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are 

raster. 
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3. 

4. 

5. It 

IS 

not geltler'ate store so many u",\.U,;u vectors as HAI'''_'''F"n AA"_~'~~~. 

Java. is to 
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3 

1. 

2. 

3. 

4. 

is a 

one 

ecl:or:LzatlOifl can th"TPtnT'p 

a scan 

to 

reI:en'ea to as 
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LNG - Line Net Global Algorithm 

LN - Line Network 

3.1 The Dow-chart of the Global Line Vectorization al!l'oriithlill 

1: 

"", •. H..,' ... ,,,, rate 

are 

31 
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hqUldllst;ant scan 

11 

SR= 1 / 

=1/ 

T is the interval between two aUJacem scan lines interval 
T = where H is the ofthe 

3.2 The Three meshes 

is to ensure is encounter most a 

were comJ)os,ea many it 

re!>olutlon IS "'HV'''~U. is 

oe,callse it can 

encounter more .,UI,""_'" eqUl(llSrarn scan IS scamnlea a 

IS enl::01mt,ere:a 

next is 

IS reason is to 

extract the nearest of a line in a form of 
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include the line lhld:ne", oncnlallOn and JlIcction, II\<: idcnllfic"tion of a ,c~d scgrocnl 

~nahles the (;L \' med",d to o ... rcome the diftkulti~, of oth~r med"xh whos~ tracking is 

not glll<kd by the cnlity din:Clion, r 12. 29'_ 

3.2.1 rHF snm SFC,'IIK\T (SS) 

A Seed S~o:mentl ' a rcgula,. segment o f an enti ty that t~am",s th~ direction and width of 

the enillv, II could Iherd'ore Ix: ,aid that an SS dl"r"<cleflze, tl\<: path and thickness of" 

lin~ "' quc ,Tion It usually tahs the form of a rectangular area, possibly ,lar\1cd, on a 

f~g:ular P"rl of a bar 1Il the r",ler im"gc; 11 <capturc> Ihe dir~<CllOn anJ lh<: tludmess of the 

bar. Tlowc'~r_ if a line lw, many imer>ection, wLth other lines. it »Cohahly ha, no SS_ The 

diao:ralIl below 1> u,~J to dc,u-ilx some oft!", charaClcriSTics or an SS. 

V (EF. i~ __ --;'<:;'" 

Detinili"n 1, 
,\RCD "tho:; ,malk" rectangle that enol",c, a gnKlp nf conno('tcd bla.ck pixel" E and Fare 
the midpOInts of tho f'-'o 'horter edge, of ARCD, Il and G are the O1idpoLnts of fhe tWO 
longer eJges of ABeD. and 0 i, fhe centre pootnt of AlleD, 

])cfioition2: 
1-'i10 is the "'tal lllimber (Jf pixel , in th dU"-'d region K UfK) " d,e nllmber (Jfbl"c~ pLxcb 
in fI._ "hile W(R) is lhe numhcr ui'whilc p,,~l< 

DelioiL;"" J: 
['J," p.lh "i'lim'! is iP,} (i - l _ nJ. V 1/, i) i, the nUUlhcr "i'cnnnccteu hlad p"d, l'a~'ing 
lhTOLlgh 1'; and un tl-.: li1-': pcl'pcndic'ular tn 1 i1-': / 

Figtil'< .1,.1 ('tic doli.it",. of. "",d.' ~m<"t 
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THAT A LINE SEED ""JL:.i"'JH"'jl.:J~ MEET 

ABFE 

to 

1< 
a to UUJ'UU ... A., on 

11] 

Se~!llll:::m is is pel:tOlme:d an 
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nn'ritl",n aetmea by J. et is 

to extract an SS 

{ 

} 

{ 

} 

if 

scan 

maximum 

1. 

2. 

if 

a is a toreglLOund 

top}; 

scope ::s maxirnmTI 

raster is 

two OOlomnte mreC!lOrlS 

runs are "UJUU."" to or 

is ael"lne'U as 
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segment 

Perpendicular nm 

_ Tracking path + + Pcrpendi~l.llar path 

Figur<_1A Direction G.id,d tr..,~i.g d'finitio".----

Si nec \hC dlTCCI JOn (l r Ihc cx ICnSH)Tl i, pT~-(ktcn1" ,,'.:d. J lmetlOns on II", palh wlll nol slop 

Ihe exlcnslOn. DLLnng Ihe C)"l'''lSlOn. minor Ji[~cti"n a,ljllSlm~m should ~ done to cO""ct 

po%iblc n/T'CI 0,. rolal~)n oess. Th" ~'''Ll'-C' Th'tl th~ SS 1\ s"ffi"i~nlly ~'lcmkJ 10 nwer 

'he on gl]~,1 en lily I h~ pro~~", of [)ir"~'ion_G"idcd T",~king " a" foilows; 

Step 1 

U IC Ih~ Brcsenham algori lhm 10 geocmle Ihe p:nh V ,.[ i] (i-o .. .. n) w hi"h passes through 

o icenlre of SS) anJ perpenJic"br io lhe palh of SS. The centre of tI", perpendi cubr palh 

V" in/21 is at 0_ and thc length of i( is ~~T" (T" ,I Thc lh,dnc" of SS). hUI",li,e palh 

,egmeol "m,y '" emply, Ll ,mJ L2 a, O. 
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Step 2 

• , 

o -Ccmr~ 
(I[lhc SS 

Fi;n< 3.5 The p.th through th, «ntc. ofth, SS 

L,e til" I:lr~s~nham algorilhm to gellerate the IXlllll, 011 the tracking pmh fro'" 0 wh,l~ 

"'oving along the SS ha,ed (In i!, ori~ll!ation. eh",,1: the pi,") value at each generated 

poinl. !fi' ,," hlack prxd. go 10 ,I"p~. Oll",r,,"!>c. g~ 1<1 ,1,,1' 4. 

Step J 

COlLllt Ihe lenglh of CUITent black segment. Check the length of re'T'<'lldicular run at 

current IXlint r. (it i, unnece,,",y to gen~,.ate VI' -the pcrp",idrcular palh at P - again) 

Vo C~n k obt~incd hy Ira",laling V.,. Ihal 1>, V, fil - Vorl] - off,n (, -lI .. n. off"'l - 1'. 

