

good e.>'arnple of these 1~ the d15t~nce fea+ure The rfll"",lOlum 

> 

dlstance bet'.)et~n +'J,'("I pOln+'s i5 z'S'ro 
j 

The maXl.TfJl..lm di==+ance./ 

on the otf'H?t' h~jt"l'j. 1:=: nQ+ so , ... ell deflned 

.. 
i5 imposed by the f~ct that we are dea11ng w1+h 3 tltllt.e 

ih~s prov1des a normaliz1ng factor (e 9 , 

image' length + J.fIl<'JÇ,ll? l,udf h) t'ather tf'-3n a fùax,J.lnWtl bound The 

scale of s I..-lt:h ~ f e-<.1+w'e l').ll.l be 1::erroed "open-ended" 

The POW?t' la',' C.:"Jf'l be- appl.l,~d d.l.t"ectl~ to th-e . scale I;)f 

Th!? thresholds t'equ1t" ed for our f 1ve-::ymbol 

sc_le are placed at ln+ervals that 1ncrease by multJ.ples of 

2. Io+, .lS 

seen that onl::' r .. or €< cc.ns1;-rd.l.nt .1 'S'i' needed ln ot'der te- f.l nd the 

value Ot a Thl; lS prov.lded by a restr1ct~on on the maX.l.ffiUm 

permi:=s~b~e v31ue for the feature ~1th.l.n the context it .lS 

used .l.n Let. tha-t 'J ,Hue !:te N, "then 

a + 2a + 4a + Sa + 16a = N 1 (5 2> 

hence, a ;; N / 31 /' ' 
(5 3) 
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(-a-:> 
(--a+2à ...... -) 

(---4a----) 
N 

(--------------- Sa + i6a ----------------
(----------- 16a ---------~-

F.l.gure (t; 4) Sy/llbol'l.C . ranges fOt- f eatyres W.l. th 
op~n~~nded scale . 

Other feai;yres that belong Ln this class are grey level 

(averi9@ and varLance). reg~on S.l.ze. Ilne length. 

and grad.l.ent Magn~~ude. 

(2) Features +h::l+ ha\'e a clQsed S"oale 

"A closed scah >"pla.s "ha~ bO,~ of the scale 'are 

l.JelJ.. def l ned ~All fe:dut"!'?E "th4t ar-e measured on a r-elative 

For example. the ad J.:JcenclJ 

be"tween two reg.l.ons lZ limlted to be betweeh 0 (no adJacency) 

Position fea+ureS" are 

meëisured relatl')e -f,Co +he bOI.Andar~es of the ~mage Thèse 

~lth respect to each of the end pO.l.nt~ A var.l.at.l.on·of the 

power ~a~ 15 ~sed to'def.l.né the scal~ shawn ln figure.(~ 5). 

(-a-) 

(--- a + 2a ---:> 
(------- 4a -------) 

(-~-·2a + a ---) 
t-a-> 

SymbolLc ranges fo~ f~atures 
wi th closed scaie. 

) 

. , 
• 
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1 

Assuming that the ~inlmJ~ and ma~lmum 1im~t~ and 

r'(spectl'Jel 'J_ therl 

a + 2a + 4a + 2a + a = N 0:5 4) 

a :::: N (' 1.13 ('5-5) 

(3) FeatureE that havp a ffi1ddle re~erence point, 

These features are ~im1lar to +he 'ones ~n ~he f1rst 

c;'las,;;; ln +'hat ~t,",,~ hélue ",n "'p6'n t.?'nded sca~e Hot.Jel,let~, r a+her 

than_ha'.Jlf"19 a fll~;<J.murlJ at+-8J.nab1e (}r.t1 l"le , the cCtn:::tt~alnt on 

them 15 lmpoEPd b~ h3vlng a fixed reference pOlnt tha+ fall~ 

ThJ.$ pOlrlt 1 uSI.Aall,,J cot~r e:::ponds 

to a +Y~lCDl valu~ of the feature, or a value +ha+ aY1Se5 

from the def1nl+~on 0f +he feature 

th~ aspect ra+10, wh.l.ch lS a rat.l.o of 1ength to br~adth The 

ref E'0nce pOl.nt 1$ an aErrect ra+ l Cr of L " .. hen thE' 1ength 1:= 

,;qUal) ~o +he bt- ead-th Note th(\. aspect I~a+ lOS of 1,"2 and 2 

at~e quall tat.l ()el':;! eq'-'_l..v-5l1~:nt, ::: lnce len9th and br e 3d+h are 

.l,nterch"'it:lg ea trIE:- lhe law can thu$ be 

~tartlng a+, t~e 

----) 

---------) 
(~-----~-~--~-~---) 

N,I4 

FJ.gure (5 6> 

<--~-------------------~----------

2N _. 

~ymbol~c; ranges for features 
~J.th·middl& reference· p01nt 

, \ 

(--7--------,.,:, 
4N 
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Note tha1:' the scala ~s 160ft operl on both s~des 
, , 

and m1n~mum ~tta~nable values be~ng 1rrelevant 
1 

case/ 

swmbo1s ~s qu~te ~~mpl8 Youssef has d~veloped 

'the thresholdsJ nCHnber symb 

S~m11ar formulae are deduct1ble 1. 

'the boundar1e~ b.tween +he five symbo11c ranges on its 

Another four values are n~eded 1n order to descr~be the 

symbo11c d1ffprenc&~ These can be accounted for by uS1ng 

The underly~ng ass~mpt1on i~ that 

d1fferences are norm911y an order of magn~tude smaller than 

Thil:: 1S rl/3de- +Q cot~t-espond to 3 sh1ft of one sl,dmbol 

on the scal ~ Thw:;J d LOI-l DIFFEREtJCE 1n ~ 1ze proJects .l.nto 

the range of VERY LOW S1ze. MEDIUM DIFFERENCE proJects in+o 

-LüW S1ze. and :=J.milat-ltl. ,- HIGH DIFFERENCE into ~lEDIUM,' and 

VERY HIGH C,.IFFEPErlCE 1n+o HIGH The threshold for ~ERY LOW 

DIFFERENCE from the power law as half the 
1 

C :'rI compl"tted 

thre3hold for low Figure <5 7) il1ustrates the rela+10n 

between the thresholds for absolute and difference symbol 

<, 

'\ 
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Absc'lute 
Ti T2 T3 T4 Scal~ 

~----~------->-----.----><_._--------~(------ --(------------
\lE~Y LOW LOW ~EDIUM HIG '.,1ER',.' HIGH 

VERY 
LOW t1EDIUM . HIGH \lE Y HIGH 

--~--->---~--~<---------~(-~----------(---------------------
T5 T7 T8 Dl.fference 

Scale 
.~ 2T5 = T6 - Ti. T7 = T2 1 Te = T3 

Figure (5 7) , Relation between sc ales ~or absolute 
and diFFerence u~lues 

Each re~+ure used 1n the rules 15 classif1ed into one of 

the three çlasses in+roduc~ct above. The r~ference u9lues are 

the thresholds ~hat def~ne +he 

absolute and d1.ffer~nce ~ymbol Ecales are computed 

such values are detprml.ned and stored 1.n d ~able Th1.S 

symbol table 1.5 a LTM relatl.on that has ~ doma1ns A :tl...lple 

1S included for each feature havl.ng the form' 

Feature ~9me --) T1, T2, T3. T4, T5. T6. T7, T8 ) (5. 6'> 

T8 are the eight +hresholds in 

The sl:;frnbo.11.c l'Ilodel represent3tion introdLlced 1.n th.l.s 
, 

section 1.S: des1.gned +0 meet two ma~n obJec~ives .. 
produt.l.ng a model +hat can be ea~1.ly used by a ~y5+em 

expet'1.ment"'·t" Thi~ 1$ ~ch1.eved by re3tr1ctl.ng the number of 

sy~bol$ to a valu. +hat i$ comp~+1.ble +0 the l~mLted 

The 

second goal is +0 ell.mLn~te the dependence on -tunLng 

j 
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t paramete'rs te I·Jhl..ch .l..m,sge precesS' long systems 

susceptl..ble 8y cod~ng the knowledge .l..nto a S" 'Jrtlbol.l.c 

f'ramework J The probJe~ .l..S reduced to bu~ld.l.ng a model from a 

well def.l..ned and re~+r~c*ed ~e+ of constra.l.nts 

One primary C0ncern wlth +he symbol~c formulatl.on 

descr.l.bed hE'r e J.:t .l. tE 'jlJlnerab.l..l.l. ty to quant.l..zat.l..on et'" ror. 

the problem l.l..es .l..n US.l..ng fuzzy 

threshold5 

Each of the symbols can be represented by a ~uzzy set of 

v:::rll..Ies ThE' condl.·t,.l.c.ns of 3 rl.AIE' Iolould COt~respond te. fuzz'3 

~ 
decJ.sion-rna~l.ng lJtu.-I,::: +ha+ determ.l.ne hO"J I·Jell the crl.Terloa 

are satlosf l.E·d. a.:; opposed to be.l.ng b.l.nar':.! v3lued log.l.ca1 

pred.l.cates The concepts of fuzz':.! 10gl.c are used .l..n this 

system for Etra+egy ~valuatl.onJ and 1.)).11 be desct~l.b,",d l.n 
" . 

detal.l .l.n chapter b The.l.r use .l..n the model l.5 on1y hampered 

Th.l..s l.S the dOMl.nant facTor dut'"l.ng the learnl.ng phase of the 

Once a s+ate of equl..l.l..brl.um l..S reo3ched. the use of fuzzy 

1ogl..C .l.n formulatlng the knowledge proml..ses to reduce the 

senSl.tl.Vl..ty of the model +0 quantizatl.on errors 

, 
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for rept'ese-nt.1.ng 

t;onditions. can 1''10.)1'" .1.nspec:+ the .l.tîgred.l.ents that at~e 

ava.1.1able -to a rj.;.>s.\ gner 1.lho I·J.1.sh"?$ to bU.1.ld or mod.l f l::l the 

model In 
~ 

orde~ +0 evaluate of d.l.fferent; 

.l.tems .l.n the STM. or l+ may r~qU.l.re t;he c:omputat.1.0n of a 

~ func-t.l.on of the stored da-ta The 

quest.l.on of Iolhether +0 ::::-l::ore a spec.l.f.lc ql.../3nt.l. tt,J. 

t;.;,mpute .1. t 1,lhen .l. -t, .l.S nei2ded. .1.:: l.l.nked to the cIaS":=- .1.cal 

/ The norm adop+ed here .1.S 

that a measure .1.S pr~computed 3nd saved .lf .1.-1; .1.S" used 

frequently, 3ssess upda-l;.;? 
• 

Posit.1.on feai"ures. for example. are cont.1.nuously employed to 

loc~te reg.l.OnE 3nd l.l.n~s. and are thus evaluated for all data 

entr.l.es: a-t the commenc&ment of prOCeS5.l.ng On -the othet~ 

hand. the hi::togram of a reg.l.on reqU.l.res large star age Ep3ce· 

- and .1.S thet'I?f ot' e (.,.,ly c:<a.lcula_te)'j on t~eql...je::rt The d.l..E"t.anci? 

between the .1.n.1.t.1.al and f.l.na.l po~nts of 3 l~ne .1.S scarcely 

used· 

its assessment for a part.l.cular l.l.ne The comprom.l.se is 

between perform.l.ng an a pr.l.orj comput9t1on of a p.ar+~cu13r 

f'eature fot' aL1 rr<?g.l.ons. or areas ~n the , 'egmentat.l.on on the one hand. and repeatedly evalu.at~ng ~t 

every t.l.me it .l.S t~~t~d by a rule cOhd~t~on 
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• 
Some"COnd1+lonF ar~ +hU5 coruput~t~onally more 

than o+her.=, 

~ormulat~ng a rule Slmpler condltlons Ehould be clt~d 

be~ore more comple~ ones These are tes+ed ~n the order ~n 

Becau~e a ru le wl11 only f~re ~f all ~ts 

thl~ prov~de3 an eff~Clent means of 

The fe~tures th~t c~n dpppa~ ~n a condition are rev~ewed 

and lnclude those ~tored ln the STM (and descrlbed ~n 

chapter 3), as I,Jell <:IS cd'hers that are d':dnanf3.cally cornputed .. " 

5. 2: 3. 1, ,RE'giorf F 6'atures 

T ~ble (::. 3) ~l.JIl·lm .. Wlzes the fe3ture.a; that are stot~ed 01'" 

); 
for are con.a;equently used in 

conJunctlon IJ~th one o~ +he REGION data entry quallflers of 

-t3ble (5.1> Descrlp+lve ~eatures lnclude the Mean and 

va~lance of the grey level Lntenslty Cor color) fea+ures and " 

o~ the çoordlna+es o~ the centroid and the Mlnlmum boundlng 

rec+.angle S~Z-:?I p<?rlme+er, c~rcularlty, and aspect rat10 

represent other shap. ~eatures The degree of b~modallty (lf 

of the 
, 

hlstogram o~ the grey level features evaluated 

t ouer the regl.on (def .\.ned .1.n sect.ion 4. 2 2. 1) lS used as a 

splitt1ng crl.terl.on 

1 . . ( 
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~UMrPICAL DESCPIPTIVE FERTURES 

F""a"tI..H"e 1 
Variance 1 
Intensi t':I 
Grad1ent Var1anc:e 
'1l.n~rnum X 
M.a">(.l.ffiUrn Y 
H.l.s"togram 8.l.rllod 31.1. -t;I::.~ 

Fer a +1.,11'" e 2 
Vat'.l.ance 2 
Intens.l.+Y Var.l.ance 
>-:-Cen1;,- e.id 
Ml.t"l.l.niurn Y 

C H'cular 1. ty 
1 

Feature "3 
Var.l.ance 3 
Gt~ad.l.en't 

'r'-Cent,- oi d 
t1.a .... amwTI ~~ 

Per.l.meter 
R:::pec+ Pa+.l.O 

NUMEPICAL ~PATIRL FERTURES 

AdJacencl.,.~ Values Number of AdJacen~ P~g.l.ons 

Number of In1ers~~t.l.n0 L.l.nes L.l.nes b>?-hJeen Reg.l.on::: (V) 

LOGICAL FERTURES 

H.l.stogram .l.S b.l.Modal 

Tab1..., (5 3) 
~ 

Reg~on f...,at'.,lre:;; 

A va1ue V ~s comput~d +0 

ind~cate the preEence oF a 1~ne between two reg~ons 1t 1.5 

to the r 3 1;.1.0 of the length of the boundat~1J be+t..1een the 

+0 the total bQund3r~ 

length, 

evalu~t~ons are sho~n The f.l.rs+ appl~es to the reo;p.on 

un.irnodal Th\? :::'.?cond ver~T l.es .l.T an .l.nte,· sect .l.ng l.l.ne';' 

b.l.sec+s the t- eg.l.on .. • .. 1 f ~ 

.. - ... " .. 

R \ b R 
FI B 

'lt 
V =--

1 b 

1 L~ne 1 

Figure <i5.8)' C~mputat~on of l.l.nes between reg.l.o~s. " 
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R condLtlon mu~t e~pllcltly 

speclry +he data en+ry for WhlCh these featut'ps are to be 

"tested Rdd~+~onal p051t1~n reatures lnc1ude +he coordlnates 

t~Ur1ERICAL DESCf"IF'TIVE FERTURES 

Feature 1 
VarJ.3Y"1Ce 1 
Inte-tîs- i t':!I 
GradLent Var1ance 
t1J.nim1.~m X 
t1a·'amum y 
EndLng ~< 

EndJ.ng DJ.rectJ.on 
Start-End Distance-

Feature 2 
V:lrJ..;:,nc:e 2 
lntensity VarJ.anc:e 
~<-CentroJ.d 

M.l.nJ.ffiwn Y 
Star+..l..ng X 
Ending Y 
Average DJ.rectlon 

Feature 3 
Var.l.ance 3 
Gr·adLe-r,t 
'T'-Centro.1d 
t1ax J.mum X 
Startlng y 
Startlng DJ.rectJ.on 
Lengt~ 

IJUMER,ICRL SPRTIAL FERTURES 

D~stance to Llne In~ront 
DJ.stance to Llne 8~hlnd 
~istance ta Parallel LJ.ne 
AJacency of Left Reglon 
Number or Lines InFront 
Number or Parailel -L~nes 
Number or ~eg.1ons +0 the R..l..ght 

Neare~t POJ.nt on LJ.ne In~ront 
Nearest POJ.nt on Line Behlnd 
Humber of ParaI leI POln+~ 
AdJ3cency of RJ.ght Region 
Number oF Lln~g Behlnd 
Humber of Reglons to the Left 

LQGICAL FE~~U~ES 

LJ.ne J.5 open 
LJ.ne end 15 open 

L.l.ne J.5 clo$>?d 
LJ.ne s+art J.5 open 

One reg10n to +he l.ft 
One reg10n to +he r~gh+ 
Same r~g~on te +he lert and r1ght of 11ne 
SaMe regJ.on leF+ of 11ne 1 and IJ.ne 2 
Same regJ.on r1gh+ oF 1J.n. 1 and 11ne 2 

L.1.ne is loop 
L.1ne is: clock,,11s.e 

SaMe ~egJ.on to ~he leF~ or lLne 1 and r1ght oF li ne e 
SaMe regJ.on to +he rlght of IJ.ne 1 and left of IJ.ne 2 
Two 11ne5 ar~ touch1ng (8-connected) 

Table <5 4> 
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11ne ne~r bath endE The length of a l1ne as weIl as its 

between the end pOln~s 

The d .l.ztance Ge"'.}e""'n a te-rrfl1na1 point on the current 

l1ne and the clos~$t po~nt on a l~ne ~hat ~s ~n front 

descr~be 

The number of pOlntg a one 11ne (part1a1 1e-ng+'h) 

that are parall~l +0 -the curr~nt lLnp. 

perpend1cular d.l.stance character~ze the parallel relat10n 

O+her spa~1al features relate re9~ons 
... 

-Logical eV31uat~on3 are conducted on lines to determ1ne 

their type The '::"Jerage or1entation along a l~ne ~s a1so 

direct1e.n 
" / 

compar1ng The 13bel~ of reg10ns adJacent ta two l1nes ~the 

current 11ne and another +hat 15 near 1t) 

5. 2.3. 3. Area Fe~tut"es 

U 
L1sted 1n table /5 5) are the features of lOCUS;: of 

attent~on are~5 that can be 1ncluded in a cond~t10n In 

add1t1on ta descr1p i 1ve fea+ures s1milar to tho:::e of reg10ns 

( and ( po?t~f C:rrrllance p.a,... ameters: descr1be the state of the 

segmentati.on 1.1i i"h.tn e-ach :;;rea These measures can algo be 
rf' , 

tested 1n a cond1 "faon end '''111 be d1sCt.4ssed 1n sect1\jn 6. 3 1 

l 
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Fea"tl..lrl? 1 
Var1.anc:e 1 
In"tens.1 tl~ 
Grad.1ent Varlancs 
M1.nHnUm ~"< 

NUMERICAL FEATUPE5 

FE'a+ure 2 
Varl.è!nce 2 
Intens~+y Varl.ance 
X--CE'n+r- ol.d 
Mol n.lm'-~m Y 

Fea-t'ure 3 
Var- .1.ance 3 
Cor ad1.en.t 
'1' -Cl?'n-trol.d 
r'1a>-..1. rl'lw" )<; 

r'1 a x 1.mL~m Y ::'lZ'? To"tal Ll.ne Leng+hs 

Un.1f'ormltl~ 1. 

Reg1.on Contr~=1; 1 
L1.ne Contra.=:t ~ 

L1.ne ConnectlV1.ty 

Area l.S smooth 
Area loS new 

Table- (5 

" l, 
5) 

Un1.form.lty 2 
P.glon Contrast 2 
L.lni? Contrast 2 
tll...lmbet' of Peg.l.ons 

L OGre AL FERTURES 

Rr~a l.S t~x+ured 

RrE'd features 

Un1.forml.tlj 3' 
Regl.on Con"tras i 3 
Llne- COr'ltra:.;1; 7-
~jl.,.lmber of Ll.n<ir 

Area loS bour'lded 

As 1.n the ca~e of l.1.nesl log.lcal evaluatl.ons asse-rt the 

5. 2, 3. 4. Other Features ln a Condition 

ar-ea 

Other general features that can be coded l.n a condl.tl.on 

are shown 1n ~able C5 6) The nl,..lrnber of reg.1OtlS J l.l.nes, and 

clues use d bt,~ "the SUPER'v'I50R l.n COOt- d.l.natl.ng "the ",',JstE'OI 

func-t:aons B~sed on the recent hl.5tory of processlng, the 

l.dentl.ty of a process 1.n prevlous cycles can be Ver1.fled 1+ 

the process eY~cuted 

any act.l.ons The usefulne~s of these tests ~n l.mplement1.ng 

control strateg.1.es ~11l become app3ren"t la"ter 

The above account reveals a homogeneous approach ~o the 

coding of knowledg& .1.n+o rule cond1t.1.0nS The structure of 

the log.l.cal pred1cates 1~ well def1ned and 
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WJT1ERICAL FEATURES 

Total Number of Peg.t ons T,:>"tal NLHnber of L~nE':: 

Total NI.,~ rober of Areas 

~ Areas ar e ab:.ent 
L~nes are abserd. 
Process W3:: Reg~on:: 

Process I.J 3E" Area:= 

LOCrCAL 

PrOCE'ss was Gen~ra+~ Area3 

FERTURES 

Reg~on:s: are abE"ent 
SYE"+eM ~s start~ng 

Proces5 was L~n~s 
Proces; wa$ Focus 
Process ~a$ act~ve 

Table (5 61 O+her features Ln a condLt~on 

( 

are ;elected (ron, f l.'''ü te sets: of al tern 3t~~IE"S the qual~fLer 

set ln flgure (5 1), the data entry set g~ven ln 

table (51;'. and tf~e fe3-tI.we E"et pt'eS"ented ~n +''3bles (53, 1;0 

arE" conslsten"tly def~ned Qver aIl the da1;a 

entr~es ~n ord~r +0 faclll.tate model formulatlon The next 

5. 2. 4.' The F~l.üe Actions 

Each rul~ speclfles ~o a process~ng module the actlon to 

be executed when aIl 1ts condltlons: are met Act.l.onE" are 

selected From a fln.l.+e ll.~t that represents: the unlon of the 

• 
ln the STM 

of the processlng modules: ln rnodLfylng the data 

Triel,;! pre'''Jlde the means f or classlfl~nng -the rl~le5 

gluen ln chapter 4 

hot.) 
of 

eaéh aC+lon l5 

For comple+enes::. 311 

the avallablE- 3ct.l.OnS are summarlzed thlS E"ectl·,n 

Table (5 7) provldeE" a complete Ilst of the actlons sorted 

~nto classes 
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RREA ANALYZER ACTIONS 

C re.'.rte Smooth Arl!:'o Add -1;0 Smoot,h Area Save Srnooth Ar8a 
Cre.ate Textl..,fre At'S' ,;, Add +'0 
Cre3te Bounded Are,;, Add to 

Relabel Ar93 to ~moo~h 
Relabel Area +0 Rnunded 

T e,>'t,I"we Area Sa\Je T e'><'t"Are 
8c,undeçj Area Save BoundE'd 

Relabe-l At" ea +'eo Te >~·h·w e 
Delete Ar'ea 

PEGION ANRLYZER ACTIONS 

Spll. + '" Peg.l.ot"1 b'J H~s .. tograrn 
Spll.t Reglon a~ L.l.nes 

r'lerge T'.JO RegJ.ons 

tINt ANALYZER ACTIONS 

Extend L.l.n€> Fc,rlolard 
J 0 l. n L J. n e E F ':' r l,' a r d 
Inser+ L.l.t",. f- or'/'~rd 
t1ergE' L.l.nf."s For','.ard 
Delete L.lne 

Ex tend LJ.ne 8.ackward 
JOJ.n Ll.nes: B.ad< .... lar d 
In::et" t LJ.ne B.ackl.lëlt'd 
Merge LJ.nes 8.ackward 

FOCUS OF ATTENTION ACTIONS 

L.argest AdJacen~ Reg~on 
Smallest Adjacent Regl.on 
Neyt Sc.anned RegJ.on 

Area 
Area 

Regl.on W.l.th H1ghest AdJ~cency 
Reg.l.on 1,1.1. th LOI.les+ AdJact?t1c1::l 
Reg.l.on w.l.th H1gher Label 
Regl.on TC, 'th(t lef+ of L~r'.,e Reg~on te ~h~ R~ght or Ll.ne 

Closes+ LJ.ne Infron+ 
Close~t ParaJlel L~ne 
Longest LJ.nE' +h~+ J.s Ile",!", 
Weake::t LJ.ne "n-''lt J.~ Ne.'3r 
Next Scanned L~ne 

DefocU3 (FOC~E on whole Image) 
Cle.ar RegJ.on List 
Freeze Are a 
Next Smooth Are3 
Ne~t Bounded Area 

Closest LJ.ne Behlnd 
Shor te3t L1ne +;ho3i: 1~ r~e-3r' 

Strongest L1ne th~t 15 Ne~r 
L.l.ne 1,)1 th HJ.gher Label 
LJ.ne Intersec+J.ng Reg~on 

Foclls on Are-as 
Clear LJ.ne Ll.;;t 
Ne'<:t Area (anIJ) 
Next Texture Area 

SUPERVISOR ACTIONS 

In.l.tJ.a11ze Peg10ns 
Match RegJ.on Rule~ 
Match Focu~ Rules 

InitJ.alize LJ.nes 
M~~ch Line Rule5 
St .. :wt 

Table (S 7) . The rule actJ.ons 

. -.... 

Genera+e Ar'i'êf>l!: 
Match Area Rlües 
Stop 
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5. 2.4. 1. Actions on Areas 

Some act.l.onz create t'lew areas, add t~eÇl~ons - to ex ~st.l.ng 

and comput~ and store the features of the created 

areas Three such actions are def.l.ned for 

Othet' aet loon::; .arE' pp.rformed b":J -the AREA ANALYZEP '.,h.l.ch 

mon.l. tors t he focu~ of at;teont loQn arE'aE star ~d ~n thE' STM 

These .l.nelude changing the 

character.l.st.l.CS change dur.l.ng process.l.ng, and delet.l.ng at'eas 

that are not of further use ta the focus of attent.l.an 

m9ch-an.l.sro 

5.2.4.2. Actions on Regions 

The REGION ANALYZER can e~ther merge two reg.l.ons 
JI 

.l.nto 

one, or spl.l.t a reg.l.on .l.nto sever al Two d.Lfferent methods 

for spL.Ltt.l.ng a reg.l.on are g.l.ven The first selects a 

threshold from the h.l.~togram of a fe~ture, ~nd f.l.nds the 

connected p.l.xels th~t at'e above and below ttiaJ; value 'The 

second b.l.sects a reg.l.on spat1ally along the lines that 

~ntersect .l. t 

5. 2.4, 3. Actions on Lines 

Actloons on lines are more d.l.verse A line c<iiln be 

extended for ward ("rom lots las"t pO.l.nt a10ng the h.l.ghe~l 

gradJ.ent The s.ah)e can be dontè' backwards from tife l~t")e' s 
f 

start.Lng point Al tern.at.1.l}ely, a 1.Lt1e coulç1 be E'x-tended 

/ 
~orward (or backward) by Joining .1. t to anoth-e-t~ l~ne that ~$ 

.infront of (or behl.nd) 
i~ / 

A thl.rd m1thod for extendl.ng it 
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l~nes forward (or backward) ~s by 1nsert~ng the label of' th~ 

line at p1~<€'1$ that are at tho:- bd'.mdar~ of two reg'~ons TI"" 0 

1~ne3 can b"" mer~ged l nt\!) one ll.ne I,J~ t-h the same label 1.n t'.JO 

14111 comblne th~ curren~ 11n9 w~th 

another ln ~ront 0f ~t. and a backward merge 141.11 do The 53me 

for the curr~nt J~ne and one thai; 1.5 beh~nd ~t 

5.2.4.4. Focus of Attention Actions 

The foeus of et~~n+'1on module possesses dlfferent 

methods for replac1ng the current reglon and Ilne by others 

shouid be ~nterpreted a~ obtainlng the next reglon (or 11n~) 

that exh~b~ts th~ particular feature wLth respect to a 

current reg10n (or 11ne) Th15 lnèludes, 

fetc1"ling t hp. regl0n 'I;hat J.S to thli? 1ef/f the c'.Irren+ l~ne, 

or the I~n e that ~ntE'r:sects the curlrt reg10n Actl0ns that 

focus on +. he ne>< tare 3 execu+.e a fect1.0n str.:ateg'd that l.i1.11 

be d~scussed 1.n d",,'ta~l l.n chapter 6. These can be l~lfI.l +ed ta 

<il specif 1C ar ea +'I~~PE'I ·or -t;hey can choose an"'l of the :w<:tiI3ble 

areas 

5.2.4.5. Supervisor Actions , 

The act~ons of the meta-rules ~re'dLfferent from_aIl of 

the ethers in that they do net modlfy the segmentat10n data 

in ~he STM The~ 5pecify WhLCh set of rules is to be ma~ched 

n~xt on +'he data. and thus 1.nd1rectly actLvate th~ d1fferen+ 
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comm~nds include tho5e that 

tr~9ger th~ ~~~t~,11zat~~h. comm~nce proc~ssing. and haIt th~ 

be cornb~nE-d I,Jic1,h -the dpprOpr~-3te action te. produce <il 

particular x~tuat~~n ~nd specify the response 

stored l.r. "thE- L TT1 .ln a t~'?J.di;~on tha"t has N+r'l+:l dOffidl.nS' hJhere 

rule car. 

Utl.l.q' .. h? m.lmbt!'''', and.1::: s+cwed Ln a s.l.ngle tuple that 

Torrn 

Pul~ No ' C , ( , 
1. 2 

C , A , R 1 

N 1. 2 
A 

Pl 

has the 

(5 7> 

RuleS that have n cond~tions. where n < N, will have +he 

applLes to rule; wd+h less th an M act~ong 

H3v1ng descr~bed the structure of the rules and revl.ewed 

dl.fferen+ "type::: of rul~s +hat cOnstltute the model for 

5. 3. THE KNm~LEDGE RIJLES 

The speé.if'y how an- image be 

~egmented are at the heart ~f our rule-based model 

Informat.l.on ""bout im.;.ge l.t1ten:!:>J. t ies, reg.l.pn propert.l.E?s, and 

the existence of l.l.nes gu~de the analys1.8 1nto creat1ng an 

.1 
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t 

a stt~uctt..lt' ed !':Ind t .. ./tl.l.fot'm rne"thbdologt:;l , ..... ill resul t Othe!' 
, 

approach€'.,;;: te, .'..''2gf!l(·nt- 3+.1 on U~I? a Em.all m.Hl\ber of heur.l.S't .l.C$ 

Th.l.5 .l.S not due to the 13ck of 

A l~ne deteci.l.on proQram. for th.at l.S bU.l.l t on 

locat_1..ng i;h~.:' eJJ.=-cc'n1; .. \nu.l.+'J .. es of fe3tt.,Ir'€'>:::: l.n the l.roaqe art'3':::!' 

account for def.l.clencl.e~ in the pt'ocedur e l'le+hod" for 

+0 the f imr.ige One ma'J 

calcaded procedures to an appl-t.c :=.t.l.on of S>?lJ€'fr iill 

e-ech 

Th.l.S .1.5 not an effic.l.ent method 

of anal'::!El. i5 

accompl.l.shmentfi rnay . be th.l.S doe.,;;:n/i' 

happer" I~e E-t: ill haw,;, TO cont€<nd Wl. th a 13t'ge number of l.mage 

usually h.l.ghly loc~li~ed. 

Th€< answer to +h.l.~ problem .l.S to c:cHflb.l.ne ëjll useful 

t , . 
pt~Ocessl.ng h('ol..W.l :r-.i;.ics .l.n-l;o a mode1, and use .1. t to glLl..de the 

.,. 
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The appropr .1.a+'e p~ec(? Ot ~nform~tJ.on can be bt~Ol~ght 1n+o +'he 

anal';:!s.l..3 '·;hJ!?t"I ~+ ~:: mOEt n~eded 

onl.;:! be '..l:':E-d +'0 updai.e +ha+ part of +'he ~mage to whlch lt lS 

appll.c ~ble f1til-d n'./llIb€>r of I-<nowledge sourcez can be used 

and 3dd1ng 1nformat~on In fac+, the mal.n que~tl.on becomes 

which hel..lt' l=t.l.C~ '1 c, E-nc.ode 1 nto thE' rulez') GUl.dell.ne::;: 3re 

needed Tor select l ng the kno'tJledge Almo~t half a century 

ago, a 5et of prl.ncl.ples for hum3n 

l'./ha+ has become the Ge:=-tal t 

p r 1. ne l. p les 

group1ng [Koffka, 1':"63] RI though ln+ended fcw level 

One of the f aetors 

that has 50 far Ilffil.+ed the use of Gestalt p~~chology l.n 

compl.. .. ter \}l.:: .l.on 15: the lack of a fr 3me,.lork' to represen+ +hese 

Ges+,3l t 

Tho? t'ule-based \)l.S.1.on E'Jstem pro'.)ide!: 

8':.l modelll.ng the rules af+er the 

we def.l..ne gU1dell.nes for ereatl.ng the ~ormer 

'" and a me.:h :'ln.1."::'" for +es+'.Lng +'he latter There are fl.vE' basl.c 

(:1) Sl.nalarlt':.i Sl.ll).llat~ €'nt,i t .1.E'S (e 9 , .Ln Eh3pe or cc.lor) 

tend to fonn Çlro'..Jp:=-. as ~ho(.m .Ln fl.gure (5 9a) 

Entl. tl.es +ha't ar e- spat~all~ close to e3ch 

o+her are more -4:0 be grouped togeth1ë.'r. as appar~t ... t 

f'rom the exarflple .1.t"I fl.gure <5 9b) 



. " 

• .. o o o o • o o 

Ce) Simi~arity 

• • 

f 

(c) Uniform de:$'tiny (d) Continuit~ 

) , 

< e) C.losl,.lre (f) Continuity over clos~re 

F igur-e (5.9)' The G~sta~t principles of v1sua~ group1ng 

_ .,. .... ',- r""""'_ ~ .. 

5 , 

" ," 

\ 

! , 
.\ , 
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Elements in these groups 

appear to undergo homogeneou$ temporal chang~s together (e 9 

(4 .... Good Gt~ (ll.lp.l.ng here .1.::;- based 

(lt~ a local fe~~ure differe-nCê-

the factor of dJ.t-ect_l0n or goe1d Cl .. w~)e 

f .1. 9 ... ./r e (5 9 d ) 

(5) Clo::I .. .Ir e Thi:: rela+es to the .1.nner coherence of the 

Other' rJ?l atf?d. al+hough les:: general f .ac:tors. .1.nc 1.1.ldc: 

and good shape 

detaJ.ls on each, thE':' reader' 1.5 reof err eod to U"J?rthe.1.01er. 1938. 

The outcom~ of the pe r c&ptu31 

.:>II·? f 3ctor m~y be all.owed +0 dOffi.lnate 

another, 3$ shol,Jn .ln f .:t.gut-e 1,5 '?If) 1.!.lhere goe.d curve .1.S 

favourJ o~,'er clo:=l..we-

0\..11" m "'.1.n cotlcern .lS l+'o encode 

a$sert J..ons l.nt.:;. the )lO~., le~)el 
these group.l.ng 

Each of the 

segmentatJ.on rule:: May re-present one or the ab'::>ve 

pr.l.tlc.1.pl'i?S In thlS S'i?ct.1.on. we WJ..ll pre::ent typ.l.cal 

examples of' E'ach of thE' +hree tlJpes of ~no'.Jl'i?dge ruLes. 

discuss how th~ Gestalt criter~a aré J.ncorporated into +he 

mode.l 
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5.3.1. Region Analysis Rules 

Rules bel0ng~n9 ta +h~s set ~re concerned with mod~fy~ng 

the reg~on5 ~n a segMentat~on ~n ord~r to conform w~th 

The REGION At~F!LYZER module .appl.Le~ th!?.;;.;. 

rule5 to ~he r~glons s~Dred ln the STM When a match occurs· 

Thl";' the f~ct.l.on of thl S n.üe se+ 

~ppl.l.ed ta the pre~ent reg10n conf1gurat1on ~n order to 

The d orn.l.nant pr.l nc~ple.::; ~n re':;).l.on 3nalys.ls are +ho~e of 

P~xels that ~r~ ~dJacent and have 

s1milar lnt~nzi~y (or celor) fe~+ure3 are grouped lnto 

regJ.ons Th.l.S ba.::;~c pr.l.nciple beh~nd Most region 

grow~ng programE [L~V.l.ne. 1983] A general rule merges two 

(.;;o.:lch of I.olhlCh can be {:I s1ngle p.l.xel) as 

follows [Muerle ~nd Allen. 1968J 

RULE (8G!) 

IF (1) Th~re ~s ~ LOW DIFFERENCE ~n REGION FEATURE 1 
(2) There ~$ a LOW DIFFERENCE ~n REGION FEATURE 2 
(]) There ~s a LOW DIFFERENCE ~n REGION FEATURE 3 

THEN (1) MERGE the two REGIONS 

This ~mpl.l.eE t~at a low difference Ln the average values o~ 

all three color ~eatures betwe~n the two reg~ons must ex~st. 

This genera1 region grow~ng rule will be shown ta be 

respons~ble for Most of +he Merging that takes place Alone 
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howe\}er. .l. -t cann'?t iiccoul"1t for- al.l thE? dat.a 41. tua11.0rl:S: 

call upon th/? rE'g~ot' Il'Ierger Anall~~;::~n'J at"~)nrage l..ls~ng 

that 

only 

The J.attet~ rescü t I>!hen non-I.H'u.fOt'ffi 

highl~qhts at'/? sub Jected +0 nOl.se· as l"ell as 5ampilng and 

be added to d~al wlth +heM an a c~se-by-case bas!., 

the follo',Jing f'" I.Û/;:, / 

} 

RU.LE (802) 

IF (1) 

.- - --~g) 
(3) 
(4) 
('5) 

The 
Xbe 
Tho;. 
The 
'The 

REGION SIZE loS VERY LOW 
A[,oJACEt-lCY 41J.,t.!+ -iu'lother REGION .lS HIGH 
DIFFERENCE in REGION FERTURE 1 l.S rWT HIGH 
DIFFERENCE ~n REGION FEATURE 2 15 NOT HIGH 
DIFFERENCE ln REGION FERrURE 3 lS NOT HIG~ 

THE'''- (1) t'lEf"GE the "t1·JO REGIONS 

The f 1r5t tl.l() cot,d.l +.1 ons de5cr lbe the 5J. tIA,at,iOI'\ , ... l''Hm a region 

.is of ver',;! snl,ül s.\.ze and 1$ mostly Srrt-'O'omded (or tç,tdl1,:.~ 

~ l 
co~t~J.ned) by an adJ~cen+ reglon Thii 15 an 1ndicat~on that 

thé f 1rEt r eg.l cm resl.ü to?d ft'om som~ no~se SOI..lrce Thel' E-f ore· 

a re-la;.'a+lon of th'E' rnergu1g ct'".1.tl?rl.,3 ln fh~lE' (801) 1.5 called 

For The last thre~ cond~t~ons prov.1.de the loosened ve-rS1.0n 

that r~Etrlct~ the d~fFerences ~n features ta be of low or 
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.. 
Ano'ther aspect to !::te acr.:of../h'ted for i,$ +he f'orm:a+ it:.rl of 

co1ol's) 

the l'Juddle 3cq'.U"~· ~ rang.;:: of .l.n"ten.:;l 1- .l.e.:; t'hat does no+ ~llol.J 

them to rn-?I- '~E> 1.1.1 th el the!' ,,)f +hiE.'lr nel..ghbors 

avet':lgo:? 9 rad .!.ent. and +b>:t'efor E' ... all bt> spI.!. t longJ. +ud.l. nalllJ 

Th.l.:: I»ll1. rli'sul. t l.n 

by th€' follolou.I!';;j rule-,; 

RULE (803) 

IF (:1) The REGION 8IZE: l.$ LOW 
(2) ThE' REGION AVERAGE GRACIENT 1:5 HIGH 
(3) The DIFFERErlCE .ln REGION FERTURE :l i5 NOT HIGH 
(4) Th>;:- DIFFERENCE .ln REGION FERTUJ;'E 2 is NOT HIGH 
(5) The DIFFERENCE .ln REGION FER TURE 3 l.5 NOT HIGH 

THEN (:l;' t1EPGE the tt~O REGIONS 

RULE (804) 
-----------

IF (1) 
(2) 
(3) 
(4) 
CS) 

THEN (1) 

The REGION SI2E .l.S LOW 
The- REGION ASPECT RATIO 
ThE- DIFFERENCE J.n REGION 
Th'.? DIFFERENCE J..n REGION 
The DIFFERENCE .lt1 REGION 

ME.RGE +hEi' -t.WQ PEGIO~JS II> 

i!' VERY HIGH 
FEI1TURE 1 1.5 NOT HIGH 
FERTURE 2 1.5 ~OT HIGH 
FERTURE :3 1.5 NOT HIGH 

A simi1ar rule. Rul6' (805)· eX.l.sts for very 101,.) aspect rat.l.o 

J 
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- Becal..lse of +'ho:- l.~m~ t~d re'Sol.l..Ition of the image, T aul ty 

reg~ons ma~ ~lzo occur if a large number of reg~ons ~n~ersect 

at the same :::pot Pt,lle (8136) 1}1~11 abol.1.sh su ch error's by 

RULE (806;' 

IF (1.) 

(2) 
('3) 
(4) 

<5:-
... 6) 

Th"" 
The 
Tf 1(· 

The 
Th€" 
Th>? 