0). Check the pixels al V, frorn V, In''~J toward, lwo ,id~, to gel the length (If the black 

nln. 

37 
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OITscl 
,~ 

( 

, 

H~.r<.1.6 j~, I""p,.dkula, ,un", i 

THE PJ::I{PENLllCliLAR TFST 

, 
, 

, , 
• 

V, [i J 

",""~--- Perrendicular run 

, , , 
• V, [i] 

If the length" simIlar 10 T", accuJJlubk ItIc lenglh ~l lwo sides ofO. respecliwly. (0 1_, 

and L,. If IL] -L,_ > ttl" smaller of L. and L" lil<: SS sholLld be ~dJusl~d 10 corren Ih<: 

1:>O"lble oft",] or .. mal ion of SS, and lhen track again. This ensur~s that SS can he 

exlemkd as far ~, Ihe origm~ I I,,' e. If I .. ~ek Lng" OUl ollh, CutTenI black <;<:gmenl, ,""COl'd 

lh~ current segnJ<:nt length in ralh segment array 

I[ is not necessary to perfonn a fl"IJl<'ndiclLI"r le,1 al ~Hry p<Jllll on ltic tra~king palh, To 

,peed up til<: r~"rendicular test. it cOlLld I"" lione at inl~r\'al, of k pixels where K " 

dependenl on Ihe " an rc,ol"lion, 

SIep4 

Count lhe knglh of Ihe clLrrenl ",·hile s~gmenl, If 11 is longer Ihtm allov.·abk maX"n",n 

g'r length_ ",hi eh is derenMnt on lh~ ,can r~"'lu(ion, the tracking in thi., direcIion ,tops. 

Oth,]'\\ ise. record th~ knglh in paIh ."'gm~nt array. 

3.4 STEP 4: FINIlIl\G JlINCII01',S 

On, of lh" slrenglh, of GLV '" Ih" rael lhal i1 Can ,.,cogn"e J"ncliOT1,. II analyz", Ih" 

rerrendiclliar runs along the p"lh of a \'Cctonzed entity 10 detect the,e .illncIio", "long th~ 
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I",,· .'1 lJlkTinn I, ,,)enTi lic'd by a ch~nge in th" len~lh of lh~ pe rp,n<iic,,!,.,. runs, The 

chang" of I"" Imglh of the 1X'T]X'Tl JiClilar rum howev"r VdILe, 1'0'- Ji ft~renl tyres of 

jllnUl on<, The algprllhm clas.,iiies the JlJnct Ions mto th,..,e I)'""" PefpendlCl!1 ar Jl!nclion 

(P l) . Ob! iq ,,~ J l!ncTi on (OJ) and L' n dcT~rmmed J"ncliOJJ (UJ) PJ an d OJ In,kak a 

rerrenJrc-uiaJ mt~,-sel'tlll~ ~nti ly and an obli~ue int~r.,ecting entity respectovely lIJ 

'nd ic lue, ~n lJl1<)etermin ed ent ity, stich ~s ~ chanlcler or ~ ,yrnboL When a Junclion i, 

"knlilieJ. the m[onnallUn JdedeJ In Ik reg:ion of the JuncilOn for exampl~ lhe 1,X'at ion 

of th~ juncllon. the p~rrendi"ular nm lenglh. i, ,Io,-~d in a .'Iack '-~l atmg 10 the JlJnCILOn 

type e .g, a Pl qad, or an OJ stack 

IJJ 

Figu"o J. 7 Tho throo ~",i, ')'p" of jutl<no., 

Aft~f an ~i1Iil)' is \'~l'wn"eJ, ils bilmap rcpr""'Tl lalion will h" ",,,,,,d to avoid re]1et it]on 

and 10 "m ]11 it), the r~lat~d junctions. The algonthrn checks lh~ stack> 0 f ~ II junclion Iypes 

in the order PJ~OJ~UJ. Ifany Oflhe \l~ch I, 1101 empty. Ikn pop aJlLncllUn and Irack 

lhe inlersecling "mily; o lher", ,,,,. complele lhe v"ci(Kizatl<ln of this Ime netwo,-k and 

,,,,ume ",anning ,he ra,ter image lor a new SS, The I" 'oril)' ot' each junC\ion I)'P~ IS 

a>sii\ned hased Oil its efliciency to obtain Ihe direc llon and wiJlh o[an enli,y 1'J has Ih" 

h'~he,l pnomy lkcause the J]redioLl anJ w]dth " already available. OJ has the ""cond 

rriorily ~cau"" the di,.~ction mu,t be det~cted , 1.' J has (he lowe,( pnoruy because SS 

deteclion will hav" 10 lk pcrlOnned lIg-lIin. Slllce an C'Tllily may be related to more lhan 
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way, 
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4 

the:retore an att(~ml)t to use to 

alg~onltllln was a"'~JH,",U 

necessary as~mnlptlorls 

relJre:sell1te:Q as Java 

TYPE 

NOISE 

is an 

was a 

were 

was ret're~;ented 

rre:au:ennv occurs 

same 

of the tool was then tested for rlittpr,F>"t noise 

use to extract 

a are 

as a un .. """, 

one two 

was 

were uu;,,,,,,, ... as 
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up 

1. 

2. 

3. 

4. 

... U!",U!,""''''UH IS 

are ret)reSel1tea 

was 

realucc~S as amount 

some 

on e.g . In 

.. u .... ,~.u'"''''! UllCll::.'_" is 

was '''''.'''''AVH to to 

many mtc~rS(~ctl 

two a 
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5. 

was 

6. scan 

scope IS as 

<Yn .. ,tl".,..., was 

1. 

2. 

3. 

4. 

5. 

are in 

not encounter 

was 

I.IU<:Hlllljl<, "'1">"'''''''''' to remove 

is "".".u,",,, as 

were 

was 

not 

to nrp,VP11t 

scan 

it were 
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was 

more tnlrp(]rrnn ... rI 

Enum direction 

int "on,..,..",,", 

int 

While 

{ 

for 

{ 

IS 

i++) 

was 

was a was 

to 

it was stclPlllea 

was aennea 

<= maximum search 

Make a square centred at ~Ul-rejntf'nn and the border 

a 

J. 

were no 

was 

was 

a 

Then check the 

black on the nlr,F'~ll'nm and store the seg;me:nts whose is 

within in a queue 

While 

44 
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for 

{ 

the first se~~ml~m and L is the of the segmeIlt. 

= the centre of the se~meIlt. 

Boolsearch 

int 

While 

{ 

Make a square centred at and the border Then 

check its border to fmd the Defme as 

the whose is similar with L. The other is 

if connected COlmponlent of COliltn1U(mS.L~ detected 

satisfies the conditions of 

{ 

True and search = a SS is found. 

} 

if distance between the "t",· .. I:1 ... ",. plDsltion and current seJ~ffilent is 

than 2 "'maximum search 

{ 

search finish the search from this se~~mlent in 

} 

se~~mlem is 

{ 

= the centre of current sel!;m€mt. 

} else { 

+ over the 

} 

} end while search 

while Q 
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li)'fOUTld) 

:CrlJ "hii" 'fo LLnd 

Th~ d,agram k low d~fLl1e< the " nrk Illg of the algorithm defi ned ahove 

• • ,------ ---

RegLLlar s~gm" l1l 

• . ... ~ 

F;~" ". 01.1 ,\ Ili.~".""".ri< ,kfillilion of tho S .. d s<~m'nt oxtl"~,tioll Algorithm 

/u d~"'fl bcd . th~ ,~~d· "'b~l'Cnl c .~tn"' t",n ail'O Tilhm wa, ,laTl~d all"" )Xl;'" p"ss~d on hy 

the imag~-",ann,"g algnrithrn. It ",afched in the four di,ec tion, namely . right boltom. 

I ~tl and tur. hy drawing an imag ina ry 'qna,e of width 2* W",,,,, with th e ,tatting puint as 

th~ cenlre. Th~ algorithm ,earch~d for ,"cd '~b'fIlCnls m Ihc gi\·"n dir,cllOm by ch~ci<i ng 

If ,h~ ,i d ~< of th~ "I"ar~ e t\collm~re d connected foreground ri~eh <lmt w~'" I~" than 

W""~, . and b'"a l", Ihall \1,.',~". If a ,"cd '"gmcnl Wa, found 111 a g;\·"n dlT~CI ; on. Ihc s~" d 

,~gm"l1l 1l1fOnnaIlOn wa, >lnr~d in an array ba;<:d on th" g""~n dir""lIon. rhe infOlIDa tiun 

4<, 
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Included the dir~ctlon Lll WhlCh the seed seg-LllCnl w'u found i_~ rlghL bott()m_ left or lOp; 

Ll' ,,·idlh. kight. alld Iwo JXlIn!< that tn:irked tile ends 01 [he iln ~ r"SSlllg thro"gh tile ",~J 

segments ~entre 

The sccti-,eg-mcnl ~'-lra~tion algorilhJll im·oh·.,,1 ,lel~nlllnLllg whethe, tl", ]X)]"" 

encounl.red in th~ ,""nou< dir~cllon' "~re not'" 0] not. If Lt w~r~ ~sta hlished that th~ 

»Om!; ",ore TIf)] ,. th~ ,,~~,I _s~gtn~nL ~'I"'~lio" algm;thm would call up Ih<: ITllag~­

uptialing algorithm 10 reJllove th e TIOI'" frollllh~ irnag~, 

RESLL'I 

The r"<lllt of the ,eeti-"'glnenl ,'~trJ~lIon J Igomhm was an array of ,"cd segment,; !hi, 

h"d 1i,,,T <:km~nt", which conwn~d ~j(h~, the _,~~d ",gm~nt v"llI~ in a gjv~n dir~cliOIl M 

a null va l"" where no ",~,I >egul('nt w," i""nlifi~,1 in Ihal ,hredion, Thi, array w,", pas,~,1 

to tl'" [)jr~ction (;",lkJ Tracking S[~r_ 

4 .. U D1RECTIO~ GUDEDTRACK I,\G 

rillS step make, use of the Direction (illLded Tracking alg()fIlh m I-his algorithm was 

ali",<:d I n th~ 11llrkm~nlatjon Ixca u,~ ;1. was apph~d to only \ ~rti~a I and honzomal lin~" 

The seed "'gm~nt pn,,',ded te., djr~ct,on, ori~ntatlOn and thickn~<5 of the lin~_ 

Th~ direclwn paTam~t~r could lak~ [our val,,.;;,. nght, bOIl()Ju. left and top; the onenlalion 

p",aJlle1~r ~oultilake Iw() val""" oon.<Onlallox - UJ ()l' venical iiiy - UI: the thickn~ss 

rara"'~ter could mKe a numhtt value that def"",d tl'" lhickn~ss. in pjx~ls, o[ Ih~ ,~~d 

_,eg "'<:nt Ihat r~rr~",nled II", lin~_ 

SICP 1: 

1'1", point, "'~r~ g<:n~,"kd a\ a giv~n Lnl~rval. rk - 5 PL~el,J, along Ihe tracking direCli()n 

()f Ih~ lin" baseti on the line Ihal pass~d throlLgh the cemre of tl'" Seed Segn",nL Thi' 

jnvolv~d mm'ing on ej(h~r ,ide ii'om the centre of the Seed S~gn"'nl, Th~ g~n~rakti 

poim< weT~ ra,,~(1 [o:tn an-a), 

47 
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. '] 'path 

StOll 2: 

Th" algoritilm lh~n moved along lile tracking palh (lhe alTay) pomt by p"''''. uni]1 a black 

pixel wa, ~n"~unlerc'd, \Vh~!l II", happ"TlS. th~ c,~cuti()n ai-the algorithm m.wed to step 

5 "Thcrw"~, " mm-ed to step 3_ I[ a white pixd ,,::« enCOll]liCTeJ. th~ e~ccution of Ihe 

algori lhm mu,,'J to <rep .1 

/I palh I'C'T"'ndicular to the line p~th was genermed ba,~J on the onmlalio!l ",[orrnat"'n 

o[,hc s~cJ ,~gm,'nt; Ihi:; path pa,<..,ed [hrough thi, point. The length oflhe perpendIcular 

path wa, til,-ice the line thickne«, (3' tlud!le,,), \1ovmg along 11m PC'lx'lJdicular paTh, 

the number of black pixels was counted and storoo m an alTay lhat contained the 

Ihiekn~ss "alue at a gi"~n poinl, 

• 
~ 

Lin~ Ihickn~ss. t 

, 
" 