REGION SIZE is LOW 
NUM8ER of ADJACENT reg.1.ons i5 HIGH 
DIFFERENCE ~n REGION FEATURE ~ is NOT HIGH 
[.,IFFEPENCE ~n REGION FEATURE 2 is NOT HIGH 
[·IFFEPEtJCE H1 REGION FERTURE 3 ~s NOT HIGH 
FI['.Tf1CErH REGION SIZE l.~ NOT LOW 

THEN (1.) t4ËPC.f-~ th~ +1.10 PEGlmJS 

to rl/l?rge &-3S1.1':!l beC.:H..Ise of' dertl.l.nl.shed contrast 

RlJLE ' .. 807 ) 
-------- - --

IF (1) The REGION SIZE ~s VERY LOW 
(2 ) The ACJ .TACENT REGION SIZE l.S VERY LOW 
(3) lhe DIFFEPENCE ~n REGION FEATURE 1- i5 NOT HIGH 
(4 ) The DJ,FFER'ENC E ~n REGION FEATURE 2 i5 NOT HlCiH 
(5) l h.? DIFFERENCE ~tÎ REGION FERTURE '7 

~s NOT HlCiH ..., 

THEN (1.) t1E~GE thE' ·~l·)O PEGIONS 

.,.., 
ThE? G>'?stal+ pr.Lr.c~pl€? of sim~laritl~ ~S' 1:he main f'actor 

'+'hat mot ~\!<:d I?S th,=- ~pl.:L +,t.1ng of a regi.on Then. the 

resl..!l +.1.ng regl.onE In'...s3:'+ c:onsl.si: of p~)<'els: that: are more 

sJ.ml.lar +, 0 p.ach o+het' -than -the pl. /- el.:; belongl.tlQ 1;0 th~ 

of.. f'eatures arE? 

indicators (If th"" of of p~xe.ls. A 

mu.ltl.-modal h~stogram 1:he noeed for sp.l~ 'U ing to 

, 

1 
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ach1eve a un1form unlmodal dlstrlbutlon of the featu~es ln 

In ch.:.p+er 

and lf 

::0· coropu te ." Inti"!::t ~ '_,we + ha i; l':; pr'opor i; .Lon dl to the degl' et? 0 f 

The corr~3pond1ng actJ.on to spl1t the reglon W3~ 

also deSCt-lbed The followlng paJ.r of rules comblne the 

RULE (901) 

IF ~1) The REGION HISTOGRRM 1S BIMODAL 

THEN (1) SPLIT the REGION accord1ng ta the HISTOGPAM 

PULE (902) 

IF Cl) The REGION HISTOGRAM BIMODRLITY 15 NOT LOW 

THEN (1) SPLIT th. PEGION accordlng to the HISTOGRAM 

establlshez a lower 11m1t on the degree of blmodall+y belcw 

Wh1Ch SpL1ttlng wlll net be allowed 

take 1nto account the Slze of 3 ~egl0n ln addltJ.on to lt5 

RULE (903) 

IF (lS The REGION SIZE 1$ HIGH 
(2) The REGION HISTOGRAM BIMODALITY 15 HIGH , THEN (1) SPLIT the REGION ~ccordlng to the HISTOGRAM 

1 
/ 

.. 
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RULE (904) 

IF Cl) Thp REGION SIZE 1S MEDIUM 
(2) Thp REGION HISTOGPAM BIMODALITV ~s NOT LOW 

THEN (1) SPLIT the REGION 3ccord~ng to ~he HISTOGPAM 

of' r'1'tiltures can be ut~l~zed ~n ~nowledge 

) demands bl tnod::.1 

ln Rule (904, for medlum ~lZ~ reglons H~stograrn 5ç::<11. tt.lng 

~Bnd th&ref'ore not a11owed) f'or r~g1on~ w1th 

sOla11 (LOI.J.,I s~ze bt&c~us;r of the ~ncre3z~ng E'ffect of the 

There are other ~ndlcators that a reg~on shou1d be 

spllt Rule (905) deplcts the case when the variance of +he 

calor f'eature~ 1$ large. lndlcat1ng a large spread ln ~he 

PULE (96S) 
-----------

IF (1) Tm REGION VAR!:AHeE 1 15 HIGH 
( ;:: ) The REGION VAPIANCE 2 1.5 HIGH ~t 

("3) The- REGION VARIANCE 3 1.5 HIGH 
(4) The PEGIO~~ HISTOGRm~ 1$ BH10DAL 

THEN Cl) SPLIT the REGION accardlng to the HISTOGRAM 

ThlS ~mpl~E's that a , 5mall dlp ln the h15togram w11l be 5uf'f'1clent In fact, ~hE> 

dlp 1.5 requlred by +he rule aC~lon, s~nce a threshold ha$ to 

be d~~erm1.ned for hlstogram Splltt1.ng The neyt t~o rules 

.1 
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are seen ta uEe the average grad~ent over a reg~on a~ the 

A large grad~ent maw be due te a large 

l)ar ~ ance (Jf 

On ihe o+her hand. ~t ffi3y be caused by a 

RULE (~e6) 

IF 

THEr~ 

(1) The RE"C,J OU SIZE ~5 HIGH 
(2) The REGION AVERAGE GRADIENT ~~ NO~ LOW 
'3) The PEGION HISTOGRAM ~s BIMODAL 

(1) SPLIT the REGION 3ccord~ng to +he HISTOGRAM 

RULE (9137> 

IF 

THEN 

(1) The PEGION SIZE 1.S HOT LO~J 
(2) The REGION AVERAGE GRADIENT 1.$ HIGH 
(3) The REGION HISTOGRAM 1.5 BIMODAL 

(1) SPLI T the REGION 3ccor d~ng +0 the HISTOGRAl"l 

L1.nes rll<:1ld pro\)l.d"" eUJ.dence f or reg~on spl~ tt ~ng 

The REGION ANRL'r'ZER pr Q'ndes 3rt act~en th 3t 5pl~ ts 

R'..Il"? (9138) 

1.11uEtratez 1.nfot~roat~on 1.S used ~n proce:=s~ng 

reg1.0 n s , 
( 

" 

.. 
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RULE (908) 

IF ( 1;' The PEGINI SIZE 1.5 NOT LOI-.! 
(2) F'EGION .1.:::- B1'3ECTED 8Y LINE 
("'l' " 

..) , The LiNE LEtlGTH LS NOT Lm·) 
(4) Hft? LHIE RVERRGE GRA[JIENT .l.S HIGH 

THEN (U -:,PLIT +h<;> PEGION :l1 LINES 

The use of l~n@ ~nforma+~on Ln regLon analysis .l.S agaLn 

6' >< e mp l 1. f Led 1. ri Ru L é-' (81:> 9 ) 

even lf 

accomplLshed by addlng another 

Th1.3 LS 

• 
cond1.+.l.on te Rul~ (801) te 

produce the followlng 

RULE < 812:19) 

IF (1) There .l.S ~ LOW DIFFERENCE Ln REGION FERTURE ~ 
(2) Thare .l.~ ~ LOW ~IFFERENCE Ln REGION FERTURE 2 
('3) Thl?r e .1. s a LO\.oJ DIFFEPEtlCE Ln REGION FERTURE 3 
(4) The value of LINES 8ETWEEN ~EGIONS 1s LOW 

THEN (1) M(PGE the two PEGIONS 

Cond.l.tLon (4) abov~ refers ta the fract10n of comman boundary 

between the 1wo reg.1.ons +h~t J.~ covered by ILnes Th.l.S: ua lue 

The :::-ame c6nditLon can be added 

te other reg.l.on merg.l.ng rule3 

An eV31u~t.l.on of the regJ.on analys~s rules presented 

rules w.l.ll be +es+ed and compared The next 

~ntroduce5 the rulw$ used by th& LINE RNALYZER 
~ 

sect.l.on 

J 
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5.3.2. Line Analysis Rules 

L1.nes by thelr natur'.?~ provlde for a I.J1.der 

d :3 tas 1. -t U a t- 1. 0 tH;: Th~y are aiso subJect to a Iarger number o~ 

act1.ons of 

lIn11.l-:e r eÇJ1.ons. slnl.1_lar l t',J 13 not the 

m ;;} 1. n l. S S I.A e h e t- "" 

more pr om lt-IE·n+ 

PrO~l.ml+y l.E of equal lmportance for ll.nes for 

\ 
te. enhance the l.nitlal l1.ne 

l.n the J_n+'-"n~1.t.l.'.?s The latter usually produces 

incomplete l.lnes. aî 1·)e11 as f aul t l:.1 llnes th3t are PO=î l.blt.,j 

due ~o nQl~e and therefore must be llllml.nated The tas~ 

+hen +'0 

ones Rn .Lrllpür t--ant- cll""E' -t Cr bath 1$ The pre=-ence of l.Lne 

closure dlct~Te +he neCE'îîlty ta e1ther exp and the open end 

pos51.ble. dele+"" th.;. l1ne 

open 

ano+her th3+' 15 closely IN FRONT of or BEHIND lt 

The 51.tuat1.on 15 deplcted by Th'.? followlng two rules , r 
\ 
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PULE (1513"1.) 

IF . (~) Th",· L THE END po~nt .l.E OPEN 
(2) 1 he DISTRNCE 'to the LINE IN FRONT .is l:O~J 

THEN (1;' JUIn th~ L lNES by FORWAP[.' e ':p aY'lS~Ot1 -

RULE (16131 ') 

IF (1) The LIHE -=.TART po~n+ ~s OPErl 
(2) The DISTANCE 'to the LINE BEHIND .is LOW 

THE,u ( ~) JOrr~ +,h", LINE':· by BRC KL·JRP[' e:' pans.\.on 

same average d~r~c+'~on) The correspond~ng rules are 

PULE (1502) 

IF (1) The LINE END po~nt 15 OPEN 
(2) The DISTANCE ~o the LINE INFRONT 13 NOT HIGH 
(3) The LINE AVERAGE GRR~IENT 1~ NOT LOW 

THEN < (1) JOIN the L.INES b'J FORWARDj expanz.i.on . 
\ 

RULE (1503) 

IF 

THEN 

(1) The LINE E~D PQ~nt i~ OPEN 
(2) The DISTANCE to the LINE INF~ONT .i.s NOT HI~H 

(3) The LINES have EQUAL AVERAGE DIRECTION 

(1) JOIr~ t:h~ L INES by FORJ,JARD exp ;mS.l.Otl 

Sl.milar rl,.lle.:! exl.~·+ fot~ ,Jo~t'ung a l..l.ne blJ bacl-<l)lard t?>~pans ~()n 

to a line ~hat is beh.l.nd i+. 

" 
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5hare the E3rne reglon~ to the1F left and Flght 

s+rong lnd1c~t1on ihat both 11nes are p3rt of +he Baffie 

boundar~ 

-RULE .: 1504 ) 

IF 0) The LHŒ Et~D p01n+ lS OPEN 
(2;' - The LlfŒ GF<'ADIErn 1::; NOT ',/ERY Lm.J 
("3) The C.IS 1 FH-JCE +CI the LINE DJFPONT 15 NOT VERY HIGH 
(4) The two LINES have the SAME REGION to the LEFT 
(5) The t,,'ç, LIt~ES ha')e +he <;;,At1E REGIOr~ to the RIGHT 

" THEN ( 1;' JOn~ -i;hç;· LHJES b'::;l FORWAPO e""pans1on 

f?ULE (1505) CF1Qure (5 10b» 

IF 

THEN 

(1 ) 

(2) 
(3) 
(4) 
(5) 

The LINE END pOlnt i5.0PEN 
The LIrŒ GPAOIENT 15 NOT VER.,.' Lm-l 
The C·!STAtKE +0 the LINE INFPONT 1.5 NOT VERY HIGH 
SAME F<'EGION LEFT of LINE 1 and RIGHT of LINE 2 
The two LItAES have the SAME REGION +0 the RIGHT 

(1) JOItJ +he LHŒS b'::;l FOR'WARD e-<pansion 

RULE (1506) {Flgur~ (5 10c» 
l------------

IF (1) ThE' LINE F..UD pOJ.nt 1::- OPEN 
(2) The LINF. GPADIENT is NOT VERt' LOW 
c n J, T~'w C'ISTA~KE +0 the LINE nWRONT .l.S NOT VERY HIGH 
(4) The- t'ole· l_H~ES h<Elve +he SAME REGION to the LEFT 
(5) '3AME REGION RIGHT of LINE' 1 and L..EFT of LINE 2 

THEN (1) JOIN +he LINES by FORWARD e~p~ns1on 

J~ln1ng b'::;l backwsrd exp<ElnSl0n prodYce~ three analogous ru1es 

for the ~3ses ln figures <5 10d> to <5 ~0f) 

, 

t 

1 
\ 

\ 
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'" 

t R 1<' R R 
A A A A 

> ~ E: (' 

L.1.ne- 1 L~n\? 2 L.1.ne 1 L.1.ne- 2 

R R R R 
B B B 8 

Ca) (d) 

L~ne 2 L~n-e 2 

R 1<' P R 
A FI A A 

> '( 

L.1.ne 1 R L.1.ne 1 R 
C C 

R R R P 
B 8 B 8 

(b) ~e) 

L.1.ne 2 L~ne 2 

Fi' R R R 
A FI A A 

~ ... 
Ll.ne 1 R Ll.ne 1 R 

C C 
Fi' R R R 

B 8 B B 

(c) (f) 

Fl.gure ('5 Hl)· .. T O.1.n.1.ng lines US.1.ng region .1.nfOrn131: ic·n 

In the absenc~ of a close neighbor. an open 1.1.ne can 

stl.ll be e-xtended forward or backward b~ expand.1.ng the 

appropr.1.ate end po~n+ along the maX.1.mum local , For th.1.S te happen. howev~r. ~ 

s.1.ngle open Ilone must strong 

--characteristl.cs. boi;h lo" .l'ength and in strength (average 
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grad~ent) represl?nt 

51. tu.at1.on 

RULE (1507) 

IF (1) The LIIŒ END po~nt 1.S OPEN 
(e) The LINE AVEPRGE GRADIENT ~s HIGH 

THEN (1) EXTEND the LINE FORWARD 

RULE (. .1508 ) 

IF (~;. n"p? LIrJE E.HD pO.ln-t 1.S OPEN 

THEIl 

(2) The LJHE AVERRGE GRADIENT 1.S NOT LOW 
(3) The LlUE LHJGTH ~5 NOT LO"~ 

(1) Ej~TEIH'1 +h/? LINE FOR~JARD 

abovE? 

Rule~ ror e~-tendln9 4 l~ne bac~ward rrom 1tS start~ng pOl.nt 

Th~ local qr~d1.~nt 1.~ al~o u~ed ta ~xpand ~n op~n I1ne 
, 

th.at h ~= :1 l àt" ge "'.Inlbet~ of t~eg.lons on bath s1.des> as fhc.wn 1n 

r 19ur'e (5 11) The llne .lS cons.ldered to be at the boundarw 
,1 

The rule that detects th1s 5.ltu.at10n 

RULE (.1509) 

IF (1) The LINE END po~nt 1.5 OPEN 
(2) The LINE GRADIENT 15 NOT LOW 

THEN 

(3) The HUMBER or REGIONS ta the LEFT' 1S NOT LOW 
(4) The NUMBER or REGIONS ta the RIGHT l.S NOT LOW 

(1) EXTEND the LINE FORWARD 
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F1gure (5 1.1.) Lln~ a+ the boundary of two textured areas 

Rule (lE.09) Io)~ll Ç)rC'll)~df.? +~or the backloJ-3rd extens1.oh ~n a 

reg1.bns The conf1.9ur~+~on por~rayed f 1.gure 0: '5 12) 

~llustrates how +h~ presence of two d1.fferent reg1.ons. one on 

each S1.d.;. of an 1.ncofl'lplE''t1? 1.1. ne , 1:; a strong l.ndication tha+ 

the ll.ne ~s lndeed part of -3 larger boundary The follouJl.ng 

rule ~s bas.;.d on +hl.s hypothesl.s 

RULE (1510) 

IF (1) The LINE END pOint 1.$ OPEfl 
(2) The LrrŒ LENGTH 1s NOT LOW 
('3 ) Thet~e ~s ONE REGION to the LEFT of the LHŒ 
(4) The!'"e .1S ONE REGION to the RIGHT of the LINE 
(5) REGIONS tel the -tEFT and RIGHT are flOT the SAr'1E 

THEN (1) Expand the LINE b~ INSERTIN,G FOR WARD 
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F~gure (5 12) L~ne a~ the boundary of two large reg~ons 

Phl..nts are l.t"iE€'rt€·d a't the .=;tartl..ng po~n1; of an open l~nl? ~f 

As a result of apply~ng the prev~oug rul~s. l..ncornple'te 

and Wl..ll Meet o+her ll..ne~ The 

resultl..ng Junct1..0n~ m~y suggest the rnerg~ng of two l~nes ~nto 

'~ 
constructe d to perf orm fClrl·Jard and bacJ.<-'.,Jat'd ll..ne mer g~n9' 

RULE (1.701) 

IF 

THEN 

(1~ Th~ LINE LENGTH l..S NOT LOW 
(2l The LENGTH of the LINE IN F~ONT '$ LOW 
r.. -fi:. Tho>!- LINE~· are TOUCHING 
(4) The clo$e~t POINT IN FRONT l..S LOW 

(1) ~ERGE the LINES FORWARD 

/ 
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L~ne 

L~n~ 2 

L ~tV=- 1 L.lne 1 
L~ne 1 

L.1.ne 1 

Case 1 Rule (170j) Case 2 Pule (1702) 

(a) 

L~ne 2 L~ne 2 

1 

C~se 1 Rule (~704) Case 2. Rule (1705) 

L~nel L.ine1 

2 L.lne 2 
L.ine 2. 

/ 

Case 3 Rule (1804) Case 4 Rule (1905) , (b) 

• 

F~gure <5.13)· Rules ror merg.ing l.ines 
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RULE (17132) (F l.g .. ~r'.? (5 1 '3a) J case 2) 

IF 0'1) ThE- LIrŒ LEt~GTH 1..5 NOT LOW 
(2) The LEHGTH ot~ the LINE ItJ FRONT ~s NOT LOW 
(.., , 

-J,t Th~ LINE~· <)re TOUe HIt~G. 
(4) ThE- clo:i"&::;t POINT It~ FRotH 1.S VER'!' LaW 

THEN . (1) t1ERGE the LINES FORWARD 

the s~tuat~on in 

f1.gure <5. ~3a). whE-re the clo5est p01.nt on the second 11.ne 

(the 11.ne l.nfr~nt 1 loS near (or at) 1.+.:;: start1.ng pOl.nt The 

two r·tAl>?.:; :iJcc()t.-ln+ for' d1.ffet-ent second ll.ne lengthsJ :50 that 

the constra~n+ on +he posl.tl.on of the closest pOl.nt ~~ ffior. 

merged ~l.th on~ +hat loS behlnd 1t 3ccordlng ta the followl.ng' 

RULE (1801) 

IF (1) The LINE lENGTH i~ NOT LOW 
(2) The LENGTH of the LINE 8EHIND ~s LOW 
(3) The LIUES :tre TOUCHING 
(4) The close st POINT BEHIND 1S HIGH 

THEN . (1) MERGE +he LINES eACKWARD 

RULE (18132) 

IF (1) .The LINE LENGTH .1.$ NOT LOW 
> 

~2) The LENGTH of the LINE 8EHIND ~s NOT LOW 
p (3) The LINE~. are TOUCHING 

(4) The clo$e$t POINT BEHIND ~s VERY HIGH 

THEN . (1) MERGE the LINES BACKWARD 

<*) Note that the po~it.Lon of a p01.nt on the line 15 given as 
a fraction of 't1'\E' line lenQth. 
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Merg~ng bazed on s~m~lar~ty of l~nes is made poss~ble by 

the fol1owlng rule 

RULE (170"3" 

IF (1) The LINE~, 3t'e TOUCHING 
(2) The cloS': E' Ei; POINT IN FRONT .l.S NOT HIGH 
('3) Th~ LUJE n~ FRONT has a HIGH GRADIENT VARIANCE 
<4) ThE'rE' .1.$ a LOl.oJ r)IFFERENCE .l.n LINE FEATURE 1 
(S) Thei"!:'? l.î 2! LO\JJ [)IFFEPEtKE .l.n LINE FEATURE 2 
(6) ThE't" e l.î a LO\JJ DIFFEPENCE .l.n LI NE FERTURE 3 

TH EN (1) MEPGE the LINES FOPWARD 

is beh.l.nd .t"t No~e +ha~ çOnd.l.t10~ (3) aboue Justifies the 

sp11ttl.ng of the s~cond 11ne ~~ arder ta merge part (or aIl) 

Merg~ng to 1Mproue the continuity of l~nesl as in 

f ~gure (5 1 3t,), lS ad"l.l.e'Jed through the followin,g rule;s" 

RULE ... 1704) 

IF· ( 1) The LINE '":' ;re TOUCHING 

THEN 

(2) The ÇlO~&Ft POINT IN FRONT 15 MEDIUM 
(3) The LnJE'::~ ENt' [)IRECTIONS are EQUAL , 
(4) 5T~PT and EN~ DIR of LINE IN FRONT ARE NOT EQUAL 

(1) MEPGE the LINES FORNRRD 

RULE (1705) CFl.gure (5 13b). case 2) 

IF 

THEN : 

\ 

<1.) 
(2) 
('3) 

(4) 
('5) 

(6) 

The LINES ar!:'? TOUCHING 
The LEt~G TH of +he LI NE n~ FRONT ~s NOT LOW 
The LINE START and END DIRECTIONS are EQUAL 
LIrŒ IN FRONT '::;TART and END DIRECTlONS are EQUAL 
Th. clos&st POINT IN FRONT ~s LOW 
The DIFFERENCE ~n AVERAGE DIRECTION .l.S VERY LOW 

<~) MERGE th& LINES FORWARD 

,...~~-,-,,---_. _«1 .............. _-,_. - .. "",~ ... ,.",,' "'.", _· •• IiIII ..... _IIII'2.MIioN!IaN, .. ~ -", ... 

, . 

, . 
, ' 
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RULE (18134) (F.l.9ur-e (5 13b), case 3) 
--,-------- --

IF (1) The LHlES 3re TOUCHn~G 
(2) The o:l(:ls(?~-t, pOlIn BEHIND iS t1EDIUt" 
(.., " 
'.J , Tho::- LlrŒ':; sTAPT DIREC TIO~6 are EGIIJAL 
(4) :,TAPT 3nd HW [)IP oF LDŒ BEHIr~[) ~lRE tWT EUUAL 

THEt~ (1) MEPGE +he LINES BAC~WARD 

RULE (1805) 

IF 

THEN 

(1) The 
( 2 ;. The 
(3) Th.;.-
(4 ) The 
CS) Th.? 
(6) The 

LItŒS 3r-e TOIJCHIrIG 
LENG1H of +he LINE BEHIND iS NOT LO~ 
LHJE :,TAPT .and END DIPECTIOUS are EDUAL 
LItŒ 8FHIN[) START and END DIPECTIONS are EQUAL 
cl (:1 .<"G'5d ; POTlJT 8EHHJ[' .LE HIGH 
[) IF F EF'[NC E J.n AVERAGE [)IREC TIOtI .1.S VER'l' L OW 

(1) MEPGE ~h~ LINES BACkWAPD 

The 5.1.mplest case 1.5 when the 

and th 3+ e du t,l. + a (,le31<' ç't'dd1.ent ~! ;jlue 3re con.5.1.dered ta be' 

due ta nOise factors a~d ~re consequently reffioved 

open .5pace In other words, iF a line i.5 not supported by 

others, 3nd if .l.~ doe.:;: not behave as a plausible lndependent 

enti+y, it Will be dele+ed, aS seen From the follow.l.ng ruleE 

RULE (140i) 

IF (1) The LINE LENGTH .l.S VE~Y LOW 
(2) Th~ LINE AVERAGE GRADIENT ~s LOW 

THEN (1~ DELETE th~ LINE 

.. -

. 
J 
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RULE (1402) .. 

IF (1) The LINE LENGTH ~s LOW 
.- 2) Th(,< LINE AVERAGE GRA['IENT ~s: VERY LOL4 

THEt4 ~i) GELETE +h~ LINE 

RULE (1403) 

IF (1) The LINE ~s"OPEN 

( 2) Thé' LnlE LENC:. TH ~s LOW 
("3) Th€' LItlE RVEF'AGE GPR[JIErJT ~s Lm~ 

TH EN (1) ~ELETE the LINt 

91EO deleted ~f ~here ~s ev~dence" of a 

Th~s commonl~ occYr~ 

~n ~mages of edge 

As: a result, ~he proce5~ 

of edge lec~tl0n and boundary tr~c~~ng w~ll produce 3 number 

of parallel l~ne~ 3+ +he POE~t~on of the graded boundary 

mLü i;~ple 

occut't'ence z 

RULE (1404) 

IF (1' The LINE ha::;: LOWE/<' LENGTH 
(~ Thet" e .1.:;; .a LOl.-J lJIFFERENCE in the LINES GR'ADIOn 
(3) The PARALLEL DISTANCE ~s VERY LOW 

THEN (1) DELETE the LI NE 

ta each ether wIll be d~leted Note ~hat th1S rule doe~ no~ 

) 
are phIJs~call,::.~ par alll"' 

QPpos~te d~rect10n5) The3e 11nes re~ult frqm/ the 

'. / 
but have 

app~y to s~ewed l~ne~ (l~nes that 

eX.l.stence o~ • t'un oPJéd on ô darher or l.>.ghter bt"gCC'Und' 

~ 
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and +'heref ct" €', 

Th~ conf1gur~tJon of reg~ons ~n the n&~ghborhood D~ a l 
Th1~ 15 part1cularly tru9 when 

local gr ~d1€'tyt 3~ ~i~lJ. A ru le tha+ embod1es th~s s1tuat1on 

13 g1ven b'::l 

RULE 0: 141215 ) 

IF (1:' The LINE 1== OPEN 
(2) The LINE GRADIENT ~s LOW 
(3) The SRME REGION ta the LEFT and RIGHT 

THEN (1) ~ELETE +he LINE .. 

be tested ~nd thelr performance w111 be evaluated 1n chapter 

7. those that analyse 

5, 3. 3. Area Analysis Rules 

These ~nclude rules +hat generat~ area~ of attent~on. 

and others th~t update +hem dur1hg processing The f'ollow1ng 

t"hree nües de+eci"· ~dd to· :!nd :::ave smpoth area5 1n an 1mage 
~ 

• seg1'fl~ntat1on 

RULE (401 ), 
-----------, IF (1) The REGÎ'ON SI~E .is HIGH 

(2) The REGION has a LOW VARIANCE :l. 
("3) The REGION has a LOW VARIANCE 2 
(4) The REGION has: a LOl4 VARIANCE 3 

THEN (1) CREATE St10QTH RREA 
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RULE (402;' 

IF (1) Th~ APEA lS SMOOTH 
1'2 > The REGION AD JACENC 'T' .lS NOr VERY LO~J 

("3> The RECION 5I2:E 1.E NOT Lm,j 
(4) Th>? PEGHm hds- a LOl.-l VARIRtlCE 1 
(5;' The ~'Ec,I(ir~ ha::: i3 LOvl '.,JAPIRtlCE 2 
(6:- Th>? RE.GIOtl ha::: a LOW VAR1RtlCE 3 

THHl li ;. A['L' REGION TO SMOOTH APEA 

~LE ( 403;. 

IF ( 1;' Theo tif"ER .lS '3r100TH 
'2> The AR ER SIZE 1.$ NOT LOW 

THEN '=,AV E ,=,r'100 T H RRER 

""", Rule (401) wlll creat& +he nucleus of a new sffioo+h 3re~ from 

SI...!bse-ql.len-t srfloo·+h 

.:.r E? ;'jdded ta the 

Rule (402-, Pule (403) "'111 sav~ "the area f QI'" 

enouqh 

RULE (501) 

IF (1) Th. REGION SIZE 1.S LOW 

THEN Cl) CREATE a TEXTURE AREA 

RULE (502" 
-----------

1 IF (D Tho? AREA IS TE)<TURE ... (2) The REGION ADJACENCY loS NOT VERY LOW 
(3) The REC.ION SIZE 1.5 LmJ 

THEN (1) ADD REGION TO TEXTURE AREA 

" 
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RULE (50]) 

IF (.:l ) 
<2:-
( "3 ) 
(4;; 
(5) 
~tS) 

Th(,' 
lhe 
Th>? 
The 
ThE' 
ThE-

APER lS TE:'·.:TURE 
AF-~ER :,I2E J..S NOT LOW 
tllJt'1E'ER of P EGIONS l,$ rWT LOW 
ARER VARIRNCE 1 lS NOT LOW 
RF'ER VARIFHJCE 2 lS NOT LOW 
RREA VARIRNCE "3 lS NOT LOW 

THEN (1) SAVE lE~TURE RPEA 

Page 234 

The f.lrst "h,lé) rul"".=- ~€,i" up a search for cl l.ls1;ers of sfl'Iall 

segmeon"tat l. on Long Ilnes that close (or almost close) on 

eoti c l.t' é: 1 e F(J.llQ1,JJ.ng arl? thr ee et- l ter la for detec t lng such 

RULE (601.) 
-----------

IF (,1.) The' LlrlE IS LOO? 
(2) T~~ LINE LENGTH l,S NOT LOW 

THE.N (1) SAVE 80UN~ED RREA 

RULE (602) 

IF (:1) 'rhe- LIN!::: Lf:NGTH l$ H:LGH 
(2) The STArn-END DI~TPlNêE l.S LOW 

THEN (1) SAVE 80UN(\ED OOEA 

" 

j 
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RULE (60'3) 

IF (1) Th.:;. LItJE LENGTH J.s r'lEDIUM 
(2) Thl? STRRT-EtW DISTArKE .1.E VER'" LDN 

THEN (1) SAVE BOUNDED RPEA 

( 
Changes are brought about by +he 

delet.1.on of l.1.nes 

,,. altered .1.n the proç~î5' .l.ts phys.l.c31 propert.1.es may change ~s 

I.o.'el1 It .1.$ 1he funct.1.on oç thE'Ee rules te enEure that are3~ 

E~amp1e$ oç t ul~! +h.t change an area's twP~ are 

RULE 701 

IF (1) The Af"EA .1.= St10QTH 
(2) Th.? Af\'EA VARIRNCE 1 .l.S NOT Lm~ 

f ('3) The ARE A VARIANCE 2 .1.5 NOT LüW 
( 4) The APER VARIRNCE .. .1.E: rmT LüW ~, 

THEN (1) PELABEL AREA TE>aURE 

RULE (702)-

(1) Th(·' APER '1S TEXTURE 
(2) Th.? APER VAf"IRNC"E 1 .1.S LDW 
("7' -' ) The ARE A VARIRNCE -::0 

L. .1.= LOW 
(4) The APER 'v'ARIRNCE 3 .1.S LüW 

THEN (1) fi"ELABEL AREA SMOOTH 

• ~ . J 

J 
-1 

fj 
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Area5 ar~ loc~.d out o~ proceS$~ng ~f the y are ~oYnd to 

be s+'able 

RULE (703) 

IF . (1) 
(2) 

(3) 
(4) 

THEN (1) 

RULE C;'04) 
-----:;------

IF (1) 
(2) 
( 7', , .J , 

(4) 
('5) 

THEN (1 ;, 

RULE (705) 

----~-~----------

IF (1) 
(2) 
(3) 

(4) 
('5) 

(6) 

"t'i'rms Of performance 

Th~~ allow~ ~he 5Y5+em ta concen~rate on 

The ARE A :. SMOOTH 
Th>? ~;r-lUt18ER of PEG:ror~S ~s VERY Lm~ 
LI,U,ËS ~rE' HBSENT 
RE~ION UNIFORMITY 1 ~s HIGH 
REGION UNIFORMITY 2 ~s HIGH 
REGION UNIFOPMITY 3 ~s HIGH 

~ 

FPEEZE RREA ., 

n"lE" RRER ~s TE>~TURE 

REGIO~~ CONTRA~.T 1. ls HIGH 
REGIO~A CONTI?AST .... 

.t~ HIGH c. 
REGION CONTRAST 3 1:S' HIGH .' 
LItŒ CONNECTIVIT'T' .ts HIGH 

FREEZE APEA 

The RREA ~$ BOUNDED 
LINE IS CLOCKWISE 
ONE ~EGI(JN RIGHT OF LINE 
PEGION UrUFORMITY 1 ~S HIGH 
REGION UNIFORMITY 2 ~s HIGH 
REGION UtJ1FOF:MITY 3 ~::: HIGH 

ExamplE's of 
..... ) 

THE~'" (1) FREEZE RREA 

An' ru1,=, to RulE' (7(1') e'lc'~sts for a 

Note 

that an are3 that 15 Frozen ~s 5t111 avai1able to prov~de 
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~nformat~on .bout the part of ~rnage.lt represen+~ (e g . 

smooth or te~+~r.d) 

~t no longer ·::<:wr~e.5 ~.s",fu.l s'?grllentat1on l.nfOrrllat1on The 

RULE (707;. 

IF (1) 

<2> 
(",3) 

( .,l) 

~S) 

0:. :. 

THEN 

The AREA l.E SMOOTH 
The tIUt1E:EP of REGIOtlS 1.S HIGH 
Th.? APEA '3r::'E l.S rmT HIGH 
F:EC,ION COtHRR"::,T 1 ~s HIGH 
PEGION CONTPAST 2 1E HIGH 
REGION COtnRRST "3 ~s HTGH 

RULE (708) 

IF (1) Th!? AREA l.E TE~nURE 

THEN 

RULE 

(2) Th>.:> tWNBER OF REGIONS olS LOW 
("3) Th.? AREA -:.IZE l.S NOT HIGH 
(4) The REGION UNI~OPMITY 1 ~s HIGH 
(5) Th~ REGION UNIFOPMITY 2 ~s HIGH 
(6) The REGION UNIFORMITY 3 ~s HIGH 

(1) [)ELETE Af.:'EA 

( 71219) 
-----------

IF (1) Th€" AF'EA 1:::: BOUrj['tED 
(2) Theo tWt'lBER OF LINES is HIGH 
("3) The LI NE C OrHPAST :1 15 HIGH 
(4) Th~ LINE CONTRRST 2 olZ HIGH 
(5) The LINE C.ONTRAST 3 1S HIGH 

THEN 

Frorn the 3nalljsl.3. l,lE' C 3n 

Lmportant role ~n reg.lon processl.ng On the other hand, 
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abou+ 

The ~nowJed9~ ~~le~ presented 1n th~3 

e " a III p .1 e :- (If A complet'!? 

5.4, THE CONTROL RULES 

The focus o~ a+ten+10n rules and +h'!? roeta-rules 

rroru the ~nowledge rules ln that the~ do not" d1rectl~ modiry 

The~ control data select10n 

and ru le matchlnq and 3re hence called control rul~E 
1 -

There~oreJ a zpe~~flC control st~ateg~ mys+ der~ne the 

method In 

~ppropr1a+~ control s+rateg~ 

+h15 sectl.on. "Hl' des:Ct'.Lbe- hOI,} the focus of attention 

and the roeta-ruleE are u~ed ta 1mplement various stra+egles , 



5. ~.1. The Focus Of Attention Rules 

of 

:;el~:,.:t.l ,·,n Rn and the-n 

(~hen all been 

Th", l 'hol€' 

'1 

pr-Qcedl..lr~ 1.'= r'~p'i::Jt!?d w,tll .:Ill -the ar!?.:I:;; l.n the 

eO'"Jet',""j 

, 
The t r !ln';;.l 1- l on frcom one ar!?B to "the- n"!'> /+ 15 de C('lrflp~ l. Eh,'?d 

I.)hen thE-

INRCTIVE 

slgndl Hn Op-tl.Ot1 l.!: 

the '=. TATU:. rE?l at .l..on ), dl.f f eren+ 

TablE" ('3 8) the 

In C ::tEe A. :3 h(?,.1 regl.On clr 1.1.hE' ha.=; b .... en fe+ched The 

FOCUS C)F RTTEtHrON ACTIVE· and 

KNOWLEDGE MODULE can bE'l.nvok!?d to test rul>?:? ThE' 

and 
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... 

, 

Case Pt'tlCeES 

N/R 
A 

t:ocus 

State 

N/A 

AC TI\/E 

Int€'rprE'tat~on 

A rH? ,",1 

l~ne 1.5 

r'2glCtn or 
TE-+ched 

---------------------------------~-------------~-------------

NOT FOCU':, tUA 
B 

FOCUS IrJAC rI\o'E 

All re9lon~ 3nd 
1~ne5 ln curren~ 

area "1er'? ·).1::::-l +ed 

-----------------------------------------------~-------------

c 

IF 

THEN 

FOCU'3 
.. 

Pt'.el 1 l0U:!: FClCUS 

F8CUS 

FClCUS 

ACTI.VE 

INACTIVE 

INACTIVE 

INACTIVE 

A nE-"1 '3t'"' ""a 1.1 ~s 
fptch~d bu+ no 
reg1.ons ot'"' Ilne~ 

·:WE' "elect'?d 

All areas have 
been ·)1.5l ted 

(1;' ni': PREV!OUS PP,OCESS l,Jas NOT FOCUS 

(1) " GET 'rHE: NO:T PEGIOH"" 
(2) .. GET THE NE:-n LINE " 

Tbe quotatlon2 ln +he rule humber and in the act1.0nE indicate 

+hat In s<.?ctlons: 
" . 
4.5 2 ~n d 4 ';) '3 , correspond to d1.fferent 

method5 of obta1.n~ng +he ne~t reglon and +he nex+ l1.ne have 

A ypec~f~c str4tegy must select the me+hod 

1t w~ll sufflce te say that difFerent rules are 
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select J.on nle+hod~ ('? g . get -the lar'::.l'?5t ad .lacent reg.1on 3nd 

made 3',)::H 13b.l "'. to +h'è' FOCUS Or: ATTEtHroN modl .. üe at 3n'J pOJ.trt 

ne~t.d3t3 en+r.1es accord~ng +0 the 3pec.1fJ.ed strategy 

Cases 8 and C lh t3bl. (5 8) correspond to the- sJ.+uat1on 
, ~ 

curr.n+ Drea c~nno~'contrlbute any new regJ.ons or 

folloWl.ng 

caseS 

RULE (1131) 

IF (1) The- PREVIOUS PRQCESS was FOCUS 
(2) Theo PREVIOUS PROCE::.S 10.13:5 rWT ACTIVE 
(3) The NEXT PREVIOUS PROCESS was NOT FOCUS 

THrLt~ ( 1;' GET THE /Œ><T RREA 

PIJLE (102) 

!F (1) ThE? PR~VIOUS F'ROCESS !"Jas FOCUS 
(2) The PPEVIOUS PPOCESS toJ 3S UOT ACTIVE 
(3) Th.? NE>n F'REVIOUS PROCESS l,Jas FOCUS 
(4) Th.? tHD~T PPE\JIOUS PROCESS was ACTIVE 

THËN .. 1) GE. T THE rlEXT RREA 

be b3sed on a data-dr~ven decJ.sion-makJ.ng methodologW 

t 
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<~ 

Case ~ ~n tabl~ (5 9) occur~ when all the areas 

The ne>-t t"ule allows for a secot-.d 

RULE < 1.0'3;' (Ca= >::- [J) 

)::F (1;0 ThE' PPEVIOUS PROCESS was FOCUS 
(2 ~I The Pf;'E VIOUS PROCES'3 l..Jas NOT ACTIVE 
1 .. "3) The rJE>n PPEVIOUS PPOCESS was -FOCUS 
(4,. The PPE'v'IOUC:· PPOCE'::.":. 1.103';;: tWT ACTIVE 

THE~J (1 " CLEf1R P EGIOtJ LIST 
1..2 .. 1 CLEAR LHIE LI~·T 

In the ne), t S"ect~ on· I.IE' 1,llll desct'l..be .a meta-rule that uses 

the Eame condlt1on~ to stop the pro~ess1ng 

conf .l.gura1;.l. on J.:;; t-hat 

" 
1 hiQI f o~.lCt"J.1ng .l.S an exarllp.l".:' of sl,.lch a r I.lle 

RULE (201) 

, 
IF . (1) The LINE GRA-OIENT .l.S HIGH 

(2) The LINE LENGTH ~s HIGH 
'(3) SAME REGION LEFT and PIGHT of the LINE 

THEN . (1) GET th6' REGION to -the LEFT of the LINE < 

In th.l.s t"1 .. üe. a li.ne tha-t ha3 a hi.gh 9rad~en-t and 

intersects 

length 



Page 243 , 
Another in+erE'::tl.ng 

PULE (202) 

IF (1) The LHIE l$ LOOP 
(2) The LIt-Œ 1$ CLOCKWISE 
~3) lhe RIGHT REGION f"1DJACENOY loS HIGH 

THEN ~1) C;'EJ the PEGIDN to thE' RIGHT of' the- LINE '"": 

• 

RULE (203) 

IF (1) The LINE 1$ LOOP 
(2) The LINE .l.S NOT CLOCI<l~ISE 
(:3) The LEFT ~'EGION ADJRCF;NGY HIGH 

,1 ~-

'" loS 

'i':i' 
THEN ( 1) GET the PEGION to the LEFT of -the LINE 

4 

may be due -t 0 -'3 Il ne pa~:î .l.ng thr ough .1. t The follol.nng ru1e 

RULE (2ü4) 

IF (1) The REGION SIZE 1.S "'HIGH 
(2), The REGION r1llEf?AGE GRADIENT 1.S HIGH 

.... -, 
THEt-J (1,. CET' th".. LINE\+hat INTERSECTS the REGION 

Pat~allel l.lnt?s :ùso pro\·.l.de .. a conf iguratiQn worth 

« 

.. 
!'. 

i 

J 

i . 

... . , 

l 
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• 
RULE (205) 

• 

IF .- 1) The PRRALLEL [JISTANCE 1:= rWT VERY LOI.oJ 

THEN (1) GE1 +h'é' PRPALLEL LItŒ 

none of them m~~~h~~ ~h"? default strategy .l.S e;<ecuted 

5.4.2. 

The SUPERVISOR coord1nates ihe of aIl 

other 

'=Imong 

data· .and 1f. ~"H'-t j ·:ul:w, -the s'J:;:"terl1-l"elate.j data 1t"1 

'" 
"the STATU':. of -the SUPERVI<:.OP 

determ1n"?s the 5.1; of rule~ 1:0 be te~ted (and hencE' 

proce:=s ta 

\ 
l'1ETA-RULE (1\) 
---------- --~--

IF (1) PEGIONS RPE ABSENT 

t THEN (1) lm TIALIZE REGIONS' 



t 

IF ri> LItŒS ARE FIBSnH 

THEN 0.1.;' ItHTIRLr::E Ll;NES 

t1ETA-F:ULE (::n 

IF (1.' APEAS R~L RBSENT 

THEN ( 1. > (",H~t:RATE RRERS 

.. 
r'lETA-RULE (.q, 

IF (LI Th€:' p"e"~i'.:OUs PROCESS W3': GErJERATE R~ERS 
(2) The pre\' . .J..t:)US PPOCESS 1 .. )3:': ACTIVE 

THEN ( 1.;' GErŒPATE APERS 

META-RULE ,5) 

IF C1> Th. p~~Vl0U5 PROCESS was GENERATE AR~AS 
(2;' The pre'\Jl01"lS PROCESS 1.0,) 35 NOT ACTIVE 

THEN 

~ 

(1) Match the FOCUS OF RTTENTION rules 

l.r( 

Page- 245 

two rules w11l recurîlvely generate areas of at~en~lon based 

discussed ln z~ct~on 5 3 3 When aIl the areas have been 

created. +~IE' FOC U-:· OF RTTErHrON 15 called upon to match 11;:: 

rules and obt91n the flrs+ data entry to proce::s 
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to ~3l1 tW1C~ before çoncLud.tng ~h3t all the data ~ntrle5 

hav,=" been T~llS cor-re:=:pond5 te< C3'=E' Cl ln 

table ('5 8) 

t1ETA-RULr'( i J 

-------n--~.& .. -

IF 

THEN 

(1;' h- t"'v'l(.IAS: PROCESS IJ'as FOCUS 
(2', Pr €"J.t(lI.~S PPOCES':. 1.» 3$ tWT ACTIVE 
{'3', ~~f?A+- pn;'\Jlr:'\UE PROCES':. 1,,'03$ FOCUS 
(4;' t~e', t; prev] OUS PROCËS~. IJ'3$ twi ACTIVE 

Cl) STOP 

OtherloaseJ ~ E _'l.ngle f 31hwe ~f the FOCUS OF ATTEHTIOt~ pl'" ()CeE: 

<., 

and llne: 1,1.1. thltî th€' c' .. wr.;:-n+ are 3 The follo"'lng r '.-l l e::: 

obt~ln a new area 

META-RULE (7) 

IF 

THEN 

} 

(2) 
(~' .. ~) 

h- e' Jl" '.l:: PROCESS "Jas FOCUS 
Pt- e"Jl0llE PROCESS "1.35 NOT ACTIVE 
r~ext pre\J10US PROCESS I,J-3S' lm. FOCUS 

Cl) Match the FOCUS OF ATTENTION rules 

\, ......... 



-~ 

, 
1 

r1ETA-RULE (8) 

IF (1:. Pt- >?','.l.()UE F'POCE'3S I.oJ':;': FOCU::, 

THEN 

(2) Pt- E" '~()U"f r--ROCE';S l,là:: rWT RCTIVE 
t 3;' r~.?;:- i; pro::,".\ OUE PPOCESS I,)::J': FOCl,JS 
(4) r~E', -t pr.:") QUE PPOCESS "'3': ACTIVE 

(1;. t1 a te fl t hE' FOC U'::; I)F AT 1 EN T lOti t'I.ües 

fl.Ançt.l.Onlng ,~,f 

f 0110 1,11. r";;l ;; .;:. ql.~""nc E' 
f 

r'1ETA-f"ULE (~j 

IF (j,;' Pt· E",'.l.O:)U~ PROCESS ',Jas FOCUS 
(2) Prev~ouz PROCESS was ACTIVE 

THEN (1) ~atch 1he pEGION 3nalys.l.s rules 

l'lETA-RULE (H.1) 

\ 

IF (1 ;. Pt" o:? '~ll.OU':; F'ROCESS 1,) a:; RE1IOIIS 
(2) Pt" E",Jl.OI.,/S PPOCESS I\las fiC IVE 

.... 
THEN ( 1) t" a1-ch the REGION anall~sls rl~les 

f1ETA-RULE (11" 

IF (1) Pt" o:?~'l()'"a: PPOCE'3~ "'Jas .f?EGIONS 
(2;' Pt- o:?'i.LOI.~:;:: PPOCESS I"as" NOT ACTIVE 

THEN (1;' r'la "te f"l the FOrU:; OF ATTENTIOfJ rules 

Page 247 ' 

The effect of +hese lS to succe::3.l.v~ly match the reg.l.on rule:: 

ri 
on aIl the reglon~ ln the ClWt'ent jf.wea of attent ~ot") 

1 



t 
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• 

r 

Varl3tlonE on ~he above are by the multl~ude of 

thE-

A P ::11' t l.cul-8t' c..::tn be 3nd 

The rhar+ C3n ~hen be 

( 11 ) J..rllplefllen+ of 

Pepla'::lng the 

cros",ed 

another r ""';;)l on B ~lngle modlflcatlon of the curren+ 

Tl'us 

t1ETA-RULE ~ 12) 

IF ( 1) 
... :> .. ... " 

THEN 

The 

strategy 

p,- """J.1.0U'» PF<'OCESS was REGIO~~S 

r't- e','.1.':>US-' PROCESS ','a=: RCTIVE 

and +he- chal ce cd'" 

.tri 

COmbltl3+1.0n.::-

focus of and the 

Append.1.x B 

lS accomplJ..5hed by 

of t 

of f;he 
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NO 

1- _ 

REGIONS 
0: 

RCTIVE. 

UJITIALIZE LHŒ'; 

INITIALI2:E REGIor~S 

GHJEPRTE ARER':, 

'r'E::;, 

lm 

FOCUS 

YES rw 

YES NO 
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.. 

FOCUS 

YES 

, 'f 
F~gure (5 14) The flol,) charf. of -3. sl:::fs'tem stratE'gl:.~ 

ft; 
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In this chapter) W~ have descr~bed the knol,JIedgE' 

contt~ol A 

method ~or ~ymbollcally J.)3S 

~ntt~Qdl...lc:ed c.S::'t),j.t,+ .l.COrïS def ~ne our 

The 1"hree 

kno l,!1e,jge 

F~n3Lly, the role of the 

The t' ul~,:;: to bE' modu13t· 1 l.ndependent and 

The th~~e factors for rule-based 

complex 1.lh~ch t'o::-nders .sIKh pt~opertJ.e; ,,)~tal 
-' 

The d~ff1cul+J.~3 ~n de5~gn.l.ng the control of the 

~y3tem sre only balanced by the u~e o~ th~ pO~E'rful} 

",~1,hodol',g~ emb.~ w th" control rul •• 

"--

" 

, 
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CHAPTER 6 

THE SIr'STEM 

, \ , 

" 6. 1. INTRODUCTION 
/tV' 

/ Sett~ng strategy is an 1mportant f3ctor 1n the des1gn of 

a system. S1nCe.l. +, bears a d.l.rect consequence on holo! .1. t ").1.11 

.... func+'.1.on In the case of a rule-based system, this .l.nvQlves 

the fl .. mdamental .1.SSue of determl..n.l.ng the order 1n I.Jh.1.ch the 

rules will be matched ag~.l.nst the data In add~ t l.on, for 

systems that de al with complex data structures. as .1.5 +he 

case wl.th a computer V.1.S.l.0n system, an order.1.ng mugt be 

imposed on the data to be matched For ~e rule-base-d .l.m 3 1;)e 

segmentat10n system deScr1bed here. both data order.1.ng and 

rule order.1.ng are part of the syFtem strategy 

The data .1.n the .1.mage are composed of ar~as that cont9l.n , the reg.1.ons ~nd l.l.nes that defl.ne a segmentat10n R ru1e 
-. 

cycle beg~ns by matchl.ng the cdndl..t1ons of a partl..cular ru!e 

to spec1f1c data en tries: These cond~t10ns require that the 

fe.atures of a reg.l.on. area. be tested for the 
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preseonce of a c~rtain data conflguratlon Therefor€'. each 

KNOWLEDGE MODULE must selected for lt the 

and area ta be con~ldl?red at any pOlnt ln the 

proces.slng 

for the occurrence of the data conflgur~t~on represented by a 

rule It 

establ1she d 

selectlng 

spec,L fl,:llng 

15 the arder ':Jf that se arch that must be 

Th15 translates lnto ~he problem of 

the ne)< + area of attentlon ta proce~~1 and 

the arder, wlth1n th1S area, in WhlCh the reglons 

and Ilnes are to be vlslted 

Image proces~lng systems ln the past have not serlously 

addressed the problem of determlnlng the arder ln Whlch an 

1mage 1S to be processed Howl?ver, there 1$ ample proof tha+ 

such an ot-der lt19 af fects the Y' e-s1..41 +5 of the analysls Thl!: 

15 eV1dent J f or e~<·iHJ)pleJ 1.n regl0n grol,ang systems, ln 1.lh1Ch 

1nltl.al reglon~ are merged ln a pre-speclfled order te form 

larger reg lons ThlS data orderlng was shown experlmentally 

to affect the quall+Y of thè output [Nazlf and Le-vlne, 1981] 

Th1S lS +rue lrrespectlve of 

crlterl.a rema1n unchange-d 

the 

Thus. 

fact that the rneY' gl.ng 

thlS aspect or ~ett~ng 

strategy 1S an lmportant one. and ln faet. 1t lS responslble 

~or a lot of the errors ln the re5ult5 of segmentlng natur3l 

scenes uS1ng eXlst1ng segMentat10n systeMS. 

We have studled the problem of selectlng the order ln 

wh1ch a low level system should process an 1mage The 

1ncluSlon of f OCI..JS of attent.l.on areas ln the data structw'E' 

.15 51,..gn1. f' leant [LeVlne and Shaheen. 1981.. 

, , 
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Nazl.f,1982bJ These ar~as gUlde the system to parts of thE' 

lmagE' that should be procE'ssed fl.rst The FOCUS OF ATTErnION 

MODULE are-i'l b'=J a 

1S based on the, proper+les of 

dlfferent are.as Once th.lS l.5 the SUPERVISOR 

deternun'?s the me+hod of data selectlon Wl.thln the are3 by 

aSSl.gnl.ng pr.lQrl.tl.~5 to the FOCUS OF ATTENTION rule:::: 

Furthermot-~, th LS dai <.l sE'l'?ct.lon strateqy L5 not a f ~><Eod one. 

the ta to . the accord.lng 

propertl.E>S of the data Wl.thln E'3ch area We thus .lntroduce 

the no1:1on of dynamlC da+a selectl.on for processlng ~n lm3ge 

The FOCUS O~ ATTENTION MODULE wl1l E'yecute the strategw that 

~s now embodl.ed Ln l.1s rules to choa se speclflc reg.lon. 9nd 

I1nes wl.thl.n the sel~cted area 

In a more gener.al sense, settl.ng the strategy .lnciudes 

not only speC.lfylng the me+hod of data ~eIection, but also 

&stabl~shl.ng prl.or.lt.les among the processlng cri tet'l.a 

embodl.ed .ln the rules 8erore any of the KNOWLEDGE MODULES 

can match 11:S rule set to the data. lt must f~r=+ be 

selected *h1B requl.res establish1ng 3 ~r1ority 

among the nWWLEDGE MODULES Furthermore, more than one rule 

W1thLn the 5ame set of knowledge rules could be app11cable 3t 

any t1me 

needed to 

When such conf11cts ar1se. a priority Qrderl.ng LS 
~ 

spec1fy Whlch one br a group of rules should be 

selected to execut~ 1tS qctions The SUPERVISOR determines 

~hese pr1or1t1eB, a~ weIl aS the pr10r1ty among the KNOWLEDGE 

MODULES. Un11ke prevl.OUS rule-based systems, the conflict 
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resolut~on mE?ch3n~~m used 1S- a dynam~c one as WE?ll The 

based on the character1st1CS of the data 

has been used 1n oth~r rule-based 1988] 

the systeM descr1bed here prov1des the add~t1onal 

s.}ep of dynaml.caLl,o~ .:-sdJustl.ng th!? method by whl.ch 

are ordered 

the r ules 

The l.ntroduct10n of a dynaru1c element ta both aspec+5 0' 
stratE?gy descr~bed above 15 p05s1.ble ma1.nly because of the 

req1.0n and 

l..ine proce 551.ng Th9s~ are computed for each area, siored 1.n 

the STM, and af~e thl~S ava~lableo ta aIl of the proce:=-sl.ng 

modules They have the add.ltl.onal property of be1ng d~naml.c. 

.in the Sen3E? that they reflect the st.:-ste of the segmen+at1o~ 

at any p01.nt 1n t1me These measureos prov1.de an 1.mpl.lc1t 

bottom-up feedback path. wh1ch l.nfluences strategy se+t.lng 1n 

each area The SUPERVISQR useE th1S l.nformatl.on ta compute 

the pr1or1t1.eS of the ~NOWLEDGE MODULES. the pr10r.lt.les of 

the rules Wl. +run e-3ch module, arld the pl' 1.or'~ t1.es of "the FOCU":. 

OF ATTENTION rule~ In d01ng 50· .li def1nes bath a conf11c~ 

resolut1on strategy and a data 5elect.ion strategy These 

const~tute the top-down control paths of the strategy sett~ng 

l.oop 

In the ne~t ~ect10ns, we w111 def1ne how the strategy 

f'or the rule-based ~egmentat10n system 15 determ1ned Ta do 

that we f1rst def1ne what the elements that compose a 

strategy are. w~ the" ~ormul.ate the problem of strateg~ 
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selection as that of a searéh w~th~n the space composed b~ 

"these elementsJ for tt1E.> most appropr.l.ate strateg~ ta USE- fOt' 

each data con~~gurat.l.on To solve th.l.S, dynam.l.c search 

problem, 

by the system at dlff~rent part~ of the .l.mage They are u3ed 

to determ.l.ne the elements of strategy for each of these parts 

We wlll also .l.ntroduce 

de~.l.ne the relat~on between the $trategy elements and each of 

the performance param~ters 

The framework for the solutIon .l.B shawn ta be that o~ a 

dec.l.s.l.on-ma~.l.ng process, 1n wh.l.ch deC.l.sion funct.l.ons are 

evaluated from the performance parame ter SI and are then used 

to .l.nstant.l.3te the system strategy elements The concE?pts of 

fuzzy set theory ~prve as the des~gn to01 for th~s process. 

Fuzzy log.l.c w.l.ll be used ~n represent.l.ng the constra.l.nts, 

def.l.ning the obJectives, and des.l.gn.l.ng the dec.l.S.l.on-mak.l.ng 

algorithm 

6.2. STRATEGY DEFINITION . , 
,.' 
L 

In' arder to derine a strategy for the r' . .Ile-based 

segmentation sy5tem, we need to anSwer two basic quest.l.ons· 

, (1) Where (.l.n the .l.mage) do we go ta next? 

(2) Wh.t do we do when we 9~t there? 

/ 

The answer to the f.l.rst quest.l.on provides the means for 
". 

select.l.ng the ne~t data entry .l.n the STM to match the rules 
~ 

i , 
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on Within the con+'ext of the low leve.L process~ng slJsteh' 
c" 

desct~i.bed'" het~e, 

r "" A g~\,'en st t'a\egl=l ~hould f~rst deta~l the glob31 

which the neyt arpa ~n thE' .1.m3ge .1.5 to be selected for 

proce-ssing It should then proceed to spec~fy the cr1te-r~a 

for locally select~ng the next re-g~on a~d the next l~ne in 

The answer to the second q~estion also const1tute~ p3rt 

of' the local stra-te91J Af'ter 'th'.? next data entrl,J to Ill2:l"tch on r .,) 
has be-en s elected, bt? 1. t a reg~orl or a lJ..11e;"- there st 111 

rema~ns more than one alternative These correspond te the 

diff'erent apt10ns provided by hav.1.ng more than one knewledge 

source- ta ~nstant~ate, or ln ~ther words, more than one rule 

to match WOl..üd .11; be b"ettet~ to match REGION or LINE t"I..ües-

first? Do we g~ue prl.ority ta merg.l.ng over spl~tt.l.ng or 

should we do the Oppos1te? For lines. do we f1rst add new 

lines or delet~ .~l.st~ng ones? WhE'n do we move on to +hé 

next reg~on or l.l.ne? ln gene-r 31, g.l.ven a ce-rta~n data 

conf~gurat.1.on, more than one rule C3n match, and the quest10n 

i5 if th.1.S happ~ns, Wh1Ch rule should r.1.re? For rule-based. 

systerilS t h~s: .1.S hnoa-,n as th'.? conf l~ct resolui' .1.on pr c.bIem 

The local stra+'eg,::\ 1,)1 th.1.n an are-a 5hould also pro·)~de 'i;he 

so~u'i;ion to th.1.S problem th.;. \ 

one \ rules +'0 tr€' matchE'd Th.1.S ordering w111 thus vary from 

area to another, ~epend~ng on the feat~res tha+' descr.1.be- each 

area. 
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To summal~ .Lze 1 the strategy of our r1.l1e-l:iased 

segmentat.Lon system 1S a twofold one First, a bi-level data 
'41' .. 

~elect.Lon process compr.Ls.Lng the global task of select.Lng the 

next are3.Ln the .Lmage, and ~he LocaL method of mov.Lng among 

the d.Lfferent reg.Lons and l.Lnes w.Lth1n each area. Second, a 

stra+egy for locally adJust1ng the pr.Lor1ty ~f rules in the 

model ta best accom~date the propert.Les of each area. Area 

select1bn 12 performed by the FOCUS OF ATTENTION module 

through a dynam.Lc da+a dr.Lv@n deC.L5.LOn mak~ng procedure. that 

will be descr.Lbed .Ln sect10n 6 4 2 We w1ll now concentrate 

on def.Lnlng the strategy w1th~n each area more precisely by 

data select.Lon and ru!e 

prior.1.ty Each ~.Lll be decompQs~d .1.n+o bas.l.C Elements whose 

union w111 def1ne a strateg~ vector for each area. In all~ 

six component~ w.l.ll be introduced and w.Lll be referred ta as 

the "eLements" of strategy. These are selected to be 

.Lndependent ent.Lt.l.es. that completely address the strateg.Lc 

aspects of the problem Each Element can ~ssume specifie 
'. 

It states" t hat art? attached to .l, t by the system. 

6.2.1. Data Selection strategy 

1:0 

strategy ·vec:tor. Following i5 a discussion of eac~ 

t 

" 
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6. 2. 1. 1. 

Th~s str3tegy clement d@terM1n@s WhlCh reglon to address .. 
nex1: artel" proceS~H'lg the curr>?nt The FOCUS OF 

ATTENTION MO~ULE lS the one respon51ble ~or obta1nlng the. 

next reqlon 1t does 50 by matchlng 1t5 own rules agaln~t 

the data lh the STM It 15 the actlons of these rules th~t 

determlne the next reglon 15 ta be 
\ 

fetc:hed The d1fferent ar::tlons prov~ded by the FOCUS OF 

ATTENTION MODULE have been descrlbed ln sectl0n 4 5 2 

act10n3 correspond to the dLfferent st3tes of the reglon path 

They 1ncluded select1ng ~h>? next reglon by 

A spec1flcatl0n 
, 

of the reg1cJh pa+h strategy 15 thus eql.l1valent to +he 

• select10n of ~ne of +he above actlons 

6.2.1.2. Line Pa+h Strategy 

ThlS stra1:egy element speclf1e5 how the next I1ne 1$ to 

'1 
be selected ~he act~ns that ca~ b~ ... In sectlon 4 5 3 1 

1nvoked by the FOC US OF ATT~TION MODUL,E were de~r::rlbed 

from the current 11n.. 1+5 length. 

The 11ne path strategy has states 

these actlons 

or Ils average 

that)corr&SpOnd 
1 

. . 
gradient 

to eoach of 
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6. 2. 1. 3. Updating Strategy 

When 3 reg~on~:: \-'lSJ. to?d by the systE?fl), the PEGION 

ANALYZER If 

aIl the condl "tlOn? of a rule rflaTch, the t'ule will and 

an Th1'=; wl.ll result 1 r, Tf{e 

Once thlS 15 done. -the 

SUPER\) ISOR has -b/JCI ?'eCQu"'- ses It malJ aga1n test the PEGItJrl 

ANALYZER ruleE ta the same reglon, 50 that the same rulp or 

othersl may rlre and further modlry thls reqlo~ - , 
repeated untl1 no more rules match thelr 

features of th"", current reÇllon 

\ 

condl t 1 ,bns on "the 

the 

SUPERVISOR can lnvo~. ~h. FOCUS OF ATTENTION MODULE TO fe+ch 

new ,..- eO:~lon In ~hlS case, proCesslng move~ to the nex+ 

reglan, so that rules wlll not modlfy the same reglan tWlce 

untl1 aIl the other regl0ns the same area have been 

V1S1ted at least onc~ each 

The updatlng strategy far reglons has two sta1;es tha"t 

correspond to the two alternatlves desrlbed above 

the flrst ca~~, each reglon 15 "successlvely" updated to -the 

maXlmum pos51ble e~tent, accordlng to the knawledge embl?dded 

~n aIl appllcable rules Th1s renders 1~ h~ghly unl~kel~ to 

be further mod1f1ed 1n the future As saon as aIl +he 

regl.ons ar-e \)151 ted, most of 

pro,c:esslng wl1l ha'}e been accompll.shed A second pas~ wl11 

only yl.eld ffil.nlmal results ln terms of c:hanglng the fln~l 

output 

1 



Page 260 

1 Th~$ ~$ not th'.? CaSE?_ however, when "s~ngle" upda1;1.ng ~= 

used ~lhenever .a regl.on 1.$ al1;ered bl:J a "sl.ngle" actl.on. the 

same 

where the effect of the fl.~st change m1.ght l.nduce 

con'tlm.le all 

prevlously ~l.sl.ted reg10n becomes pas31.ble A larger n • ..!mber 

of' passes Wl.II be requ1.red to en3ure the appll.catl.on of all 

process1ng Crl.terla 'to aIL raglans 

.J.ncremental changez to 

propagate through the area on the 

other hand, 1.5 coroputat1onally more efflc~ent 

to the f ae t that for some reg10ns the m ~tch~ng of aIL 

doe-s not Pr:odl~ce a r'ê's'.,ü t, ne'.,)ertheless theseo reg10ns \.onll be 

vlsl.ted more than once dur1ng s1ng18 updatlng as opposed to 

on~y once The trade-off' 15 between 

computat1onal efflCl.ency and susceptlb1llty to local error5 

1t 15 worthwh11e ta note that although the above reasonlng 

has u5ad raglans as an example, lt 15 equalLy appllcable to 

lines as l..Jell L-Je nOhl 

"" 
tut'n Ol..lr attention to the sec':lnd 

aspect of strateg~ (JI 

" 
" .. 

~ 

.....,,, 

• 
6.2.2, Rule Pr-iori ty 

.. • ... 
". " . . "., ...... " 

.'" '4 the I(,rder in the - whic:h , rY~es are matc:hed con~t~tutes an ~mportant part oF the system 

design Th1S Iffects both it5 behavlour and ltS performance 

rule ord~r1ng is embedded in the 

, . 
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1 

structure of the system ltself A change Ln that orderlng lS 

vlrtually Hnposs- lble 

no+ 1;h"? C3So? ln st,Js-teOi.5 , 

rules are ~eparat~ From the proc~~slng modules of the 

Theref ore· an explLclt rule orderlng ITIIX? t be 

speclfled to carrt,J out the rule ma1;chlng proe"?.;s 

ThlS lS usu3l1y done by attaehlng prlorltlE'S to the rul~s. so 

fl.re 

by -t;he temporal order ln WhlCh the rules 9re matched In 

both cases. +he orderlng ~pecl.fled 13 static and c3nnot be 

changed dl..w.l.tlg pr'ocesslng In fact. aIL rule-based ~ystem~ 

developed sa far uSlng the productl.on system approach hat)e 

statlc confllct t'eSolu~lon me1;hodologl."?s 
( 

(l 
'. 

( 

The system descr.l.bed here lmplements a dynamlc strategy. 

a dynamic change ln the method by which the 

rules are ordered The next three stra+egy ~lements deflne 

prlorltl.eS among rule sets. as weIL as w.l.thin each 

6. 2. 2. 1. ProceS$or Priority 

One of the quest.l.ons that arl.ses during 
~ 

process.l.ng .l.S 

whether to process reglons or l.l.nes The system .l.S faced 

w1th thl~ cholce at th. end of every rule c~cle The 

select.l.on 
1 

.l.S accompl~sh.d by the SUPERVISOR ~hose meta-rules 

can spec.l. f IJ one 0 f tl'JO aC;;.lot..,s match REGION n,lles, or ma~ch 
1 

LINE rules Th.l.S strategw element establ~sh~s pr~or.l.t.l.e~ for 

the rule sets by spec.l.ry~hg whether f1rst to match R~GION 

~ 

or 
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\ 
We nOI-l carr'd "the abovl? arg\.ul'lent one s'tep fur"ther, .l.n 

( 

order to establ1sh pr~or~t.1.es W.l.th.l.n each of the rule sets 

Two strateçpJ elernents 1,1.1.11 beo d.l.:=-t.l.ngl.ushe-d at that level. 

they are REGIOt~ r ule pr .l.or.1. t 1::1 , and LIt~E rule pr.l.or.l. ty 

6.2.2.2. Region' Rule Priority 

One way t~"ank the rules l.S blJ their An 

order.l.ng .l.S .l.mpo~Gd 50 that rules W.l.th certa.1.n act.1.0ns h3ve 

prior.l. ty over rule-3 l''~ th others For REGION rules, two types 

of act.l.ons are posE.l.ble. merglng and 3p11tt.l.ng. Dependl.r.g on 

the per,or mance par~roeters that 

system! may .l.mpos. a pr10r.1.ty 

descr.l.be a certa.l.n area, the 

for merg.l.ng over spl.l.ttl.ng .l.n 

that area. or V.l.ce versa A, dynam.l.c rank~ng or the rules by 

" A fl .. n' ther or d'?r .l.ng of rt.l1es ~,I.l. th the same ty'pe of act.l.on 

is possible Th.1.S .l.S done b~ uSing the condit.1.ons assoc.l.3ted 

with the rules to Sp~C.l.ry pr.1.or.l.t.l.E's for rules having the 

same act.l.on One May argue that\rules W.l.th larger number of 

In the system descrlbed here. cond.l.t.l.ons that take 

l.nto account both rEi'g.l.on and l~n-'? .l.nformat'~on take pr.l.or.l. +'IJ 

over "those that cons~der ooly one or the other 

actl.on-based prl.Orlty, th~s COndl.tlon-based or der lOg is a 

static' one, that c~n b~ reflected ln the arder in which the 

rules are stored. 



,) 

, 

Page 263 

Rulo:-s W~ th t}if!: saine -tlJpe of 
/ 

act~on are sorted accord~ng 

'" 

1- ho:-mse l ')es rema~n be 

establ~shed dynam~cally accord~ng ta the data 

strategl:;l elell'lent can ha'}\? one of tl.o)O states, namely, mergH~g 

or . spl~ tt ~ngl depend-,j{,g 0n l..Jh~ch a.:t~on 1..,1.1.11 ha',}e the h.l.gher 

pr~orl.tlJ sO!!'tt.lng 

~. 2.2. 3. Line Rule Priority 

The argument descr.l.b~d above for the REGION rules: also 

appl.l.es A dyn3mlc order1ng 1.S aiso .l.mposed by the 

actl.qns of the rul~s, and ~ stat~c orderl.ng 15 def~ned by the 

condJ. t.l.ons of rule~ w~th the same type of actlon 

u~ed ar E', of course, dl.fferent Ag-:un. 

classes those that add new ll.nes, and 

those that delete eXl.stJ.ng ones The former J.ncludes dC+.l.OnS 

that J.nsert, 11nes, whl.le the latter 

.incll"/do:?'s those that delete a li.ne ."md olerge 1;wo line~ 17itO 

one The tl,,)O state:;; of thlS element of dynaml.c strateg~l ,,1111 

thus be referred to as the add and delete states. 

Th.l.s concludes our dlSCUSSl.on of the varlOUS elementa of 

the local strategy of the system Table <6 ~) summarl.zes the 

strategy elements that constltute the state vector for e3ch 

area and sho\,ls poss.1.ble atates The next sectJ.on 

expl3J.ns how the sw~+em dynam~cally modlfJ.es ~ts 

L, 

strategy to reFlect th~ part1cular states g~ven to'e~ch of 

the strategy elements described above 

J 
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STRATECY ELEMENT 
-----------~----

;..
L~ne Pa1:h Strate9~ 

Processor Prl.or1.t~ 

Region Rule Pr~orl.ty 

~ 

L~ne Rule Prl.orl.ty 

.. 
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STATE 

h~ghe3t adJac.ncy 
10l ... .;ost ad.jàc€'nc1::I 
1argest adJacen-t 
smal1es-t adjacent 
ras1:er scan 
h~grer label 

closest ~n fr Ot'"I-t 
closest beh~nd 
closest para1lel 
10nga5t near 
'shortest near 
strongest near 
weakest near 
raster scan 
h~gher label 

succeSSl.ve 
s~ngle 

reg~ons 

l.inas 

rnerge 
spl.it 

add 
delete 

T ab le (6 1) . The dynamic elements of strategy 
and their states 

. 
-~ 6.2.3. Dynamic Strate9~ Setting 

The local Etrategl"j t:h,ges when.;over a new 

image ~s brought to the at~tl.on oF -the system 

area ~n the 

by the FOCUS 

OF ATTENTION MODULE Based on the properties of this 

reflected b~ 1.ts pprformance parameteFs. the SUPERVISOR ~~ll. 

conduc:t .el deC:l.s~on-'II.gk ~ng process IJJhl.ch assl.gns a pari" l.cl"ü:3r 

. 
state to e~ch of the 5trateg~ elements, as wl.ll be dl.scussed 

in sectl.on 6 4 MearllJlhl.le. t~l.S sectl.on descr l.bes hot.. the 

SUPERVISOR al.ters the processing strategy to reflec+' the new 
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states 

L~t us flrst ~xam~n~ how ~ach of the strategy e l E' r(, El n 1; s 

.lS set As d.l~CU5SE'd prevlously, thE' r,?;pon 

1. 
path strateqy are e~~cuted bV +he 

FOCUS OF RTTEt~ T IO~~ t10DULE 

strateg.lE'S has a corresp0nd~ng rule act.lon that replace~ +he 

Cllrrent Ta change the p3th 

the aet ~ ü n of' 

replace the rule by ~nOth9r ~hat has 3 new act~on 

d~fferent 

comb~n<lt~ons In general, the ~(NOWLEDGE 

MPDULES W~ Il fI)atch +hE'~r t'ules on the el .. wrent reg.lon and the 

FOCUS OF ATTnnrON module loS l.mJOl<ed 1'0 bring forth a new 

regl.on or ll.ne 

unt.ll no 

rul.~s Can rn 3tch, ~Iher el.n the FOC US OF ATTENTION /'10C'lILE ffil..JSt 

be 1nvoked If, on the other hand· a new reg10n (or l.lne~ .lS 

brought 1n after ~9ch successful m~tch and mod.lf~cat.lon of 

the curren t r eg.lCl1') (or 

• .. 
wou.ld re;;;ul t . ThJ5 

.= .lngle updat.lng 

r . 
cen be accompl.lshed by alternat.lng +he 

REGION and LI1Œ f~t~RLIT'ZERS, on the one h and, follcll.Jed 

FOCUS OF ATTENTION MODULE Cons.lder of 

~ 

recurs~vely m~tch.lng the following two meta-rule~ .ln a c~cl~c , ' . 
manner , ,. 

" .--
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META-RULE (1.0) 

IF 

T,HEN 

(1) Prev10us PROCESS was REGIONS 
(2) Prev~ou~ PROCESS was ACTIVE 

(1) Match th~ REGION 3nalYS1s rules 

META-RULE (11) 

IF (1) Pt'"e~nou~ PRüCESS was REGIONS 
(2;' Pre'_'leu:;; PROCESS 4.Jas NOT ACTIVE 

THH~ (1) Match the FOCUS OF ATTENTION ru les 

Meta-rul.". (1.0) I,J.1.11 olatch the REGIOn rl..lles on the 
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c:urrent 

reg.l.on If' a" match occ:urs, the reg.lon .lS modJ.f .ted, and the 

next rule cycle 5tRr~5 

REGIONS, and .1. t ',nll h.a'}/? been RC TI'v'E beCal..lSe of the match .l.n 

the preV.1.0 l...lS c'"jcle Acct>r d.l.ngly, meta-rule (11) w.l.ll not 

match, wherea~ ffie+a-rule (1.0) w11l f'1re aga.l.n 
'. 

cont.l.nue to happen, unt11 aIl the PEGION rules f'a.1.1 to match 

on the c url'" en t 1'/.;'910n. Olt lo.lhl.ch pOl.nt the pre·')l.OI..lS pr o,=e5$ 

(REGIONS) w.l.ll be labelled NOT ACTIVE Meta-rule (1.1.) w.l.ll 

~'* 
fire and the FOCUS OF ATTEN1ION rules w111 be 1nvok&d to 

The tWQ rules are thus seen to 

~mplement a succeSS1V. updatJ.ng Etrategy 

On the other hand, .l.f these rules are replaced by 

META-RU.LE (9) '":. 

IF . (1) PreViOlJS PROCESS l,Jas FOCUS 
(2) Prev~ous PROCESS was ACTIVE 

THEN . (1) t1atc:h thE' REGION .anal~sJ.s rul.es. 

-......... - ~.~-....-,,"""', ..... _------ \ ... -
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f1ETA-RULE (13) 

IF (1) Prev.l.ous F'Rt1CESS l.!dS rWT FOCUS 

THEN (1) t1a1;ch 'the FOCLIS OF ATTENTIor~ rules 

Th.l.S .l.S becauE'E' 

meta-n .. dE' ~ 13) I·j.lll J.n'inke -thE" FOCUS OF ATTENTION MODULE to 

anlJ of' the 

regl.On rule::: Ln 'the prevl.OUS cycle matched on the then 

Meta-rule (9) w.l.ll m~tch the REGION rules 

onl,~ lT 3 nel,' t'egl.on 15 br-O'.Jgh-t Hi b'J the FOCUS OF ATTENTION 

NODULE 

.1.5 .l.nvohed, the pa.l..r of' rneta-"I..ües (1.0) and (11) .... 'Otüd be 

1 he same appl.LE?s for single 

updat.Lng IHth rf'Io?i:.a-rule ... (9) and (13) 

Proc",,~s prLOt'.l t'J .l.S also establ.Lshed by chang.Lng the 

. meta-rl.Ales Th"" f ollol,o.'.Lng s;et 6'f meta-rules est.abl~shes a 
~ 

s.Lngle updat.Lng strategy .Ln wh.Lch REGION rules hav~ pr.l.ority 

Qver LINE rl..lles 

META-RULE ('3) 

IF Cl) Prev.l.ous PROCESS was FOCUS 
(2) Prevl.ous PROCESS was ACTIVE 

THEN (1) t1a1;ch +he REGION -!!Ina~",u;l.s rules, 

META-RULE (14) 

IF Cl) Prevl.ous PROCESS was REGIONS 

THEN (1) Match the LINE analysis ru.les. 

•• 

• , 4 

.l 
1 

l 
.1 
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META-RULE (15) 

IP (~) Prevl0us PROCESS was LINES 

THEN (.1) t1atch FOCUS OF ATTENTIor~ p,Lles 

Inter'chang 1.ng the 

The REGION and LINE rule pr~Or1.tle5 are establlshed by 

reg1.ons and rules +ha~ add or delete Ilnes. d~pendlng on the 

rI' 
states o~ the r~~pectlve strategy elements The vtW~lLEDGE 

Thus. when all +he condltlons oç 3 rule match. the rule C3n 

~lre. know1.ng th31; aIl the rules that have not been matched 

are o~ equal or lower prl0rlty th an th15 rule 

co 

· ~ . We can conclude from the above analysis that there are 

.. three lndependent S+9PS lnvolved ln strategy settlng 

.." 
(1) Changlng the aC+10ns of FOCUS IJF ATTENTION or 

replaclng rules by others that have the same 

condlt1.0nS but dlfferent actlons 

(2) Replac1.ng r',e+a-rules that l...Mplement one strategl,:l, by 

others that lmplement a dlf'ferent strategy 

(3) Changlng the prlority of REGION and LINE knowledge.rules 

In order to replace a rule by 3nother, we lnclude both 
b, 

the old and n~w 1'".,,195 lt"'l the model l.Je then def J..ne a 
J 

negstlve prl0rJ..ty of -~J wh~ch lnd1cates to the proces~lng 



mod'..I.les tt-.at 3 r'-~le $hOUld 
J 

be ~9nored In changl.n9 the 

strateg~, the SUPERVISOR c-sn nO'A' :.'3ubs+~tut€- t\"O rule:: by 

ass~gn~ng a P"~o"".l. t'd of -1 to the rule to be replBcE<d and 

.. chang~ng the pr ~(Ir l. +I,:l of -the net,l ruJe rt~om - . to a pos~1;:~<)e .L. 

-t;hlS f'nethod ensures conslstency 

lmpl€-rnen"t.1. t,'] 
• 

'trie -thr.-.e .;+eps , The 

the prlor4 ty of t'lÜe~, as .1 5 th~ c 3se v,ll th the> th1rd step. 

AlI the rules ln th& model are thu~ asslgned pr10rltles 

that reflec+ an 1n1t131 strat~gy for the swst~m ~r1eta-,... u.les 

and FOCUS OF ATIEtHION t'ules ~re lnch~ded th~t represent aIl 

Rules i;ha tare not part of the 

and 

therefore The SUPERVISOR w~ll 

of knowledge rules, FUCUS OF ATTENTION rules, and m€-ta-rules 

This.includes the pO$Eib~llty of .:hanglng some' prior l + les ~ 

from negat.l.ve to pcsitlve and Vlce versa, and consequently 
, 

br ing1l'"lg r ul es ln and out of tf,1e system model. . 

The SUPERVISOR upd3tes the system strategy based on the 

characterl~t1cs of The current area or attention These as 

ref'lected are the 

sUbJect of dlScuss10n ln the next sec~n 

, 
.. 
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6.3. PERFORNANCE PARANETERS 

a 

s~stero can modi:fy i ts strategy 

~ur~ng proces~ln9 goal.=;, 

from thE' g • .J 31 at an\:-! po~nt ~tl tune These parametet~!:' C3rt 

th'!? path 

. 
th.ls category, .ai +"" 9:5+ not at the lOI,} level of pt'oc"?:::::~ng 

A goal can only be d'?f ~n'i?d pt~E?cls'?ly H) h.l.gh level 

Seglnentatlon of th\? .l.nto reqlons that cor'rE?spond -to 

l 
obJects ln the- scene, ,or the lsola-+;~ç.n Ot a part~cular abJecT 

from the- b acl-tgrol..lnd <'sre examples 0+ these . 

• 
In te rms of 10'-" le\.,lE;rl lmage- segmentat.lon, we can on.ly 

hope for 3 .fuzzy defln.lt10n o~ +he goal The pr lmat'y 

reference used TC evalua+e the f.l.n3l resu.lt ls that of hum3n 

perform ""nc e ln =I?grnenting the .l.rnagE' We cêtn def lne 

segmen+.at+,on as a par +,.l.+.ion of the ~m 3ge 

adjacent ne~ghbors IJn~f(:!rrnl +,y and c'Jntr.ast are measured 
.(' 

terrns of a so:,>+' of lo~o) level fea't,.jre.=; that can be e',JSlluai:ed , . 
o\)er ~he . .l. l'nage be -the 

averag"? gr e'::l le<Je·l ln+ensl:t.l.eS- of' the reg~ons .ln black and 

whi+,e or color spaces: Two factot's are not ac-::ocmted for by 

this deof.l. nl -tian, 1:hey d-:;; affect human evall.Aat.l.on 

the presen ce of te~<ture in an .l.fnage and 

lines as lndependent s:~parate ent.l. ties. 
\ 

the existencE' of 

A th~r~ .l.mportant 
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. 
aspect loS con+'e~<+' IJ.lhich is: assl...lrnE'd to function at a hJ.gher 

~evel. 

t'iii 
.a f hl..Imôn evaluat~ng the 

same segmentat10n The der ~ru. tion {J.l.ven above prov'J.des a 

clue to these measur~s ~Jhat loS needed arE' estl.rnates Ot 

r egJ.onSI c:ontr ast across regi§nsl as I"lell 

In th1-s sect~on, we l.niroduce the Qpti.rnizati.on cr 1. ter~a 

that are .l.nvolr:...oed l.n measuring +he performance Ot J.mage 

segmentatl.on s,:!stenlS 
\ 

These ar~ intended as general purp05e 

~ parametet's that carl be used (all or the appropriate ;-IAbset) 

partJ. ti.onl. ng 

l.ine-ba~ed, 
.... 

" 
particI.,üar J 

the processing of fny 

algol'" l. thm They ::tpply 

.and +'e~<+ur~-bas>i'd approac:ht:l's to segrnet)tat.1.on In 

the set Ot measures detal.led here were desl.gned 

to provl.de the means for sE!'tt~ng the proces-sing strategy Ot 

6.3.1. Region Uniformity 

The i.mif'ormi ty of .a f~aty,...~ over a r6'g.i.on 
II
is 

.. 

proportion al to thl Jvar iance of the 

~ 

values Or that "featw'e 

evaluated at every pixe~ belong.l.ng to that region. A t"!l.l 

value for the var.iëmce rli?qU.1.res all pl.xels to have the €''<act 

same .... al.ue for the- f'eature, ""hile a large variance would 

J' 
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1ndicate a ~arge s::pread -fr'om, the meaf1. of -the' feai;ùre v.a~l!Ae 

across -the region, Let th~ value of -featurè F at each • pi.xe.l 

1 belonging to region R. be ~, -the~ -the mea~ of these va1u.s ) 
, J J. 

f, 1s g1ven b'=J " 

.J 

• L: of' 
i.E.R i. 

J \ 
f = 

.J 
,-,1' FI " 

(6. :1) 

.J 

where A, i$ the area of re~ion R .• 
v ~ 

over regi.on R. is then Qive~ by , 
J • '.' 

, , 

2: - 2 
'( -f .... f ) 

i6~" i ,J 
2 • J 

~ = 
J' A 

J 

The uniformi t':d mea:sure of a'n are.a ()l.. 1$ defined as 

IJ = 1. 
,0( 

,L, 
R ,6. lX 

J 

w .. 
J 

N 

. , 
,a 

G-- '. 
• ..j 

, 

where III. i5 the ",eoighi.ï, assoc:iated w.i~" th'tp. contribution of" 
J - ", ' '(/' 

regi.on R. to, tt'le ,me'8sure" and th@! summai;J.on ig'''taken bvér :al1 '," 
u ' 

regiçms 1.n the g.iven, artwa., . N i$· a . norm.al'.i.za~10t:' -f.aèt9r 
, " 

dèsi.9'ned' tO ~i.mit'i:;h. maxim~!." 

, ' 

,N - (L: w ) 
R J 

J 

( f 

........ 

é( 
r. j l. '~' l, 
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J 
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'-.i! 
valyes 

, ) 
over the are~1 respectiveLy. 

~ 
This co~r.spohds to the 

worst C:ase condi. tion f"or the meaSI.Are when- 'all' regior'ls have 
, 

the maximum variance 

2 ··2 
Cv = ( f f ) / 2 (6. 5) 
max filax min 

Sinc:e .... nif"ornl.i. tlJ is basic:ally a pro·p'.tr1:iy -that i5 

increasing 11::1 , noticeabll with SiZê,. the'~ontribtition of eac:h 

l''egion to the unifor-rl'd. t~ of thtl .... 'h·ole area' i5 taken to bé 

proportionaJ, to -the si:te of"' thai; rég.ion. , The w,e.i.gnt w. f"or 
J 

région R. .,Jill thus tle equal to the' ares- of -the r.eg1on A..· J , . . . J ' 
, ' 

Substitut.ing equations <6 2) and <6.4) ,.in 'e.quation (6.' ~~.i wi!o 
, 

obtain the f~110win9,for the reg.i.on uniform~ty mea$yre of an 

2 L' 
R€.O(. 

J 
u = CI( 

( L A 
R~CX J 
'J 

2: ( of 
iER i' 

j 

>. ( , f 
"max 

.' , 

a 
f' ,) 

J, 

, ,: ~-, 
of' .) 

m.i"" 

, . , 

The measyr-~ _ is se~n ~ ta 1)". a global;, ~né:. th:c.1:· ',r-..ipresen+.s·' all 
\ ~ 1 ., • \' • " 

-the regions· in ·the ar;.ea. 

to the . hl easyre 

partic:tl,ar 

.' . 
We carl wr J.. te 

'U = 0<,' 

regï;ot"!, 
.~ , 

1. 

" '. : . 

E':~ 
R€.O( .J~ 
'j. 

, . 

• l' 

• ~ .. 1 \ , , 

, ' 

, " . .' 

. .' 
, .' 

~s ~~.,èantributior or_règ~on,R. 
, - . , .", '" 

• 'r . , 

f M . ' ' , • 

, . 

-. 

of :that 

(6. 7) 

t.he 
'. 

, ' 

, . 
~ ._~ -, .. _,,<, .... _ ........ --... ~ ......... ~~,. -""-~~-" ......... ~ _.. --

- , 

.... , 

j 
~ , a 
i 

i 
l' 
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giver'l by 

" 

L: 2 
2 ( f f > 

iE.R i J 
J 

lA -= <6. 8) 
J,C< L: 2 

( A ). ( f" f ) 

R ~ 0{ 1< max m.in 
k 

This é:an be ,sirnp1v ,,,Ir-i t-ten as 
, 

2 
FI ~ . 

J j 
u = 

JO< ~2~ A, 
0( 

,m~)( 

where AO( .i~ the ~\.iln 'of "the ar.aS'. 'of' the r'.Çjions in area 0<. , 

This rend~rs the m61~s ... ~re easy to upd~te I,;/henever regiçms 

<:hange du E? to 'spli tting or fn-èr9ing. 

computation i5 evident, in tha~ we need only recompùte 'thê' 

'contt"ibutions of the reQions that undergo a changè; 'the 

con'tributions of' other regio""$ remain constant. In case .of 
, , 

n:'eorging tw'o regions. 

Jrègion t;>e,fore merging is firs1: sub1;racteçi f'rom the measure', 

and' the· contribution of 'th'. rGrslü1;ing --rnergéd region ü:' +,hen 
, ' 

'. ' 

addeod., - This is: .gn impor't"mt propeo ....... Y, 5.tnée 'theo me'.95Ure . h.es : , ' 

to be updated à~t.r every modif'ica1;ion o~ ~~e regions. 

,', , , 

't J -- f 

' .. 
,1 .. - " ., '. 

, 1 " 

• :-.~. ~,_ .. " • ..,.'W- .. "-r __ "".f~ ___ ... ~C"""_ "{,.).~~;'''.~.''W •• Ilf1_i F ma ln J""'K -:~kj-
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" 
6.3.2. Region Contrast .... 

~ 

The pre .... .1.ous MeasIJr9 ttkes .into . 'ac:c:ount ,. the 
\-

~ 

nonun.1.'f.ormi ty .1.ns:i.d'; -eac:h region. 

f~atur~s of adjacent 
( 

regions. The' 'a$suJption here i.s one 'of independenc~ 
""f" ' 

Unifor"'m'i ty i.s <!:omputed as a measure w.1.'thin eaoh r.~.gion \' 

i.nd,ependent of" the surrourld.ing regiot,s/' !.oin.1.~e· contrast -i.s· 

~ompute~ between adJacen~ regi~ns as~uroin~ th~t they have, ~. 
" . 

')a.lue e,q~~,5ü, to the average o'f that fl?at'..Ire. 

th~,contr"'ast b~tween t.~~ reg.1.on$ R, and R, .is thus givèn by 
\ 1. J '. 

, , 
1 f," - f ,1 

.1, J. 
- , 

1><: ""' , .. c: 'J< 

i.j 
~ 

f + -f ,< " "Ji. .. 
'.1. J 

This is s~en to h~wE> a minimum ,villue of z~ro 
, , 

'a maximuM 

Th~ c~ntr"'ast Mea~Yre, :or a région is e~al to 

a we~ghtel sum, ''';f th~ cot .. trast o'f ;t~,a:t r~~i.on w.1. th" al.).. of·.1. ts 

,adJacent neighbor"'s. E .. c:h neigh'boring "rtl'g.1.ot)Y'R, contr.ibl .... tes 
, , ' , " ,'.1", 

of' one. 

to the sum"ll'Iat.1.on'.wi th ~'V~~.Ùè 'th,:tt'· fS ~roPortio)"ja~ 1:0 the 

f:ld,..;/ace-nc:y bétw~en i t st"ld 'the r"'eg1.on R. ,. ror:, wh;i.c:h 'the rneasf.(f"e 
, J ',' • 

-is computed., 
" -

Let th.1.s adJ'ac:enc:y v-a.lue b.' <'il, ' ;, the me-asut'e , . .. ~ 

" 

A J11 . ) 'i 1. , 

c = 
J" 

. -2: 
adj R 

1 

,\ 

, '. 

- .l, " 

(6. 11:.) 

'-
• (. ~." 1 • 

V : 
Note that the ~I .. u'tlmatioh of', the: a?~ac~n'c:~ val~e'S, ,a j;'i. f'~r _' a'.~1 " 

, . , 

. - ~ 

" 

, ' 

. .~ 

l 
, { 

" i 

, . 

j 

\~. " ~ ~ ~"'~ .' ff, ...... 

regions ·R. ~dJiçèht t,o R' . .1s .. quàl. to on~: Thé 'Poundl of '-the - ,: ' , 
1" 1.1. , ' J ' ~ tr'. " • 1 l ," ~ , • .... 

meoasl"lh!-, 'th 1".15 remain' I".Inc:hat"tQltd. . . 
, , . , ' 

, 
j\ • -1 .' ." 

, . 
, '''''' . , 

, " ~ l , , .. - . 
, , 

j'l. __ 

, •• 1 

\'j' ilG ;I;j(: ..... ~\.',', 
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In o~der to obtaLh a's1~Qle contrast m~àsure ~or the 

,whOle area, we n.e~ to compute a weighted sum of the 

contributions of each r~gion in that area. the 

contrast measure for area ~ is given"by 

w c: 
J J ~ . 

c ... J . (6, 12) 
0< E w :" 

Ré.O< J . 
J ... 

, 1 
" 1 

1 

, . .~:' 
"~"' . 

wher:-e,w. ,is tbe Wltigh't â~s;9ned to r.-egion R· . 
J .J 

.assignep to the cCtn>tr.\i:bution c.~ e?~h ,"egi<:?n to the contrast 

measure de pends or. i ts size. The manner by which the weights_ 

Since -the goa.1 

o~ thesè n\eâsure~ i5 to "im1 tate" human Judgeinent, let us 
,1 

~ow . the ~um~n visua.1 system d~a.1s wi~h contrast 
, 

, EXper'ime:nts that st:udy the- eff'ect of' spatial féquency on our 

P'~r~~ptipn of contrasrb yield · ... ,hat is known 'as contrast 

~96aJ, These are 

\ piots 'of th~ iO ... J8ts'1:·: t:ontrast val.ue between stripes: of a 
,' ... " ... 