, , , 
• 

• 
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If the l'r~,,~J"'fI p,,,el "'~3 " bl"d; l'i~~I, the tracking algl'rill!m ll1 "",'<1 In Ihe Li,,~ct"'tl 

opl"'we lh~ "acklng J"'~dio" unll l a black pixel waS ~n~'"H,~,-~d. thIs was jabdlcJ Ih~ 

b,1 p'''''' oi 'he ClUT~nljlllC ",'gmc'L! and [['" ~~eLlltlO n ofll'" algonthm m<we,lln :;tep .1_ 

Ane,-"",,I,. 'he algo,-i,hm l'foc"ee<kJ to 111<)\,e "I ''''g the t,-ackinfl path counl It..· CUTTen I 

whl,e segme11l. If Ihi < 'egll\~nt e,ceeLieJ the "II,',,'-abk gap k"gl h, lh~ tracking slo rp ~d in 

J) ,\ bh,,', PL\c) "",,-,,,,,,,,«1 _ 
, 1,<,,,,,ndic,,I,, r >th " 
genorate, _ _ it dll' )x~nt "nu 

,11"""" noted S'ell J. 

St~l) 5, 

-----+ 

,-,,;~in,,1 (1i ,·<C<.inn , ,)(1 I)lC gap 
l'ngIh i, "",m to (!c-k=,inc il 
,he Lr"d.in~ i, "'onlin,d 

21 nl< ,hrccL<ln "' 
mding d~mJ" 

---
.0----

/-­
/--­

/---

/ 
/----

j) A "'hll" I'IX,'I " 
('t,,,,-,,,n I, 't\." 

D""(li",, 01 
,r",i<\£ 

To 1(1~nll fy ,Iw f",t pOint ll,,· "Igonlhm "hangc,llile ,,-acting d".ction mid ITI<J\'ed unlil a 

whil~ pixd "'"' ,'n "" unl~,-~d: lh~ pr~c .J itlg pixel "'"' bhclkJ Ihe sWI'I"'g poim ot lh. 

line . The ex.cmion "'[ Ihe "lgonlh111 lk" mo,-eLi to step-,_ 
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+-----

I) I},,, l1"t 1,102' ri,el 
""",1U ,ller eel 

q n", """dillg black r i,d " c',lI' , i,J"rc'fi 
dIe fi r« hlc"k pj"l011 the Ii"" 80 to Slo:,:; 

I>in''''''' oj 
1",,'I.111g 

Figuro4.S D~l.n';ning th. Fim Pin! on tb . Lin. S'.","'-----------------

[,tF.SUIT 

I OC r~" ull ' of Ih~ ll"<x lioll-G 'Ll{bl I radlllg algonlhlll w~r~ Ihre~ "nay,,-

.:. A tv.o dimel1,iol1,1 array that hold , the po",,, .1.iO":,: 11", Imd,ng I'.~h I"r """h 

<I""'""on . 

• :. A two dlinenSional '\lTay tholt holds the Ihlck ness assncimcd w ith "vcry re'l",wH 

I",inl in Ihe tiTSI array . 

• :. A" army [h ,,, hold, ,he 'e~d ""'g"'e l1l Ih' c\;.ne" fur I)W , eed S~gll,,"nlS found III 

~a ch ,hr~diun , 

I'he", r~su Its wer~ ra"e<l to th~ detect; n~ t)", I i ,, ~s a"dju" uio" , SI"I' , 

-1.3..1 llI-.n:CI'ING nm LINES " ND JU:\CTlO-'iS 

Th l.' >IeI' "0.",1" '"e of l ll~ I;"" 'Jld jUl1~I;Ull cl~kd;Oll algoritlllll I' ll;, algorilhm look th" 

Ihre~ alTay" Ihm re, LLII~d from the I)"ecli'~l-(;llid.d Trocking 'lgnri'hm, TI", rollm\l"g 

't~r' deti" e the '1lera1Lon of th" algori,hm The ju"ct;n"" or ;"kr~,1 W~'T all 

I"' fJ",,,d,"" lar lu,"'ti o,,, (PJ). TI",,~ were d,,"ifie<l ;nlo Ihr<x lypc' of 1'J'" T-jLLl1d,o!l.<, 

I -J ul1Clwn, and l-Ju"'."lJom or inkr,e"l ium 

50 
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J".ilmcti(ln 

T-.iunClI(Hl 

IlUlCtl(ln 

S(l'P 1: 

The average thicb;ess, t,v" (lrthe I,,;e wa, calculated using the thickness v" lues fmm Ihe 

Ihidnc>< aI1a~ Ln a !(l"Cfi di'('UiUn "'"Itk sc~d scgtn;:nllhi"k"~,'S m lhl\l ; "tllc difCdwTl 

If the thick""" ,"iLL,' of ~ g:l\'''n p(liut I"",,,, which rc,,,h~d, wa, within the accertahl~ 

r~n~e. II W,,s added t(lthe tmal tor averaging. lftl;e '",Ul,"," Ih"'knc5' v" lll c, [," " " WitS 

olll,id~ the a~c~ptable range. Ihi' Wa, c()nSldc,ed Iu fcpr~s~n l a JllfiCli,--", p"im' aud IhlS 

r"inl "as lIddcd 10 Ihc jn""li,,,, an'a~. whi~h ",'()uld oc c~lkd in >kp 3, ['he cx~cLLh"n of 

th~ algorithm then mowd to ,tel' 2. 

roc acccplahle rang" was dciin"J ~s: 

I""", I" , <- 2 

\"'ocr~ ~"., i, Ih" IhLcknc» III apuml ~l1J l" " In.: thicknc" "ftn.: s~"d "'gm~m 
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I'u"" a.OJl~ lino wi,h 
]",-_ t , •• f<-2 wi,lllLl 
the . 1:0""hlo "'n."" 

Step 2: 

Poin' ," " jLl'~' I; <J<l 
]' e',' '.".0 j'" "~,,idL 
l~ < "11",,",,hl< r"" ge 

[)jr~Clj()n "f 
lrac~ins 

T1C lirle, end, wef~ Ih~n ",l"'Cl",1 b~ (kkmlinmg-I he sl~ '1 and elLd oCeaeh Ill"" milLg tllC 

1"",,1 aTray ,n a glvelL dir~c[I(ln. 