, ,(,' ',cter,'f;ain spat'.i.~l ff"~auè~c~, th~rt' ~mabl.e humans to disi:inguish 

thése 1tt.t"'ipes~ ,aS' .a ~unct.t:on of the spati,a.1 

'frequenc:y.' , 'An eX ample of'· $ 1,..1 ch 
1" " \' ~,,' ~ J \ 

a plo~ '" f'or a fixed average 
',-

- ,-?-'"tens.i. ty . .1.vel: i5 shown ;fn 
, \. , , 

f .i.gure (6. 1.), 

d~'c:r..,àses 'foOr ye't"\:1 ,h.i.gb 
, , " 

ànp 'V~I"~' low spat.i.4!ll îre;quencie$ and 

. ':las' an., ?pt-:irnà-:l. intlul!' 
\ 

.. t '" a \ treq'uenc:y' that corresl=.onds to 
, ' 

.' ~ app"':ô>.<ima·h'ly '3'· :of 'JlLsual. 'angle.\---
" • ,. 1 

, " 
b 

" " , , 

, , 
'. , 

'\ 
.~ 

\ 
\ 

\ 1 \", f ' ',-" .... 

1 

" 

<,;J' , , 

) 

1 
" ! 
1 
j 

) 

l 
i 

1 
1 

'1 
l 
j 
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Figure <6.~) : Example of contrast sensitivity curve. 

regions in 

Fr'om t'C.ampbell and ~obspnl 1968J. 

'r~ 

a segMent~d image, ~...,. can argue 'that the"",e' :i.'~' :a(t;1 
,/ 

, ' , , 

optimal lregion size' ~or ~hich contrast betwe.r"a ,i f'le,g!otls. 
\ 

visually a~fec+'s the results o~ segmentation th,' Most. This 

is becëllusel as the spatial fr~quency increases <the size 'of 

the r.gion decreases), the perception of contras+. is enhanced 

until we, r eaeh the optimal size. As the size of region~ 

contrast perception deteriorates 

\. because of the limitations imposed b':;l visual aClü t':;l. The 

cur~ shown in figure <6.2> represents the weights given to 

'regions as a f .. metion of .. 'eg1on area, in the form of a normal 

distr ibu.t ion. 
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J ~. 
!' f?' ( 

f 
il-

.h Figur& (~: 2) Weights as .a function of region size. 
/, 

'This was chosen as a crudel but simp~e .approximation of 

.. 
·a s.i.ngl.e val.l..led fun,c:ti,on that simul.ates the behaviour 

l, , 
1 desc:ribe'd above. Th~ Mean of the c:urve corresponds t.o thE' 

(, 
" J 

op-t,iM~'~ . regior'l $izel and theo s-t:andard deviation is chosen so 

that, the. weigh-t:s wil.l. approach 
< 
at the l.imits visual. zero of 

a Cl..l ii!y 

vision). . " 

1 Z 2 
/ 

,1 

J 
- 1" ) l' (T '.1 

, \ 
(6. 13> 

, ~) 

w = 
J' 

exp t, (A 

, 1 

of'. the . ' 

' 't 

'1) 
j 

'j 

'f 
'i , 
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,The previous two measurea account ~or the se9menta~ion 

of an image into regions that are uniform and distinct. , ~ 
They~ 

are seen tp be 6omp~~mentary. Both,measures must~be high to 

indicate a, good .segmentat~on. A composite measure of 
v 

segmentatioh must take this into acè6unt. In the followi~g 

we discuss the ef~ect of Lines on the 

evaLuation of a se9m~t"lta~ion, by presoénting two appropria-t.e 

measures. 

\6.3.3. Line' .Con'trast 
1 
\ 

. This measure is 
\~" 

dto~::tgned 'to check the 

existing lines in an image $egmen~ation. 

vaLidity of 

We infer the 

presence of a Line in an image if one of two things occur: 
') 

(~) ~here exists an appropriate amount of contrast in the 

features of regions on either side of the Lina. 

(2) There is enough ~vidence, in terms of a LocaL gradient tn 
• 

the features of Rixels belonging to the lina, to Justify its ( 
"\ 

presence. 

The first condition accounts for'Most of the lines that 

humans infer in art image. The second condition is usuaLLy 

satisfied when the first one is. It is included separateLy 

to account for' tertain special cases where lines exist as 

separate entitie$, that are independent' of the regions that' 

~ surround ~hem. An example of this occurs wh.n a thin obJect, 

,who,se width is 'the sarne as that of a line, oe:cludes a uniform 
?> 

in the background. Sine:. the regions on both s~de of 

obJee:t, ~erte .is virtually no " 

• 

t,(l· ~: 
f 

1 L ..".~u~\_~, "''''''>4I~,l:;. ... 'i,..~;;'/'t ... Ji,1I'''''~'-'~''''''-~ 
--~~---- 1 ~ 
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contrast between them. Still. the're .i.s ,a 
, 

gradient brought about by lhe ~xistence or the thfn'obJect. . . 

account for both types of lines cited above. The first 

category is best represented-ey the contras+' be+'ween regions 

f' 
on both sides: or a line. 'On the o'ther h~nd, .a local gradiet,t 

\ ' . 
mea~ure will be more userul fO, lines"", be~onging :.~ t~e secot,d 

~ 1 ) 

. c;ategor'::l. Th,ese cont,"ibute weaKly to a cbntrast measure el)en 
1 

when th~~. are rightf'ully in place. Let ~he contras+' 
• 

of 
.,.. 

f'eature ~ acl"'oss l,ine L' 
.Il 

be d· ; 
J 

then 

~ 1 F L 
...: FRI 

d 
~ < 6. 1.4) = . 

F F ~ .j + 
L R 

/ 

where .' 

·F I0Il 2: v f F =- 2: v f (6. 1.5) , 
L R il .i. R R kr k 

Il 
,i k 

adJacency val,ue of a region R. "to the left of 
! . 

1s the average value~' reatur~ F ovel'" that 

. ~" r.giorv vkl'" is the ad.jacency q' a region Rif to the r.1ght of 

'the lin., 'k ~ is 'the a,:erage reatùre va.lue ouer that region, 

' .... 

., 

and the summations are t~k.n ouer all regions 'to the lef+' .and 

F,O~ the ~e~~nd c.at,egoryl 

ioc~l gradien a~ross lin. L· 
o.J 

" 1. 

we 

as 

define 

g.1 
J 

where 

... measure of the-
c 

Il 

1 

\ 

. , il_lI' *,,,'FJ 'lldl( " .'. 1 11111 ~.~ q .. ~.\ r . 1 , 1 ~. 

" 
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... 

~6. :1.6) 
J 

, 1 9 . III 

J (\ ( f. 
max 

f ) 
, min 

'. 
of feature F over the pixe~s 

and f, ~re the maximum and 
1'1'111"1 

GJ is the av~ra~~ gradient 

\ bdon9L';~ .' t~ Une' L., 

minimum ~ature values in the ares as defined in zection 
'( 

6. 3. :1.. The cont~ast measure 

accounts fQr tne first ca~~gory ,. 
o-f'. the ~ines in 'an .iMage. The 

\ 

adequate~y represe~ted by the 

,;equation <6. 1.6), The latter 

giv,n in equa~ion <6. :1.4) 

of ~inesl which includes most 

second group of ~ines i5 more 

local gradient measure o-f' 

are characterized by a high 

vallAe of g.j cOlApled 'Io/i th a ~()\., va~ue of d J . ,R hybr id measure 

h J 'can thus be constr·'..Icted for -t.:Ke contrast across a line L:,: 

measure throlAgh the properties of the regions on both sides 

of' lt. If/' howeve~ the region conttast i5 ~OWI the loca~ 

gradient across the ~ine w.i.~~ be more rep'resentative 

contr'.i.bl.:Ation. 

of / ,'l..ts 
/ 

.. 
A composite II'Ifuu.w"e of l.ine contrast over a,n .area ex can 

'now be èompu~ed ~ro~ the individual. line MeaSures as foilows: 

D " , 

-~ 

" 

J ' 
. . 

·1 
j 

.' ' 

;} j 
j 
l 
~ 

1 

1 

1 , ' ! 

1 
j , 
i 

1. 
j 

'1 
f 
'1 
'. 

'. 
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(6.1:8? . , 

where 'W, is the I,oJeigh1; a~signed to tlie contrJ.bution 
J 

of' ~ine 

and, is ta ken t~ be ~qual to the length of the line. The 

-' 

'~, r. 
Line Connectivitw .. 

The previous measure on1y a~counts for the Vàlidity of' 
.... 

lines pre.ser:rt it"f the ima"'e .egtntrntation. 
,"l' , "" 

of' segment'ation shou1d a1so invo1Ve 'lines that should have 

This kind of' error i~ 

segmentation is more diff'icult ta quantif'y, a1though easily, 

detected by a human observer, If a process is able ta 

observe the absenc:e of linQ's. i t .. ,ould not have missed, them 

in the f ir st plac:e. 
o ~ 

Néverthel~ssl sorne inference. can pe mad~ 
Il 

about missing lines, A good clue to this is the presence of 

"incomplete lines. By their nature, lines in an image tend ta , 

close on themselves, or on one another. This is also in 

accordance wi th one of the pri,nciples of Gestalt pS\Jcholog,y, 

that of good <;p.ntinuity tKoffka, 1.963l. L.i.nes rarel'=, stop 
, . " '-:: ~ 

"t'4 \ ~,. 

suddenlYrf~hd -"-di5app~ar.1 or- have an open end thst 9.oes 

nowhere. 

" 
~ .~ . ...,:, "'--... -, ~-r-'~~ __ ._n,-_,_,,,,,_,,,,_,,_,,"l''!'''''''' __ "'''',~ ... 4.-_i_t.I •• ____ liIr_~~~ .. 
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B~sed on thi$· argument) th~ meas~re developed here .LS 

The end of a l.Lne i5 said to 

be clpsed if ~t term~nstes on another line. O~ if .Lt closes 

on itself. Aline is closed if both i ts ~nds are closed. 

The number pf lines ~hat have one or both ends open is an 

indicat~on Let 
~ 

t. 

o~ t~e degree of discontinuity in the lines. 

be the number of clos~d ends of line L. and 

t ' 

" . 

J 

T = 
0( 

Then.> 

l t . 
J .J 

~ L l 
L€ oc. .J 

.J 

J 

/ (6.1.'9) 

will represent a global measure of the conneciivity of all 
~ 

the lines ir. area ex.. Not.EI" that tJ is a tri-valued quantity 

(0~L2), and hence the measure T~ is bounded between the 

values of zero and one. A low value of T~ would indicate 

because 'of the largE' number th~t have their ends Open. 

Although the measure described here does not aceaunt for 

al~ the lines m~ssing from an image segment~tion, it does go 

a long way' in doir'9 so. This is because lines in an image 

tënd to be partially present, rather th an totally m.Lssing 

It is those totally missing lines that are not represented in 
. 

the measure. Agair, the connectivity measure complements the 

contrast 'measure for 1ines, as is the case wi th the 

uniformity and contrast,measures for regions. 

.-, 
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In ord~r to complete our evaluation OT an ~mag~ 

segmentation; other performance p3rameters are added to the 
o 

above four measures. and are designed to account for the 

pres~nce of te~ture ~n an area of the image. 

6.3.5. T extur'e t1easur'es 
1 

, 
When we reTer to regian uniformity. we usu~lly mean. 

uniform.ity over gray levil fe.ature~. Thus uniTorm regions 

are those that do not contaLn any texiure: However., a more 

general interpretation of uni~ormity would include texture 

f~atures as well. I~ we ex tend this 'ta the de~initie~or~-----

s~gmentation given at the beginning ---------
---- . 

of th!; section. the 

~egions in an output segmentation would be required te be 

Lmirorm in 'texture-' fea.tl~res. This 
.. 
means that textL4red 

regions wouid not be divided into the gr~y levei uniform 
. 

,sUb-regions representing the ~nits of ,the texturaI pattern, 

desp~te 

the fact that their grey level uniformity ,,!ould be quiet low 

One of the, ma~n problems with this ~pproac~ is that textural 
1', -,.' _ 

features are inherently·global features that must be computed 

over an area in th~ image. ~ome approaches to texture 

analysis a.5.5ign loc<,ù values to thes\, f eatures at ever':J pixel 

1n the image [Levine. 1980J. This 1~ do ne by comput1ng the 
\ 

glob~l measure over an are~ surrounding each p1xel, The 

~ 

choiee of that at~ea i5 t·Jhat has becoffi'Ë' known as the ~"1ndow 

sIe pr'ob l'Ë'm [Rist?fi\an and Arb~b. 1977] A large "Jindo\,o' is 

~ikely to include a range of values at the boundar~es between 
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textu~ed regions. A sm.ll w~ndow. on the other hand. w~ll be 

~ore s.ns~tive to local variat~ons' due to the indiv~dual 

patterns 'of a texture Effo~ts to determine an opt~mal 

w~ndow size have had l~mited success rRosenfeld and , , 

Thurston. 1971. J, and an exh8ustive search would add to the 

computationa! burde~. 

'.' 
O~r approach to the prob!em i5 quite d~frerent. Regions 

are def~ned to be un~rorm over grey leve! features. The 

," 
f~rst definition of segmentation ~3 thus appl~cable) and so 

are 'the measures described in sections 6. 3. 1. and 6. 3. 2. 

Texture aress are then def~ned and are 

represented as 's group of I .. m.i..fbrm gray !e~el reg~ons that 
, 

correspond to the primitive elements of texture [Matsuyama et 

al. , 1982J. TheSE- regions ar-e usually srnall ~n size ... and 
-.' 

ex~st in' cl-usters of relatively large numbers. Texture 
t 

pr-operties can now be computed bW aver-aging the feature 

val.l..Ies over the r"egions. A histogram of the average 

intensity of all th. regions be~ong~ng to the same area. for 

~)(amp!e," J",oul.d be Inul. ti-modal This ~s because each groll'p ot 

r-E'gions (e. g .• background and fo~egr-ound) will contribute a 

distinct~ve inten~~ty value. and hence will prod~ce a 

sep~r.ate peak in the histogram. Thus, the e1.ementar~ regions 

replace the w~ndows that are normally requir-ed for computing 

average texturaI '·eatures. and 1.0c~ values at ;very pixel in 

thE' image are nb longer nece5~ar-y. '~is solves the window 

s.1ze problem. A 910bè!l~ - mrasure over t~E' regions l,o,i.11. 

~ndiça~e wheth~".they indeed re~ong ~o the same ~ex\ure. The 

'~'_'_' __ T~""'_" .. - ..... _ ... _~""" .............. ,. .......... ......,"""" .... IF_m. 1 1 1 

) 
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/' ct;llmpy't.ational éfficiency i!~ also seen to improOe 'drastically. 

Each TOcus of attêntion area has a label that class.l.f,ies 
-' 

it as being "tel<tw"'ed", "smooth", or ~.s be.lng "bour'lded" by , 
long éonnected 

descr.:i..b~d above 

IJ..fles The 

ar'e computed 

four performance mea~ures 

fô':: eacn ar~a. . It~' .ev.l.dent 

that 'th.~ r el';=eive importat"lce of each, mea$ure i.s dependen~ on' 

the t'::Ipe of area for "'Jhich i t is used. Region unif~rmxty is 

less important 'i~ textu~ed areas than in sm60th ones. 

Connectivi tl~ is iM~brtant for textyred and bounded are.as. 

contrast is importan~.in smooth and textured ar~asl 

more sa fot' reg.ions than l·.ines Tnus., the preceding'mea~ures .. 
do not have the same we.ight in diff~rent areas. This 

suggests the incluzion of the area type WD( 1 deduced by: the 

The latter 

can 'then be used ~o emp~~size the appropriate subset of 

measyres in a particular area. 

other import~nt parameters. for an area are the number of 

regions and the number·of l.ines it,~ontains. In addi1;i~n to 

being clues for texture, , -

a large influence on 

as p~rfor~ance pàrameter's thfl~ have' 

setting 'stràte9Y~ These numb~rs are 

normal.i.z~d over the ~reas b~ computing the number of regions 

(and lines) per uni+' ar~a TOr the whole'image and comparing 

it w~th the same quant~ty fo~ each a~ee. 

R~ -= 
NR ". 'A 

T T 
- NR 

T 

A 
T 

A 
0( 

Considet:' the val:ul:..-' 

\ , 

.. 

t 

" - .-- .--:'""'----".-.".~-'''~-.. - iU.,nrt JI ""III~ .... l!. •• '.' 
• 

.... 
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wher __ NR()( àhd NR T arE- tt'\~ nulttber of re9ions in 'area 0{ and 1.n 

the whole imager respect1vely. If R~ is greater then unit y, 

the densi t J,;! of r'egior,s in !X INi~1. be ~re :l'ter then the average 

.' 
~ensity for the whole image, and vice versa. R value in the 

range Ce,1 Jcan the,.. be' c:ol'l'lputed by dividing' by' a multiple o'f 

the average density ~e, g .• 

values. Similarly for 1.ines, WEI' hav~ . 

L = 
0(.. 

.. 

NL 1 A 
T, T 

= 

,-
NL . A 

0( T 

NL . A 
r,T 

0{ 

The perTo~mante' vector for each area in the - iMag~ will 

thug include C:Olllponents for region uniformi ty, ~ region 

contrast, number of 

regions. ,and numb~r 0' line$. No~e that the first three 

components are computed per,feature in the image. For black 

ar\d ,,,hi te- imag'es, ear.:h component. can be comp'..Ited for the grey 

l.evel. inte'nsi ty of' r\!lgions at:ld l..i.nes. For col.or images. each 

measure will contribute three elements to the performance 

vector, one for each co1.or channel intensity. In general, - . 

the u~iformity and contras~ of other features of regions and 

Iines c~n be added to the perforMànce vector. 'For m such 
< 

-features. véctor. P 
0{ 

for area ~ wil.l have 

M .. 3,m+3· componentsl' and .i:s g:iven by 

1 m . 

POl. = [ Uct..',." Uct.' 
1 

CO(' ' 

..... ,~ .-

m 
,le , 

0{ 

,1" m 
H ,.:."H "T, R; 

DI. 0( " Dl oc. 

.' 

L J. 
~ 
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1. m 
where Uo( 'to U 0( are m r'egion un.ifornu. t'y Me-aSI.Ares for area 0<. 1 

, 

.and 

1 m 
C 'to C are M r'l$'gion contra~.f; h'le-asur@s toI'" ~'rea fX" 

0( IX 

1. m 
Hot 'to HO/. are m line: contras't measùres f.or area 0(, 

, 
T IX .is the lin,e connéoctivi ty. me,as,...re ,for area IX 1 

i 
R is a normilJ,:ized value for' the number of regions i.,n 6<, 

0( 

L is a normaliz~d -v~lue, for the number of lines in ~ . ot 

Each area ~ w~ll be represen~ed in the strategy determi~ation 

proc:ess by i ts perfc.r·rnanceo, vect0r-: PK 'and i ts type 'Ii 0(' ' 

6. 4. STRATEGY DETERMINATION 
, 

The strategy of the rule-ba~ed'system is détèrrnined in 

t'wo steps: First, a global strategy evaluation scheme 

sele~'ts 'the next ar~a of attention in the image. 
vI 

Once this 

selected area must ,'be compl~ted. this 'section ,dêta11~ the 

leveis. A solution for' gl~bal st~ateg~ deter~inatio~ is 
1 

presented .Ln the forrn .of a· fuzzy ,decision-mak,i.ng pror.:'ess. 
- . 

The con~'traint's -that go,vern' the c:hoice of a part.icular local 
. 

'S'trate9Y~ and' def irle the globa-l' str.atègy for '.area se.l.6'ctlon 

will be described., The tact that these' constrainfs aré 
. 

+'heMselve~ fuzzy in nature~ -w.ill be shown ~ be the reason 

~ ". ", 
... .. "" '::~ • r~ :" i ... ~~ .. ~;"W~l';'~~..,..t ... 

. - ... 
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~or' using ~~zzy standard 
v 

l , 

decision-makit"lg me+,hodqlogie1t. 
, 

J-ocal' stra1;egy i5 ~Iosed in th-e f'orrn .of;;t "black' box" 
" . 

, , 

The . , 
same principles used for Ol.obal -strateglJ 'selection are als~ 

~ ,"'-. ~ 

used to sol\[;le 't'or the local strategy MO'del. We ~Itar-t by 

revi~wing the basic ideas beohind 'fuzz-'J ,logiè and fuzz'J: 
, 

dec!sion-rnaking. > as they ~o' i~~'materia~ dis~ussed 

here. 
" 

. 
The Principles Of 'Fuzzy Logic . 

[Zadeh, - 1965 J, ànd acquir&~ 

.i:mportanèe, 
, 

du~ to +'he!r usefulness in 

~pplicatio ns, In this -. seC::tion. l,le pres~n+' a' brief 

-description of fu.:zt.y ,!tet "~hE:'Or'YI at"'td the' asp'ects and nota'i;.ion 

that ar-e of' ~elE'v!lnce. 'to our. specl.f' i.e nfll't"ds in de~ighin9 a 

A ~ore complete description of the 

fundamen't'als o~ f'uzzlJ logic can be found if' rZadeh, 1.973; 

2adeh, 1.976j 

,sutiJE'èt and rel,..ated -applications i's give.n in· [Gaines arid 

'Kohou't •. 19??J, , . 

. - , 
,: FU2;:ly , 'l09ic ,was , ~ntr?dl ... ce~· as a substi'tute. t'o'r '-the' 

, 
1 

s-tandard - bJ.;nar'4~· i6gie; iYl cases where a pr.'eci~e quanti ta-t ive 

des;;(:r'.f.pt'.l,.Gt"\' ~T" a',problel)'l ls, n~i; "'e~sible, This M~y be due 'te. 
, , . ~ .' ", 

of'. 'the c:oneepi;s .involved;, 'or i;(J a 'clef' iCienty 
) .,' 

.in our und ers: :t;anding of; .'th~sé ,ÇO n..C9PtS. v, A', l~ge . .. 
, . 

1 

\ 
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1 :,~\ 

" 

" 

1 • 
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problems 'in di'ffer'en"t applicaiion- aress fall in"to -f;his 
. , 

Diséa$è diaQnosis in Medicine. reèession in 
) ~ . 

eocono'mics, '" meaning in lingui.sti,cs. insanity in law, 3nd 

~eci.~e~ Tor cooking. a~e Jus"t .a Tew examples oT concepts ~nd 

~~,l,gori thms "tha"t ar·e b-et1:er. describéd and understood i.r. tl1e 
-

c:o~t~xt of 'a fuzzy, rather than p~ec~se, environme~t. 
\. \ .' . .. 

.at')d binar.,; J.og.J.c is i,n the in"troduc"tion of" dégreès OT 

l " 

membership" Tor elêmen'tst: in "the se"ts they belong to. Let U 

be the nori-fuzzy set o~,~~em~nts 
\ 

u = ( u ,~ u u ]" , ) .. ·1 (6 .. 23) 
1 a n .' 

"thet'l, 
l, , , . , 

- t 
1 , ' . 

jA'j;,' ,t'a, t:~ 
/ . ., ' ' . , . , . ' ,R . = [ ~ J - ~ /~ J (~, 24) . . . ... U 1 

U 
'lt 

U 
1 

j, 2 n 

.. f-i is: is à .. fuzzltl :sùbset of' .U, ' ..... hér'e the degr.e of', membership 

. ~ 

of element 'u. 
1 

in the set R., -,The latter reflec:-ts oClr 

C::onf.fdence irl -the fac:~ that an element be.longs :to '.9 ' spec:if'ic', 
.. 

the degree by,which that element, 
! 

, ." ',s.à"ti$f' iès . the cri teor.1.a' imposed by the set. 1 These confidences 

are generally "t~ken "to lie~in the interval r~,1]. where e and 

'1. <:Ienote no me-mbet"':a:h~,p .and, fu"ll membershi.p, resp.ec'ti.vely_ 

F:ell"H').ing the not-ation in tZadeh" 1,976), equation <6.,24> c:at"t 
',- '-'~ , , ' , ' . . ( 

be'express~d as . ~ 

, A =0: - J', M (~) 1 u 
- r ", ,u 1 A 

. ' 

'" . , , 

. \ 

.' 

. ' 
.' 

, 
" , 

\ 
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" If A and B are fuzzy subse~i of u~· ~hen th~~~ ihtersectLon. 
o : 1-. \ 

A n B, and thei~ union A U B, are also fuzzy'subsets of U. 
) 

. . , 
f A'<,U) V ?, (U) ". 

UA, B' 
(6.26> 

f M <1.,1) A .. M (1.,1) 1 
. U /- ~ . 1 B ' u , :,~,~,-, (6, 27) 

'i/I.' • 
,1 

1-

,IOIhere V and ,\ denote min and ~èspec~iv~lY. The. 
0 

-
~om'plenieht of A is give~ by, 

f 
r 

A ::r (1 - f:ft. .. ~» '" u U • .' A 
<6. as) 

. -
l, 1 • 

It is .1nterest~ng tço .rotE' th~-t. th,,! . int;!r ect.ion~ / union and 

" c::omplement, operations def' inerd .in equa~~ons (6J' 26') J' (6. 27~, 

and <6.28)" 

oper-etions 
',' 

, 1 , , 

are actually the fuzzy"equiv.aJlents of the log,ical 
1 " .,. t 

AND, OR and NOr, respecti,vely. i 
l ' 

. , 
intr-odl..tct i on - of hedges variables 

[Zadeh, 1972 J. ThElS'~ a~e qualifiers "that, modify a fuzzy 

and b\a do.i:ng 50, 'map i -t, into a different 
" 

I.f A i.s a fUzzy se~ repre:se.nting 'suc:h a 
" 

.. 2. 
then "vert.:!. Ali can' be. taken as A . In generalJ fi 'Y 

t 

will s~rve:to decreS$e the' membe~ship confidence ,of 

in a fuzzy set. for 'Y > :1. Ii; will do 50· more for members 

that a~e of' originally lower confid.n~e than for those .wli;h 

, hig'her ~ conf idencE's. 

f o-r ')' <: .1.. Beforé pr-oceeding any f'urther, we- ~tJill give ran 

1 ~ ,1 

! 
/ . 

/ 
/ 
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(XI 

Exanlple 6. 4. 1 

Let U be the set [10,20, ....• 90J , and A be a f'U%zy sub5e+. of , 

U 'that· repre5ents thE' l.ingu.i.stic: variable "young", where 

1. .9 .9 .7 :5 .j . 1. 0 . 
A = [ J. (~ 29) 

1.0 20 30 40 50 60 70 90 

ihen "very youn~1I c:.m be given by 

2 1. .81 . ~4 .49 .25 .09 . 01. 0. 
A = [ J, (6. 39) 

10 20 30 40 50 6e 70 90 

"no't very young" is then given by 

2 0. ' .19 .36 .5:1. .75 .91 .99 1. 
A ... [- 1 , - , J, <6.' 31) 

:1.13 20 30 49 50 S0 70 913 

and "yo ..... ng and not very yo ..... ng" is given by 

2 0. .19 .36 .51 . 5 .3 .1. e . 
RnA ... [ , 

~ -, -; -, J. <6. 32) 
::10 20 30 40 50 60 713 90 

Th~'decision-makin~ process can now be for~ulated ..... si~g 

the concepts described abovè. A decision here is defined, as 

'the process of selecting among a finite .number' , Of' 

al ternatives. according to a defined set of objectives. The 

alternative that satisfies ~all" of the objectives is chosen 

as 'the output of the deci5ion-maker. 

latter i5 th us to evaluate each of thè alte~na~ives, in order 

to determine wh ether or not'it satisfies eac:h of the required 

is not given by a simple '.Iles-cr-no answer. 

o ..... tc:ome i5 more lik@ly. '" i5 abl.e 'to 

d~'t.rMine "how 1.4.1.1" eac:h g.i.ven alternative satisfies each of' 

~ , 
, 

) 

t 

. , 
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the require"d ob,./,l!Pctives. It 'êan then select the one that 

"best 01 sat isf i.es the obJectlves. . The f'0110wing example '.-lili 

help clarif'y the unde:rlying concepts. ,., '. ~\'t'< 

Example 6. 4. 2 

Let X = C x:1. , x2 1 .x3 1 x4 J bE" "the se"t of' brand names for a 

part.f.cular prC)duct. It i5 rE"quired to ~~lect the brand namE"· 

and avaNable. The "three 

criteria were evaluated for all the candidates, and a number 

that indicates: ho .... WE'l'l eac:h brand sati.si.f' i.es each of the 

cri. teri.a Illas computed. The f'ollowing fuzzy suftsets of' X at"e 

thus defi.ned: 

.9 .4 .6 .7 
'ri ... [-- 1 ] for economy, (6. 33) 

1- x:1. xe x3 x4 

.3 .6 .2 .9 
'ri = [- J f'or eff'ectiveness. <6.34> 

2 xi xe x3 x4 

.2 .go 6 .3 
and Y = ( -' ] for availabili "ty. (6. 35> 

3 x:1. x2 x3 x4 

Following the argument presented.in [Bellman and Zadeh. :1.970) 

and ' rZadèh. 1.'973) 1 th6' objectives above can be stated as '-1 
1 

!land" Y!2. "and" Y This is 
'3 

known as the' rule of' implied 

conJuncti.o n. In "terms of the fuzzy subsets of potEmtial 

candidates, th~~ecision becomes . , 

(6. 36) 

.' 
. 

which is also a f""czz'J subset on "the candidates: The 

membership 
4;." 

of D .i.ndic:.a"te how 
, 1 

weIl .ach candidate 
~ 

. sat.i.sfi.es the set of' obJecti.ves as a whole. For the sei; of 

,', 
« 

J 

., 

., 
li , 
~ 
~ 

~ 
1." 

. 
; . 
, 

, 
" 

,Y 
" 
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given in examp~e 6. 4. 2. 0 is thys given by 

-\ 

2 4 _.o,..~ ..." .... -. 3 
' 1):' ' i::-" [ - ...:.- ~ J " <6. 37) . 1 . xi. x2 x3 

v x4 

which imp~ies tha"t candidate x2 be$"t $ati.sfies the - cornbined 
" 

~he rU%zy decis!on-making proc.ss can thus b~ 

summarized in the ro~~owin~ Îltwo . steps: 

(1) For. each ~~ ,rn~tivel se~eo::;t the obJective ... dth the 
\ -\.; 

':i 
~o'4est menlbership va~ue. 

-
(2) The alternative with the highest membership in the 

, .. 
resu~tin9 ruzzy subset is se~ected as the optima~ 

decisiot'l. 

This is $een to be a maxi-min proce$$, 
" 

~ To complete our discussion, we consider a variation on 

the ab ove decision-making process, m.. ..... h~ J~bout .... lhel"1 the :... ... 
given obJectiyes are not of ~qual importa~ce [~~ger~'1~7-7J 

Each' obJective. is assigned a number 1') 0, to indicate the~ , 

re~ai;:ive impori;ance of th-at obJec:~ive, The general 'f orrn of 

-:the decisio,n function the~'l bec::omes: 

1'1 "YZ :3 'Y N 
() = y ri y n y ...... n y ~6. 38> -1, (2 3 N 

The.h~9her: th~ power ~o 

whic:h the fUzzy set of an obJective'~s raised! the more 

difficult it is "to' satisflJ by the given' a~ternatives. An 

al.ternative that is: we.ak when eval.uated for an important 

'Stronger a~ ternatives 

wil.l. not, be affected .to the .same degree. The effect pf 

;" 

c<l- ~ - .. "",,\~,.f~~"",..~1'?J5',~\v"'\~' J<.; 

, 
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ra~sin9 an obJec~~ve's fuzzy set to a power ~hus provides"" a 
" 

·m.ans for 
"'-:' 

scaling 'the importance of 'that obJective relat~ve 
\ 

~o 'the others', 
) 

, , 

The selection of the global and local s~rat~gie~ for our 
~ , 

.''' ru.lé-based system 1.oJ1.11 be shoymJ i~ tbe, fo110wing two 
, . 

to fit conveniently into thé, fçrmat 'by the 

methodology descr~bed,above, 

6.4.2. GIOba~,strategy Evaluation' 
Q 

'Before deter~i~ln9 the local strategy with~n an 'area ~n, 
" , 

the ~mage" 'the àreâ must be se1ected, The FOCUS OF ATTENTION 

module examines all av~ilabl@ areasl ,and selects, based on 

'their pl" opertit!'~1 th. Most ~ppropriate one, 
, , 

constraintto be appli~d here_is that all ar,eas ir the image 
1 

should be proces$ed' ih an even-hanqed manner, or in other 

words, each area sho~id get its fair. share of processing. 

This is n~cessary, to allow the system to u~e potentially 

useful low le')e.l information dis'tributE"d over, different parts. 

of 'the image. Another Cdnstrain't, is -to avo,id locking the 

system into 'a particular a~ea of ~h~ i~ageJ 
, -' . where 1.t could 

waste prec~ous comput_~ion time processihg fine detail, that , 
bears 1iit1e impaci on the overall quality or the outpu't. 

This cou~d happe!". ",h.ile o"the .... a .... e-as in the. im.age' are in more 

e .... l"ors wi thi.n them,' 

, ' 

) , 

, ' , 
1 

t 
J 

i 

" 
1 
l 

{ , 
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A good g~ob~l strat~gy wou~d thus select the area that: 

~, Ci'- is in more ne~d of fu~ther processing, and (ii) has been 

iess t"ecent~~ visi1;ed by··the system. An area~s need for 
, , 

processing is re·f'~'9ct~d by i1;s performance parametp.rs. The 

firs1; fou~ paramet~rs de~cr,ibed in s~ction 6. 3 . serve this 

purpose f ull l::1. Th~ amount of addit10nal region processing 

~~.; that an area r~quires is r~flected in how 10w the region 
l~""~ 

uniformity and contrast measures are. Low values of line 

connec1;,i'J.i.ty and' contrast measures in~ic:ate the ne~d for 

adding or dele'ting more ~inesJ ·r'especti'Jely.· The system 

should thus select the area with 't~e lowest overall 'Jalues 

for these four parameters. 
l' 

A parameter that reflects temporal or der, rather than 

performanc: e, is r~quired in order to represent t~e~second 

constraint mehtion~d abo'Je. Co~s~der 'the recency ratio fo~ 

, 

area o<..given by 

= 
Numb~r of ar'9a$.yisi~ed since ~ was 

• • (6. 39) 

l'f 

A high 'Jalue o'f R~ wouid indicate that the area has· not been 

and 'thus is an el~gibfe candidate ·for 

processit;'lg. 

, 
pur 9loba~,s~r.ategYI Rut in words, is to select ·the area 

of lQwer 

Although 

region uniformity and c:ontrast, lo ... ,er l,.ine 

we 

1f and 0 

can \ express each 

~igher recency ratio. 

meas;ures 

mathematicaily,' the cons'traint over each o~ them is not 'so 

" 

l' • 
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----'---
well-def' 1.ned. The f't;lrma1: is' a 'fyzzy one, sinc:e 1.1: only 

~ndic:ates that'a roeasure shoyl~ be low or hi9~ 

the method by wh1.ch thÇ? measurés shoYld bEl' c:ombined to h~ve 

an effect on the final dÇ?c:ision, y.i:elds . an,other 

imprec.ision. 

the c:onstra.ints as possible, in the best po~sible ,way, 'In 

constra.int~ to some dé~ree. 

fynction of the me.a,s;>ures could be f'ortnl.,q . .ated to prodl..lce a 

,combined effect. sUèh, a l.nvolving 
l ""~ 

multipl.icat.ive or additive ef'fè-ctsJ ~ould b~ ,t.oo,. simplistic,' 

and too precise. This is be~aYse we only ha~~ a f'uzzy notion 

of' '/Jhat to expect. 

a s.ingle-valued mathematical func:t.ion. The cho~ce 1.s t~u~ 

better described by ysing a linguistic framework, as opposed 

This provides -the root.iv.ation -' 

" for us1.ng the concepts. described in the previous section in 
, , 

makin,g the decision. l'} 

Il'' 
(\ 

Referrir,g to :-he .per.formânçe parameters. of' se'et'ion è,3, 

!"Je not.ice that ev..;ory· me-a$ure" , indi<:;at"es he;>\,) weIl an area 

satisf.ie& a ,partic:ula~ obJ~ctiv~ t1 reg.ion un.iformity 
. , 

meas'..tre of 0. 's . _for an ~rea, f'qr 'exampie, .indicates -that ... ,e 
- ~.' ,~ . 

, . 
are sax c~nfiderit th~~ the,pegibns in '*h~ ar.a are un1.f'orm. 

The s~me applies ~o·th. other.r..9io~ ancf.~ine meas~rez (note 
, . 
.,. , 

that they are all normaliz~d to ~ie in th~. intervai (a~ il>, 

t The 'confidences requil"E?d 'bY, "the fuz;t'J deC:ision-maker c'an be 

derived dirEl'ctly f'rom these ll'(eâsYr'es. Ir the value of a 

'. " \. .. , 
" _ .... ~, ..... ~~., ........ ". __ ._ .. _, .... !~~._.l,." ~ .. ~ ... ~_.~~ ___ ,_l .. ' .... 

(Ij •. 
. , . 

. ,-,. ~ ~' ............. -",~" ~~ ~."_., ....... " 
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p~rformance meaSure for an-area i5 XI th~ amount of fu~ther 
,

processing requit"'ed to improve ~hat meas!Jre .is proport,i,()hal 
1 

to 1 - x. The recency ratio defined by equation <6. 39) 

provides a confidence value that· LS proportional ~o an area's 

temporal el~gibility. 
0' 

. 
" 

For each area, M = 3m + 2 ob,Jecti,..,es .are defi-ned, where 
'1 

m i5 the. number of features of region5 and l.i.nes used f'or the ... 
r-eval,,,,at~on, , as ~ntroduced by equation section 6.3 .. 

r~' '.. ' f 
~. " 

lJ 
" ' 

, : 

. " 

" _ -f""lJ , 

They correspond ta all 1'fI~ region uniformity, l'fi region 

contrast, 

image: 

ahd Y 
1 

m line contrast, one line 

Let 11> be "the s.t of, N are~Ui 

l\:j' 

Y1. ' , 
J 

.... . • 1 0( 

N 

\ 

"~ , 
\ 

\ 
y -' re 1". set 
M,;, 

-

<6. 40> 

of M o~.J.et.:i.ves. 0 

1 3;-

..;;. 

Acco,-'d'inÇ)l'JI We hal.Je for ~.ach 01- " . ~, 
1-~ 6 

f 
k 

Y = (1 - U ) /0( <i. 41-a) 
k If> IX i. 

i 
.\ ':. 

, 
'. 

f (1 
k-m 

y = C ) /0( 
k <1> IX l 

~ "',...,. " 
0 0 

m oC k',~ 2m , 
l' 

(6. 41-b) , 

i " {-

f 
k-2rn 

y ,= (1 -'H > /01. 1 

k <1> lX i 

e ... , 
, ~ 

« ~m 
1-:" 

oC 1 k- §.. ,3m , 

i 

Y f (1 T ) /CX 
l, 

• - 1 

k <1> " 0( 1 
"' 

" 
'k -:.3m +-a " 

r..,..,' 
<6. 41.-d) 

i " 
r 

f 
, 

y -=a R /0( ~ 

()C.' ,1,: 
. 

k tl> 
, .~ '.\. 

" 
(, 

k • ''31a ... e ~ 

',' .' .. 
<il 

<6. 41.-e> 

' . 
, , ./ ______ ....... _. ,.01 ......... ' ... ______ :...... ____ •• ~ .... _.~~~ __ • __ « _ ... ~,.,.,~4'~~.,._,.. 

" 

, 1 
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k k k 
.... 'here IJ , 

0<, 
1 

C , H , .gnd Tiare' def ined as pe-r @q~at~on (6 22) 
()( 0<.. 0<.. 
111 

• 
The d~cision-making process takes place 

computing the degr'E'e by which 0311 areas s~-t·isfy each of' the M 

" 

• ob.Ject~ves, For a particular obJectiv~ ~ thJ..s 

correspond to f indit"lg -t:he fuzzy subset Y
k 

over the set of 

area::; 1>' 

'J \.~ Y 
1.k 2k Nk 

Y = [ J (6 42) 
k 0( 0{ 0( 

1. 2 N 

i 

The y are computed using equations 
lk 

(6 41-03) to (6 41-e), 

depending on the value oT k. The fuzzy decision ~et D J..S 

then computed from the M sets of obJectives, 50 that 

0 = y () y Îl y (6 43) 
1. 2 M 

or 
d d d 

1. 2 N 
0 = [ ] 1 (6 44) 

0<. 0< ex 
1. 2 N 

wherJ!l' 
M 

d = MIN [ Y J 
i k;::1. ik 

Following the opt~mal decis~on rule, the system w~ll select 
. 

are.a ex. as the next area to process. if 
J 

N 
d 0: MAX [d J. 

J i=1. i 
(6. 46' 

The maxi-min process of fuzzy decision-making 15 given by 

.quations <6. 45) and <6. 46). The obJective that 1s minimally 

b • 
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sat1sfLed by an ~rea is selected ~o represent it. The èt"ea ... 

wîth the hi~he~t v~lue f~r the latter wLll constit~te the 

oütput of the decisl.on-rttaker . 

. To eosut"e equ~l partic.i..p-Oltion by aIl 

cri terLa .l.n th.l.s global process, the- fuzzy sets of ob.,Jectl.ves 

are all ra.l.sed to urli titi power. In order to give the recen~y 

ra~io an edge over other obJectives. its fuzzy set c~n be 

raised to the ·p0I,Jer· 2 Equation (6. 41-e) can be re-written 

as 

y 
3m+2 

2 
) 1 rx 

i 
a, 47) 

This means that the membership value for each area in this 

set wi.ll decrease, and more so for areas with lower value 

than for 0 thers. That obJectLve w~ll be more likely stlected 

as the minLmally satisfied for more areas, 

.its l.nf ll.Aence on the final dec.i..sL~n 

.. 
6.4.3 Local Strategy Evaluation 

1 

1 
\ 1 

O~ce the global strategy ha. s~lected an area ln the 

LMa~. it ~.m.Ln$ to d.FLn. the ~oc.1 $'~.~9Y .Lt~Ln the 

area In sect.i..on 6. 2, we des~r~bed the elements of local 

strategy, their states, and how they can be adJusted 

system. Recall that at the local level, both data 

and ruJ.e prlority are necessary to define this strateg_. We 

h.ave aJ.so .i..n't-roduced 'il1 slt"ction . 6. 3, 
~ _J..~~ 

per'formance 

that can be evaluated for different areas Ln \ 
,1 . , 
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These par~Meters have 6eén designed to measure the quality of 

a segmentat~on ouer an are,s, and thus provide "the Me03n~ for 

adJu3t~ng the local strategy. wi thi.n t-hat area. They can do 

so by J.nfluencing +,.he indivir,:fual strategy e~ements i.nto 

part~cular states that are more suitable for the dat~ 

conf igl..~r.at ~on in the as repr~sente~ by these 

p.!Jrameters The following problem presents itself: GivE'n a 

performance vector PO( for area lXl hOl,I can we detet'rnir.e the 

elements of the str.tstegy vector So<. for that area. What wè 

are actually 100kin9 for 15 the model F repre5ented by the 

"black box" in f ig'..Ire (6 3) 

pO(,cc: ===~l--__ F_~~=:::::;:~> 80<. 

F~gure (6.3) Model fo~ strategy ev~luatio~ 

The constra~nts impcised O~ this Model are brought ~bout 

by the manner in which each perf~r~ance parameter af~ects 

each strateg~ element. On~ can, say that l1~e analys~s should 
~ 

have pri.~rity o\)er region an'al.ysis if' -tihê 'l''eg10n measures of· 

uniformit\ and contra st are hi9h, and. the 11ne Measures of 

contrast and connectivi t~~ are- low. This 15 an indic.at~on 

that the image needs More li.ne processin~ than reg~on 
J 

processing. The opposi"te i5 also truel and variations on the , above are possible. More splitting ~~ needed at low 

uniformity and more m~r9ing at low reQion contrast. Adding 

,\ 
• 
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lines ~s preFerable- For low connectivity areas, whileo 
1 

deoleting l~nes is more useFul in smooth areas 

updating strategy is more efficient iF the amount of 

processing leFt i~ low. as refl.cted by high values ro~ the 

re91.on and 11.ne measures. 'On the other hand, . the more 

consef'vati ",Je s~ngle updating stra~egy i5 safer if the 

measures are low. ~nd if the number of regions and l~nes ar~ 

, high Bounded ~reas May invite region merging, . while 
1 • 

textl..Jred a reas alJ.ol» For more line deletion. The path 

strategy ~s algo affected by these constraints. 

region uni forrni tl:J sl4g'i1ests visJ..t1.ng larg.;?r regions f irs1'. l.ow 

re9ion contras+' 2ugge~ts mov~ng th~ough high adJacency 

values. Smaller size regions are more influential Tor 

texture areas, wh~le the opposite ~s true for smooth areas 

These are Just examples of the types of cons1'ra~nts 

present, and are not meant ta const~tute an exhaustive li~t 

Clear~ly, not every performance parameter aTfects ever~ 

strategy at least not to the saMe extent. 

constraints seem more important than others. Two factors 

afTect the presence and relative ~mportance of these 

constraint s: improving the eFficiency of the computation. 

and enhan cl.r~g the- quali ty of the output segmentation In 

chapter 7. we w111 de$cr~be exper~ment~ that study the 

relation between the performan~e parameters and the various 

elements of strategy 

t 

L 
« 
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A cat'\ be ob'tainéod by' 

thE- effe-ct5 of pe~formance parame'ters qh 

stratègy e~emehts rhis c~n be done- by @xp~ici 't~y narn.l.ng the, 

effect of 

elements. Twb ~sp~cts t~n be coded 'the direction of the 

e"ffec;t, and its mag~ltude 
- ' 

promote the ~ns~antiat.ion of a particular state for one of 
't 

the strategy elel)lents in one. Q-f two different ~,ays The .. 
higher ihe value ot the p~rameterJ the more it would advoc3te 

~he cho.l.ce of 'that state, This ~il~ be termed a posit.l.ve 

effect, Th. s,cond and opposite eff~ct, when a lOIlJer 

parame ter 
. .-

more suggest.l.ve of the selection of the 

,T~ble <6 ~) r~presents the d.l.rection of the relat.l.on 

bet .. ,een performance par~meter~ and strategy elements The 

< 
,) +" and "_" sign$ -correspond to ths::.- positive and negat.i\,oe 

An entry is included whenever the 

'direction o-f inf'luence of a par-amets::.-r on' astate is knof..,)n, 

\ irre~pective- IJ)f the magnitllde of- that 1n-f~uence, If no k'noJ..Jn 

, - ./ 
eff'ect exists, -hOIJJelJer, 't.he ;;:ontry in the table is le ft b19'nk. 

. As indica:l;ed pr&ViOllsly, thil!' ;;:oxtent by which perf ormance 

parameters af"f'ect stra'tegy, 'tlil!'men:ts i:5' not t:onstant, Some 

parameters .are 
-1IlOr& impor'tant +,hat"l -----other~ for Cf?r't1ain 

" e-leme.nts. The rei~+'Lve Ln~luence of the parameters ~h +he 

elements .. ,i11 a1$0 depend on the type 01' àtrea for ~,hich 'the-

strategy, 15 eva~uated . 
.... 

"/ 

Table <6.3) s~mmarizes this magn.l.tud~ 

effect. The entrl.es in the "table ,code the it,r luences i,nto 

. , 
" 
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Strato!;'gy Perf9rman~e Parameters 

El~men+'s u c H T R L' 

-------~----------~---------------------~------~-------------

HLgh ~dJacencw + + 
Ir-

Lo.." Ad,Jace ny -, + 

Larges~ Siz~ + + 

Smallest Size + - , 

-----------~-------~-------------------------------------ï---

Nearest 

Longest + 

Shortest ~ + + 

Strongest + 

'Weakest + +. 

-------------------~--~~------------~--------------~-~--~----

Success.ive + + + 

S.ingle + + + 
~ 

--------------------------~----------------------------------

Reg.ions + + + 

L..ines + + + 

------------------------~--~--------------------------------, , 

Merge + + 

Spl.i't -' + + + 
----_...:._----_.:..._-----------------------""-.. ...,..-----~----,----- _..:.-------;-

, Add + + + 
1[11 

Delete + ...: + + 
~ ___ ~ ______ ~i.~~ ___ ~~_~~--~-----~.-~ ___ --~-------~-~-~ __ ~ ___ ~ 

.' 

Ef~ect, Cff' ,pe.rf"orman~e 'par'ameters on -the 
states. of strategy ~îemeh'ts,' 

" 

) 

., 
J 
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, , ' 
Perf.)rmarü:::e Pa~amei:er:$ 

• Strategy Ftrea 
Ell!lm.:-hts T'Jpe U C H j R L 

';, '\. l 1 

-------------------------------:--~---~-~--~---~-------------

'Region 
Pat'" - , 
Strategy 

smooth 
textwè 
bOlm:ded-

\/H 
H 
H 

H 
VH 

H , , 

VL 
VL 
VL 

\IL , 
\IL 
VL-

M 
M 
H 

VL 
VL 
"IL. 

-------------------"--~---~-------~~-~-----------------------

L'itie smoo'th - \/L , VL, VH ,H \IL M 
Path tex +,ut'" & \IL VL H \lH \IL H 
Strategy ,bol~ndecl ' VL ,VL t1 t1 \IL 11 
_____ • __ -: __ .:-':"'" __ . ___ -. ____ ---: ... _.,. __ ..:;..,_ .... _________ -10...;-------,-______ , ____ 

Ùpdating smoo'th Vt.I H H M \ M 
\ r'1 

S'tr:-at.:-gIJ textl,llre H 
- , VH; L M \H H 

bot.mdèçi H H M M ~ M 
- , 

._------~---------~----~---------------~-~----------~-----~---, ' 

Process ' 
'Priot~i 't,'y 

, ' 

smooth VH ' H H M \10 \IL 
t'ex'\r,ure;' H VH H \lH L\ L 
bou~ed H ~ M M L\ \IL 

~-~----~--,------~~-----~--------~--------------------------
~e9ion 
RI.AleS 
Prior.ity 

smooth 
tex+,ure 
bounded 

VH 
H 
H 

- ' 

H 
VH 

H 

L 
L 
L 

L 
L 
L 

H 
VH 
\lH 

\IL 
\IL 
VL 

------------------~------------------------------------------

Line 
Rule 
Pri9rity 

smoo+,h 
'tex+"~r'e 
bounded 

'L 
L 
L 

L 
L 
L 

'VH 
-H 

1 .. 

H 

H 
YH 

H 

\IL 
\IL 
VL 

H 0 

VH 
H 

---------------~-----------------------~---------------------

Table (6, 3) Cod!?$ that ref l~ct the re~ative impo'rtance 
of p~rrormanèe parameters in determining the 
l,l arl 0 .... $ , s.d;:rst~glJ states.1n d.1f'f'erent aress. 

(~ 

• 

, ' 
V~riation due to are a type ~s 

re~resented by including three ~alues ~?ne for each type of' 

a .... e'a) 1 .-' td indic:.a'te the tn~gni tt.~de of' the -ef'fec:t a perf'o.rmance-

par'am'eter has- 'on eac:h of the six elements of strateg'J. 

J 
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The coars~ quan~iz~~ion in table (6 3) is brought 
\ 

by the quaiita~ive- natur~ of the constraints. as evident from 

the examples g1ven It is also in accordance with the 
1 ' 

\ 
symbol~c type \ of ~~ocessing pursued by this sy~temJ as 

\ 

evident in the ~nOWledge and control rules. 
1 

of" the constra\ints. and of their combined influence in 
1 

specifying the e~ements of local strategy. is once again 

evident. Each constraim is best represented by a dirl?ct..tr:m 

of influl?nce. and:a sy~bolic qua11fier that resembles the 
~ 

linguistic hedge5 ~iscussed in section 6 4. 1. 

The concepts of fuzzy logic will now aiso be extended ta 

the proble-m of local strateglJ determination. Unlik"e the 

global strateglJ' Olor'e th~n one de-cl.sl.ot"l is required. S.l.X 

elements must be instantiated in or der to compll?tely ~pecify 

the local strategy Therefore. as Many decisl.ons are needed 

to af'sign astate to each of" these elements. The mod'?l F .l.S 

thus composed of six independent, dec.l.sion. 

processes, that can be executed in paralleL Each process 

involves the selection of one of a finite number of ~tates, 

and hence the determination of one component of the locai 

strategy ~,.ector 

The strateg'd lJector iktr area ex. can be wr1tten as 

s = 
0( 

[ S • S ~ 

1 '2 
S J 

6 
<6.48) 

The following analW$is will apply equally to each of the 

strategy elements . . ' 

" 

, .' , 

'"-_.~" -- ---
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Let the set of n states for strat~gy e~ement S. be giv~n 
1. 

s = 
i 

[s s 
i1 i2 

s ] 
in 

(6. 49) 

We can construct M fuzzy subsets of S .. Each sub.;;et 
1. 

corresponds to one of M e 2m+3 parameters constituting an 

area~s performance vector. Each subset will have the form 

JAk1 f\k2 ~kn 
y = [-- , --, ] , 1{ k ~ f1, (6 5e> 

k s s s 
i1 i2 i.n 

wher~ ~kjiS '~he d~gree by wh~ch p~rforMance parameter k 

sat~sfies the requirements of state j for strate9~ element i 

Each parameter is evaluated as a 

numerica~ quanti ty in the interval [0,:1.]. If a parame ter has 

a positive effect on a state, then the hLgher the value of 

that paramet~r, the more ~he degree of satiSfaction of that 

state I,ll. th i t. . For a negative effect, 

increase wLth lower parameter value~ 

fOut"ld to have a value p 1 then 
1< 

that degree ~ould 

If parameter k is 

1 

P if k has a pos~ tive- effect on J .. 

k <6. 51> 

<1 - p ) if k has a negative effect on JI 
k 

as specified,by the entries of table <'6.2). 

... 

\ 
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The decision obJec~ives r~presented by the M fuzzy 

subsets o~' equa~ion~(6 Say can now be computed from the 

performahce paral'lle+'ers of the area, They can then be ysed' t~ 

compute a, fuzzy d~cision set D. on the states of s+r~tegt,J 
l, 

''0 
.1.1 

= Y () _ n <6 '52) 
i 1. 2 

where ro
1k 

i5 a Q'..I9ntl.t'J th-at ref ~ect.s the relative import :lnc"? 

of perrormance ~~rameter k. in determ1ning strategy element 

i. accord~g to table (6. 3) 
1 

Rec311~ng the d1Scus~1on ~n 

sec:tion 6.4.1. about hedgés. 3 p05i.tive pow"?r tha1; ~s 

great~r, than '..tt"11 +'IJ~ ~·Jill emphasize the influence of a 
\ 

p.at"tiJ::'~lar obJective R fractional power W1l\ : .rave +'he 

opposite effect. 2adeh uses the power 0" 2 to 
\ 

r'epresent th"? 

hedge "very" (Zadeh. 197'2] In table <6 4). we extend th~s 

to account for all.th~ symbolic entries of table (6 3) The 

values of 'Oik .. Jill thl,AS be equal to the nunl'erica.l:- entry ~n 

. tèble (6. 4) 1 that· corresponds to "the ento~ for "par :HI'l~+'er k 

and element L, /f;;-the given ~f .area in table (6 3) 

/ \ 

'Symbol ~1eaninÇ) Value 
------ ------- -----

VL ver\,;! 101.1 e. 5 
1 

I- L low 0. 75 

M" medi'-<lM 1.0 

H hi9h 1. 5 

VH vér~ high. 2. 0 

T~ple <6.4) S'Jmbol table for hedoes. 

'. , 

\ 

\ 
\ 
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Table (6. 3) i~dicates th~t the relative importance ai' 

the perform~nce parame*e~s varies tram one ~trateg~ elemen~ 

ta the next. It also depends on the type o~ are.a tor ~hich 

. the strateg ... ~ is, determined. The effect of area type i~ thus 

indirectly incorporated 1n+'0 the deci$ion~makin~ process. 

redefining the emphasis o~ different performance parameters. 

The first four strategy elements in table (6. 2) are 

binary ~)a lued. The entries that are positively supporting 

one state, are seen to have a negative effect on the ~ther 

fo r the~e E'lements. The last two e~ements are 

multi-valued, and each p~rameter can support more than one 

state, in a pasi tivS' or neg.:ative mannet', simul t.aneously. 

is the integrated e~fect over all par3m~ters that tips the 

balance 

m'..4tually 

assume a 

comp'..lted 

towards a particular state. 

exclusive process, . since a ~trate9Y element can bt"lly 

single state.at a time 

l.n equatio~. 52), 

The fuzzy decision se~ D. 
1. 

provides the degree 

satis~a~tion of the decision-make~ with each of the states of 

strstegy element i: The state w1th the maximum satisfactl.on 

value 1s chosen ~G represent that element im ~he output 

strategy vector .. This process is repeated for all six 

,. strâteg-y e lements .. ... 

Th~ .. fUPERVISOR employs the strategy rules to exec:ute 
.. ~;4t 

dyrrarll.ii;: "," ~tt"'ategy . $91ect·.ion. A strategy rule .i'S constN~o::ted 

for each \~tate of eV9ry strategy elemént. The conditions 

co~~espond ta the fuzzy constr.aints -on the performance 

parameters. The action assigns: the 'state assoc.iated wi th the 

: 
'. 
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All t~e ru~es are evaluated. 

The condition that is least satisfied for each rule 

represents 
-

the degree b'J t..Jhich "'that rule matches the 

performance measures. The rule with the best, mat ching . 
assigns i ts state to the stratl?g.'J 'element. Appendix C 

d~set"'ibes how the stratégy rules' are eons'trueted fror... the 

entr~es in tables (6. 2) and (6. 3), ~, 

The model F in f1gure (6. 3) C3n thus b~ repr~sented by a 

set oF ~odules which compute the deg~ee of satisfa~tion of 

eaeh stra tegy ele,))~:nt sta'te, ",i th the value of each 

performance paraflletE'r. These are foJ.lowed by a rna.xi-I'Il.l.n 

selection module roI" every element, as shown in figure (6. 4) 

6.5. CONCLUSIONS 

In ~he prev10us sections. we have discus~ed the various 

factors involved in setting the strategy of our rule-based 

image sr:l>gmentation s'Js-l;em. have demonstrated the 

d1fficulties involved in ge\ting sueh a complex yet ve~sat1le 
l_ 

system to funetion irt an optimized f.ashion. To dé this, we 

have analyzed the system strategy into basic, well defined. 

and ~ndependent elements. that can acquire a number of finite 

and specific states. Next ,"e def i.ned a set of par.arne+.et's 

that measure the -perform~m<:e qf the system. as reflec+ed blJ 

the state of ~he. outpl.d: at any po;i.nt during proees:=- in9 A 

-model INas then i'ni;rodl~c:ed :th",t 'used :these, paraw:·ters in 

evalua~ing de~ision func:~ions to alloc:ate a specific state to 

'eaè:h strategy el~H("ent. , . 

, , 
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The s?lut~on propos~d lnvolves a novel approach to both

conflict resqlution .in a' t~u~e-based produc:ti.Q!' system, and 
4 

-', 

Theo systeom 15 

- designed to. allo'~ for dynam.ic setting ~f' .i ts ru~e matching 

prioritiës ~nd it$ TOCUS of' attention .ch.me. . , A pool _ of, 

%' '" 
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f'ot:us 'of a"tten'tion at'eas:.i.s g"7nerated accord.i.ng 'to c-E?r'-t;ain 

criteria e~bedded in rules that are designed f'0r. this 

pur pose; " The, performance parameten..s dJ.scussed in ?ection G. 3 

. ,are sul?sequentIy' con·lpw+,e.j for each areal bas."..d on the ir.i tüÜ 

- _ segmentation statws' wi thin that .are~, These parameters .are 

", 

and are- dynamically updated durin"9 

processingl so ~hat th~~ can continuously and approp~iately 

represent each, ât'ea, at any point in time. The FOCUS OF 

ATTENTION~~ODULE sel~cts the m6st ap~ropriate are-a to wor~ on 

at any time. The criteria used a~e those of processing need 
, 

and uniform tim<:o - - ... ~ 
sharü"Ig. Once an area 1s selected, the 

, -

SUPERVISOR proceeds to define the strategy within that area .. 

It evaluates decision functions that reflect the effect of 

, the- pe-rformance parametecs-' of the area~ 

" 
on each of the 

indil)idual strategy elements. Both area selection and 

strategy evaluation a fuzzy deci~ion-making 

This accounts for the inheren~ imprecizion in 

the constraJ.nts representint,{ the rèl'atiol:l - betllJéen _th"" data 

and the resulting decisions. 

'One aspect of the ~system stratëgy w~s shown to be; 

rel.~ed to the problem of data seLectio~ ~or a ~arget~omplex 

syst~m. This .. problem .1s significant~ as it_'affects b6~jP-' the ',_. 
':... ...., 

quali. ty of the re$\'ü 1; and the speed of' r .. ~ch.in9 -that resul. t. 
r~ v • 

The solution prov.i.ded he're i.s both ~Y(lam.ic ~nd; ~- data-drrvet'\ . 
..... 

rh~ selec±ion -Of t~e next âre~ of attèntio1~\~s well as the 

nex't region and l.ine~"\,:, t~at are-al .i,.s SY99.'S1;ed"~Y thE' state 

'of the· segmentation as re~lected by the dat~. 

'. 

Their arder 
J 

, " 

..... _r 

.. 

." " -.-,,""-I .... ..l.'l".rf'~ ~~.w.._ll'~ !~~b.I ":!tow/:-~J!oolc~S''''~''''IIIÎ-ÏIII III!.!t!lll .. ", __ 1 ._.11 "'.~A';" 
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w111 change wh en the data chang~s. The underly~ng cr~ter1a 

are those of efficLency ~nd minimum error ThLS ~s reflected 

~n preferr~ng image are as th~t w1ll lead t~ a larger 

~mprovement in the ~tate of the segmentat~on 

Another aspect of strategy settinq defined t'I.Ale 

pr~orit~es for conflict resolution in the rule-based image 

segmentatLon system Through a sLm~13r hypothes~s. a dyn3m~c 

data-drLven rule order~ng was presented. 

the rules are matched by the ~y~tem depends on the state of 

the data It i5 cont~nuously updated to emphasize the 

relati~e . ~m~ortance of var~ous and control 

Ct~.L ter.La, according to the effect that they will have on the 

data In other words, rules that are more useful are g~ven 

more preference The term n'..Iseful" here i5 measured in "terms 

of the influence these rules will have on the sta"te of 

segmentation as reflected by the data 

The system l~ designed ~n an extremely modular and 

flexible manner, that exhibits bath knawledg~ and con~rol 

separab.Llity This ~nables it ta dynamically alter each of 

its strategy element~ in an easy and straightforward fash~on 

By implement.Lng this d~namic strategy in aur rule-based 

system, we are serving a dual purpase. First. ',Je e-nsure 

efficieht processing by modifying the areas in the 
• 

image .Ln 

an appropriate arder. P The second goàl. i5 ta minimize "the 

segmentation errors by $~lecting the best rules at the proper 

point in the computation. The next chapter discusses the 

system implementation and the experimental results. 
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CHAPTER 7 

RESULTS AND CONCLUSIONS 

7.1. SYSTEM IMPLEMENTRTION 

of th. Computer Vi~ion and Craphies Laboratory at MeG.ill 
1 

Univ",rsi t'Jo Th. .a~hin~ ha~ 3 Megabytes of physica~ m~Mory 

scann.d of'f' transpar.,..c·J... (typical~1J 3~ l'AM f'1.~m) using an 

Optronics drum scanner wi~h • MaximUM r •• olution of 50 
1 

and a Maxi~UM sen.!tivity of 2~6 gr.~ lev.ls. 
\ 

b~ ~56 arrays with 6 bits per pixels. 
" , 

on a TY Monitor int+rfac.d to a Grinn.ll color graphies 

fi 
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A collection of routines named MARBLES "(for McGill 

Automatic Rule-Based Low Level Segmentation) constituted the 

backbone OT the system. They performed a variety 
1 

of 

functions including the image input. feature computation. 

rule matching. strategy setting and dat~ !Rodi T ication. 

Figure (7.~) i5 a block diagram of the system implementation. 

In addition ta automatic processinQ. user interaction was 

allowed for experimental purposes. The mode~ designer ~ould , 
access and modify·the rule-based mode~ storea in the LTM 

The image and segmentation data cou~d a~so be examined in 

order to a~low a better understanding of when and, why 

different rules became efîective. Moreover. the data could 

be graphica~ly displa';::Jed so that a visua.1 evaluation of 

region and ~ine partitions wa5 possible. 

~~ Experiments with the system were designed to fulTil two 

main purposes:. The first was to test and evaluate the 

general purpose knowledge that i5 used to partition an image. 

comb.Lnations of knol"ledge rul1~s were employed. 

discarded iî they proved to b. use~e5~ The second purpose 

was to assess diîferent control strategies und.r varying data 

condi -tions. 

simulated a . 
tested. The 

compared in 

The appropriate subs.t 

particular processing 

• 
resulting performance 

ord.r to d.termine . 
1 

/ 

J 
of control rul •• ~h.t, 

strêlltegy wer • selected and 

measures were recorded and' . 
th. best strat.g~' r~r .ach 

data' si tuation. The re.vlts were vsed to set up th~ d.cision 
.' 

,( 

1 

/' 

... .'" 

.e , 
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• criteria for .valuation -presented in , 
tables (6. 2 >; ~and (6. 3'). • r 
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The next two the experirumts 
\~ 

undertaken - J'or knowledge and stra'tegy evaluation. This 1.5 

~ollowed by an account OT the results obtain~d for dif~erent 

~ocus o~ attention' ar~as. Finally, th", system performance 

with an optimal knowledg~ base and a dynaMic s"trategy i5 

cornpared~ to other_segmentation techniques in th", lit~rature. 

The the.i. concludes with SU9gestions Tor futur~ res •• rch and 

recommended additions that are based on the gain.d experience 

wi th this system. 

7. 2. KNOWLEDGE BASE EXPERIMENTS 

In chapter 5. a se~ OT region and lin. analysis rules 

was presented that is based on previous efforts and general 

Gestalt rules of grouping_ 

in 3 and the performance rneasures 

introduced in chapter 6 were used to evaluat. the-, validi ty of 

th_se processing criteria. When the prOgr~M w~.xecuted 
\ 

w~th one -set of rules the error and performance mea.ur.es 

"cè:ording to <3. 26), (3. eS), and <3. 29), 

respectively. 

(2) Th. Missin~ 1in.5, additional lines, and combined Lin. 
,. 

.rror Me.sures accordinQ to equations (3. 31), (3~ 32),' and 

, , 
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, 
(3) The re9~on uryiForm~ty 

# 

measures according to 

resJ!)E'ctivEP ly. 
, ' 

tneasures accQrdinQ to 

r.spec:ti..,el.y. 
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and reg~on contrast performance 
- -

&quations (6.7) and (6. 1.2). 

eqvatiot"\s (6. 1.8) and (6. 1.9), 

'CS)- Th.'numb.~ or ma~chino cycles up to th~ current action. 

The ~ir$t f'our clas~e$ contri~ut~d to ten possible curves 

wh.n ~ach m.asur. w.s plo~ted as a f'unction o~ the number of' 

actions. Th~s~ provided profiles of' the syst~m p~rformance 

a$ th., processlng progress~d. In order to maintain a concise 

only curves 

behaviour will be given TOP each experiment_ The Fif'th class 

IoIhen 

the number of .ctions was pLotted aQain~t th~ number of 

result was a profi~e of th. ~ctiv!ty of the particular ru~e 

This curve had the typical For. shown .in 

the curv. satu~ated when no more actions were possible. Xn 

all o~ ~h. following experiMents proc.ssing .nded when 

.a~uratlon wa. d.tected within the actions-v.rsus-cWcle. 

CYrve. - In terms of' the r.sults that rol~ow, the average 
@ 

times for'Matching conditions and 9xecuting actions on ~~~ 

YflX :1.:1./780 were e. 4 ~nd 1. 3 seconds, r.sp.ctivel~. • 
.( 

- . -
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~r~ (7. 2): A~~ions-v.rsu$-cyc~e$ curve. 

• 

/ 
A /combined 

1 c; 

rinal m9asure o~ per~ormance and activity was 
;' 

This Measure 

. values loi! thin the set . 

within 

M M t1a)(. no. of' cycles 
ini~iat ' fin .. l 

F - .)( (7. 1.) 
l'l, M -No. of' cycles 

\ 

-" lRax Min 

where -tH. "'<nd.mum .a" dl Minl",um: vaiue:s of' -the, ~rror "'."5\.1". . 
"'Ii 

Wer. c:alcUi.ted ov~r th.- g~v.n s.t ~f' .xperi ... ents. 

v., .. "'''''" .. _\~!,~..,.,..''' 
\. 
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• 

, 

REGImis 

LINES 

Pàge> 320 

SÙlilarity Averages only 
Average and Variance 

Merging St.ructural 
and Spatial 

Line Infdrmation 

Size Factor 
Position Factor 

i 
Dissimil.ari ty 

Splitting 
Stt"uctur~ü 

\ Line Information 

Histogram 
Gradi.ent 

t 
Stt"et"lgth Gradient 

Deleting Structure ~ Length 
,r 

Region Information 

t
Stren9th Gradient 

Extend~ng Structure Length 

Region Information 

t 
Strength Gradient 

Structure Length 

Region Information 

Figure (7. J) 

~he k",!owledge rl .. tles were divided int~ th@ categories 
d .~ 

shown in figure (7.3) according to the ba~J.c 'criteoria that 

they represent. 

ranked the ru les withiQ each category. Each set contained 

.xperiments ~hat start&d with th. same initial. partitions of' 

J r&gions and J..ihesl used the same control strategyJ but 

------~-~-----
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differ~nt combinations of knowl~dge rules 

j"'" 
\ th~ peorfôrmance CI.JrVes desct'ibed above, 
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In addition ta 

the appropriate 

output part~tions (r~9ions or lines) were compared, and a ., 
table of init~al '~nd f1nal performance values for each 

exper1ment set wa$ also provided 

A w1ndow in the 1mag~ of the electric motor shawn 1n 

figut~e (7 4) The I,d.ndow. 

together w1th the hand segmented region partition. are shawn 

1n figure (7 5) Fdllowing 1S a deta11ed discussion of ihe 

results For readers who w1sh to ski~ the details. 

"7 2 8 prou1des an overall ranking of the knowledge rules 

based on the experiments descr1bed in sections 7. 2. 1 to 

7 2 7 

Figure (7 4) A windollJ in the image of .a mot or. 

" . 1 
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rhe selected w~ndow 
Ca) The or~g~nal ~mage 

\' 
\ 
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<b) A hand ~egmented region map 

7.2.1. Region Merging Experiments 

exper~ment employ~d rule (801). wh~ch merges adjacent reg~ons 

based on the ~~m~lar~t~ of' the~r avet'age featl...lres 

Expet'iment 2 allol,le-d only the regions wi th sl.rnl.lar auer :'Ige 

and varl.ance of' f'eatures to merge, accord~ng to ru le (808) 

The latter ~s th us a more conservative appreach ta reg~on 

~. 
~roupinÇJ. Exper~M.nt 3 relaxed the criter~a for merg1ng 

regl.ons· of 5mall 5~ze, bl,:j add~ng rules (802) J (806). and 

<807) td ru~e (808) Theref'ore. a c~e~nup of small r~g~ons 

was added te the similarity group~ng proces~ Exper~ment 4 
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i~cluded rules (803), (804) , and (805) - together I,Jith 

rul~ <saS) in ~rd~r to eliminate th~ small regiohs that fall 

at the boundariez betl,Jeen fa:ger ones 

, 
Fig' .. It~es (7 6a) to <7 6d) sholoJ the resultin-g rf.:'gl-on 

partitio~s for the 'four experimf.:'nts, and table (7 1) 

summarizes their performance: The combined error measure· 

shown in figure (7 7a), df.:'Clined steadily at a relativel~ 

slow rate when small regl-ons wer~ initially merged together 

Changes bècame f3ster near the end wh~n the sizes of the 

r~gions became much larger so that each merging action had a 

more glob_l effect on the measure Figures (7 7b) and ct. 7c) 

rf.:'present the curves of ~he under-merging and over-merging 

components of the mea~ure, respectively. 

decline l-n the under-merging error was, accompanied by an 

increase in the over-merging error, yet the net result was a 

dec~ine in the ~ombined error measure. 

Exp. Cycles'Actions li C Under Over Total F 

Initial 0 0. ~!5 0. ~6 98. 41 ~. 60 65. 46 0. 00 
1 

:J. 2800 2370 e 95 0. 95 9 56- 41 70 30 25 1. 46 

2 3865 21.55 0. 89 0. 78 36. 95 28. 70 33. 09 0. 97 

3 3027 2~5 0. 85 0. 85 39. 72 32. 30 36. 20 1 12 

4 4106 ~169 0. 89 0. 86 36. 24 3.0,90 33. 68 a 90· 

Table (7.1): Region merging experiments. 

'" 

:. 

! ' 

.. 
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(b) Exp 
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6) Region maps for merg~ng rules exper~ment5 
i S~miiarity of average features 
2 Similarity of averages and var~ances 
3 With cle.anup of small reg~ons 

,.f-." .... Wi th cl~anup of boundar~ regions. 

The ~ur'ves for experirnent L reflect less 

conservative nature. so th.at the decline in the under-merg~ng 

error is more pronounced, but at the cost of a larger 

increase ~n the over-merging error In all, rule (801) 

performed better ~han rule (808). with the largest decl1ne 1n. 
\ \.~. -...,..--

" , 
the total measure. and the lowest number of cycles The 

cleanup rules of exper~ment 3 produced an adverse ef~ect on 

the Ol...ltput They re~ulted in a larger overall error. 

al though they impro,)ed the ratio of the number of actions to 

the total cycles, and thus yielded a higher v.alMe for F 
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'A~tboU9h ~hese c~eanup cr~te~~a -removed unwahted 

regl,ons. ~he.ir l''e~xed c:onstra.ints caused other errors .in the 

~inal partition. 

The add.itional ri.üE's in experilY\,ent 4 had a~most, no 

This is apparent from the ~act 1:ha1: 

, the curves of" exper.iments -2 and 4 a~most co~nc.ided. The on~1J 

.influence these· rule$ had I.oJSS to .inc:rease the number o~ 

match.ing cyc~es with no $imi~.r increase in activity, thus 
" 

reducing F. 

The reg.ion uniformity and contrast curves are shown .in 

~.igures (7. 7d) and (7. 7e), l''esp~ctive~y. Un~formity declined 

steadily with merging • .and More so f~r_exper~ment 1 than for 

ê. The cûrves for 2 and 4 rema.ined ver.y close. and the curve 
~. 

for 3 was worse than that for 2. On the other hand. contras+' 

for exper.iment 1 showed a higher improvement than that for 2. 

Note. however. 1:hat the curve for 3 sti~~ did not do any 

,better. 

An important observation here is that the per~ormance 

measures of f.igures <7. 7d) and (7. 7e) behaved'in a consistent 
't 

manner w1th the segmentation error meas.ureos of figures (7.7a) 

to (7.7c). This appl.ies to all the experiments conducted 

w~th the system. and w.ill a~so hold true for the line 

dependent measure$ whose behavior wi~l be demonstrated .in 

exper.iments that follow. fSuch cons~stency can on~y attest to 

the va~idity of using these perfomance measures as feedback 

cri ter.ia that dynan\ica~ly adJys1: the p.rocessing stra1:egy. " 

1 , -~ ~~""'~~'\.oY .. t-l~ ,y~~......t.~..c:Ao~Jfa'" ••• 0M.'17Vf:i:Sj1jt',. ~ 
" ~ 

, -
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7.2.2. Region Spli tting Experiments 
. '. 

'. .. . " 

..... 

J 
"1," 

Page 
lj' 

t·;'50. 2ÜÜÜ. ':'_::t..'. 
tlur·,ber' 0 f He t 1'= ri" 

" 

3ea 

1 

:. ' '-:-- . r.~gJ.ons, , except 'tha"t' now' -the who~e window was . in.i tial.tzed 

1nto one , reg1on. Experiment 5 employed, rule (901) wh.ich 

split a 'region if its histogram is bimodal, Exper.iment 6 
'1 

ùsed th~ more res~rictive ru~e (902), which imposes a lower 
. (0 " 

.Limi:t on the degree ·o.r bimoda~i 1;y of th. histogrem T'or '.,. 
. 

split to occur. The above ru1e· waS.$ubstituted by two' ru1es 

,(903)' .. and . (904-) ,in. experiment 7 that· relate region size to 

. 'the of ,h.1stogram bimoètal.1 ty, , Fi.nal~y~ in 

:J 

• 0 



1 • 

.1 

(: 

'.:. . 

" 

,Page 329 

exper spli1:+,1ng was subJect to' the add~~ion~l 

restri _ tion' of a hi9h 'av~t"age gradient value o'ver the regJ.on: 
." '. 

The two rules ~h~t~'~ccomplLshed this for d~fferent size 

regions are (906) and (907). 

Thé resulting region parti~ions for'experim~nts ~ to e 

are shoIJm ,in f'igur~s (7. Sa) to C7. ad), respectively. 

Table <7. ê) 
# c' • 

s .. ~mmarJ.zes p~rforrtl<!lnce 
ÎI> 

l"ith rE!'spect to ,the 

in~ tial val .. ~es. 
.. \ (; .... 

It is s~en that splitting that is based on 
~ , 

.... 
'the h.istogram alone provid~d :~e '\/ors't ou''tpu't. 

" " 

In tact, the' 

decrease in !=)Ver-rnerging e'lI't"'or was -more 'than compensa'ted f'.;,r 

by' the ~"f'lG:reasé' in the under-merging, erron, with a nè-t 

increase in the total e~ror. This is also evident in the 

unneces~ary pa:tit~ons, ~n 'the image of figure<7, 8~? 

Restt'icting the degre'~iof ,bimodal.i ty helped the s~tua'tiot'l by 
1.; ~ (. • 

_.",,~--/~ -.-/ 

decreasit'lg the amount of ul'lder-merging, but still caysed mOt'e 

harm than benef i t. Entering the size as a factor caused 

~.furthe~ ~mprovement·~~ the resulting under-merging error, but 

still' :f'ell shor~'t 1 of de~iver·i.ng a plausible' output. Or. 'thé 

other hand~' eXP~~imen~. a produced a ~onsiderably better 

-output, . mostly due to the fact that ~he high gradient 

restriction limited the under~mergiAg error"te a ~~ch lower 

va~ue than was possible using the other rules. 

,The 'under-merging .-and over-merging". error c!--,rves at .. e:· 

shown in figures (7. 9a) and (7. 9b), respec~ivelw. The 
\ -. 

superior performance of rules (906) and (907) is reflect~d ~t'l 

• the athievement of the same level ~~ ~mprovement i~ tbe 
, . 
over-merg'ing error in a c:onsider'ably smàller nl..lmber of 

.. 
1. 
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" 

Figure <7.8): 
(.3) Exp/.' 5 

. (b) Exp. 6 
(c) Exp. 7 
(d) Exp. 8 

( 

~ 
1 

, .. , 
.. ) 1 

Region maps for sp11tt~ng rU~ês)expefiments. 
Splitting if histogram is bimodal. 
LOI .. 1er lirni ~ on bimoda.li ty . 
Using birnodali t'J and size. 
Using gt~adient, bimoda1i ty, and size. 

, ....... 

" .: 

'. -

Exp. CIJc.les Acti.ons U C Under ·Over Total ,. F' 

Ini ti.al 0 0. 67 ,0.54' 0.,,00 59. 3.0 41.. 93 0,010 

.5 111.6 1.74 e.97" 0'. 35.. ~ a:C'01. ::3. 30 57;. 33 -0. 55 

6 113'01. 246 . e. 98 0. °38 71. 35 1~~ 1.0 51.. 3e. -1â.37 

7 337 47 e. 94 0.,39 62. 1.6 10. ~ 44. 56 -0.~,3:1. 
. ' 

B 1.33 16 e. 92 a. 47 39.32 14.'00 29.51 3. 74 
' .. 

" >-', 

" Table (7.2): Region sp1itting e~PQrim~nts . 

" 

" , 

, 

. -' . 0 
actions, 'and with a fI'Il.Ich lower increase i~ the "mdel"-rn~rgit'\g , 

error. This is' a1so reflected in the increasing va~ue of • 

: 

« 
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Error MoNsures 
10ü~ü " , 
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, . 
0,0\1 25. 5Ù. '" , .J. 

, , 

" 

" 

,~~-----~ /" 

, ,. 
, " 

, -, . , 

. " !-
"', 

1 (:'" .20(t, 2'::l, 
'HIHlber ;, f Ac t Ions , ~ 

<a) 
Er r e<t" f,iea::ure:q 1> (Cr"~r r'l~r":J 1 fI'" .J 
lûÛ.'~-r-------~--------~----------------~--------------------------------~ " , 

1 .. 

r:::J.ü 

%'.0 
~ 

~(1. )) 

:;~. ~j 

20~f! 

10.0 

.;).00 
25. 

Figure Ç7. 9): 

~, 

, 

11)\). 1'::':' • . 1~5(t. '1'(5. 2(1(1.. ~25. 
-, ... , -'. 

HUMber of Actlor:: 

!' .. ,' 
Spl.i. 't"ting' experi/ll,n"ts per-f'or-ma,nc:e me'asw:'"es:. 
J~xp. 5 0, 
Exp: .6 1 
Exp. 7 ~ 
Exp. S 6 

" 

. , 

, ~, 

.' 
.. . , 

" 

,1 

,~ . ' 
t,·' 

" 
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, 
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, 1 

~ ..., ~ 

Initial Begion Size Expèrimetit~s 
, ~__ r-' .. 

By examining th,=, results of the expe~iments presented in 
-. 

"the prev.i,.o~"" tl"JO section~ ~t is 
. . , 

( , combina-tion' of. rjle-rging:. and 'spii tti.ng rules will J..mprove 

.-
I?ertt,irmancé' o,vet~ -I;he !"Ise of e~ch s~-t, ind.:t.lJiduall.y. 

'\... " 
/Spli ttin~ 

'rules alon e tend to und.er<--mer:gé the' i.rnag-e" espeC:.i.ailY if they 

are ba'secf' ,on tt:'e histogram. 
, , 

f1erging rul.e,s ca", ei ther be' tOt), 

.. 
conservative~ or will cause over-'1"er~.i;ng erro'r's, ",Jhile' in, 
. , 

both' c'ases , -

, , 

" l'tl~rgi'ng' rul:e' '(sei) 

(967). 'were selec+'ed. 

" 

, 
~ 'lar~e number of rnatching c~cles. 

and ,the best s~litting rules (906) ~nd . ' 

A questio~ arised as to the sJ..ze 3nd 

" n-urnber 9f' regi.::>ns a-t. ~h~ -begin,ning or pr:-0cessing. Becausé 

merging now , 

.ltli tial c0t:'lf i9ut~~t.+o~s ~oJêre" :P?s~~b~e.:, . r .Tq tes1~, the ~effect 
" _... • l , • 

, . ::' ,-th~se . h~d' pft: syste'm, perf~·t"'manèe. ( gr .idS . of sqU~~~' r,é'gions "'Jet~~ 
, . ,,,,, ~ 1 \ • • _ ~ ~ , • _~ , 

,'\ 

, , 

, ' 

g6'heratèd" ':i~ , , 

" 
+,he ,'" fot>m sho •• m·' i.n, fi9'ure <7.1.0a), Seven: 

, , ., , " 

':'" ,êxpet~.iinèni:,s were 'pel""torined us.i:ng :the 
t, l • .. # '1 .. 

, ". " '1 
abov'e. thr"eè rules' ~ 

/ i 
',.iritia.+ 'P~~~i7;~on-$, ',Of,: 'squares .wi1:h,' ~~rious ' s.i;zes., ' They', i 

. ~anged f~'O; é .... :=X2 gt"'id ~.o ,'a single' r~giO~ image. and the.ir 

, , 
.' -

,-, 

- ' , . 
sizes and m.imbers ar~ sohoJ"", In table (7. 3)', 

, , , 

" 

. , 
The rês,ulti.ng partitions .are shawn .in f.igul""es <7. :1.eb~ to 

, . 
and "the,- performance rneasûrem~nts .are s'ummar'ized ih 

table" <: 7~ 4,). The , 'quality of the 'parti tions 

de-teriorated w.i"th ·'the' increase in' the soize, of· 1;he ini'ti.al 

. , . : 

, 1 

~ 

CI 

.. "' .... 

, ' 
;' . 
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, \ 

, , .' 

r' ~.!.' r ... 
, , 

" 

, , , Page 

o' 

squares. f ''T:h,is .,Ja's. rol.J..o\",etJ 
, ' 

~W a rem_rkabie ~ecovery' when the 

,size ' r,eached 
't • ... 1 

a 'rnaxJ.tn1jm '"th,at cover-ed the who~e window. 
\~ " ~ 

Tli.is 

.i.s' al.so .ev ident in the gr:a,phS', Tor the tota~ error meas,-!re', , 

~hO/orl\, 1':) f .i~~r~ . (7.,':1.,:1.): : :ù".... CUr've-s fot' experimet"l'ts 9 and 1.5 

_ "terminated. 'at, ~ol~ler ' ,ert"'6r values than the _cur'Jes for 

. .. 
" } 

~ ~ -.. 
" .. 
'" 

! 1 _ 

, , 
" , , 

, . 

. , 
" 

, ' , 

,1 

': .. 

" -,' 

" 

-,' 

-, . 
Experimenj; 5i%e Nun\ber:' 'of regions 

" , 2 X 2 24la -

4 X 4 621 
, ' 

" J 
a :'<:8 168 

16 , X 16, 42 

32'>'< ,32 12 
, :41-

54 X ,54 4 

90' x' 1.06 
, 1 

Tab~e (7.3> : ,Ini~i&l r.eg,ion s~z.es and numbEl'rs. 

Exp. Cycle~ Actions, 0 C 'Under . Ove,.. " Total 'F 

9 3344 Z3S8 ,0.'84 '0.98 21. e1 . 26. 30 24',16 0.77 . , , 

1e ;5~6, 614 0. Si 0.96' 
.. , 

39.54 ;30. :1.0· 35. 14 :1. 38 

0 

1+ 617 ' :1.56 a.70, a.'75 
. , 

~1, ,55 ,'31.30, :;31 .. ;43 3. 78 
, l . , 

.1e' '533 " 165, 0. 80 0. 98 34~ 67 34, 60 34. 64 4, :17 . 

0.86 ,a,93 1~' 444f' 142 
1 ~ 

'36.11 ',3a.00 ~4. 1? 5,135, 
v " 

" 

14 , 440' 1a5 a. ai ' 
. 

37. 46 .31~ 80 34. 75 5. 04 , 
" " . 

1.5 ; ·468 , ' , , 111. ' ',~. 99 " 0', 80 , 28.,"34' 25, 013 2!5. 68 5. 40 

, 
-' ' , Table ,<7.4>,: Region 'Siz,e E.xpèr-ime-rts,. . ( 

.: .. ' . 

, ) \ ,> .. 
',' . , -, ' '. ..... ,,~ • _. J • 1.. • t 1 ~ , _ ' 

, u' ... _._~~ • .'~ ... ~ .. ~ .: .• '.i .. :~~t.""'!~if.';·~~~·" _ .... .,.,.I.,.V~. L'-~'-"":\1~i .... ..,.~ ~~.\,)- f ':"' '-~.' . ~_""~~', , .. ~-"~I"" :'~~:.wt_"'~"'""'" ~'.~~~""':_~~~--:"-_L.;M"",,,,,,~~~' :r. ~t"'7.lUll_ • F '* t.. ."1; ~ "" .. ; 

.' 
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(] 

" 
F~gure (7 ~0)' Pèg~on maps ror in~tial ~Lze experLm~nt5. 

( a;' E)< :arllple -.,f a ~'-qua~'e gr Ld of ~ti1 t~al r'el~liot"l:S 
(b) Exp 9 2438 1n1t1al reg~ons of s~ze 2X2 

o Cc) Exp. ~0 621 1n1tLal reg~ons or sLze 4X4 
( d;' E)<p.:11 168 in1 'i:;i.,ü r'eg1'::'ns ot~ sLze 8Kf:3 
(e;' E)<:p.:12 ... 42 in1 ti31 r>:,,~ions of s~ze 16X16 
(f) Eyp:13 12 ~n1t131 regions 6f size 32X32 
(g;' Ex.p.:14 4' 1t"\'i ti.al r,eg.to::mE of S1ze 54(~54 

'. , 
(h) E~<:p.:15 1 in1ti,:ü region . of s12'e 90~aEJ6 
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40.9 

)0.0 
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lé·.0 
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Figure 

HUMbe~ of Actions 

(~1~): ~otal error ~~~sures '01" regio~ size.~xps. 
.. The curV,E>S shown. are l'Of" .xperim4tnts 9 to 

1.:5: Not. -that the ciurves.{ f'O..f'" , and :1.:5 4tnd" 
.1:' low~r .rror values than. th. r4ts1:. 

th. 
. . 

0' an,' in11:ia1 r.g10n partition,oan"cause al~asin9 . , 
, , 

For·4t>cample" wh.n th. ~oundary' . ' 
, , , 

an actua1 boundary ~n th. imag." 

In addi tion,-

th& .'fect', ·of :th~s phenoflumon will d111\J.n,is,:,- as the- ~~%. ot - . 

,,' -t,he grid app~oach.s th~ r.solut~on of ".the image .. as was the 

- , .1 

'. 

; . 1 
; 

~ 

, 
" , . 
C' , 
~ 

1 

~ .. ; 

" , -, 
1 , . 1· 
~ , ' 

; , 
~ j, 

î 
" ~r 

.' . 