L.smg Ik J,,,,,;I;on arra., "rc"ted;n ,ter I. the alg(lTLlhm proceeJed t(l ext",ct all It-.. : 

p<Jlnls "ilnin ln~ line In"l ,,'ere within junction ar~a, Th~se p<>ints were ,..jMd to an array 

that hold, all Ii", pomls in In" J"n~ll()n a'-~a, 

I'he yellow '4~"IT cncl",~, Ih e "ee, of inlore,, ; all 'he 
ri,~I, willo;n ,hi , "TCa ar~ elLwroJ n110 aJLLllclion poinl 
array 

[U:Sl!LT: 

I h~ ',,,,,ll of Ih~ !me ,m.J j unCl'O" ,kleni"" "lgor;1 hm Wa' 

Direclion of 
trading 

.:. A (lne-dLmemional arrav InUl ~onl"llld Ihe lill'" Ih~1 h,,,] heen delcel,"[ ~"d 
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.:. ,\ one-dlln~nsional a!n~ thai conlam~d II\..: poinl' lilal wer, locakrl wiLhitl 

J,, "Cliotl ar~a,_ alon~ th" re<l"'cl1\'~ line, 

--1.3.5 1I1'1>ATlI\G THI,.I\IAGF. 

'I'hi, ,leI' maJc lL SC of lill' 111Iagc-lJpd&lmg algoruh11l. Thi s algOljlh,n was (:alkd 

wh"n",w th" image tl~~ded to rn, '''nrI L tl~d oy ~'ther r~mo\'mg oo"e or oy del~ting 

r1xcis Ih"t h"d already Ix,n ld'IlLlIj"rl . Th" algol)[hl)l took Ihc full L1!l~gC hi[m~r Of array 

'hat needed updating and an 'UTay of roin". or an 'UTay of lines, When lLsed m s",narios 

oC_ 

1_ J';oht' rt'mo\'~L the Imagl'-lJpJaimg algorithm was calkd ~llhc, an"r scanning 

the Lmage or "hile e.\t",,-,ting a s~~d "'gmenllO r,movc oo;,e fmm'h, Hllage, 11 

look an array of llOJt'" Ihat ha,1 h"en "knlliied a< [lO"" hy ~Jther the Image­

,,,allnillg- algorithm or th, sc~d-,~gm'!11 coxl Ta(lion algorilhm, 

2. Simplifying the image_ Ih" Image _l.Ipdaling algomhm wa, call~,1 to r~mOV" the 

POillis of a l in~ IMI had I"'~n ,delllincd, Th~ algorithm lOOk ~n array or Ih, ILLWS 

thai hau been dete"led; th, lille, arc tktlocd oy IfI..: lill~ ,wrl, lin..: end, lill, 

thickrl~,,_ litl~ 'Yr" atld tll-:: array ot points on th~ litle withm the junction area 

The am!y of point> wilhm the Junclion area wa, lLsed 10 d'l,mun..: 'h, pOlnis Ihal 

were oot to o~ dd~ led by the image-updating algorithm ,ioc~ they wer~ ,hared 

wilh anolh<:r lin,,_ 

The I mage- Updatmg algorithm w<" de,cr;oed as t(,II.,W', 

Step I: 

Th~ mal'" aim orthis _,tep was 10 idemify Ihe pixe L, that wilil", delet~d_ 

.:. Wh"n callexl tn d"klc tln;'c, al l 11;0 poi"" Ln [h~ arr~y w~", d"kt~,I, i,e, Ill-:: 

~x,cull()n of the algofltlun mnpl)' moved to skI' 3, 

.:. When called to ,irnplit'y the image by r~llIov;ng the rixel' that had oun detected_ 

Ihe rnClhod wa, "Y1r~ compln '[[ICe helor" ~ach I",inl wa, dd"l"d " had En he 
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Sf~l' 2: 

tkknnmed \\. hdha Or ,,,'1 \Iu s pninl I ~y ," Ih~ j un,linn "r~ ; 1. ! f il WI" rmlt,d ," th~ 

JUnction area,th" execut ion of tim "'g:ofllhm moved to StUI' 2: mhe",,,,,e, il moved 

InSkp.1. 

Do nol deklc Illl' pn inl frnlll Ihc ;,,,agc amly l.C. ,f Ihc pl~cl nhH: 1> hIJ~k, ;1 'C!1l";'" 

black (0, O. OJ 

SICP J: 

Deld" thlS romt hom tim image "rr"y "nd update Ihc HlTaY i.c. if the rixel va lu" al Ih" 

l"';nl LI hla,k (0, 0, OJ ch~ng~ lhi\ \al\le t" whLt~ (2.'\.'\, 2.'i.'\, 25.'\). 

rhe Illwgc-l:pdallllg "lg:onUull r~ 'um~d Ihc U)Xbll,-1 ,m"ge alT"Y, where ~llher In..: p,xc], 

Ihal ha\'u boe~n ,dmllfi~J wcr" lkleted tn rrev~m ' ''pealed rec"i'rlLt lo" or Ih~ r,xel, 

Idenl ified '" no;,,, had b""" r,'mo,·~d 10 pre\'c"l Cnnn" n,,;; l<klll ifical;nll. TI" , array wa, 

p~"ed back In Ihc T m~g~.&an"]t'g al~or;lhrn In beg,,\ Ih~ pro~e\S ag~lt'. 

4.4 TIlE FLOW CHART OF THE I:\IPLE.\lE'IITATlOI\ OF TilE 

GLV 

The dia~ram helm' define, " flow ch"rl of the lmplementation of th" liIobal Line 

V~ctOl';zat in" algorit hm lhal wa, M,cribed in th" rr"ceding section> nf Ihi' r~'earch 

project. Thi, " ~ h lgh-Incl 'ep'e"'nl"I"'n or Ihe ajgnnlhm ~nJ the luh-algori'hrm Ihal 

wc'~ ,""o j"cd III perfonn;ng In..: f""lure exlraction. The Ja,hcJ ~i,cle stgnifie, the pari of 

the algori Ihm im olved in the ael ua l \'ectmizal inn of li ne,. 
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[ 
, 

~ 

Stdrt AI,r>n<hm ~ 

r----S;";n lhe """J" by Sd"t,,~;,;, lines 

1 
i\" 

1.'-" black "'""~ ~'OUnd? IO,~J? 