: . 
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, 
case w~th the first exper~ment. In general. the less the 

boundary conditL~ns LMPosed by the inLt~al partition. the' 

sl\H~ller will be i ts effec:t on the final outpù+, .. 

Anothet~ n,ot.able azp,ect of the resul ts. is that 

the first 
, .. / '" ~. . 

and iast" expe't .. i'met;'l~s, "the final output was be+'+,er 
1 • 

This 'can .. be 

c:orff.irmed by i::~mparing the t~,?!sul ts .in ~~b~es' 57. 1.») (7. 2), .and, . 

(7.4). 

In addition to th~'quali~y of the outputl the ef'ic:ie~c:y 

of, the to considet" t,.Jhen 
r 

is second' facto~ computation 

'ch()oS~n9 the in.i -t!ial pat"t.i,tion. ~n 'table <7. 4), '"')the num.b~r 
r', 

of actions and the number of cycles decreased stead~ly wit~ 

the dec:rease in the numbG't" ,of "'" ini tial regions. , 
.. 

Thols ' ... as 
. -

ac:comp-ëin.ied by an ~ncr,easè ln the' par\:imeter<' F: TherefbrE.>'i 

the :::ompu-tati:onal factor t"avors the selecti'on of' , an: 'i.ni-f'ial 

-
single region over a 9t"id 'o,f fi.ne re~i.ons. even Lf both .l~àd, ' 

to the ~ame output qualLt~. 
l' 

7.2.4. Line Deletion ~xperiffients 

.. ~ , '. 

, 1 

- , ' 

" 

" " 

. " 

, ,f 

, ' 

, " 

, ,l, 
, ; 

l • . , 
, " 

'. -} ,~: 
, . 
' .. 

-,' 1 . 

The next set of experimen~s ~e.ted the performance o~ 

rules ' th.a-t dele'te no.i$':I li~es TroM a l.ine .. p~r't.i t,ion. 

Therefore, an initial li~~ map ~~s generated based on a low 
, 

threshoid on the- gradi,;.nt im~gé, as sh~,,:,n fJ...gure. (7. :12a)," ' 
, 

This al.lowed for the de-t.ction of all -the correct bound-ar.i.es 

Ln th~ l ine map. 

1 
• / 

, , 

The low ~hreshQld was' al.s() more sensiti.ve 
, • p ~ • -

1 • .1 

, . . 
~ :. J 

" , , 
, ' 

l' 
, j" 

\ \ ,~ , . 

" 
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" 

. ' 

" . 

" , '. 

" 

'. , . , . ~ . 
" 

, , 

'to ' sma!'l .. , 

\ 
.\' , 

gradie~of; 
\ 
\ 

' ...... 
", ' 

thé' initial· 

c:ontained 
, \ 

addi t1.on'a1 lines that did not ~orrespon~, +-0 ~c+.ua~ . , 
, " , } 

Experi~ent 16 ~mployed rul. C1401~ wh±çh,'deletes' lines 

b·.u.ed ',on very l.oiiJ leng'th and 10\,J à(Jerage ,gradient: On the 
", .. 

experiment 17 used, r~~e(~4~2) ~o~ r~moving linès , othet~ hand 1 

, ,,,,ith low gradiet"J-I; and, low length, 
, , 

appli~d'~n experiment.1S +'0 del.te l~nes with 'low . ~ .,. . .. 
and ~engt t:' < none had to b,e yery low) 1 .wi. th th,e .a"jdi t,ion.al 

constraint tha* the line~ ba isol~ted <with both ends open~, 
\ 

In 'ord~r to deof;e~mine whe~he~ their effect was cumulative. 
., 

"t'he three ,....ules I,)ere used, together i.n expet"'iment_ 19. The 
. , 

~e~ulting ~~ne m~p$ are shown in f~gur~~ (7. 12b)'to (7. 12.~~ 

'and, :the perform'ar'lce measw'es are given in table <7. 5), <:;., 
• , 1 

: E)(p. Cycle s- Ac+,ions H M.issihg' Total 
~ '.. , 

. .' .1n1t.i..àl fi e. 44 0.22' '53.23 39. 91:} 47. 04 
',' 

:1:6 ' 669 258 0 .. 54, 0. 25 30. 97 e. 54 
' .. .. - , 

~ . . . 
. ~"7."i.?·: 

~02\. 188 0. 56 0.26 '26,37 43. 10 1,3.82 

',18 '657 2~6 0. 61 
~ ',' ! r 

.~ - ~ 

'" .' ',' ' 19 713 302 - 0. 67 
.' t, ," • . 

Jt~ .. t., - . -...... ~- ,~ .. :' 2,0' 430 '9. '47 
" . 

," 21., "721 , 31.è' 

• 1 22 685 2,74 

0. 34 

'0.31 

0: 2S 

18, 81 

:1.0, 02 

46,79 

·4.81 

11. 37 

48.30 

49.,.2'1 

43. J!lff 

51.:90 

41.. 70 

Tablé <7. 5)~ Lin~ del~tiôn experiMents, 
, " 

. . ~ .. 

, t:.. 

'r ' 

~36, 65 

" 
" 

35. 50 

44. 91 

36."9Eo ~ 

30. 56 

e. 69 

0., 713 

.0 2:1. 

0. 61 

1. 05 

........ 

, , 
1" , 

. , i , , 
.1 

j 
!' 
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Figl:Are (7 ~ ), 

("êI) \ 

<.b) E:<'p. :1.6 
(c) E:< p :1.7 
Cd> Exp. :1.8 
C.e) E:<p. >., ,:1.9 
(f) E:<.p. 213 
(g) E:. p. 21 
<h) Exp. 22 

1 ". 

\ 
~ . \ 

L~ne maps fo~ delet1ng lines e~per1ments; 
Initigl11ne a map 
Delet1ng very short 11nes. 
Dplet1ng lines w1th very low grad1en+ 
Dt?1(~t1ng short irles- iJli th 10(.1 gr~adient. 

U~ing +he three _r1teria in Cb. c and d) 
Del~t1ng parallel lines onl~ 
Corob1ning te) and (f) 

Delet1ng b~sed on reg10n 1nformat10n. 

'II 

" . 

" 

, , 
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E.ach' -of the four' exper-;l.ments <1.6, 1.7~ is','- and 1.$) rêsult~d 

in, a ,decr'ea.se it,1 the addi tiona'l 'lines error mëasure~ ,as shown' 
' . 

in:. T19~re (,7. 1."3,a). n .. e ',I\\issing ~1nes. error 1ricreased 

remained constant, so that +:he'. 

, ' 'totàl~ err or , . in leS$" fpllowed . those curves: mo~e or 
.. • J • " 

figure (7. 13a),' . 
, .., 

The contrast acr:0:5is lines a~so improved, ,as 
" 

'~ho",n in' 'figure>7. 1.3b), wh11e' 'the line connectivit':J rE'M.ained 
~ .. ~ ~ ~', 3~ 

constant. , ',I:t can"'be seen that th~ cut"ve fcit~' rl,.~le <:140:1.) :is 

The curves for the ~ther two ~ules 

with r~le '(:1483), doing 
l , -~, 

, , 

slightly bet'ter. The combined. c-yrve le-.ad ·to -il lower., (:)I,Jerall . 
, , .... 

er:ror-· and a better' <:on..çrasi; mea~rel ~so tliat, ,'f.;.-h~re...is an 
. 

evident g~in in reta.it"ling both rules <;L'402) ,ar:'ld <14a.3~, ','R' 
,.~ ! .. 

.( ; ~ .. 
~in'~l ' remark on the cw'ves in figures <7. 13,à> ë{nd <7. 1.3b)' 'is 

.- . 
that, ,the':J conf irM 'o .. ~r earl.ier .asse!,,~Û:m :tf\ât, 'the , pe~f'ormance 

. .. - - ~ - . ~ ,/ ". ~ -'-
~ _ ., ..... _ ~ .. 

measurements <here th~ li ne contras~) bihaved'co~si~tentl~ 

wi'th the 
1\. 

segmentati.on . erro~ 

.addiii.onal i.ines error). ~ 

Experiment 20 eXè3Jttined 

me.asur.:es 

'" 

<~~. this case the 
~ 

the . effec::t' of app,.lying 
-

rule (14134) 'to parallel l.ines that are ml"lltiple 

indications o~ a boundary. The rûle was then included with 

the 
; , 

Line deletion rules in experiment 21 td previoys three 

" 

, .. ' ~, 
.~ :, .. 

-> 

, ... 

" 

Ji 
, 

'{ 

" 

• • , 

, detet"'mine if, .in tact, i t . pr'ovidE'd anlJ addi tional knol.,ledge.· l 

The curves for addit.ion~~ linE'S error for the two experiments 

were compared to that'of experiment 19 when anly the first 

rulês were used, . as in figure <7. 13c). The 

reduction in the errar brought about by rule (1404) is 
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Figur_~· <7 . .13> c:ontd. 

~c> 

Exp. 
Exp. 
Exp. 

rep~esen~ed by the short curve. 

HUMber oF Actlons 

It can° be seen that the 

dif'f'erence betweel'l 'tt'Îe other two curvès <w1 th al'ld- w1 tho ... ~'t th'el 

rule> is almost equal to the enhancem~nt obtained when t~e' 

rule was used by_. itself'. This was also true or the line 

corrtrast cyrves f'pr' the-- -thl"e-e 9)tp.,.imen~-s. 

--~-----~ 
indication 
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, ' 1 . ' 
,. ll;:),e effect of: incl'uding, region infor,mation in t"I"ües for, 

." . 
del.eting 1ines .>VIas st,udied in experim,ent a2. 

a~d, <1~e6) ~életed lines b~sed bn the simiiarity 
. 

of regiOtlS 

on :both si dei.' They were.used in conJ~nction with the ragion 

map 'obtained merging, . and spli -ttingl. as in 
.. 

experimeht !1.5 . The. output i'S· sho!-,n i.n f'i.gl:-lre '(7, 12h), 

and t,hE? Î?erfor~at:lce me.asut ... ·es are' included i.n, table (7.5). 

The additional l{nes error mea*ure was ~ompared '0 that of 

êxperiment 17. where rul.e <1402) deleted lines based· on a 

, , Id" t 'M '1' d av&rage grés l.&n., ore nol.sy .l.nes were r~move 

when th& region ~~formation was includedJ and this resulted 
, t 

, ",in à 'add i "t.i.onal 60~ reduction 
, 

in the error measure and a 
" 

'~.i.rnila~ increase in the, average line contras~ This prc'lJi',jes 
, , 

evidenc& 35 to the impo~t~nce of using r~9.i.ons and lin~s 

." 
simultaneçu51y in the anal'Jsis, â'nre~uat that wl.ll find mot~e 

support'-"".in otherl expE'riments tha-t' fo11ow. ~ 

7 .. 2.5. Liné ~xt~nsion Experiments 

A different initial 1ine rnap was ,used to test the rulès 

, that' f ill in gaJ's in. a 'line, parti ton. 

This resul ted in an 

lines, 

Q 
8 .. 

in.i i;ial line. map wi 'th less. noise,.. bu't 

as shawn '.in 

<-j.6eS) which exi;end lit;\~$ in both irections based on local , . 
'; . 

rules <~50~) 'to <15e3) anq 

d on 'their proximity to 

" 



.. 

·s, 

" 

\ 
\ 

; 

'-

-~~ 

, 

.' 

" , 

.. 

Page 343 

80th sets ~f rUl~s were 

comblned "in experimerlt "25, to· qei:e.t~mi'ne I,Jhet,her local g,"adieht 
" ~ . 

, \ 

~nd proxim1tw had an additive effect in detect~ng mlss~ng 

;the thr-ee 

F~g"'H"'e <7 14). 
(~) 

(b) Exp 23 
(,=> Exp 24 
(d) Exp, 25 

and table (7. 6~ cont~ins ~he1r 

Lin. maps for evtending lihes experiment~ 
Ini tH!l IJ.ne Il'Iap 
Extension based on local gradient 
Exteniion based Oh proximitW. 
The combined criter1a in <b) and (c), 

Exp, CIJèles Ac:tions: H T Excess .M~ssing Total F' 

~ In! ti.:ll 13 e.53 e. 26 21. 65 67. se ;5e. 12 01, là!] . 
23 82 ' 17 e. S1.· 0.'66 213, 61 50. 70 38. 70 0, 55 

'24 142 7,.7 e. 44 e.8·9 2S 76 28. 90 28. 83 e 5'3 ' 

25 139 74 e. 45 0.89. 27. '40 
" 

19. 113 23. 62 0. 74 

26 _)",137 73 e. 44 e. 72 ~17. 59 113. 1.0 1.4. 34 1.0'3 
:----. 

'1 . T .:.b~.e (7',6) : Line ektens10n .... xper iments. 1.1 : 

,)1 .. .n 

' .. 
/ '", 

( 
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Th~ local gradient method reduced the missing line error 

while keeping the additional line error constant. 
. " 

had more thin' double the effect on missing lines. but .st the 

expènce of' Sli90':11' increa$ing the 'hoisy l.ines. .In corrtr.ast 

with the line deletion experiments. Most of the changes 

af-fected the missing er.çor measure shown in ~ 

figure (7, ~5a). while the additional lines error measure 
....... 

remained alMos1,> unchanged. 

, , 
"' " 

. \, ,', 
connéêtivi tlJ that improved 1..1.1. th these t~ulesl a~ shotm Ül 1" 

figure <7. ~5b)~ wherea~ the li ne contrast decreased'slightly, 

The curve~ show that th~ proximity' method was superior 

overall:', al though there i's obvious gain' in i.nclud-ing bo-th 

sets of rl"lles. 

The ef'fec't 0, ~e9ion information on lin~ exten~.1.ons' was 

s~udied in experin\ent :26, wh~n rules <1.504) to (1506), . <1Se.9) 
. , 

to C1.5~~), (1684> to' (1606). and. (1609) to <: 1.611.) · ... ,ere 

tes'ted: The output ü; compar~d. - :if\' f' igure· <: 7. 1.6) to , 

exper .i:ment 25 where o,nly line-based us'ed, . information Illas 
" 

Th~ miss!ng lines ~rror and the line connectivity curves are 

-,shown in figure (7.17): In both cases. the simultaneous use 
" , . , 

. of region,s IIJ! th line5 pt"oved tangibly superior. 

Lin, Merging Experiments 
/ 

-~/~ / 
Whe~ two lines are merged t0get~e~1 the deserip~~on of 

the new 

However.-I 

rema.in 

line d~ffers From that of any of its consti~uents. 

the global structure of the line map will alm9st 

constant. Theref"orél "the segmentation error rnè'àsures 

" 

~ 
f , 

, 
f 
~ 
, 

" 
'; 

!~ 
1 

>, , 

- , 



· ... 

[ 

, 
1 , 

Errol" 11easur-es 
Ill0 .. 0 

90.0 

,80.0 

70.0 

1 
/ 

1 
<ll1sztng L1nes) 

Page '345 

F .igur-e < 7. ~5): Performance cu-r-veos ,for e-x"tend.ing 'J..inE's. 
, , Exp. 23 

Exp. 24 0 

" 
Exp, 25 + 

" 

') 

J 
" 

" " 
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JJ 

Figure < 7.1.6):, ,The effec't ?f r'egio~s '01'1 .line extensions. 
(a) 'Exp, 25 : Wi,+'ho'u't· ~egi.on i.nfortoatior:'l, 
<b) Exp, 26 . Wi+.h region '.l..nfot~mat~on" " 

, \ i* 
m.:j..nima.l. This made difficult to· .judge the 

performance, of line' 

i~' \ ~ore 
merging t'u.l,es base,d 'on ·the. €'t't'(>r . 

'measlJres, 

si..~ch as line, <::onnE'cti.vi '1;1::1 ~nd the n~mber' 'of q~lcles 

" , 

~.J~re stil-l-, pc:,.~sibl:e, 
" ','- ' , . 

, , -
, . Experim.nt 27 used rule~~<17~1), . ' 

,', 

<1se2) ,to merge li.nes and sJ..milar: •. 
~ . 

, . 
dire,ctions., , On' th~ . other ,h<':lnd, ,'expèri.i'tJent 29. Éa.mplo'"jed 

, • • • z., 

rules <:1.703) and' <~803~ lor 'merging b?s-e~j' on ·s'.im.iJ.';''ri.t,~,. of 

feat'..lres, l. 86th sets of .... ules we .... e .combined in "'per~in~t:'lt r>2>:J, 

. ' 

1 • 
',. ,-

L ~ ... 1 

."<t 

.. 
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il11S:!lT,:) Llnesi 

16. 24. 

I~. . -
(b) 

P.,..formanc~ cyrv.$ 
on line ex~ension. 
Exp, 25 + . 
Exp. 26 x 

. , 

, -- , .... ""'''' .. ~ 
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l • 
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whil~: in. experiment 30 mer'ging l ... as based on con t\i mü t,\::l in the 

directions of bo+,h lines, a.=c::ording 'to' r .... ule·s (1704), '-(i705>, 

(1.804), ,:and (1.805) 

Table < 7. 7') 'shol.J-S the' resul ting' measures., 

exhibi1;ed similar il\)provements 

cOt'lnectivi ty, . al though the !,\umbel" ?f' actions varied. Thet"'e 

no-ticeable'· 
~ 

iroprovement i~ the addltional lines error 

when cont~nyit~ was conside~~d, albeit at an added cast in 

the number, of cycles., ln Qeperal, this class of ru~es proved . -.u..: 
\ . ' 

to be of little inf'luence on the final output, as can be seen 
,,_ • ;1 

, 
by supe~imposing the· fi~al ~in green) ~nd initial <in red) 

The 1,Jellow 
,'"/ 

lines are those that did not change. red sections have been 
, •• .1 

deleted and any ~ddition$ wo~ld have'appeal"e~ in ,green 

L .~ 

l ' .Ù 
Figu~e (7.19): The connec::ted 1ine map superimposed on the 

initial <red section~ have been dele~ed). 
'. 1 

, " 

Cl ' 

r. 



t 

oP 

, . 

, ' 

, 
''t 

l 

Page 349 

Exp. C'Jcles Actions H T Additnl Missing Total F 
,') , ./ 

Initial 0 e. 51 a.aa 26. 83 49. 00 ,"39.50 0, a13 
~ 

e7 84 11 13.,58 e. 98 213. 53 49. 10 37.63 0:86 

28 83 12 1";1. 52 e. 96 17. ~9 49. 20 37.134 1. 15 

29 93 23 e. 53 a. 98 16. 94 49. 40 '36.93 1, 07 

30 1.29 39 e. 413 0. 97 12. 95 49.50 36. 18 1. 00 

'""", 
'. -

TablefY<7.7): Line merging expel"'iments., 

Al though the'::! do not cause .a signif icant change ,lorI the 

l.ine the met"gi.ng . rules improve the stru~tl-"r.a.l 

description o~ individual lines. These . line$. become mot"e 
) 

representative of the physica1 boundaries in ~he ~magel .as 

se en rrom the examp1es ,in rigures (4. 12) .~nd (4. i3), In 
, 

in some cases the merging action is only a rirst 

st.ep. One or the resulting lines may b~ deleted by other 

rules~ as demonstratC?d in figure (4. 11c). NeiÇlhborin9 

'. regions May also berlefit f'arrn th~ merging of' two lines. The 

new line configuration could improve the region partition by 

guiding subsequ~nt merging or splitting actions. 

7.2.7. The Effect of Lines on Regions 
f 

In the pevious sections, rules that use region 

~nformation in line anal~sis have been shawn po substaniia1.ly 

-"'- i.;tprove the resu1 ts. The next experiments tested rules that 

work in the opposite' direction" ,reconci1in9 the output region 

partition with intormation ob~ained From the lines. 

\. 

} ... '" ."'7"-
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Experiment 31. perf'ormed region analysis using , 
J1. 

rules (906) and (967) as the best splitting rules selected in 

s~c:tion 7. 2. 2. the be~t merging rule (801) was 

substituted by rule (a0~) ~hic:h restricts merging if' a li ne, 

exists bet~een the regions. In addition, line ana~ysis 

1 
employed the best ~ine dE'letion. extension, and merging rules 

selected in the previous.sec:tions. The initial region map ,,' 

c:"ntained one The resu·.fts were c:ompared to 

experiment 15, ",hic:h used rules' (906)" (907). and (801) on 

the Same initial m.ap Ci. e. 1 without line analysis). The 
" \ . 

outputs for 15 and 31. at'e shol.m in f i91 ... .res <7. 19,a) and 

and their;measures are summarized in 

table (7. e). Th~~new merging rule kept the under-mergi~g 

error measure at a lower level, although this was offset by a 

similar increase in the over-merging erraI". Bath experiments' 

had equivalent total ~ erraI" measures .. However, when line' 

analysis W.S insluded. the result was achieved in less than 
\ 

half the actions, and o~e quarter the matching cycles . ïhis . . . .. 
impravement i5 r~rlected in the values of F for the two 

experiments. ., . " 

Exp. Cycles A~-tions ,U ' "C Under Over Total F' 

Initial 0 0.67 O. ~4 15. ,es 57.30 4:1.. ~3 0. 00 

1.5 468 1.1.1. 0. 89 
?\ 

"o. 0 26. 34- .25.00 25. 613 0. 74 

31. 11.2 48 0. ~ 0.49 17. 13 34. ~0 27.49. .2.77 

\ 32 250 ee e. 90 0. 56 22. 96 20. 90 21.. 95 :1.7'1. 

33 1.91. 67 e. 79 0. 56 ~4. 72 24.40 2~. 15 2.4\5 
, " 

'Tabre <7.8) : Effect of lines on regions .. 

l' 
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The erfec~ of us~ng line in~orMation on 
the regi.on maps:. 
No .1ine informoè\tion. 
Line inrormation in merging only. 
Lines wsed for both merging and splitting 
Cwith priority to histogram split~ing). 
Sa'me as (c) except ... üth priority to sp.1i.tting 
on lines. 

Exper'ime-nt 32 extet"lded the argl .. ,lfl'lent one step further' blJ 

adding rule (908) ·I .... hich split:::.a r'egion at ex~s·h.ng lineSf. 

This implicated line information in bath merging 

splitting. The results e~hibited an improvement in the 

overall ~rror measure and an increase in the number of 

c':::lcl-eSI as shown in 'table (7. 8). 

r 
In the previ.p'..ls exper:--iment the hi:stogram ~ spl~tting 

rules (906) and (907) were 9iv~m 
) 

prior'itlJ ovet~ the line 

~xper~ment 3~ reversèd the prioriti~s. 
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This resulted in a slit;Jht iMprc'vement in the error, as well 

as a decrease ~n the number of c~cles. This was because the 

.1.nitial l.1.ne was fairlY developed as shown .1.n 
o 

figure <7. 12a) with t'espect to the initial s~:ngl.e region map 
,..'" . -"; " 

which con tained virtually rIo information. Consequently, a 

benefit was'gained in "this case b'J al.lowing the inf'orrnation 

from the l.ines to propagate faster "to the regions. These 
. 

strategy considerations an~ others will be emphasized in 

section 7"-._.3. The output ~aps ~or 32 and 33 are shown in 

figure <7. 19c) and <7. 19d), respectively, and the total error, 

curves 'for the four experiments ~re given in figure <7. 20). 

Note the improvement in the final. error l.evel. and in the 
... 

speed ~f reaching that level as li ne information was 

g~adually introduced into the region analysis. 

Er t'or r'le<1sures 
5\). l' 

~5. Ë1 

10. 2(1. 

Figure (7.20): The eff'ect 
refl.ected 
Exp. 15 "f.. 
Exp. 31. 0 

/ 

of lines on 
.1.n the total. 

Exp. 
Exp. 

80. 90.. iO\). 110. 
Nur'lber of' 11": tlOrtS 

region analysis as 
.rror measure. 

32 0 
33 x 

. 

i 
,1 

1 
t 
i 
t 
i 
1 

1 
1 
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7.2.,8. Knowledge Rules Et)aluation 
• .. 

The experim~~ts conducted in the preu~ous sec*~ons 
! • 

" s'tudied the relative ~Mportanèe of the process~ng cr~teria 

that are code-d it"1' the r.ules.' e .... ~. examining and comparing the 
, ' 

measurement tables~ the ~eg;on- and l~ne map ,outputs, and' the 
., . 

ft performance CUrlJeS, 'a nl.!rtlber ,of conc;lusio,n:>J were made as to 
/ -

'the ê.ffectiveness. -and'" eff'iciency of' d~f'ferent 
? 

l' 
~ , 

combinations:. In ~ddit~~n to these, an indiu~dual eualuation 

of every rule W~! ~ade throughout these experiments, as Wel~ 
, . 

as other expe-riments 'that used a va~.Lety of' input· p~ctures. 

Whenever a rule fired, the ~hanges ~n' the performance 

measure~ents:'due'to that rule's a2tion we~e accumulated in 

the rule stat.Lst~cs relation of equat~on (3. 34), toge'ther 

with a count of the" total number of times the' ~ule f.Lred 

relative to the number of ti'mes it was testeod (defined as the 

hit ratio). Based on thes&1 a ranking of all the- rules W3S 

computed and stored' in the ~ule, pr~ority relation of 

. equatio~ (3.35), as ~esc~ibed ~n section ~ ~.~ The resl,ü ts 

are presl!nted in table (7'.9>. 

An optimal set of +'wenty-two rules w~s 
~ 

crea't.ed by 

select~ng the hi9h~st ranking,rules from each rule category. 
o 

In some cases more th an ~n' rule was selected, namely. • ... here 

the ex'per ime-nts hal)e shown a substantial add.L t~ve ef,f'ec't of 

,two or mol"" e rule::;. The set consists, of: rule <8(9) for 

reg:i.or- me rging; rl,.lles: (906 ) .• (907), and (908) for reg~on 

spli t-t~ngj rules (~4e2). (~4e4), (~4e5), and <~406) for line 

delet:i.'on; r-ules (1.503) 1 

:( , 

J - ~"'" 
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17 f1EDIUM LOW 1704 *' 17 MEDIUM MEDIUM ' - J 1705 *' ~ . • " 
17 LÜW VERY LO~ :f> 1701 
17 LOW 'LOW ~ 

-~ g03 , 
17 VËRY LO\.oJ LOW 02 

1e MEl)IUt1 VERY LOW 18134 ... 
18 MEDIUM t1EDIUM 1805 *' 
18 LOW LOW 1801 
18 LOW LOW 1.8133 
1.8 VERY LOW LOW 1.802 

Table <7. 9) contd. RU'le .... anking. 
R1...Iles Jon -t;he opt.i.rnal set a .... e d.not.d b~ .... 

for extending lin~$ forwa .... d; rules <1603), 

(16113) and (1611) for extending lin es backward; and finally 

ru~es (1704), <17e5), <18(34), .and (18135) for rnerging 
- t 

ll.nes. 

This rule set was used i~ the following experiments to 

~eterrnine system behaviour under different processing 

strategies. " 

, 

7. 3: CONTROL STRATEGY EXPERIMENTS 

The basic ide~ behind the ~ynamic strategy .mechanism· 

introduced in chapter 6 'ls that ·bettèr performance c~n be 

obtained iJ th~ sl,istem 
~ '~ . 

control apapts to va~ying data 

-conditions. "The experiments presented in th~~ section 
- ~ . . 

illJst .... ate h6w the dirfer~nt strategy elements introduéed in . { 

section '6. F affect the .;malysis. t ~he strategy elements were 

, 

,... . 
~·surnmarl.zed tn table (6.1). Each was :thowp ta assume one of a ' 

specifie number of states. 

A set.of experiments was c:onducterd fOr' each of the six 

~l.ments qf ~~rat.9Y .. Wi~h~n ~~~h 'setl d1~~~e~t experime~ts 
. , -(-' 

, f 

\'1 
/ 

'{ 

" 
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~ecord~d system performance when one strategy element was 

assigned e ac:h of i ts states. T~e segmentation error measures 

and the perfo~mance meas~res u~ed in the ptevious section 

were computed under various data condition~ A cornpar i50n 

between the results obtai~ed for a~l the states lead to 
, ''il' 

conc~usions ,about th~ best st09te < strateQ.H~ $.f!"tting ~ to use . 
,~or d.i:f"ferent ranges .of pe-rformance parameters. These 

conclusions corre5pond to the conBtr~ints introduced in 

tab'les (6. ,2) and <6. 3). They control ~dynarnic strategy· ' 

selection by defining th~ rèlation 
o 

between performance 

j • 

- .. t 
Secti~ 7.3.1. to , 7.3.6 . describe the experùnents 

conducted for each strategy elem~nt. A brief summation of 

the resulting constraints is presented in the form oT a· table 

at the end oKeach section. The experiments were conducted 
,v . 

on' the i~.:(gèo C;;f ,figure (7. 2:1.a), and the error measures ",ere 

computed wi th "r'espe'ct to' the hand 'iegmented . regioh map Of 

figure <7. 21.b). 

l' 

7.3.1: Region Path;Strat~gy ~xperiments 
. , . 
• " ~ " . 

Four st~tes were tested that differed in the method by 
.. 

wh1cn they 'select +,he next Y'egion to visi t: by highest 
, . 

adJacency value, by largest size~ by smàllest size, and by 

Experimen+'s 34. t,o 37 emplo,::!ed the 

four path stratégies -to analyze the image .... 'hen, the initial 
t 

'. 
reg.ion' map was a single region: Therefore. the regi.on 

, \ \ \ 

featur~s initia1ly had low unifo~mit'::! anq h1gh contrast. The. 

1 

1 

~ -.'«-"'~"'~""'~~~ 

J 

'! 

1 
') 

) 
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Figure 
v .. ~ 

~ 

(7. 21~: T~st ~MBge ~or strategy experiments 
(èI) Or igin-*l ~m 9ge. 
(b) Hand segmentat~on. ~ . 

," number of ,~egions ~nereaséd gradually l,Ji th J;>roCi:'ssing 9nd 

. ' 
henee avertlge ~i~~ dec;:reased. The resulting region 

maps are shown 'in Tigures (7, 22a) to 
1 

and the 

performance meaSures are summarized in _ tabll:.> (-7. 10a), The 

" 
lowest overall segrnentation erraI" obtained f ,.)t', , 

exper~m~n-t. 35 IIlh'en large/" reg~ons loJere considered f'irst'" 

This was ,{g .. ainly due to a lOiller under-mt;?-rging erraI" , '. 
'. 

,abQut blJ prad .... UC.ing the ~ ... Mallest n~,mbE.lr.- of r,:-git;)ns, 

,experi.ment resul. ted in th larg6's.~, OVE.lt'-merging errer 1 

:::... r .1~i.-
evidE.lnt T~om ~he grouping oF the tw~ rocks in the center 

Thé- sarne .. 
as 

of 

• 
the image: 'Experirnent 37 (lowe~t adJacency) yieldt:i"d the' 

lar~est number of regionsJ and· hence the highest 

':\ 
under-m.,erging erraI" a!"Id tJ-..e lo, .... es't average cont ..... ast. 

'lt l'j. 

,. 1 

o 1 

o 
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' . 

'·F-i~~~e. r7. 22)' 
< ~,L.E:*p. 34 
Cb') Exp. 35 

Exp. 36 
E;xp. 37 

Firsi;.<$~t· cf t'egion maps for path strategies. 
l .\ 

J' 

: 1 

, 1 

.... 

i·E(\ 

'. 
,O. Hi 

Highest adJacency. 
L,ar:-gest :f.ize. 
Sm~üle$t S'ize. 
Lowest ad~acency. 

Ur.l rOt'f11 ~y 

' ...... ,( 

Figure <7. 23>: Re~ion unifo~mi1y,~or region path 
,Exp. 34 x Exp. 36 0 

Exp. 3:5:- ,f'l'~~ Exp. 37' 0 

. 
'C r 

. ' ", . " 

,,/ 

J, 

exps. 

" 

, l, 

L~ ______ .... ___ ""'-



-, 

) 

t 

"': 

• 

" .' 

! 
1"" 1 
t ~ • 
" 

Page, 359 

In the previc1uz expet"inlEmts processing \ star'ted wi th a 

single 're g~on. the Most signiFicant changes 
M .r. 

occarred in the .region uniformity whi'ch 

ini tiall'~ 1",'..... Figut'e <7. 23) shows the curves for' 

as a f~nction oF the numb~r of actions. In the 

~~ly stages. 
r" --''''r 

st~at.g~ which favored larger siz~ regLon* 
/ ,~", 

. ~ 

{ was superi.or. , ~. 
high adJacency produced the best 

'~ 

~rformanc e. 
" ... ,,~, 

largè ..... il'nou 9h. 

number Clf regions becarlle 
, 1( 

the 

the 

the smallest regions resulted in 

highest m eaSf.Ares. By irriposing . the- a ' 

dynamic strate~y will in effect select the best curve for 

each range of uniformity values <or numb~r of r~g~ons). In 
this case~ very low uniformity and very few regions favor~d 

th& path that • se1eo.:ted Iar'ger Tegions. High adJ~cency was 
" 

pref'erred \01'" high uniformity with a relatively small number 

of reg~ons. \ 

A seco~d set" oF expet"imen-:p 'tested the effec:ts of hav~,:,g 
, "\ 1 

large number of initial reaions with hiqh unifor~ity and 
\ _, _ M 

contr·:ast. \ .. , The .tr,i t,iai region map '~,as 

a 

low composed of 

square gr id 1 that contained 42ee regions. The perfor'mance 

meaSf...lremen ts t'Ot' the four path s;,trategies are givE'n Ü1 

table <7. 1.0b) .. for experiments 3~ to 41 in the same order as 

above. The outP'..It l'I'JapS are shown in figures (7. 24a) to 

<7. 24d). In this aa~n" the lo'",est overall error and the 

highest .a~Jerage cOr;)tr'ast f.olere due to the strateg':.~ +hat 

'-
contrast favored smal~er regiOt1s. The a\i.lerag~ Cl~rves of 

figure <7. 25) that 'g.iving priority to smaller' 

. ) 
/ 

'1 ~- ~ .'\.: 
\~? ',. \ 

;1 r :" ~'J!' '" ' 1).,.;' 
1 ., 

'-r' ,~'~-.. "_'''' ~ IV, 

_ '.- '\ 

, ,~. 'i _l 

, 
l 
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Ex~. Cycles Act~ons U c Under Over Total 

Ini i:ia J. e. 38 0. 84 

34 305 e. 83 e. 94 

1.:1.9 e. 84 o 92 

96 a. 83 0. 94 

.1.1. :2. e. 83 ~. '91. 
1. 

(a) 

0.00 

17.53 

13. 72 

21.. 73 

1.8. 45 

7:1.. 70 513. 713 

9. '90 :14. 24 

1.1.. 00 12. 44 

8. 70 \ :14. 42 
\ 

Exp. Cycles Act~ons U c Under Over ~otal 

38 

39 

413 

41 

1:nitio8.1 0 

32513 

32~5' 

2978 

23:2.3 

22'90 

227:2. 

2814 .2269 

O. 90 o 47 

0. 79 0. 77 

a. 80 '0.76 

e. 77 0. 81 

0. 77 

(b) 

, , 
~94, 12 

46. 57 

48. :10 

40.59 

4. 80 66. 64 
" \ 

, 9. 30 r!:3. f8 

'9~ ~63 
10. 1.0 29.)8 

10. 90 33. 46 

Table (7.1.0): Region path strategy experiments. 
<a) X~itial numb~r of reglons = 1 
(b) In~ti.l numb.r o~ ~=-4299 

F 

0. 00 

:1. :17 

:1.. :18 

0. 97 

0. 94 

F 

0.00 

0. 8-9 

0. 87' 

:1.. 139 

:1.. 133 

regions is More beneficial when the n~ of regions is 

o relativel~ high. This conforms w~th the results of the first 

set of exper,imen"ts, I!'xcept tha"t the motiva"ting measure in 

this case is the con'trast (as opposed to uniformity be'fore). 

Tab.1e (7. 1.:2.) lists of;he resulting c:onstraints. 

o 
To summarize, contrast iS,More important ~hen the number 

of regions i5 high, and lt favors the processing of smali 

regions. Uniformity is the do~inant factor when few regions 

• 

r 
,< , 

, 
< , , 
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~ ' . 
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Figure (7. 24'): 
(a) Exp. 38 
(b) Exp. 39 
(c) Exp. 413 
(d) Exp. 4:1 

ReS.IlQn Contra.st 
1 • t\2. 

».96 

û.7"8 

0.72 

0.36 

• 1 
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J' 
Second set of' region rnaps for path strategJ.es.' 
HJ.ghes+' ad ... lacency. 
Lara'!':::+' si%e .• - , 
Srnalles't size. 
LOI . ..,est 'adJacencl~ 

\ . 
') 

[. 
." -:, 

! 

.... 
" 
e f-

2C+,:f(t.. 204ü. .:1.1 ':.Ü , ... l':~.t. ':'':00. 2.':.4tj. ':':"~C'. , . 
, tJullber' 'c,t He t: ~ns 

Fi.gure (7.'25): Region cOI"'I~rast\\ for region .path exps. 
Exp. 38, x· tl Exp. 40 0 /(' 

- .' 
'1, 

. Il . , 

Exp. 39 + ~'L_--, Exp .. 4: ? c:J 

Il 

f. 
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'" 

LOW HIGH 

'--------. 
tNM8E:,R OF REGIONS LARC.EST .' SMALLEST 

~ 

REGiON UNIF'ORt1:I:r'l SMAlJ-EST ADJACENT 
"'y". ! ~ .. 

REGJ;ON CONTf!AST LARGEST ADJACENT 

Tab~e < 7. 1.1.): . ..,. 

pr~ferable. At . 
cri terion -·.ror 

Rela+.ion between performance m~asure~ 
and t'egion p.ath str 3tegy. '; 

• j 

int~rm ~Va1Ue,., lüghe,.. adJacenqi as a 

path ·r:::::~~n domihates the traosition from .. 
\ 

one ex'treme to thé o+,her. Low adJacency is not 
,., . 

a "dec:isi ..... e 

r.:J' faè~or in selecting the pt'ocessing path . 

lin:e Path stra~egy Exp!rimen'ts 
, • ,f ~ 

r... } , " j} 

-. 

The (' ivÉo, methods th~t !"Jer", test'ed for selecti.ng tHe nex't , 
line in the pr~cèssi.ng ~ath are: 

l' 
the nearest, the l.ongestl 

i 
t~e highest\6radient; the shortestl and the lowest gradient. 

\ ='\',... 1 

,1 
l 

Two ini. tial\ l.i.ne h\jS, weore used to ref lect the 'varying data 

~ c:ondi. t~ons. ,~,: TI')~I fir·. ' c:ontained fewer lines that had a hi.gn 
. ' \ j 

average 'contrast 
• , !, rd , 10\" connectivi tyl 

" ' 
1 

figure <7'. ~6a). The \se"cond ll.Ia~ produc~d by 
1 , ., 

as shown . in 

using a lower' ( 

threshollCl on the ç;lr~dient array. Therefore, it cont.ained a 
, " 
l ' 

1 

l.arger nurb~r 

, i' . , 

~ 

of 'l.irtè's, ,wi 'th lower average 'contrast, and 

l ' 
" , 

0 0 

'. " 
f 

:: 

, '-
:. 

N • 

, . 

, t 
1 

i 
! 

~ 1 

Q.: 
1 

,\ 
~ 1 - .J.,~, _ ...... ",.l--.1t ... ~ """1~'~ '4 .... J.~'"lqln~ , 
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F~gut"e <7, 
(a) 
(b) E~<.p 

(c;. E;<p, 
l' 

<d) Exp 
(-?) Exp. 
(f) E~<p. 

,. 

'\ 

26;' 

42 
43 
44 
45 
46 
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.. 

F~~st set of l~ne maps for line path 5~rategy 
In~t1~1 map w~~h low number of l~nes 
Near'(:>st lit'le. 
Longest. 
st~ongest (highest gradient). 
ShOt"t",'st: . 
Weakest <lowe3t gradient), 

". 

, 
'. 0 

----_., 
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Exp. Cyc:les _Ac:tiot".s H 

Initial e O. 73 

42 274 1.55 e. 64 

43 270 1.57 a. 64 

44 272 :1.60 O. 65 

45 284 1.713 e. 65 

46 282 1.68 e. 64 

Exp. Cyc:les Actions H 

Initial :1. e. 54 

47 487 '264 e. 71 

49 472 

49 469 251 0. 72 

555 275, 0.72 
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T Excess t1issing To'tal F 

0.30 30. 44 61. 70 49.65 0.00 

0.82 22. 39 33. 1.13' 29. 26 .0.79 

e 95 20. 29 23. 90 22.1.6- 1.05 

0. 92 F2. 36 26. 92 '24.75 0.94 
,\ 

e. 94 20. 84 40. 90 '. 32.46, 0. 6:1. 

e. 98 18. 23 42. 90 32. ,96 0.59 

(a) 

T / ExC:ésS Missing To'tal F 

e. 313 

0.'76 

0. 75 

0.99 

0.91 

$5. 19 '43.50 

21. 73 37. 10 

12.71' 36.50 

14.19 ~7. 10 

7. 11 31. 90 

0, 00 

0.81 

0.97 

'29. 09 : e. 95 

2~, ~.1 0. '98 
.Jo 

50 

51 540 3, 91 31. 90 22. 73 1, ez ; 

<b) 

Table (7. 12): Lina path strategy experiments. 
<,). Initial number of lines = 94 
<b) lnitial number of lines = 179 

equally low lin~ c:onnect'.iv.ity . ' 
as 

figuré <7. 27a). 

t 

'>P 
shown in 

Experiments 42 tO,4e appl.i&d the fi.ve ~path selection 

methods to"the ,irst 'line map~ and the l''esults are displa'Jed 

in figures (7, ~f:~-to (7, 026f'). Tabl.e (7.12a) shows th'é 

performance meas .... \es for these experiments. ~lhen the ini tia.l· 

contrast wa~ high. c:hoosing the long~r and stronger lines 

, . 
:) 

'" 

" 
',' 

, i 
J .. 
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prodl"lced . bettet~ c,v&t'al.l. error measures and better l..ine 
v 

part.i t.ions. Thi.s i.? in contrast with the resl"ll.tS' of 
1", " 

experiments 47 to 51 shawn in tabl.e (7. 12b) and 

figures (7. 27b) te· <7 27f). The sel.ect.ion of- the shor.~er· and 
\ 

weaker l.i.nes produc.d better error measures for the l.arge 

nurnber of' lines 
l' 

~<j 

'il 
with rel.ati.vely 10w ~verage contrast, 

for the ~ynami.c select.ion of the pat~ l.onger 

l.ine~ shoul.d be pre~erred over shorter ones. and stronger 

over . weaker. whem the average contrast is h.igb. .a~'ld 

vi.ce-versa. 

- , 
Other constt'ai/"'d;s are' obtaine~, by study.ing t~e fine 

,~ 

. connectivi. ty cur-v,es for\ the two sets of experiments showt') .in 
v 

figure <7. 28), D.ifferen't curves pro duce th~ hi.ghest measure 

at different stages in the anal.~s.is. In· (a) •. where the 

number of init~al. lines was smai\l. priority to :!i>troong~r lines 
\.. 

~ ---r- , 
(0) ""·9S oetter·o.at 101,.1 connec:tivit'iJ' values. There w?s a1.so a 

s1.~ght preference for' 1.onger l.ines (x), 
, ~ 

r-evet'\sed at higher connectivi ty IIJhere se.lecting. weaker (+) J 
Q • .... ~ 1 i' ~ \ ' • 

and' then~shorter ~/) lines 'b~came superior: The cl"lrves ~n 

Cb). where the number of lines was initial.1.y hi.gher, 1.ead to 

different conclus.ions. Longer l.ines (x) were better at low , 
,) , . 

com1ect.iv.i t'J at')d s:.tronger lJ.nes (0)" a.id better at h1gh 
, 

.connect.i.v.i. t'J, These constl"a.i.nts ar-e summarized .in 

'table (7. 1.3). 
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FigUl~e (:"f. 

Ca) 
"(b) E;,·p. 

.-:::;: (c) E:<p. 
<d) El<:.p. ..• 

~ (e) E,,:p. 
,. <f) Exp 

.. 
l' , 

2i) . 

47 .' 
4:3 
49 
50 
5i. 

Seç o~-,d Eei: of l~rte rr..aps t~or line p.ath 
51;r 3-t-eg l,j 

Ini. +':~.al .I1'I.ap wi th high nU~lbér' o.f lires. 
Nearest ll.t'le. 
L·::>nges+'. 
Stronges+, (hi.ghest"gradien+':). 
Shcwtest. 
~~eakes+' < lOI.Jest 9radien't). 
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Lln~ Connectlvity 

f 

l 

l-
J 

1 

.' , 

15. W. ,4-:'. -," \ 1""-', 

i 
le5. '120, 135. 15J. 165. 

HUMber of ~ctiQns 

'1. 
(a) Exp. 42 0 Exp. 43 x Exp. 44 0 

> Exp. 45 / Exp . 46 + . 
Llne CeoT,TteC t 1 \,' 1 t.~ • 

0.:>1) 

~t. Sü 

~. 7'l' ...... 

~. ë(f. 

>. 
ü.5~ ! 

0.40 , . j 
.j.=~ i 

i 1 
,~ 

'}. 
J 

~.~~ 
, , ... --', i 

"" 1 e.10 1 1 

1 
'1 

\ - .- ï e.ee -~ 1 ~.:,ü. 1~5. 1:'\,1 • 1~5. ':'0(1. ::':'5. ' <: • .;-~ i 25. 5ü. 1.', __ 't..'. 
H'lIlber c· ~ ~..: t t :"I~,: ! 

j 
; (b)' Exp. 47 0 Exp. 48 x Exp. 4~ 0 ' ! , 

Exp. se / Exp 51. + i 
! ,~ .. <>. " l, Figure (7.28): Corlnec1;ivi. ty cur .... es for ~ine path exps. 

(a) A small number of i.ni.+'ia~ lines. 
(b) A large t"Il.Amber of', l.njlfi.a~ lines. 

" 
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L 
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LOW HrGH 
" 

NUMBER OF LnAES' LQNOER SHORTER 

LINE CONTRAST SHORTEf< LONGER 

LINE CONNECTIVITY STRONGER l' WEAKER 

Table (7. 13): . The rel~tiji)n betwt!en perf'ortnance. 'rneasures 
. a,nd lin" pa'th s"trategy. .. 

Updatirlg Strategy Experiments 

The two states pf this strategy component 

by either ~ucc:es~ively updating a region by. r-epeatedly 
. 

.applying rules. or by moving on' to . other regions 'sf'ter a 
. 1;. 

single update. • Starting wi th the. ,2X'2 grid of 4200 region~:,. "t' 
, ~! 

single and sl,..Iccess·i,.ve upda-tin9 were 'appl.ied in e~\eriments 52 

and S3~ r espectivel~. The output segmentations are shown in 

figure (~29a) and '(7 29b), and the performance measurements 

are ..jJ-ven i.n table (7.1.4a). It.is seen that 
l, 

the more 

" 
~ conservative single updatü'lg strategy resul. ted in a muc:h 

• • 0 

lower over-rnerging errer and a.slightly higher under-me~ging 

error. Both preduced reg~ons of comparable uniformity, büt , 
... , 

contrast .wa~ obtained using singl.e updat~ng. better For 

example. in figure (7. 29q) the darke~ rock at the top center 

was merged with th~·backgrou~d. F~gl,..lre <7. 30a) shows how the 

( 
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" 
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F .Lgure (7 
(a) Exp 
(b) Exp 
(c) Exp 
(d) Exp 

u 

29) . 
52 

54 
55 

... .r 

. . 
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Region maps for reg~on updating strat~gy. 
Single updating start~ng with 42013 reg.Lons 
Su~c~ss1ve updat~ng with 42013 reg10ns 
Single updating start1ng w~th one reg.Lon 
Success.Lve updat~ng with one region 

Exp. Cycles Actions U c Under Ovel'" Total F 

In.L t.La l 13 o 47 

52 4~31 23213 a 813 0. 84 

53 3600 2276 o 78 o 70 

94 12 

34 22 

4. 813 

9. 813 

-1 
22 613 

66. 64 

27.78 

29.130 

~ 

1 

0.0"P 

1 00 

il 21 

1 

1 

Exp Cycles Aëtions U c Under Over Total 
1 

IF 

54 

5'5 

In.L tiai 13 e 38 
,'J 

0. 84 71.. 713 50 70 

485 S8 o 94 '0.92 :18 25 9. 613 14.58 

269 e 84 0. 91 :17 54 113.413· 14 42 

(b) 

Table ~7 14) Updat.Lng strategy fol'" region~ exper1ments. 
(a) Init.La~ number of reg10ns = 421313 
(b) q,~ti.9~ number of regions 'II :1 
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Erro,. lie\lsures 
1013.0 

~0.0 

Ge.!) -

,e.lI 

60. il 

5ÛJJ' 

4e.0 

3~,8 

20.il 

lfl.a 

a.fI€! 250. 

E,.ra,. 11easures 
S€!.O 

45.0 

25.0 

te. û 

1:;.0 

10.1) 

2%i. 

(Under r'l<!I"91I'lJ' 

lZS0. 15(10. 1750. 2000. 2ZSe. 
d HUMber of Actions 

\ 
(a) 

il 
((l'I'!!r r1er~in:;,', 

, 

'5(1(1. 1~51). 1'5(113. 1 :'50. .2009 a ~'5e. 
HUMber of ActIons 

(b) 

Figy,..,. (7. 30): Error c:urv.s ('or ,...gion updating stra-tegw. 
Exp. ~ x Exp. ~3 a 
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under-m'lforging error was reduced by each of the two 

s'trateg.ies. 5'.A(.:c:el:.$i~e.(Pdating c:aused a faster improvement 

because the initial grid was ra'pidly merged to form large, 

regions. On the oth4!!'r hand, single updating merged 

neighboring gr.1.d elements to form larger grids that grew 

slowly into larger regions When the latter were merged n~ar 

the end of processing, th. error dropped 5ignif i,cantly to 

alrnost the same lelJel ob'tained through s'..Iccessive updat ~ng 

However, f .1 gl,..l re (7. 30b) sho~,s ho ..... succeSS.1.ve updating caused 

a substantial.l.y higher over-meorgl.ng error al.l. along the 

processing path. This Justifies the larger number of cycles 
~ 

required b'J the single updating strategy. 

The same two experiments were repeated when 'the initial. 

m.ap contained è!I 5in9l.e r4tgion. 5ingl.e and suc:cesSJ.ve 

updating were employed in experiments S4 and 

respectiveIy. The resu~ts are tall.ied in tabJ,.e (7. 14b) and 
. 

'the output m.aps are disp~ayed .in figures (7. 29c) and (7. 29d) 

Because there were fewer regions, the two st~.ategies produc:ed 

similar resul ts. This makes success.ive upda~ing much more 

/a't'trac:tive in this case bec:ause it requires .a muc:h smaller 
~,.'" 

number of.c:ycl.~s to produce the same output. In generaL 

wh,en fewer regions exi.st, even wi th l.ow uniform.i ty vall.~es, 
1 

regron spli tti.ng 
-....." 

will perform adequately with successive 

updating. Conversely. & larg& number or reg~ons with low 

average contr.ast requires repeateod merging, and ."this is best 

done usinQ. __ ëI si.ngle updat.i.ng strategy. 

l' 

t 

, 
1 

1 

r , 
i 

1 
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'!. \. 
The ~wo s~at~s or the updating s~rategy were test.d 

again for. hJO in1 tial ~.it1e r/'taps. Experiments 56 and 57 

employed sing~e and ~uccess1ve strategies, respectively. for 
. 

the ini ti.a l l:i:-ne rnap of f j.,glAre (7 2Ga), s"Jhich containèd f'ew.r 

lines of high contras~-lan~ .low connectivi ty. Figure (7. 31a) 
\ 

and (7. 3~b) show the re$ul~ing .lin. maps, while table (7. 15a) 

compares their pEi'rformance measurements. For a sma.ll number 

of' lines with high initial contrast, successive updating 
1 

produced a lower overa~l error measure for a comparable 

number of' c'::Icles 

Fina.lly, sing.le and successive updating were 

experiments sa and 59 for th~ initia.l map of figure (7. 27a) 

wi'th a larger nl...lmber of' 1in195 and lower initia.l contrast. 

Figures <7. 31c> and (7. 3~d) represent the outpu't .lines and 
(/> 

tab.le (7. ~5b) sumhH·.ri%.~ the f'inal pert"ormance measures. 

1 
t 1 

1 

; 
" 

" 

This ,time sing.le IApdating resul-ted in lower segment~tion ',; 

error, although it used a1most twice the number of cycles. 

The fina~ va.lue of the line connectivity was better 'in 

sing.le updating for the 'two initial maps A c.loser look at 

the .line connectivity curves for experiments 58 and 59 in 

figure (7. 32) shows that the improvement occurred at higher , /-

1 J 
Since the cu~es are closer at low c:on~ctivi ty values. 

It:onnec:tivi ty, 

its tiMe saving capabilities. 

l 

1 
1 
b 
1 ' 

! 
l , 
1 
1 . 
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Figure (7, 
(a) Exp. 
(b) Exp. 
(c) Exp. 
(d) Exp. 

31) : 
56: 
57: 
58: 
5'9 : 

• 
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Line rnaps f"or lXn. updating strategy. 
Single updating with low number of lines. 
Successive updating w~th low number o~ lines. 
Single- upd.eting wi th high number of line». 
~ucçessive updating with high number of lines 

Exp. tycles Actions H T E~<·=e:s:s Missing To:t;al F 

Initial e et 73 0. 30 31Ô 44 61. 70 48. 65 e 130 

56 218 152 0. 62 0. ~4 2S S0 40.30' 33.84 0. 65 

57 207 141. 0.64 0-.81 22.713 , 29.00 26. 04 1. 0'5 

j (.a) 

(, 

Exp. Cycles Actions H T Excess M}-ssl.ng Toi;al F .. 
,Ini'tia 1. 0 0. 54 0. 30 55.19 43. 50 49. 69 ~. 0121 • 

S8 489 263 e.74 0.9!5 -'1.7.75 30. 90 25 20 1. 121121 

59 258 212 a.74 'e>75 22.94 36. 70 30. 60 1. 47 

<b) 

Table (7.15): Upd-.atiP9 $tr~tegy for l.J.nes experiments:. 
(a) Initial number of" lines .. 94 
(b) Initial number of" lines I!;r 179 

- ........... "'" . --_ .. _ .... 

• 

... 
\ 
~ 

f\ 



Ir 

, , 

~ , , 
~,~ ........ """I,.fI'\I;~.-,."'~~"'~t---..~~....... ..._ ... ,u~."......,.~~<'''''-''<' .......... ~"""""'-~ ft'\" .,.ywr..r'" 

• ° 

"~,.~~ .... ~,,~~~ .• ql*.,"'JU~ .... ~'1."-'~""\.".""" ... _ ~ .., • 

'"" 
" 

) 1, 

1)' f 
'. 

f\ 

o 

( 
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HUMber of Ac t lons 

Figure (7. 32>: Connectivity curves for ~i.ne updatibg 
/ strategy. , -Exp. ~8 x Exp. ~~ 0 

/ 
/ f 

Theref'ore. S:l"Icc~s$iv. updating is more ben.fic!:al wh.n 
! 

th. c~ntrast 15 hi9h. when the connectiv.i:ty i5 1011.11 and when of , { 

- few&r lines exi.t. On 'the other hand. ~ow contr •• 't. high 1 
., 

single updating t strateO'J. The constraints Tor updating 

regions and line. iU"e summariz.d in table (7. 16>. ' 

7.3.4. Process Priority Experiments 

, 

. ~. , 

w.re t.sted in exp.riMent 60. Lin. rule. w.r. given the l'dg-
\ .. ' 

in exp.riment 61 which used the sa me ih~~~al parti~ions. T~ 
6 .. 

res"-tl ts ar e ref lec;:t.d in th. (' inal "'.9ion ° parti 1:ions s:hoW'n /.t.n 

figure (7. 33) and th. m •• sur,._ of tab.le (7. ~7). L_. 

, 
! 

/ 
1 
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NO OF REGIl!lNS 

NO OP LINES 

REGIOrl UH1FORt1IT'T' 

PEGIOtl cornRAsT 

LINE CONTRA'3T 

LIN!:: CONUECTIVIT'l' 

, 
LOW .. 

SUCCESSIVE 

SUCCESSIVE 

SING~ 

SINGLE 

SINGLE 

SUCCESSIVE 

, 

HIGH 

SINGLE 

SUCCESSIVE 

SUCCESSIVE 

SUCCESSIVE 

SINGLE 

Table (7 16) The t'" elat~on ~et~Jet?n pet'fot'mance measures 
and +he updat~ng·strategy 

F l.gl...lre (7. 33) , 
(a) Exp 60: 
(b) Exp 61.: 

Reg~on mlps for process pr~orl.ty e~p.r~men+s 
PI'iot'" l. ty for reg~on rules / ' 
PI'iot'"'i 1;y .for l~ne rules / 

/ 
1 

Exp, Cycles Aé:1;ions U C Over ! To1;al F • 
1 

! 
In~tl.al 0 e '38 0. 84 71. 7;0. 50. '70 [) 00 

6e 31.1. 59 e 65 el 89 

61. 405 88 e.84 e 92 :::: 7:: 13. 54 

14. 58 

,1.30 

el '37 

"Fable (7.17)' Pt'ocess pr~or~ t~e~(per.iments 

" 
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S'tart ing 1../1 th "the whole image &5 one regionl the inilotiai 

r.gion uniforrn.:J.,ty was very 1.0'"' while the coyttrast W&s high 
1 

" -Both exp9rimen~s in~reas.d the un1for~i+'y ~beit in dilTe\e~t 

as shown in f it;;lure (7. 34). At low uniformi ty val.ueSllo 
, '1 

assign1ng higher prior1ties to r.910n aniSIysis ru1.es produced 

b~tter .results. 

v .. lues. 

0.99 

1).69 
4 • 

f 
û.iû 

fI. t:0i' 

3.5tl 

0.40 

0.30 

13.20 

IL 113 

a.0e 9. 113. " ~ t;: •• -15. 54. 63. 72. BI. -' . 
t~u f11Jlr of HC hons 

F igt,/re < 7. 34): RiIi/'gion uni formi ty e~rv~s for proe... pr 10r i ty. 
Exp. 60 + Exp. 61. )( , 

1.ow. c:an b. 

J 

] , 

1 
i 
• t 

J 
1 

t 
~ 

1 
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the proc.s. with, lOwer performance 

have with higher prl.ori ty. , 

Table (7. iS) exp1icit1y lists the indivi.dual constraints .. 

LOW HIGH 

REGION UNIFORt1ITY REGIONS LINES 

REGION CONTRAST - REG:r:ON~ LINES 

LINE CONTRAST LINES REGIOt-~S 

LINE CONNECTIYITY L:}:NES '\ REGIONS 

) 

/ 

~ 
. r , i 

. 

Table (7. 18): The r'e1ation between perf'ormance measures 
~ a~d proce55 priority. P 

~ 

7.3.5. "Region Rules Priority E~periments-

Starting with the single region map. experiment 62 

assigned higher p~iority to merging rules. while in 

• 
exp.,-iment 63 splitting .rul~ we-re m.;stched f .i.rst. 

. 
Figure <7. 35> and table (7.19) show that the final t'esults: ' 

"'are very close. However. betause more ~plitting was needed 

for this initial map. t~. curve. in figure (7. 36) show that 

region ûniTormity improved faster wheh priority was given to 

the" spli tt ing rul.e:l. -

. 
A- similar experim.nt using an initi4tl ragLon map with a 

large number of regions having high uniformity and lew 

resul1;s. The c:ontrast 

prioriti •• are sUMMar1zed in table <7.20) . 

",_...:..~t!1:l~-~~~",,,,-,,~--~""'~-~--'~-.-$_"'_oiIN~..,.,_n .... p ... -___ .1 ... ~. __ ...... ____ """'111 .... !_-........ , -,.,-_________ i, ~ 1 

, 
, 
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A' 

Figure (7 35)' R~9ion maps for reg10n ru1e priority exps. 
(a) Exp 62: Pr~ority tor region merging rules. 
(b) Exp. 63: Pt~~or'ity for region sp11tting ru~es. 

1 Re:;llon Un 1 forr-ll t\:j 

0.40 .' 

... 

.. 
8.e~ ~--~~--~~--~~----~---.~----~----~~--~~--~~ 10. 2':'. :;.). 40. 50.. iü. ';'0. 8û, ;:'~I 

NUM~er of Hctl~tr 

." 

Figure (7.36). Region uniformityv for region. rule pr10rity. 
Excp, 62 0 Exp. 63 0 

) 

1 

/ 
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In.itial o 0.38' 

93 0~ e4 

63 266 78 0.83 
1 

, ,0 

. \ 
.. '" ..... .....,.. .... ~_ .... ~d"""'M" 

, 
0. 84 

0. 91 

.' 
0. 94 

a. ,00 

17. 54 

17. 23 

Over Total 

71.. 70 50.70 

1.0. 40 • 14, 42 

1.0. 30 14. 19 

Table (7.19): Region Y'ule pl"iori.,ty Ei'xperiments. 

NUMBER OF REGIONS 

REGION UNIFORMtTy 

REGION CONT~AST 

LOW 

SPLIT 

SPLIT 

MERGE 

!. ~I 

MERGE 

SPLIT 

Table (7.20): Th. ~.lation b.~we.n p.rfo~manee m~.su~.s 
and ~e9ion rul. prior'.i:ty . 

7.3.6. Line Rules' Priority Experiments 

F 

0.00 

0.99 

1. 01. 

D 

del.te lin es. Rules that add lines wel"~ matched r .i.rst in 
• • 

'exper i.m.nt 65, and the Y'esul ts are compar-ed in "table < 7. e1,a) 

~nd fi.9ures <7. 37a) and (7. 37b). Pri.ority"to lin. addition 

prodUced oïl lo ... ,eoY' error and a hiQher connectiv.i"ty val",.. In 

For 
~ 

the ~~t~nsion or other .li~... lh~ bo",nda~y in the top l.~t 

/ 

_._ .. _-_ .. -.._-_.-. --~~. --~. ~_ .... ~ .... ,._-------------------_ ..... _-_. __ . 

i' 

1 

! 

l ' 
1 
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Tab~e ("i'. 2·1.): Line rl"l~e priori ty experiments. 
(a) Ir'li t~al number of l~nes = 94 
(b) It-.i tial NWiiber of Lines ,= :178 

Figyre (7. 37): 
(a) Exp. Y4 
<b) Exp. 4s 
(c) Exp. 66 
<d) Exp. 67 

Li.nE.' maps for line rule pr~ori t':;l. 
De~etion priori ty W.l. th 1010.1 initial li.nes. 
Addi 'tion pri.ori ty WJ. th low in~ tial lines. 
[)~letio;' pri.ori ty. wi th high ~ni tial,l.ines 
Additiot'l priori tl::l wi th high ini ~ial l..l.nes. 

f 

( 

l... 
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other hanct, 1.n figure Cl. 37b), 

• 
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, 
" wh.n other- ~.in.s were extended' 

, j 
towards that short segme?t, .a p.rfect representation of the 

...:. 
boundary wes retained. 

/ 

Exper,iments 66 and 67 tested the prior.i"ty f"or deletion 
1 ( .. "" 

and addition on the init.ial lin& map of figure (7. 27a) .. The 

resulting measures ar'e shown in table (7. 21.b) and the output 

• 
maps are displa':.led in f.igures (7.37c) and (7. 37d). Because 

'. 
~ 

ther;e wa~ a .large,.. rtl. .. Hl'lber' of lines in -this in! tial map,· 

pr.iori ty to line dele't.ion proved to be superior. This' is 

mainly beeause it pro~ueed a mueh lower additional lines: 

e-rror. When rules that .add lines wer'e given higher prio.ri ty .. 
~1, 

they exi;ended art.d Jo1.ned J.ines that should ,have been deleted 

in 'i;he f" ~rst place. Therefore... the f" 1nal output conta.ined a 

numbe-r of'_ addi tional as shown in 

fi.gure <7. ~d'). The samer concl.usion can be del"'ived fr'om the 

ctlrv.es in figure (7. 38> ",hi.ch show th'1 total. err'or measures 

for experiments; 66 and 67. Prior'i ty to ~i.n. deletion <in 
::. 

expet~iinent 66) resul ted in a rapid r'eduction in the er.rOr 

measure mostl.y due to th,e removal of exc.ss lin.5. This was: -

followed by a s1.ight and steady increas. when attempts wel"'e 

made to add and ..Join ~ines. Th. curv. f'or ,,"xperimE'nt 6i" ... 
showed ~a mueh f' aster iner4iP.se in 'the error 'th.at corrnpondl!'d 

to line addi.~ions. Wh.n th. .9~~eting ru~~ were f.inally - -- - ~ ,~ \ 
\ 

gi.ven a chance.. they redvced :th. errer subs1;antial:~y' bu"t not 

to the level achieved- by -the o-,.,.r eurve. 

... , . 

; il _ m r r 
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Error 11ea:ure: 
lttû.ü 

t.;', .. j 

~-. , . -
--; C. ~, 

\J 

L---=3:-::S:-.---:::;;,""'ü-. --:-1 ,_-"-;, :::------:[-:-j-:-'J -. 1 ,"':, . ;.. l ~j . __ 4':. . "é'B (1 • 3 1 5 • : 5 ~1 • 

tlunbe,' ùt HC tlCoT'; 

Figure (7 38)' Error m.asure5 for l~ne ru~e priority 
Exp. 66 0 Exp. 67 X 

To summariz~, line d.letion is a priority if the number 

of region s i5 high an., if their raverage con-trast i5 10w, and 

vice-versa Connectivity improves\More when ~ine add~t~on ~$ 

dominant as apparent rrom the results of both sets of 

experiments in table (7 21). Therefore, priority to l~ne 

addition is preferable when connect~vity 15 low These 

constra1nts are summariz.d in tab~e (7 22). 

LOlo! HIGH 

NUMBER OF LINES ADE> DELETE 

LINj:: CONTRAST DELÉTE ADD 

LINE CONNECTIVITV ADE> DELETE 

Table 'C 7. 22)' The relation bet"'EPen per form.arlce meaSures 
.and li.n. r-u~e pr-iority. 
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. ( 
The experiments desc~ibed above determi~ed Tor each 

st~ategy elemen~ +he state that produced the best results for 

different ranges of performance mea5ures Each of the above 

sect10ns concluded with a table that summarized the relat10n 

between performance measures and one of the E"trategy 

elements The results Wer~ coded 1nto ~he constrain~ tables 

descr1bed in chapter 6 for dynamic s~rategy determ~na~10n. 
.. -

It should be noted that the aboue constraints were der1ued bU' 

analys1ng ~r.ends 1n the pe~formance data. These trends were 

then transformed 1nto the (+1-) codes 1n table (6 2) In 

add1t10n, only a E"ubset of the performance measures affected 

each strategy element. The relat1ue importance of each 

performance measure in determin1ng a strategy element was 

quant1zed into one of the fiue categories of table (6. 4). 

The results were then stored in tabl~ (6. 3) 

The prev10us sections described the results of learning 

exper1ments for the knowledge rules and, the con~rol 

strateg1es The reMain~ng sections use these results to 

report on the sy~tem performance in analysing images of 

natural scenes 

" 

7.4. FOCUS OF ATTENTION RESULTS 

In addit~on to selecting the knowledge rules and 

determ1n1ng the constra1nts that govern dynamic str~tegy 

sett~ng. a third asp~ct of the gystem that needed to be 

tested was the generation of focug of .attention areas at-.d 

their role in control. The rules that ~enerate and ma~ntain 
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areaS of a~~en~ion were described in section 5 ,3 3. These 

rules were used in the analys~s ~n conJunct~on with the 

optimal set of region ànd l~ne rules selected in section 7. 2 

and .the dynam~c control strategy ThereforE', a reg~on 

parti t~on, a line part~t~on, and a set of focus of a~tent~on 

areas were produced at the end of processing In 

f~gure (2 1L the reg~on map was des~gnat.d to represent the 

final segmentat~on output In add~t~on, the final li ne map 
\ 

and the focus of attent~on areas conta~ned supplementary 

information that ma'=.4 be used in subs&quent high&r leve1. 

arialysis Th~s section pre$ents an example of the final 

segmentat~on output, as well as the f~n31 1.ine map, and the 

areas generated by the system. Th~ performance measures of 
, 

these areas will be ".!')l'amim~d to i1.1uS'~te ho .... they differed 

with area type 

The color image of f~gure (3 1) represents a picture of 

a typ~cal outdoor scene The segmentat~on result is 

represented by thE' regian map in f~gure (7 39). Thfi!, final 

conf~glJration of I1nes ar~ shol"Jn in figure (7 40). The 
/ / 

/ 

smooth areas that ',Jer'e comp~ted ba,ed .. on this segmentation 
1 . 

are displayed it' f~gure (7. ~;)..--1rhey are se en to correspond 

to the sky, the gras$y areas, and the wall. The description 

of the wall area and its performance vector according to 

equat~on C6 22) were g~ven by: 

, 
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F~gur~ (7 39) Th~ $~gmen+at10n result (r~g~on map) 
for the scene 1n fLgure <3 1) 

F1gure (7 40) The f1nal lLne par+l+lon for +he 5Cene 
ln figure <3 1) 
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Figure <7 41) . The smooth are as detected in the scene 

Information an area 5 
. " ... -~-~-----------------

Area Type 
Bàunding Rectangle 
Area Size 
Total L~ne Lengths 
Number of Reg~ons 
Number of Ll.nes 
Current Region 
Current Line 

Area Variances 
Regloon Unloformit~ 
RE.>gloon Contrast-
Lin.e Contrast 
Ll.ne Connectl.vitW 

S~100TH 
( 2. 
10161 

319 
3 
5 
3 

°1 

Red 
5 68 
0. 97 
e 30 
0 19 
1. 00 

2) and (255, 42) 

Gre~n Blue 
14 31 9 73 
a 9, e 96 
0 64 là 65 
0 25 0 23 

It l.S seen that the ar~ is • ch:ar 3icterized by a high 

uniformlot~ of the ~hree color features, which 1S also eVlodent 
B 

froM the low value of the var1ances The normallozed number 

of regloons i5 low, since the area loS compo5ed of a =mall 



, 

number of' ~arge re9ion~. Th.re is a.tot~l of' f'ive lin.$ in 

th1S sRlooth areoa. The contrast between these lin es is l~~, 

and so is the contras~ between the thre. regions that 

consi;i tutd the at'ea. 

""" 
The strategy veetor or equation <6 48> varies during the 

processing as a function of the perfOrl'llanCe meas'~res of each 

area. The elements of' strategy were cornputed us~ng the 

dynamic selection process def'ined in section 6. 4 The 

strategy vector that corresponds to the final measurements of 

area ~ i5 given by: 

Strategy vector ror a~a 5: 

Region Path Strategy 
Lin. p-ath Strategy 
Updating strategy 
Proces5 Pr~ority 
Reglon Rule Priority 
Line Rule Priority 

Region with Smallest 
Long.st line 
Successive 
Lines 
l14a'rge . 
Delet. 

• 

. 
Size 

Three textured are as were d.tected.in the scene and ar.e 

shown in figure <7.42). The performance v.ctor for the large 

tree is as rollows: 

Information on are a 3 
---------------------
Area Type. TE~TLIRE ~ 
Bounding Rectangle < 1,128) and ( 9èt,256) 
Rrea Size 8372 
Total Line Lengths: 1959 
Number of Regions 74 
Number of Lines 17'8 
Current Region 50 
Current Line 210 

R.d Green B~u. 

Area Variances SJ. SJ 1136.81 99.36 
Region Uniformity e. 52 0.50 0:~6 
Region Contrast 0. 34 0.44 0. 49 
lin. Contrast 0.24 0.28 0. 34 
lin. Conn.ctivit~ 0.·99 

" . 
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Figure (7. 4~) The textured areas ~n the scene. 

The variance of the area is s~en to be high. The uni formJ. tl:J 

·within each re9ion i3 lower than for smooth areas, but the 

fii.' 
number of regions is much greater (whJ.ch aLso reflects the 

smaller size of the •• regions) The nl,Amber of J:ines is aIse 
,J 

h~gh, and their connectivity is large. Region and line 

contrast .re seen to exceed the values for smooth areas The 

strategy vector at the end of processing corresponds to the 

final me~surements of ar~a 3, and is gJ.ven by: 
J 

Strategy vector for area 3' 

----~---------------~------
Reg~on Path Strategy 
L~ne Path Strategy 
Updating Strategy 
Process PrforitlJ 
Region R~~e _Pri~rity 
Line R~~ Priori~y 

Region with Largest AdJacency 
W~.kest Line 
Single 
Regions 
Spli't 
De-1~te 

/ 

/ 
1 

/ 
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figure (7. 43). 

By examining th line map in figure <7 40), the roof area i5 

5een to be en osed by a number of 11nes. 8y analys1ng +,his 

area separ tely, i~ wa$ possible to distLn9uish the ragions 

that for the roof Trom the similar reg~ons 

the ,ree its right çorner. 

m. urements for the roof are. are given by. 

Information on area 8 

Area Type 
Bounding Rectangle 
Rrea Size 
Total Line Lengths 
Number of Regions 
Number of L1rles 
Current Region 
Current Line 

Area Variances 
R.gion Uniformit~ 
Region Contrest 
Line Contrast 
Line Connectivitw 

BOllNDED 
( 79,153) and <178,209) 
e9~~ 

392 
3 

Z0 
10 

4 

Red 
eG. '1 

0. 86 
e. 31 
0.2~ 
e. aa 

Green 
13. ee 

0. sa 
e. 26 
0.24 

Blue 
39. 54 
0.87 
0. 3~ 
e. 2~ 

that belong +0 

performance 

/ given areas underlines their effectiven ••• in dynamically 
, 

/ 

7.5. SYSTEM PERFORMANCE 

In arder to demonstrate the advanta9~s 6f u~ing the 

rule-based system, its results are compared in this section 

to those of earlier approaches to segmentation The 

using the optimal set of rules and dynamic strategy 
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F~gYre <7 43): Example of a boynded area. 

selection Two algorlthms were chosen Ohlander~s h~stogram 

spl~tting method rOhlander, 1975J and the split-and-merge 

algorithm [Tanimoto and Pavlid1s. 1975] The f ~r.;t 

method was chosen te represent the claas cP region splitt1ng 

algorithms that are based on histogram analysis The S'E'cond 

method wa3 selected because it employs bath reg10n merg1ng \ 

and splitting. albe1t in a very re3+r1cted data structure 

Whereas cluster analys1s in feature space 1S the bas~s for 
1 

the first method, the second m'E'thod uses a structural 

(*) The auther' w~shes te acknowledge the efforts 
Mr W. Hong in implementing the second algorithm 

of 
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\.Ising both methods. For h~sto9ram segmentation, a fixed g~t 

Of numerical cri~eria ar~ used ~o define the peaks within the 

histogram. The =plit-and-merge algori~hm requires the 

instantiation of t' .... c. varia~. The starting level of the 

"initial cutset" refers to the resolutLon of ~he square gr id 

that forms the initial region partLtion. The second 

parameter ~$ a tolerance level that defines the allowable 

range of grey level features wi~hin one region. 

The region partitions that r~sulted from applying the 

two methods to the scene of fi'gure (3.1) are sho' ... n in 

/ figure <7. 44). Th@l:!:e are compared to the rule-based 

se!tgmentation output obtained for the same l.mage in 
" 

figure <7. 39>. Qual,i tatively. the latter is seen to exhibit 

a superior partition that corresponds more close~y to the 

obJects in the sceone, In addition, a quantitat~ve analysl.s 

of the results u5in9 the segmenta~l.on error mea~ures of 

equations (3. 26) and (3. 29) and the reference segmentatLon of 
"- i 
~- - ---""""-J 

figure <:3. 7) are sUhunarized in table (7 23). 

) 
Outdool"" Sc~ne Blocks ,. 

M.thod 
Under Over Und.r Over 

MerginQ Merging Me-rging Merging 
; 

~ule-based 1E!. 50 11..16 4. 16 3 7'3 

HistoQramvsplittinQ 17. 7{ 36. 43 1. 53 37 37 

Split-and":'merg. ~3. 16 1.2. 74 4a 96 2: 54 . .,. 
1 

T Table <7.23): Comparison o~ .rror measur.s for three methods. 
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(a) 

(b) 

• Figure <7 . .44) : Partitions 0; the OUTDOOR SCENE 
Ca) uS1ng Ohander's histogram splitting 
Cb) using the sp~1t-and-rnerge algor1thm. 
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, 
Table (7, 23) also Lncludes the error measu~es ~or the 

blocks image of figure <7. 45a) whose output reg,ion parti tJ.Ot"l$ 

are show~ in figures <3, 45b) to (3. 45d). The histograM 

splitting method i$ seen ta produce high over-merging errot"'s' , 
that correspond to the large regions of the image whJ.ch are 

not seogmented This is tiecause ~lthough theseo reogJ.ans 

satisfy other criteria ~or splittin9 (such as hiQh gradient 
• 1 

or variances). their histograms Tail to Meet the necessary 

conditions Tor peak selection de~ined J.n COhlander, 1975J .. 

The method clearly More sUJ.table Tor extracting 

contrasting obJects Trom their background 

general purpose segmentation. 

On the other h.and. the 

produced 

than 
( 

it, is Tor 

.algorithm 

under-merging components. For example, in order to detect 

the top ~ace of the upper black in figure (7 4~d). the 

to{;;ance level within ragions had to be lowered. ThJ.s 

prodUced too Much detail in the foreground. ~4herea.5 a 

tolerance level of 8 was used for the outdoor scent;. 

segmentat1-on. 1 w.as the l)alue ..... sed for the blocks image. 

This parameter dependency becâme eVJ.dent when other images 

were segmented and t~. values use~ to obta1-n best results 
". 

varied widely . The second paramet~r for the sp~it-and-merge 

• lgorithm was the starting level wJ.thin the pyramid data 

structure. The best partitions were ob+'~ined when process~ng 

started at the highest r9solution level, so that no splitting 

took place. In addition to being more time consuming. th.is 

1 
, ~ , 

i 

~ 

, , 
1 
, 

i 
i 

fi 

1 
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o f 

1 

/ 

<b) 

li=" igure (7. 45). Par-ta tions of +.h~ BLOCKS image. 
Ca) Original image 
Cb) Rule-based par~it10no 
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Cd) 

Figure (7 45) con+.d. P .1rti tions of the BLOCKS .LmagE." 
(c) Ohlander'~ h.L~+'o9ram spli+'+'1nQ. 
Cd) The spli+.-and-merge algo~ithm-
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def~ed the pur pose of the ~lgor1thm bec~use 1t was reduced to 

a s~mple reg~on grewer 

The sp11t-and-ro~rge ~lgor1thm was cons~stently raster 

th an the others w~th an average cpu t~me of 370 secondz 

This ~s cempared te 848 seconds for h1stogram segmentat10n 

and 1824 seconds for rule-besed s@gmentat~on (an approxlmate 

ratlo of 1 2 25 5) 

ease of applylng the merglng and Spl~tt1ng cr1terla. and the 

s1mpl1city of the i;wo baslc ac+'l.on~ I.tere aIl factors 

contr1buted to the speed of the sp11~-3nd-m.rge process As 

the 

to 

data. s truct ... lt'e~ecame more f le;< 1ble, more t~me was need@d 

compute and analyse the hlstograms of arb1trar~ly shaped 

reg~ons and then spll.t them accord1ngly The rule-ba5ed 

system comb1ned hl.stogram analys~s w1th other regl.on and 11ne 

anal'::lsl.s techn1qu"!'s 1,.. a that malntal.ned 

flew~bll~ty of data and control However, a pr~ce was pa1d 

~n terms 0 f the .lncr oeoased complAtat.l.On t1me requ1red for 1 ts 

test and modify cycles 

Figures (7 46) to (7 48) COMpare the results of the 

three methods for the HOUSE. GIRL. and CAR color images 

Aga~n, even when the parameters were adJusted for best 

output, the spl.l.t-and-merge algor~thm T.ended ta over-segmen+ 

~he image H~sto9ram spl~tt~ng separated the more prom~nent 

obJects from the background w~thout complete~y segment.lng the 

image The output of th~ rule-based system conformed more 

w1th human expectat~ons of 101.1 level segmentat~on w~th almost 

no over-merging errors and rew undermerged regions 
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( a) 

( b) 

F~gure (7 46) Part1t~ons o~ the HOUSE ~mage 
(a) Q,t'l.Ç11na .... l .1mat;:JE' 
(b) Rule-based part1tLon 



F~gure (7 46) con+.d 
(c;:) 

(d) 
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(c) 

(d) 

Part~t~ons of the HOUSE ~m3ge 

Ohland~r'E h~5togram spl~tt~ng 

The spl~t-and-merge algorl+hm 



/ 
1 

(a) 

1 
! 
1 

r 

j 

Part~ tl.ons of +he GIRL l.mage , 

r (a) Orl.g~nal image 
(b) RU!I?-b-9st:'d P ,jt't;l. + 1.on 

\ 



P3ge 400 

( c) 

F~gure (7 47) contd Partlt~on5 of the GIRL ~mage 
(c) Ohl~nder's hlEtogram spl~tt1ng 
Cd) The spl~~-and-merge algor~thm 



.; 

.> 

<b) 

Fl.g'-~r'? (7 48) Par+l.tl.on:: ot' th>? CAR -V'3gE' 
(a) Orl.gin3l l.mage 
(b) Rule-b~sed p3rt1tl.On 
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(c) 

(d) 

F~gl.."re (7 48) cont·j. Partl.-tions '=,f th!!!' CAR l.fOage 

(c) Ohland~r's h~Etogram spll.ttl.ng 
Cd) The split-and-merge algor~thm 

, 
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measl..lrements for th& fin~l region maps of several ~mages are 

summarized in table <7 24) for the three methods Once 

,again. th"" resl..-lI1;2 agreed IH th ql"I3I1. +.at1.\;e ev.ah.lation and the 

segmentat.lon error measures Th~ spl~t-and-merge algor.lthm 

prodf..lced regiot~s .... I.l. th hl.gh l4ruform~ tlol for the three colot~ 

neighbors Th.ls .12 a clear .lnd.lc~t~on of over-segmentat~on 

On the other hand. Ohl~nder's hl.stogr~m spll.tt.lng resul+ed 1.n 

highllJ contrasting r.t.;J.lons that are less unl.form Therefot'e, 

"" further segm&nta"iaon I.,as needed to l.mprove un.lform.l tf~ 

Rule-based 2~9mpntatl.on l.mproved the two measures 

simul taneol~sly, as olS evident -'rom the two-d~men=~onal 

hl.stogram of r .l.gure- (7 49) The average uniformity of the 

color features .lS plotted agal.nst the a~erage contrast for 

the three proceues C,vet' the same f .lue images Va1l.4es for 

the spl~ t-and-merge algot'1. thm near the h.lgh 

wh.lle those for 

h.l.stogram analIJ3.1s fall ai; the low un.l.forml.ty-high con~rast 

end POl.nts that belong to the rule-based system are seen to 

group at hl.gh values for both measures 

The results presented in this sect.l.on show a sign.lf1.cant 
" 

improvement .ln the output segmentat~ons that resulted From 

~s1ng the rule-ba$ed system over those th.t were obta.lned 

from s1Mpler region analyS1s methods This W8S detectable .ln , 
the quaii ty of' the fin~l parti tions, as weil as in +he 

segmt:?ntation error and the performance measures. The . 

j 



1 

/ 
t ' , 

/ 

Page 494 

Rule-b.ased Spl~ t-and-merge Histogr am 

u C U C u c 
-------------------------------------------------------------

R 9 77 C 49 El 77 13 32 121 59 e 43 
OUTCOOf" G 9 80 0 610 El 81 0 38 121 63 13 50 
SCE~Œ e 9 80 0 66 13 77 0 4,2 121 5S e 56 

AveraglO" 9 79 0 58 0 79 121 37 0 59 0 59 

CPU Tl.me 2317 536 lè54 

-------------------------------------------------------------
R 1:3 98 e 64 e .. 99 e 45 0 69 0 78 

BLOCV-S G 0 95 0 6~ ,13 99 0 45 0 59 0 77 
e 0 95 0 6'3 0 99 0 '36 0 59 13 80 

Average El 96 fi 64 e 99 0 42 0 63 0 78 

CPU Tl.me 1327 219 529 

------------~------------------------------------------------

R -e 87 0 66 e 92 e 40 e 7e. 0 63 
HOUSE G e 85 13 64 e 93 , a 37 e 68 e 61 

8 e 87 13 65 13 95 121 36 0 72 0 61 

AveraglO" 0 87 0 ,65 0 94 0 38 13 70 0 62 
~ 1 

CPU Time 212183 427 898 

R o 88 0, 52 0. es 13 32 121 75 0 59 
GIRL G o 86 o 57 o 86 è 34 121 71 0 66 

8 o 85 {:I 60 13 86 13 34 121 53 0 69 

-Average 0 86 0 57 121 87 '.3 34 0 67 0 65 

CPU Time 1657 271 609 

--------------------------------------------~----------------

o 85 
CAR o 84 

o 85 

Average o 85 

CPU Tl.me 1.739 

13 56 
13 54 
13 55 

o "35 

121 91 
13 138 
13 89 

o 99 

395 

13 40 
13 39 
0.39 

e 40 

0 44 0 75 
121 41 0 72 
0 44 13 74 

121 43 0 74 

_ 912 

----------------------------------------------~--------------

Table (7 24)' 

" 
A comp~,..ison of" the plO"t'formance measurlerli.:s 
OT i.:hree epproeches 

. 
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H H1st0'i.1r.. splo!. tting. 
R Rul..-b ••• d .egment.tion. 

compl.xi tv of" the S~S't."" and 1:h. 

J • J 



-, 

Page 4136 
• 

7.6. CONe LUSIONS AND FUTURE ~JORK' 

1 

. The sys~~m pres~nted in this thes~s provides a new v~ew / 
of and a more general solut10n +0 the 1mage segmentation 

problem Eâr11er approaches have mostLy created a scene 

part1tion by des1gn1ng procedures that apply one or two 

heur~st1cs 1n a un~form way and ~n 3 prespecif1ed or der te 

the image data Because of the1r r~g1d structure and +he 

l1m1ted knowledge they used, the outputs vJere not 

suff1c1ently developed for the 1nterpretation systems that 

followed The rule-based segmentation system furn1shes a 

needed buffer between the procedural operators tha t sample 
... 

the image data 1n order to detect and group features on the 

one hand, and the high level systems that requ1re the best 

possible partition in order to apply their doma1n spec1f~c 

knowledge, 

Although it 1$ an expert systemJ the ~nowledge used by 

the rule-basad segmenter is not semantically dependent on the 

contents of the image under analys1sJ as is the case w1th the 

expert interpretat10n $ystems RatherJ the rules embody 

general purpose knowl.edge about the structural and 

stat~stical features of images For example, Gestalt rules 

of grouping that .are b.a.sed or. concepts liko? s1m1lar1 tIJ_. 

smoothness 1 and continu~t~ are coded 1n <il modular symbol~c 

TOl"'m. Express1ng th~ low level knowledge explicitly makes 1t 

comp.3tible lJ~ th knowledge-6ased ~nterpretat~on systems Th~s 

provides a common ground for ~stabl~Eh1ng feedback paths 

throl,.lgh which mo,"e low 19vel .. nalys1» can be requested 
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rUlybased 

approac:h ta solv1.ng th~ comput .... r v1.sion problem ha'.""l!' been 

discussed 1n chapTer 2 The data structure presented 1n 

chapter 3 reueals that bath unl.forml.+Y analys1s 1n terms of 

employed Prevl.OUS l.mage understand~ng systems have depended 

ma~nly on one or the other, or when both where used, separate 

pathE were taken and the results later comb1.ned ,In 

region and line ana l 1:::1 S_l;.S--) to contrast, th~s system allo~s 

interact -the proces s long The exchang~ of 

informat1on through th~ sl.multaneous 3ppl~catl.on of the two 

processes was shown 1n -thl.s chapter to produce results that 

are super10r to +hos~ of e~ch process alone 

of the data structure was the l.ntroductLon of the focus of 

attentl.on areas as tool$ for controll~n9 the Flow of 

proceSSl.ng l.n the They were a1so shown to play an 

impot~tant ro1e 1.n detecting the occurrence of texture 

Chapter 4 desct-ibed hot ... thE? processl.ng modl.lles mOdl.T l.ed the 

data structure to transform the l.nput l.mage measuremen~s 1.nto 

f1.na1 output partl.tl.ons A Hl.erarchy o( independent act1.ons 

provided the means by ~hl.ch ~he model rul.s attemp~ed to 

conform the cornputed data with the criteria 

specl.fied by the rule condl.tl.ons 

In chapter S, a scheme for the symbolic cod1.ng of the 

rules was preso?nted. The conditl.ons and actions were shown 

to const1. tute a s~9mentation language Tor expr'lssl.ng the 

rules This was Tollowed by a dl.scussion of the rules for 

-
j 
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Next... two types of' 

contro~ ru~es were introduced Theze were the f'ocus of' 

a-t;tet"ltion ru~es f or specif'l:.~ing the processing path wi th.l.n the-

image, and tho:.> me+,a-rules: for determ.l.n.l.ng the order .l.n ."hi'::h' 

+'he kno',Jledg-a- rules .,Jere applied Di f f'erent processl.ng 

strategies were employed by select.l.ng the appropriate set of 

contro~ r ules. In ch~pter 6... the components: of the 

rule-b.ased s+'ra+'e9~ for processing .Lm :I.ges were def .l.n-a-d. and 

each was ass.l.gned SpI?C~ T ie state::. A dynamic s-t,... .at,egl:.~ 

determinat 1. on process that used a f''-~zzy decl.sion-mak-a-r ~,as 

then l.ntrodl.Jced The latter was based on uS.l.ng pet'Torm:H1,:e 
) 

measlJrement.:o fram the inlage to select the best local. 

strat~gy The co:>ntrol str-ategy adapted to the propert.l.e'S of 

the .l.ndl.uidual. aro:.>as in the .1.mage Moreover, the properties 

of' the areas var.1.ed wi th timE>. the contl'ol. 

strategy ..... as automat.1.cal~y ad.Justed accordingly, so th.at the 

Most SU.l. table stt'a+,egy was appl.ied olt any point in time 

The success of" the dynant'ic strategy mec.hanism depends on 

the method by which perf'ormance .1.5 measur~d. In fact, two 

types of' measures ' .... ere d9velopli'd dur.l.ng the course of" this 

rese9rch. The segmentation error measures de5cr~bed l.n 

chapter 3 comparo!?d th~ imago!? parti -t ion wi th one -that i5 

manual~y generated . Al though i t was dynami.cally eval\..lated, 

.1. t coul.d only so:.>rve as a means for training the model by 

"" testing the rules. On line rneasure5 that'" did not require a 
~ 

ref'erence segmen"tat.ion lJ~t"e then introduc4td .in chapter 6 ta 

guide the strat~gy selection' process. They incrementally 

t 

1 • 7 
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E'valuatE'd the- s"t.ate of the :iE'gmttntat.i.on as the proc.s,tiing 

progressed. This \.Jas accomphshed blJ upd.ating global 

me.asures, such as the auer~ge uniformLty of the regionsi and 
\ 

the aue-rag~ contras~ across 11nes 

Both sets of rtl,=,asures were used in the exper.imt>nt~ 

presented in th1.s chapter. The performance curues: and output 

p.arti -tions obtained 1 ... 1i th dirferent combinat.ions oT knowledge 

ru.les ..... ere compared and <iu .... .;al.,fzed In addi t.i.on, each rule was 

monitored b~ separately accumulating lots contribut.i.ons to the 

measures, ,as: well as the fr equenq,j at which .i t ",a$ useçl. 
1 

These resul ts wef~e used to rank the f~ules and select an 

" opti.n\al subset that loS representat1.ve of al.l the model 

cri. teria. A second cl.ass: of exper.l.ments ",as deuoted to 

examining ~the effects of the various components o~-control 

strateglJ on the performance messures. By ana.lyzing the 

behavior of th .. measures· the constra1.nts that govern their 

re.lations to the d~fferent stra-t;e-gy states were determ.ined. 