, 
Y 

Y 
Is this 

; "O/O8? 

~ 
--- - ~- ~'r, 

~ . . ~ 
~ 

~ 
~ 

~ 

~ 
~ , 

Extract lhe s~ segmen l!,)" lil~ four 

~/ 
d~ectioos ",OlI"\d the pair)( . 

~ , 
i ~ , , . 

I <]3111i< 
! 

m~s~ ? Perform D"~"tion_ Gu"I,,d "'!ekin9 , , 
I , , , 

I P.,,-I"'rTl " 1,,, '9 f"lh ar " ,y~ i " 10 dele"j ine ,ond t.r1ctkHlS I /' , 

I I I r 
~ 

~ ~ 

~ 

Upd.te "'1OIg€ 
~ . ~ 

~ 

~ ~ 
~ 

~ ~ 
~ ~ 

~ ~ 
~ 

~ 
~ 

~ 

Veaorioali<">n of/he li":"- ~~ - ~ ~ 
~ -- -- -- --- - --- --

End the ai goJnthm 
~- --

-
II~uro -I,~ I]l< I I"" ,~,.t "j ,toe Implo""'"to.! '\1~o"thK' 

4.5 THE FLOW OF II\FORMATION THROUGH THE TOOL 

The diagram below detines (he now of in [onnal ion a, it is pro~e,,,,,J by d,ff~r~llt parts of 

Ih~ Fea lure nlraoi,,)) tool 
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'-------------- : 
; Lil><o ;].'-,oy , 
, .h,,!~,n "".y 

&00' Seqo"',1 i 
A".y 

, --- --------
h", _,.; ,· ,j,,,,,-

( -)><1,," " Ii ""1:" 
_',m. 

,-----------. 
Po;,~ Am,,! 

, 

_ ---;";~~.;,;,;,,;,;;,,;,,;,;,;,,-,,;;";";,;,;,C,"";,~,;,;,;,,;,;,,".;,~--- " '-'-'-'-'-'-'-'-~-'-'-'-"--~===~-~:~~:~~:::~-----------
• P", b 01'11", Algor;l illLl 

;:::] 
,-------. 
xu 

Pr,",c""" li .-..~ ,~b P,,,b foe lc,li"g To .... ,iI, 01 Ill<" ,-\igOTilhHL 

The 1'0,,, [1< from" pon;,,"'" "ep 

Fi~I"" 4.1 ~ Tho procm in; of information thl-ou~~ the AI~orithnl 

....... ... 
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:; EVALlJATIO:\ OF TilE PERFORIVL\"~CE OF TilE 

FEATUIU: EXTIUCTIO:'ll TOOl, 

Th~ featur~ ~x'ractio n 1001 wa< e,'alnaIM hy '~<tlng It< ''limst'"'ss, accuracy of ~ntity 

"Itnbu,", "nd '''"~ drLciency w l>,., l1 il is apphcd 1o ,hffcrcnllm"g~, with varymg k-,'cis uf 

'k d]gJ[i7ed and archlt.uur"1 image charact . ri,toc < dL<cll;sed in <ect ion 4. i. 

I . I{obn , tnc" "a, me"surcd by tc>tmg II>,., "bility of th~ fc"lure extraction tool to 

ma]1l [alt' a high le\·~l of p~rf()l'manc . in varying <c.nan os. Th" was mea,ured by 

lakLng Ih" nm lime, ediling ,0<1 arod v<:ctori""I'O" ntl~ ,'1 \1>,., ~"ml'kxil)' or Ih~ 
llll"g~ was mcr,,"'~'{l. I I>,., ,umpleA;I} was iocr~ascd by incrc"''''g Ih~ Sl7~_ Ih~ 

rhc Corredion Cust [I 2] wa, takcn 'IS II>,., ,0'" fur inkracti\'c ,0rrc,lion. wh]ch 

Included til . "drawing of mj,,~d enlil~S and , I ~leting t,d,e ~ntilj~, and 

mo(h fy in g "It ,-;1:><."", 0 I' enti,; e, Ihat Ln volv~d bOlh ,kkl LOn "n" re,lra wing, 

£rwr 
\f iss 

F"lse Alanll 

I Enl. '~y brok~n i"l0 '\ ran, 

Curr~diun m~thud 

.-\",1' ''0'' 
\fo(h fi~alion 

Cornrti()n cost 

1 

Deleilon "nJ Mutiifkalion I (N-I)'" 1 

I hc ,urrc,llOn ~OSL" lh.: lol al of Ihe cost of corrcctiun for Ihe Jitferent ~lTOr< ,il", 

occur. Hence 

Correction C()"_ CC - Addil ion + Mo,l;ti~"'i<)T1 + Oekliot1 ] 
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III Ihi, " \'a lual ion "I' t'" cmrection co,t it i, a"Ulne(i Ihal th" addllion of an cntity, 

Jeklion of Oll ~lllily "nd mooi 1,,""IIOll of Ilk: enlll y hJve Ilk: saml' co,1. 

Thc \·~fturi,.ation Ratf ",a, u$cd a, the paramClcr 10 l»C",urC [he Robo"I[IC" of 

lh~ -[ 001 "h~r~ the wcwnal;on ral~ " lh~ Talio of lhe total numl",,. of enl]l;e, 

VCCIOrl,C(j (vcctoTllcd cntity counl) by the 1001 10 lhc 10,"1 number 01' "lllitl~S 111 

tl'" ]mag~_ Th~ accept~bk th,-~,huld fur th~ veclOnzmiun rm~ i, ()_~~_112J 

Vecturizc'<i rate \' R - (veclonz~J entily cuunt) i [!U!,Ll numl",,- of ~nlL ti~,) 

2, A"""r"c,~ uf .rrli(~' ~{t,-jbut~, w,,, mc",ured by 1~>lmg Ilk: loo!s abilily 10 

IdenlLtv th . correct line attr]l>utes_ These "ttrilmte, w"''': Th e li ne ,tort. end, 

lh icknc" and Iype. and .l unellO'h whcrc jIH1C1 iun., OCCur Thc" bil i Iy of lhc 1001 10 

delecl JU])('li"llS and 10 ,liff~r~l1lial~ no;," from the ,J,."ired pix. I, "'"' ,,1'0 

me",ured, 

.1 Time eft1dellcy was m,,",ured hy t",tin8 Thc mn timc ofthc "Igorilhm. which rS 

ej'f~cli\'dl' ,",-'asunng Ih,' Spe~d of Vcclorw",,,n '" lhe nnml",,. of ~ntili~, to 

vectonze increa,.,_ Th" wa, me",ured as the Procc%in~ timc PT, and Noise 

TiL'''''.\'1'. I'h" dfe,'1 or noi", On Ih~ lime dfic]~ncy "'"' also dekrrnined 

5.1 TER.\lS USED 

The knn, nsed in Ihe """,riplion of 100 nnag~" used to ~valnate th" 1001 ar~ detineJ 

below, 

.:. Simple lJMge referreJ 10 lmag~" Llh lhan five irne, 

'.' Compl.x "'lage rdetT"d to an im"~e with more than five ],n"", Ihc "lO,t complex 

,mages Ihal wCrC le",,,1 had 'nOrC Ihan five I; nc,. mOr" Ihan four jUJJ,."lions, and a 

high level "fnoi", 
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.:. r ~w .I uneti ,,,\., rdem,d to an I mage with '''' more than timr.l LltlCt ion, 

'.' \lall ) JUll,IIun, r~fCTTCd I,l"n lInagc "'HI> mure 11.,,\ four j",,,,lion, 

S.2 n:SI A: EV'ALUATlO~ OF Tim 1.lI"E TlIICKI"ESS AND LlI"E 

IDE ....... I ~'ICA TlO" 

Th~ cffec\i,,~n~' 1 ,'f \h~ 10 01 m detec\lll g varyin g linc Ll>idmcs> "," ,,," lIml,,1 Th~ 

.,,,-ur",,} .rod Ii",,, efficlC ''''Y were m,,,",ur~J .,od Ihe "Tlly p","lllder th" t wa, changed In 

Ic ,1 A \\',,, the Im e th idrICss 1 he"" sitU""(lll' arc JlSCLL,,~d b"low, 

/l. 'impk ,mage th~l ha , I,ne, of the ,am~ ,hieknel' 

A si'''ple image \1>4\ ~a, lille, "f"ary'!]); thicln"ss 

; 

, A L[)mp le~ ]mage th"t has line, of the ,ame ,h,ek""s< 

A ,'olnplo nn"g~ Ih,,] has Ii,,,,, "f ",,,ymg Ihielules, 

5.3 TEST EVALUATlO,\- OF IIIE 

IIlE .... TIFICA 110 .... 

.IUNCTlOI" 

The cff~cILvcn~ss of ] h~ 1001 ,dclnl fy 'ng ]h~ differenl Iyp~' of JLLlleilO!]> the lJ, IJ and 

LJ - wa, ""aILLat~d. I he ""ClLL'''''Y and t]Llle ~tYtcietlCy w~r~ mealure{] and 'he ,ml) 

paramck, Ihal was ~h angc,1 was the nlllnliC, of ,iunni"m, ]hc li IIC Ihid'IIe l' T~mam~d 

LLT)<.: hangc J . The," , il "a llOns aT~ d,s.c",,,,d bdow. 

I. A 'impl~ image that h"," f~w Juncti[)ns 

2. A ,jmpl~ ilnag~ Ihat has many,illnct,on, 

3 A ~ornpla llna);~ lha l h., " few jLLnClwn, 

4. /\ COlIlpleX image tha t has m.ny jllne t~)ll' 
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:'1.4 TEST C: EVALIJA TlO1\ OF TilE EFFECT OF l\OISE 0\' THE 

Tn'll!: El'I' lCIENCY A'IID ACCllR,\CY OF El\TlTY 

IDE'IITIHCATIO:'\ OF THE TOOL \VIIE1\ .. \PPLIED TO 

SI'\II'LE IMAGES 

The time dllci~ncy and lhe occuracy of emity iei enlifLcalion of ti>;, to[)l w~re le-<1"J a" 

applied lO id.;tLllcal 'i LL'p l~ im af!~' ""h va"'i",, S,\R Tl"',e ",e di s<;us\cd h.;km. 

I , ,\ simpk i""'g"'; 

1 A simrl~ lmag~ ""th v" ,ying Sl\'R (.ln, 100, .11. 6.7. 5) 

5.5 TEST D; EVALUATION or TIlE EFFECT OF NOISE Ol\ TilE 

TIME EFFlCIE'IICV A[\I) ACCllRACY or E'IITITY 

IDE1\TIFICATIOl\ OF TIlE TOOL WII~:I\ APPLIED TO 

COMPLEX n'lAGES 

The tin-.." "ftiCJ"',,"y [)f 'he l[)ol W:lS le,ted a, applied 10 " Jeientlcal compl~x mmge, WJt il 

ury ing S,\R Tile"" al'e dj,cuss~d hel[)w, 

1. A compl.;x im"gc 

2. A comr1ex lmJg~ ",ilh varying SNR (11152, J~ , 1 ~_ 1.1, 111 ) 

:'i.n nsr S: EV,\UJ,\TlOl\ 01. THE F.FH:CJ OF THE SIZE OF' 

TlH: Ii\IAG~: O.~ TilE TI.\H: EFFIC1E'IICY A'IID ACCURACY 

OF TliE TOOL 

Th~ t,me elliciency olll"l[)ol wa, I~'I~J wh~n Ih~ mol was appl i.;d [(I ill"1ges Clfvwying 

,iu, al'ea and 'x""pl~xjty Tile ,iHS "",g~d from 45000 p,," 10 150000 p.~" , The cITed 

"fnOl'" wu, ool pUl in[() C(}n,id~",tion in Ie,t S, 
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6 TEST RESUlTS AND rERFORI\'IA_~CI!: I!:VALl~ATIO~ 

[1,e P Ufpo,e or Ik ' ~" i ns ,,'" tll e\ aluate the I"'ltomlanc-~ of th~ I-"atur~ e"lr"~IWJl 1001 

thai was Implemenled "'Lng J "Va. to ,I.;kn ll me lile fe:>;ibil,' Y 0 f "", n)( .T av" 10 develop {he 

1001 ThLS therdore Involved Ih~ (~sls for roblL>me", nuw effic-"",,')' aud Ihe """"-'''Y 01 
11,,- "cton ,eJ elllil,e ' "llrib""" in vat)' ing situat lon,_ Th~ parame{~L, that W~,-" l eSl~d 

were the, 

.:. Tum' efllc,""cy of Ihe 1001 hy mea'mrin ~ proces" ng time in different s ituati(}ns 