These constra.ints derine th~ dynamic decis.ion-making process 

that se1ects the appropriate strateg.l.es. Th@ latter was then 

used toge ther ""1. th the optimal set of knowledge rules to 

ana.lyze oth'er ~mages of natl~ral scenes, and the resul ts 
, 

wer-e 
, 

comp~red to other se9mentation a190ri~hms. The expand~d 

knowledg"!' base and f leoxJ:ble control s"truc'tur"'. were shawn to 

contribute a substantial improv&ment to th. r.sulting output 

parti tions. 
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Based gaJ..ned J..n 

l.mplement 1. ng, and exper 1.mentl.ng WJ..th the expert rul'?-based 

are made for future 

paths to explore' 

(1) As w1.th aIL rule-based systems, p'?rformance can only b. 

as good as the ~nowledge used 1.n the rules The proce-::s of 

fl.nd1.ng addl.t1.onal sources of J..nform9t1.on i5 a 

one, Mor'€' efforT 5hould be d~recTed toward5 the dlsc0very 

and test1.ng of general pur pose 5~gmentatJ..on cr1ter1.a slml1~r 

to those presen'ted 1n thJ..s thes1S The separatlon of the 

knowledge and lots generall.zed swmbollc coding permit simple 

add1.t1.on of rules whenever new cr1.ter1.a are d1.scovered The 

performance measures and the segmentat1.on error measures C3n 

then be to ~valuate the new rules 1.n the same manner 

descr1.bed earl1.er 1.n th1.s chapter 

(2) The knowledge rules presented 1.n chapter 5 can be 

descr1.bed as "exact 1nf~rences" because each condl.tion i5 a 

b1.nary log1.c operat1.on w1.th an outcome 'that 1.S e1.ther true or 

false For example, testing whether the value of a feature 

falls w1.thin a f l.n1. te range One d~sadvantage of th1.S 

knowledge representat1.on schem~ ~s that 1.t loS more vulnerable 

to quant1.zat1.on errors Th1.S 15 espec1.ally true when the 

cri ter1.a 'te be coded are represented 1.n t~rms of 11.ngu1.st1.C, 

rather than mathema"t1.cal form In chapter 6 we pres~h+ed a 

fuzzl,4 dec~s1.on-maker wh~ch l.mplemrnted the constral.nts that 

J 
govern the relatiohship between the p~rformance measurements 

. 
j 
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dnd var~ous control strategy components The same rne-thod 

" could be extended to the knowledge rules by def1n~ng +he 

cond1t10ns as fuzzy v3r1ables Thus, rule match1ng becomes a 

fuzzy process th3t determ1nes how well each cond1~10n 15 

The rule whose cond1+10ns are best sat1sfled lS 

then 5elected to e~ecute Lts dctLons For example. the fac+ 
\ 

that the value of a fe~ture 15 low can be represented by a 

fuzzy set that asslgns confIdence levels to the pos51ble 

range of The whole condItion 15 then glven 

the conf1dence level that corresponds to the partlcular value 

belng tes+ed 

wlth unce~talnty 1S gLven (IshLzuka et al . 1981] Once +he 

set of knowledge rules has been selected, the cr1ter1a can be 

1mplemented as fuzzy dec1s~on processes A pr~ce 15 pald 1n 

terms of the extra computations needed b~cause the entlre 

rule set has to be evaluated ever'~ match1ng cycle ,It 

rema1ns to be seen whether a ',Jorth',Jh1le 1mprO\;ement 15 

ach1'eved blJ using th1s formulat10n 

" 
(3) In add1t10n to br1ghtness measurements (grey level and 

color) , 
"1 

other features of re9ions and l~nes can be used 1n 

the analys1s In particular. surface orientation 15 gaLn1ng 

a lot of attent10n as an 1mportant attribut~ for patLt1on1ng 

-~ 
scenes '[Kanade, 1978, B~rrow and Tenenbaum, 1978] 

changes ~n or~entation w~ll occur at the boundary betwe~n two 

surfaces, wh11e uniform values will e~ist as or1en+at10nz 

chang~ smo~hly W1thin a surface The key issue 1= how to 
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( HOt'n, Woodham, 1977, Pentland, 1982] Whl?ther 

interest1ng ~o determine ~hether surfacl? orienta~ions sat1sry 

the 3am~ 1nferences about un1form1ty and d1scont1nu1ty that 

appl'"j to Efforts along these l~nes are 

curren tly tlnder 1.)'.3 1.1 (,..) A1though the exper1ments de$Cr1bed 

above used only br'1ghtness as thE' baS1C feature, the anall::l=a s 

and 1mplementat1on have iaken 1nto account the adopt~on of 

such new fea~ures 

(4) W~th1n the context of 1m3ge understandLng, the rule-based 

segmentatl.on mtlst be 1nterfaced to an 1mage 

1nter pretat1on syst~m The functLon of the latter 1: to 

aSS1.9h re al wot'Id 1nte=rpretatl.ons to the partl. tl.ons l.n the 

~mage (Lev 1ne and Shaheen, 1981 J In add1t1on to the bottom 

up Flow of data and control that occurs when the outpu+ 

segmentat10n 1.S del1vered to the h1gh 1evel stage, a mOt~€' 

flexible l.nterface 1S deS1rable For example, the h1gh le\)el 

stage may deC1.de ~o resegment an area of the image 1f 1ts 

current part1 t10n1ng doe$' not confot'm' to the semant1c con~ent 

that has been ass1gn~d to 1.t5 surround1ngs 

flow of control 

l.nformat10n The 

Inay alS~ be accompanied 

semant.l.C )c~erpt'eter May 

Th1s top down 

by SOme gU1.d1ng 

51gna1 that a 

mo~e region merg1ng or splittl.ng 

rule-based segmenter will then ral.se the priority of the 

area nl!!'eds The certa~n 

(*) F Ferrie, a 9r~duate student in the Electr1cal 
Eng1.neer~n9 Dept. • McGill Unl.versity. is currently 
investl.gat ing these ideas. 

(! 
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corrE'spond~ng ruleas to comply w~th 5uch rE'quests In f act. 

thE' kno'..Jledge dynam1c 5tratE'gy of tho? 

system are 1dE'al for th1s typE' of 1nteract1on 

FeE'dback can be 1n+roduced by allow1ng thE' h1gh lev!?l 

to 1nfluo?t"lCE' strategy SE'tt1ng Th1S cal'"! bo? 

accomp11sho?d by ~dd1ng constra1nts S1m11ar to those obta1nE'd 

low level performance measures Therefore. when a 

focus of attent10n area 15 passed back for further 

schemes w111 be 

1nfluenced by the 1nformat1on from the 1nterpreter. I,Jell 

as the p!?rforruance meaSurement5 1n thE' area 

In conclUS1on, the n,.le-baso;;-d segmentation 

presented in th1S +hes1s adressed a pr1nciple aspect in the 

probleam of creat1ng an art1f1c1al 1mage understand1ng scheme 

The baS1C structure separated th~.knowledge and the control 

strategy from +he prOCfi2'sses that 1mplement them Th1S 

for the cod1ng of var10U5 segmentat~on cr1ter1a and 
j 

process1ng strateg1es 1n a modular form that was eaS1ear ta 

test and evaluate The results w!?re used ta creat!? a model 

For geaneral purpose 1mage segmenta~10n that 15 controlled by 

It 15 hoped that the system 

will 1nfluence the des1gn of other aspects of the 

understand.l.ng l11erarchy Furthet~more, other stages 1n the 

analys.l.s can con~r.l.but~ n9W sources of .l.nformat.l.on 1n th~ 

Form of new segmentat.l.on rules and add.l.t.l.onal constra.l.nts to 

govern the dynamic ~~rategy determ1nat.l.On process 

.. 
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1 

APPENDIX A 

THE KNOWLEDGE RULES 

A.i. ARE A ANALYSIS RULES 

• 
Ryle .. 401 ,~ IF 1) HIGH_REG_SIZE 

2) LDW_REG_VARIANCE_1 
3) LDW_REG_VARIANCE_2 
4) LDW_REG_VARIANCE_3 

THEN 1> CREATE_SMOOTH_AREA 

. <Ii 

Ryle .. 402 IF 1) AREA_IS_SMOOTH 
2) NDT_VLOW_ADJACENCY 
3) NDT_LOW_REG_SIZE 
4) LDW_REG_VARIANCE_l 
5) LOW_REG_VARIANCE_2 
6) LDW_REG_VARIANCE_3 

\" 

THEN 1) ADD_TO_SMOOTH_AREA 

Rule .. 403 IF 1) AREA_IS_SMOOTH 
2) NOT_LOW_AREA_SIZE 

THEN 1> SAVE_SMOOTH_AREA 
\. 

Rule .. 501 IF 1) LOW_REG_SIZE 
. 

THEN 1) CREATE_TEXTURE_AREA 

( Ru~é .. 502 IF 1.) AREA_IS_TEXTURE 
2) NOT_VLOW_ADJACENCY 
3) LOloJ_REG_SIZE 

THEN 1> ADO_TO_TEXTURE_AREA 

j 
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Rule tt 503 IF ~) AREA_Ip_TEXTURE 
2) NOT_LOW_AREA_SIZE 
3) NOT_LOW_NUM_REGS_IN_AREA 
4) NOT_LOW_AREA_YARIANCE_l 
5) NOT_LOW_AREA_YARIANCE_2 
6) NOT_LOW_AREA_YARIANCE_3 

Rule tt 601 IF ~) LIHE_IS_LOOP 
2) NOT_LOW_LINE_LENCTH 

Rule tt 6132 IF i) HIGH_LINE_LENGTH 
2) LOW_START_END_DISTANCE 

THEN 1) SAYE_BOUNDED_AREA 
• 

Rule tt 603 IF ~) MEDIUM_LINE_LENGTH 
2) VLOW_START_END_DISTANCE 

THEN ~) SAVE_BOUNDED_AREA 

Rule tt 701 IF 1) AREA_IS_SMOOTH 
2) NOT_LOW_AREA_VARIANCE_1 
3) NOT_LOW_AREA_VARIANCE_2 
4) NOT_LOW_AREA_VARIANCE_3 

THEN 1) RELABEL_AREA_TEXTURE . 

Rule # 702 IF 1) AREA_IS_TEXTURE 
2) LOW_AREA_VARIANCE_1 
3) LOW_AREA_YARIANCE_2 
4) LOW_AREA_YARIANCE_3 

THEN 1) RELABEL_AREA_SMOOTH 

Rule # 703 IF 1) AREA_IS_SMOOTH 
2) VLOW_NUM_REGS_IN_AREA 
3) LINES_ARE_ABSENT 

~_/ t 
4) HIGH_REG_UNIFORMITY_1 
5) HIGH_REG_UNIFORMITY_2 
6) HIGH_REG_UNIFORMITY_3 / 

THEN 1) FREEZE_AREA 

(" ~ 

j 
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e Rule .. 704 

'" 
Rule .. 705 

P....,le .. 7136 

Rule .. 7137 

Rule # 7138 

1 

IF 1) AREA_IS_TEXTURE 
2) HIGH_REG_CONTRAST_l 
3) HIGH_REG_cornRAsT _2 
4) HIGH_REG_CONTRAST_3 
5) HIGH_LINE_CONNECTIVITY 

HIEN 1) FREEZE_AREA 

Iç 1> AREA_IS_BOllHDED 
2) LINE_IS_CLOCKWISE 
3 ) ONE_REGIotLRIGHT 
4) HIGH_REG_UNIFORMITY_1 
5> ~IGH_REG_UNIFORMITY_2 
6> HIGH_REG_UNIFORMITY_3 

THEN 1) FREEZE_AREA 

IF 1) AREA_IS_BOUNDED 
2> LINE_IS_NOT_CLOCKWISE 
3) ONE_REGION_LEFT 
4) HIGH_REG_UNIFORMITY_l 
5) HIGH_REG_UNIFORMITY_2 
6) HIGH_REG_UNIFORMITY_3 

THEN 1) FREf=:2E_AREA 

IF 1> AREfLIS_SMOOTH 
2) HIGH_NUM_REGS_IN_AREA 
3) NOT_HIGH_AREA_SIZE 
4) HIGH_~EG_CONTRAST_l 

5) HIGH_REG_CONTRAST_2 
G) HIGH_REG_CONTRAST_3 

THEN 1) DELETE_AREA 

IF 1) AREA_IS_TEXTURE 
2) LOW_NUM_REGS_IN_AREA 
3) NOT_HIGH_AREA_SIZE 
4) HIGH_REG_UNIFORMITY_l 
5) HIGH_REG_UNIFORMITY_2 
G) HIGH_REG_UNIFORMITY_3 

THEN 1) DELETE_AREA 
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Rule" 709 IF 1) AREFI_IS_8üUtWED 
2) HIGH_NUM_LINES_IN_FlREA 
3) HIGH_LINE_CONTRAST_1 
4) HIGH_LINE_CONTRFlST_2 
5) HIGH_LINE_CONTRAST_3 

THEN 1) DELETE_AREA 

• 
A. 2. REGION ANALYSIS RULES 

Rule .. 891 IF 1) LOW_DIFF_REG_FEATURE_1 
2) LOW_DIFF_REG_FEATURE_2 
3> LOW_DIFF_REG_FEATURE_3 

THEN 1 ) MERGE_REGIONS 

p..ur~ # 8132 IF 1) VLmLREG_SIZE 
2) HIGH_ADJACENCY 
3) NOT_HIGH_DIFF_REG_FEATURE_1 .. 4) NOT_HIGH_DIFF_REG_FEATURE_2 
5) NOT_HIGH_DIFF_REG_FEATURE_3 

THEN 1> MERGE_PEGIONS 

Rule .. 803 IF 1) LOl-LREG_SIZE 
2) HIGH_PEG_GRADIENT 
3) NOT_HIGH_DIFF_REG_FEATURE_1 
4) NOT_HIGH_DIFF_REG_FEATURE_2 
5) NOT_HIGH_DIFF_REG_FEATURE_3 

THEN 1) MERGE_REGIONS 

Rule .. 8134 IF 1> LO"LREG_ SIZE 
2> VHIGH_ASPECT_RATIO 
3> NOT_HIGH_DIFF_~EG_FEATURE_1 
4) NOT_HIGH_DIFF_REG_FEATURE_E 
5) ~OT_HIGH_DIFF_REG_FEATURE-3 

THEt~ 1> MERGE_REGIONS 

Rule .. 805 IF 1) LOW_REG_SIZE , 2) VLOW_ASPECT_RATIO , 3) NOT_HIGH_DIFF_REG_FEATURE_1 
4) NOT_HIGH_DIFF_REG_FEATURE_2 
5) tmT _HIGH_DIFF _REG_FEATURE_3 

THEN 1) MERGE_PEGIONS 

.,; ,i 



Rule tt 8136 

Rule tt 807 

Rule tt 8138 

Rule .. 8139 

Rule # 901 

Rule" 902 

1 

Page-

IF 1) LOt.LREG_ SILE 
2) HIGH_NUM_ADJRCENT 
3) NOT_HIGH_DIFF_REG_FEATUPE_1 
4) NOT_HIGH_DIFF_REG_FEATURE_2 
5) ,mT _HIGH_DIFF _REG_FEATUPE- '3 

6) ilOT _LO~LF~EGA_SIZE 

THEIl 1) r1EPGE_PEGlotIS 

IF 1) VLOt.LREG_SIZE 
2 ) VLOl·LREGA_SIZE 
3 ) NOT_HIGH_DIFF_REG_FEATURE_l 
4) IlOT _HIGH_DIFF_REG_FEATUPE_2 
5> tWT _HIGH_DIFF _REGJEATURE_ '3 

THEN/' 1 ) MEPGE_REGlotIS 

IF 1) LOW_DIFF_REG_FEATURE_1 
2) LOW_DIFF_REG_FEATURE_2 
3) LOW_DIFF_REG_FEATURE_3 
4) LOW_DIFF_REG_VARIANCE_l 
5) LOW_DIFF_REG_VARIANCE_2 
6) LDW_DIFF_REG_VARIANCE_3 

THEN 1) MERGE_REGIONS 

! 
1) LOW_DIFF_REG_FEATURE_1 
2) LOW_DIFF_REG_FEATURE_2 
3) LOW_DIFF_REG_FEATURE_3 
4) LOW_VALUE_8ETWEEN 

THEN 1) MERGE_REGIONS 

IF 1) HISTOGRAM_I~_BIMODAL 

THEN 1) SPLIT_REGION_HISTOGRAM 

IF 1) HIGH_PEG_SIZE 
2) HIGH_HIST_BIMODALITY 

THEN 1) SPLIT_REGION_HISTOGRAM 

428 
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Rule # 904 IF 1) MEDIUM_REG_SIZE 
2) rJOr _LmLHIS T _8H10Dt;1LITY 

THEN 1> SPLIT_REGION_HISrOGRAM 

Rule # 9135 IF 1) HIGH_PEG_VRPIANCE_l 
2) HIGH_REG_VRPIANCE_2 
:3 ) HIGH_PEG_ VRP IArJCE_3 
4) HISTOGRAM_IS_BIMODAL 

THEr~ 1> SPLIT_REGION_HISTOGRAM 

Rule # 9136 IF 1> HIGH_REG_SIZE 
2) NOT_LOW_REG_GPA~IENT 
3) HISTOGRAM_IS_BIMODAL 

Rule # 907 IF 1) NOT_LOW_REG_SI2E 
2) HIGH_REG_GRADIENT ) 
3) HISTOGRAM_IS_BIMODAL 

~ THEN 1) SPLIT_REGION_HISTOGRAM 

Rule # 9138 IF 1) NOT_LOW_REG_SIZE 
2> REGION_IS_8ISECTED 
3) NOT_LOW_LINEI_LENGTH 
4) HIGH_LINEI_GRRDIENT 

THEN 1) SPLIT_REGION_AT_LINES 

A. 3. LINE ANAL YSIS RULES 

, Rule # 14131 IF 1) VLOW_LINE_LENGTH 
2) LOW_LINE_GRADIENT 

THEN 1) DELETE_LINE , 
Rule # 1402 IF 1) LOW_LINE_LENGTH 

2) VLOW_LINE_GRADIENT 

THEN 1) DELE1l._LINE 

~ 

",,-
- ; li 
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t Rule # 1403 IF 1) LltiE_IS_OPEN 
2> LOloLLINE_LENGTH 
:n LOl-LLItŒ_GRADIENT 

THEN 1> DELETE_LINE 

Rule # 1404 IF 1> LOWER_LltiE_LENGTH 
2) LOI.LDIFF _LItŒ_GRADIENT 
3) VLOW_PARALLEL_DISTANCE 

THEt~ 1) DELETE_LINE 

Rule ** 1405 IF 1> LINLIS_OPEN 
2) LOW_LINE_GRADIENT 

<' 3) SAME_JOlEGL1_REGrti . 

THEN 1) DELETE_LIHE 
• 

Rule # 1406 IF 1) LOI>LLINE_GRRDIENT 
2) NOT_SAME_REGL1_REGR1 
3) LOW_DIFF_REG_FEATURE_l 
4) LOW_DIFF_REG_FEATURE_2 
5) LOW_DIFF_REG_F~ATURE_3 

NEN 1) DELETE_LINE 

Rule # 1501. IF 1) LINE_END_IS_OPEN 
2) LOW_FRONT_DISTANCE 

THEN 1) JOIH_LINES_FORWARD 

0 

Rule # 1502 IF 1) LINE_END_IS_OPEN 
2) NOT_HIGH_FRONT_DI5TANCE 
3) NOT_LOW_LINE_GRADIENT 

THEN 1) JOIN_LINE$_FORWARD 

Rule # 1503 . IF 1) LINE_END_IS_OPEN 
2) NOT_HIGH_FRONT_DISTANCE 
3) EQUAL_LINE_DIRECTION 

, 
THEN 1) JOIN_LINES_FORWARO 



PagE' 431 , Rule .. 1504· IF 1> LINE_END_IS_OPEN 
2) rWT _'v'LOLLLINE_GRADIENT 
3> NOT_VHIGH_FRONT_DISTANCE 
4) SAME_REGL1_PEGL2 
5) SAME_REGR1_REGR2 

THEN U JOIN_LINES_FORWARD 

Rule # 15135 IF 1) LINE_ErlO_IS_OPEN 
2) rJOT _"iLOI,.LLINE_GRAQIENT 
3> NOT_VHIGH_FRONT_DISTANCE 
4) SAME_REGL1_REGR2 
5) SAME_REGR1_REGR2 

THEN 1) JOIN_LINES_FORWARD 

Rule .. 1506 IF 1) LINE_END_IS_OPEN 
2) NOT_VLOW_LINE_GRADIENT 
3) NOT_VHIGH_FRONT_DISTANCE 
4) SAME_REGLLREGL2 
5) SFtME_REGR1_REGL2 

THEN 1) JOIN_LINES_FORWARD 

Rule # 15137 IF 1) LINE_END_IS_OPEN 
2) HIGH_LINE_GRADIENT 

THEN 1> EXTEND_LIN~_FORWARD 

Rule 4* 15138 IF 1) lINE_END_IS_OPEN 
2) NOT_LOW_LINE_GRADIENT 
3> NOT_LOW_LINE_LENGTH 

THEN 1) EXTEND_LINE_FORWARD 

Rule 4t 15139 IF 1) LINE_END_IS_OPEN 
2) NOT_LOW_LINE_GRADIENT 
3) NOT_LOW_NUM_REGS_LEFT 
4) NOT_LOW_NUM_REGS_RIGHT 

THEN 1) EXTEND_LINE_FORWARD 

Rule 4* 15113 IF 1) LINE_END_IS_OPE~ 

2) NOT_LOW_LINE_LENGTH 
3) ONE_REGION_LEFT ~ 

( 
4) ONE_REGION_RIGHT 
5) NOT_SAME_REGL~_REGR1 

THEN 1> INSERT_LINE_FORWARD 

,1 
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Rule" 1511 IF 1) LINE_END_IS_OPEN 
2) NOT_LOW_LINE_GRADIENT 
3) LOW_NUM_REGS_LEFT 
4) LOW_NUM_REGS_RIGHT 
5) NOT_SAME_REGL1._REGR1. 

THEN 1) INSERT _LItŒ_FORWAPD 

Rule 4* 16131 IF 1) LINE_START_IS_OPEN 
,2) LOW_HIND~6ISTANC~ 

THEN 1) JOIrCLINES_BACKWARD 

Rule .. 1602 IF 1) LINE_START_IS_OPEN 
2) NOT_HIGH_HIND_DISTANCE 
3) NOT_LOW_LINE_GRADIENT 

THEtj 1) JOIN_LINES_BACKWARD 

Rule .. 1603 IF 1) LIHE_START_I?_OPEN 
2) NOT_HIGH_HIND_DISTANCE 
3) EQUAL_LINE_DIRECTION 

THEN 1) JOIN_LINES_BACKWARD 

Rule .. 1604 IF 1) LINE_START_IS_OPEN t 

2) NOT_VLOW_LINE_GRADIENT t 
3) NOT_VHIGH_HIND_DISTANCE 
4) SAME_REGL~_REGL2 . ~ 

5) SAME_REGR~_REGR2 

THEN 1) JOIN_LINES_BACKWARD 

Rule .. 1605 IF 1) LINE_START_IS_OPEN 
2) NOT_VLOW_LINE_GRADIENT 
3) NOT _ VI'tIGH_HIND_DISTANCE 
4) SAME_REGL1._REGR2 
5) SA/'1E_REGR~_REGR2 

THEN 1) JOIN_LINES_BACKWARD 

Rule .. 1.606 IF 1) LIHE_START_IS_OPEN 
2) NOT_VLOW_LINE_G~ADIENT 
3) NOT_VHIGH_HIND_DISTANCE , 4) SAME_REGL1._REGL2 

'\ 1 5) SAME_REGR~_REGL2 

THEN 1) JOIN_LINES_BACKWARD 
'/ . 

J 
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) 

1 Rule .. 160? IF 1) LINE_START_IS_OPEN 
2) HIGH_LINE_GPADIENT 

THEN 1) E)<TEND_LItŒ _BACKWARD 
( 

Rule # 1608 IF 1) LINE_STAPT_IS_OPEN 
2) NOT _LOlLLINE_GRADIENT 
3) NOT _LmLLIrJE_LENGTH 

THEr~ 1) E~TEND_LINE_8ACKWARD 

Rule # 1609 IF " 1) LINE_START_IS_OPEN 
2 ) NOT_LOW_LINE_GRADIENT 
~n NOT_LOW_NUM_REGS_LEFT , 

4) NOT_LOW_NUM_REGS_RIGHT 

THEN 1) EXTEND_LINE_8ACKWARD 

Rule .. 16110 IF 1) LINE_START_IS_OPEN 
2) NOT_LOW_LINE_LENGTH 
3) ONE_REGIOrL LEFT 
4) ONE_REGIOr-LRIGHT 
5) NOT_SAME_REGL1_REGR1 

THEN 1) INSERT_LINE_BACKWARD 

Rule # 1611 IF 1) LINE_START_IS_OPEN 
2) NOT_LOW_LINE_GRADIENT 
3) LOW_NUM_REGS_LEFT 
4) LOW_NUM_REGS_RIGHT 
5) NOT_SAME_REGL1_REGRl 

THEN 1) INSERT_LINE_BACKWARD 
~ 

Rule ft 17131 IF 1) NOT_LOW_LINE_LENGTH 
2) LOW_LINEF_LENGTH 
3) LINES_ARE_TOUCHING 
4) LO~LFRONT _POINT 

THEN 1) CONNECT_LINES_FORWARD 

Rule # 17132 IF 1) NOT_LOW_LINE_LENGTH 

( 
2) NOT_LOW_LINEF_LENGTH 
3) LINES_ARE_TOUCHING 
4) VLOW_FRONT_POINT 

THEN 1) CONNECT_LINES_FORWARD 
1 
t 
,; 
~ 

J 
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Rule # 1703 

Rule # 17'04 

Rule # 170 '5 

• 

Rule # 1801. 

. ';.. ~": 

Rule # 1802 

Rule" 1003 

1 

J 

IF 1) LINES_ARE_TOUCHING 
2) NOT_HIGH_FRONT_POINT 
3) HIG~_LINEF_GRAD_VAR 
4) LOW_DIFF_LINE_FEATURE_1 
5) LOW_DIFF _LItŒ_FEATURE_2 
6> LOW_DIFF_LINE_F~ATURE_3 

IF 1) LINES_ARE_TOUCHING 
2) MEDIUM_FRONT_POINT 
3> EQUAL_LINE_END_DIRECTION 
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4> NOT_EQUAL_LINEF_STARTEND_DIR 

THEN 1) CONNECT_LINES_FORWARD 

IF 1) LINES_ARE_TOUCHING 
2) NOT_LOW_LINEF_LENGTH 
3) EQUAL_LINE_STARTEND_DIR 
4) EQUAL_LINEF_STARTEND_DIR 
5) LOW_FRONT_POINT 
6) YLOW_DIFF_LINE_DIRECTION 

THEN 1) CONNECT_LINES_FORWARD 

IF 1) NOT_LOW_LINE_LENGTH 
2) LOW_LINEB_LENGTH 
3) LINES_ARE_TOUCHING 
4) LO\.LHIND_POINT 

HiEN 1) CONNECT _LItŒS_FORkJARD 

IF 1) NOT_LOW_LINE_LENGTH 
2) NOT_LOW_LINEB_LENGTH 
3) LINES_ARE_TOUCHING 
4) VHIGH_HIND_POINT 

THEN 1) CONNECT_LINEB_BACKWARD 

IF 1) LINES_ARE_TOUCHING 
2) NOT_LOW_HIND_POINT 
3) HIGH_LINEB_GRAD_VAR 
4) LOW_DIFF_LINE_FEATURE_1 
5) LOW_DIFF_LINE_FEATURE_2 
6) LOW_DIFrF,_LINE_FEATURE_3 

THEN 1) CONNECT_LINES_BACKWARD 

j 

t 
'1 

1 
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Rule 4t 1804 IF 1) LINES_ARE_TOUCHING , 
2) MEDIUM_HIND_POINT 
3) EQUAL_LINE_s-TART _DIRECTION 
4> NOT_EQUAL_LINE8_STARTEND_DIR 

THEN 1) CONNECT_LINES_FORWARD 

Rule # 1805 IF 1) lINES_ARE_TOUCHING 
2) NOT_LOW_LINEB_LENGTH 
3) EQUAL_LINE_STARTEHD_DIR 
4) EOUAL_LINEB_STARTEND_DIR 
5) HIGH_HIND_POIHT 
6> VLOW_DIFF_LINE_DIRECTION 

CONNECT _LINES_~CKWARD 
.. 

THEN 1) 

o 

, 
j 

j 
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APPENDIX B 

THE CONTROL RULES 

8. 1. FOCUS OF ATTENTION RULES 

Rule *1.01 IF (1) PRE'.,' _PROCESS_WAS_FOCUS 
(2) PREV_PROCESS_WAS_NOT_ACTIVE 
(3) NEXT_PREV_PROCESS_WAS_NOT_FOCUS 

THEN (1 ) GET _NEXT _AREA 

Rule #1.02 , IF <1 ) PREV_PROCESS_WAS_FOCUS 
(2 ) PREY _PROCESS_WAS_NOT _~CTIVE " 
(3) NEXT _PREY _PROCESS_WAS_FOCUS 
(4) NEXT_PREV_PROCESS_WAS_ACTIVE 

THEN (1) GET _NEXT _AREA 

Rule #1.03 IF (1 ) PREV_PROCESS_WAS_FOCUS 
(2) PREV_PROCESS_WAS_NOT_ACTIVE 
(3) NEXT_PREV_PROCESS_WAS_FOCUS 
(4 ) NEXT_PREV_PROCESS_WAS_NOT_ACTIVE 

• THE", <1 ) CLEAR_REGION_LIST 
(2 ) CLEAR_LINE_LIST 

.: , 
" ·1 

Rule #104 IF (1) FOCUS_IS_ON_AREAS ~ 

(2) AREAS~ARE_ABSENT " 
1 

THENa (1) DEFOClIS , , 
Q 

,Rule #1e5 IF (1) PREV_PROCESS_WAS_NOT_FOCUS l ... 
THEN (1) GET_NEXT_REGION_LABEL j 

} 
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- " -v' 
#106 (1) PREY_PROCESS_WAS_NOT_FOCUS 1 Rule IF 

THEN (1) GET_NEXT_HIGHEST_ADJACENT_REGION 

Rul.e #107 IF (1) PREY_PROCESS_WAS_NOT_FOCUS 

THEN (1) GET_NEXT_LARGEST_REGION , -

Rule #108 IF (1) PREV_PROCESS_WAS_NOT_FOCUS \ .. 
~\ " 

... THe:t~ (1) GET _r~EXT _SMALLEST _REGION ~ ',' 

~~ 
,; 

Rule #109 IF (1) PREV_PROCESS_WAS-NOT _FOCUS ~ 

"'1 '~ 
"", 

THEN (1) GET_NEXT_LOHEST_ADJACENT_REGION î c, . 
" 
<-

Rul.e #110 IF (1) PREV_PROCESS_WAS_NOT_FOCUS ~ 

THEN (1) GET_NEXT_LINE_LABEL " 
,~c 

,,; 

Rule #111 IF (1) PREY_PROCESS_WAS_NÔT_FOCUS 
!). 

f; 
-1 

THEN < 1.). GET_NEXT_NEAR_LINE 1 
" --:r l 

Rule #112 IF (1) PREY_PROCESS_WAS_NOT_FOCUS , 
~ 
" THEN (1) GET_NEXT_STRONGEST_LINE ÎJ 
i' 

Rul.e #113 IF (1) PREY_PROCESS_NAS_NOT_FOCUS t 
~ 
-i! 

THEN <1 ) GET_NEXT_WEAKEST_LINE 1 

i 
'~ 

Rul.e #114 IF (1) PREY _PROCESS_l-lAS_NOT _FOCUS t 
J;. 

u THEN (1) GET_NEXT_LONGEST_LINE j 

.f :1 • 

Ru.l.e #115 IF (1) PREV_PROCESS_WAS_NOT_FOCUS 1 

~ 
l 

THEN (1) GET_NEXT_SHORTEST_LINS-

Ru.l.e #201 IF (1) HIGH_L~NÉ_GRADIENT ; 
\ , (2) HIGH_LINE_LENGTH 
f (3) SAME_REGL1_REGRl 
f 
1 

THEN (1) GËT_NEXT_REG~ON_LEFT 

1 
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L 

Rule #202 

Rule #203 

Rule #204 

Rule ft205 

---"" 

IF (1) LINE_IS_LOOP 
(2) LINE_IS_CLOCKWISE 
(3) HIGH_PEGR_ADJACENCY 

IF (1) LINE_IS_LOOP 
(2) LINE_IS_NOT_CLOCKWISE 
(3) HIGH_REGL_ADJACENCY 

IF (1) HIGH_REG_SI~E 

(2) HIGH_REG_GRADIENT 

\ 

THEtl (1) GET _NEXT _PA~'ALLEL_LlNE 

, 

B. 2. THE META-RULES 

Meta-Rule .. 1 IF (1) REGIONS_ARE_ABSENT 

THEN < 1 ) INITIAL IZE_REGIONS 

.. 
Meta-Rule .. 2 IF (1) LINES_RRE_ABSENT 

THEN (1) INITIALIZE_LINES 

Meta-Rule .. 3 IF (1) AREAS_ARE_ABpENT 

THtrN (1) GENERATE_AREAS 

Meta-R\:Jle- 4* 4 IF (1) PREV_PROCESS_WAS_GENAREAS 
(2) PRE V _PROCESS_l.1AS_À'CTIVE 

\ THEN (1) GENERATE_AREAS 

""h 

Meta-REile .. 5 IF (1) PREV_PROCESS_WAS_GENAREAS 
(21 PREV_PROCESS_WAS_NOT_ACTIVE 

THEN <1 ) MATCH_FOCUS_RULES 
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Meta-Rule- # 6 IF (1) PROCESS_WRS_FOCUS 
(2) PROCESS_~JAS_rjQT _ACTIVE 
(3) NEXT_PREV_PROCESS_WAS_FOCUS' 
(4) NEXT_PREV_PROCESS_WAS_NOT_ACTIVE 

-~ 
" 

THEN (1) STOP 

Meta-Rule # 7 IF (1) PREV_PROCESS_WAS_FOCUS 
(2) PREV_PROCESS_WAS_NOT_ACTIVE 
0> "ŒXT _PREV_PROCESS_WAS-_tWT _FOC US 

THEN (1) MATCH_FOCUS_RULES , 
Meta-RI..üe # 8 IF (1) PREV_PROCESS_WAS_FOCUS 

(2) PREV_PROCESS_WAS_NOT_ACTIVE 
( 3 > NE~T_PREV_PROCESS_WAS_FOCUS 
(4) NEXT_PREV_PROCESS_WAS_ACTIVE 

THEN (1) MATCH_FOCU~_RULES 

Meta-Rule # SI IF (1) PREV_PROCESS_WAS_FDCUS 
(2) PREV_PROCESS_WAS_ACTIVE 

THEN (1) MATCH_REGION_RULES 

" \0-

'" 
Meta-Rule #10 IF (1) PREV_PROCESS_WAS_REGIONS 

(2) PREV_PROCESS_WAS_ACTIVE 

..",-
THEN (1) 'MATCH_REGIOtLRULES lA 

~1eta-Rule *11 IF (1) PREV_PROCESS_WAS_PEGIONS 
(2) PREV_PROCESS_WAS_NOT_ACTIVE 

THEN (1) MRTCH_FOCUS_RULES 

Meta-Rule #12 IF (1) PREV_PROCESS_WRS_REGIONS ~ 
(2) PREV_PROCESS_WAS_ACTIVE 

THEN (1) MATCH_FOCUS_RULES 

Meta-Rule #13 IF (1) PREV_PROCESS_WAS_NOT_FOCUS 

THEN (1) MRTCH_FOCUS_RULES , "', 

Meta-Rule #14 IF (1) PREV_PROCESS_WAS_REGIONS 

THEN (1) MATCH_LINE_RULES 

) • ~ ; 
' . . ' ~..--~ - .. - ' 
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Meta-Rule #15 IF (1) PREV_PROCESS_WAS_LINES 
(2) PREV_PROCESS_WAS_NOT_ACTIVE 

THEN (1) MATCH_FOCUS_RULES 

Meta-Rule #16 IF (1) PREV_PROCESS_WAS_LINES 
(2) PREV_PROCESS_WAS_ACTIVE 

rEt~ (1) MATCH_FOCUS_RULES 

Meta-RulE? #17 (" IF (1) PREV_PROCESS_WAS_LINES 
<2> PREV_PROCESS_WAS_ACTIVE 

~)J THEN (1) MATCH_LINE_RULE5 

Meta-Rule #18 IF (1) PREV_PROCESS_WAS_FOCUS t 
(2) PREV _PROCESS_WAS_ACTIVE ./ 

THEN (1) MATCH_LINE_RULES 

Meta-Rule #19 IF (1) PREV_PROCESS_WAS_LINES 

'" THEN (1) MATCH_REGION_RULES ., 

- .. 

, 
) 

1 
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APPENDI>< C 

THE STRATEGY RULES 

the strstegy select10n proee:: 

fuzzy de-c1s10n-rnaker 

~ 
1mplerllented 1n the fell'rll of stt~a"tegl,:l rules 

condi "t1on-sct10n p.a1rs s1nll.lar ta the know~edge and contl-ùl 

rules I1sted 1n appendl.ces A and B Thel.r cond1t10ns are 

rflstched on the peY" fol'" Mance measuY" es, and the1i'" act10ns ass 1.gn 

s~ates to each of the strat~gy elements The act10ns of -the 

strategy rules are 

-~ 

) 
. \/ 

1 

Set P'EGIOrl PA TH STRATEG',.' to HI~88EST ADJACENT 
Set REGION PATH STRATEG'T' to LOW~T ADJACENT 
Set REGION PATH STRATEG'T' to LARG EST SIZE 
Set PEGION PATH STRATEGY ta SMAL EST SIZE 

Set LINE PATH STRATEGY ta tŒARESt LINE 
Set LINE PATH STRATEGY to LONGEST LIt-JE 
Set LINE PATH STRATEGY to SHORTEST LINE 
Set LINE PATH STRATEG'T' ta STROt"GEST LINE 
Set LINE PATH STRATEGY to WEAKEST LINE 

Set UPDATING STRATEGY to SUCCESSIVE 
Set UPDATING STRATEGY to SINGL~ 

Set PROCESS PRIORIT',.' ta REG,IONS 
Set P~OCESS PRIORITY ta LINES 

Set RE'GION RULE PRIORITY ta MER.(!/ING 
Set REGION RULE PRIOF~IT'T' to SPLITTlt.J'C 

Set LINE RULE PRIORITY to ADDITIO~ 
Set LINE RULE PRIORITY to DELETION 

Il ) 
f 



1 

1 

1 
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The condltl0ns of th~5e rules are ~ormulated accordlng ~. the 

betl,.Jeetî 

performance 

(1) For 

formula"ted That 

elemen"t can assume 

each 

1.S equal 

and These desct' lbe +he 

element and 0311 the 

step-b\,.~-s tep 

a nUMber of rule~ , 
to the number o~ states that an 

Therefore. a rule 1.S de~lned 

(as llsted aboue) wh1.ch sets a strategy element ta a 

1 

SpeCl~1.C state 

(2) Each rule has a number of cond1.t1.ons equal to the number 

of performance measure5 that can affect the strategy element 

wh1.ch 1.5 set by th1.~ rule CThese are the measures that h~ve 

+ or - 1.n table (6 2) for that st~ategy element) Ther E-f ot'>?· 

a cond1.t1.on 1.n a rule corresponds ta the e~fect of one 

(3) The featur~ 1.n each condlt1on 1.5 the performance measure 

whose entry 1.n tabl@ (6 2) 15 be1.ng con31.dered 

(4) The + and - entrie$ 1.n table (6 2) select one of the +wo 

bas1.c operator~ HIGH and LOW. respect1.vely 

(5) The entt-1.esl 1.n "table (6 3) detenrr.l.ne a "5yrubol1.c hedge" 
( 

(Zad.;oh. 1972 J~ to be attached to the operator J.n (3) as 

Tollow5 
\IL 

L 
M 
H 

VH 

- SLIGHTL'T' 
- PAFHIALLY 
- MODERATEL 'T' 

SIGNIFICANTLY 
- EXTREMa y 
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"-. the set of ~tratE?gl,.j nüe-s 1.5 r-epeate-d for- ;,11 

types of ar-eas 

type 1.n table- (6 3) The ~' e for e , .a d 1. f fer e n t t- l~ l e ri! '.,. s- -t b E' 

~ 

The- procedure 1.5 best descrlbed by the follO~Jln9 

example The rules that set the upda-t1.ng strategy for ~mooth 

areaS ar- e 

IF (1) The RRE;A 1.S SMOOTH 
( -::. '1 , L- , The- REGIOt~ UNIFORMIT'r' 1.:=: D~TPEMEL'T' HIGH 
(3) The PEGION CONTRAST 1.5 SIGrHF ICANTLY HIGH 
(4) The LIt~E CONTRAST 1.S SIGrnFICArHL'r HIGH 
(5) The LINE COWlECTIVITY 1.5 1'100ERRTELY LOI,.J 
(6) The rjUl"8E~: OF PEGIONS .l.S MOuERATEL'r' LOW 
(7) The ~JUM8ER OF LINES 1.5 MO(lEPATELY LOl·J 

THEN (1) Set UPDATING STRATEGY to SUCCESSIVE 

IF (1) The ARER .ts SMOOTH 
(2) The REGION UNIFORMITY 1.S E:V:TPEMEL'r' LOI,.J 
(3) The REGION CONTRAST .1.S ~IGrUF ICANTL 'y' LOl-oJ 
(4) The LHŒ CONTRAST l.S S IGN l FIC AIHL 'r' LOJ..J 
(t::") , ..,), The LINE CONNECTIVIT'r' 1..5 1'10DERATELY HIGH 
(6) The NUf'18ER OF REGIONS 1.5 MODERATELY HIGH 
( 7~ The NUf'18ER OF LINES l.S MODERATELY HIGH 

THEN (1) Set UPDATING STRATEGY ta SINGLE 

Note that two other sets of rules are generated by changl.ng 

" condit.ton (1) aboue ta account for the two other area -type5 

The ent.l.re set of strategy rule~ can be generated by 

follow.tng the same procedure 

F.tnally. the reader .1.$ rem.tnded that the evaluat1.on of 

each cond.1.tion resul~5 .tn a ruzzy var+~ble Th.ts corr~Eponds 

ta a level of satisfact.1.on w.tth tha~ cond.ttl.on The log1.cal 

ANp on a Il cond~ t.tOIi!: 'cot~resp~ds ta the selec~.l.on of th€' 
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1 The rule "'1. th 

h1ghe~t such value 15 selected to execute 1t5 act10n Th1.5 

corresponds to the min1-max operat.l.on of the 

decision-maker 

, 
• 

t 

L 