I, ~ , In ,h~ pr~-,~nc, ",><I "b,e11c, of 1O('"e (T,,,, ( ",,,I DJ . ror simpk "nd mo,~ 

,c''''plcx irr",~ es (Te,t A ~nd Jl) and varyLng sius of11l1age , (I'c'l Sl 

.: . .. \ccuracy of Ihe \ ~cl",i7.crl ent, ties allrthut~_, hy measuring the tools "bilily t() 

Id~ntLfy 1111"' (Tcst AI, Ihe loob "bllll)' 10 ,<I(;m i!':-- "millIClns in li ne thLckn~ss 

(Test __ "), tl'" toO I, ~b tll ty In Identit)- the Ihr" I Y]X" of j ""clwn> \TO th" Ii"es (T (;SI 

B), th~ " Tr~CI o f noi,,, fT"" C and D) and irnaf\~ , i/c (Tc,1 S) on Ihe corr~ct 

i !kmitlc-alLon (}f emi I y attri Ix"", 
'.' Roi.>uSlncss or the tllol was mea_,ur~d hy c-aklLlallllg Hoe correction coS! "nd the> 

\,,,"torW!lion ,-,1[(; ,,(' Ih e tl)()1 li1r all th" images Ihat were used Th~ ~,-ceplan~~ 

Ihre,hold (}fth<: ,,"c'lOnZ",ioll r"", "'"' ta,,,n "' (),85, 

6.1 TEST I\L\CIIlNE SPECIFlCATlO:'\S 

The 'I>CClr""w"ns ofLhe tn"chirx: thai was ,,,ed 10 run tl'" tool and Ih~ tests are pronlkd 

in the table below: 

PHamNer 
T'I",,,ICP!­
!(AM 

rahl' 1 : Sp«ifkation. of tho T .... { "''''hio<' 

Value 
1'1'''TIL'>.1 (R ) 2.4IXiHz 
192MB 
\Vindow, XI' home edition 
VcnlO1l20()2 
Servic~ pClCk 

" , 
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6.2 TEST IMAGES ANI) nSrlNC -'l~:THOI) 

I he k,ls v"ac ru" "" 23 Jl1\a);c' Ihal w~n: 'kvclopcd u",ng .\Iiem,oll Painl, The 

propertLes oft"" Lmages are ddined m II", table r."low' 

1'3r~mclcr 

rile tvpe 
Hori£,'nl,,1 rG,,,iulioJl 
Vertical re,olurion 
B i I_':!<J><. h 
rmm~ "O\lnt 
1.hlo- 2: G.n<,.l 'J>""m'-";on, or Ih . ,..,. , hn.~" 

V~lu~ 

"mr 
96 ,I 1 

'J6 ,Ipi 

E~ch Lmag~ '''is te,ted 5 tLm", and an ,,,"era);e of the ob,crved values w," dete"l1ln~d_ 

o.J TEST RESULTS 

Tim 'c'ctl0n rL'e'ents lhe te,1 <,",,,II, for the Lmage, that w~<'~ [~'Ied ""d~r varyiJlg 

C()"dLI1UTl'_ 

1i.3.1 TEST A; UNE TH1CK"IF.SS mF.l\TIFICATlO\ 

The k'l, w"t'" run tn Mtermine whethet' [ho t001 c0uld &10"1 line, 01- ddT~<,cnt 

lhid;.,,~,,~,_ Tb.:: l~'t' W~l" run 0Jl r0{11' (4) i[!lag~, all ur lh~ san", si,~. Twu u[ l h~ 

image, w~r~ simple image, while th~ oth~r two illl"g~_, w~r~ c(~npl~x image,_ The fOClL_, 

or tho [",I wa, to <icl"rmi"e wh"lh"r Ill<' 1(1() I "n\lld Ldent i ry [h~ d i rr"<',,nl Ihid""",,,, or 

the,e line_<_ Th~ reslLlt, below demon,lrate llM,t th~ tool cOlLld identify the thL"kne" of 

Ih" li t\~' Ihal mad" up the imag'" ""en wh"n Ill<' liJl~' w"<,,, Of dl rr"<,,,,,1 Ihic~"e,,~,_ 
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I. inc ixg in < '" . j",,".a,, ' 1'", n", JO.~·-:' O I Lonc en,", " 
LLnc Th ickne,," 8 

Lin, ["'8iH>",' 
L,"" rhlc'l:Ile ,," 

Lino beg ,n., a" 
Lmc Thi,"t>..,<s 

L ine bc~m'"' 
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Line I bdno,, ' 

I "" ""1; '"'" 
Linc' Thieknc" 

Line begin<", 
Line Thi,k",, « 

Li"" begin' ", 
[ .. me Thickne» 

Line begin' at 
[.;n"n,d:ne» 

_'''" "wL['"i",-, '"'i,' " II L",c cmb al , 
1'''" "wL)'"i"' I' :1(9.'- " ')1 Lone coo, " , 
Jav, """ II,in'l, " .y- C')91 Linc coo, ", , 

j,,,",",,'.bi"'[, I I,y J7 11 ;"",.1>", , 
I.'" ",. Pom'rx- 2'T 32 J Lino el\d, a' , 
_,n·, "" l.I"''''' I' ,6,,),- 4-11 I me en(!> " , 
_m', ",,[.1'0; '"1' 525.~·-J21 Linc coo. " , 

P'''_'''' ['0 ""1~ 21.~· :J Il I Linc coo. " , 
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I h< Line Inr"","_';on of ."'. \ __ l,hmp 

Lin, beg in; .. 

L'noTh"kn"" 

Lin, begin' .t' 
LiocThd,,,,« 

Lin, ""s,n'.t 
L",,, Th",\.oc .. -

)1\''' ",,' Pointl' ~.}~ 1II1 jn, ",,1, at , 
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L",,, Th><,;\.oc»- 6 

I.me I>.:gin' . t: 
Line TIoIC""c"", 

Lme bcgm' at: 
Lenc TIlLC''''''''' 

Lme I>c~m' at: 
l .in"TI,,"'''o« 

L;''''lx;~"" " t­
L,n" i'llIck" o,' 

I '",·lx~ "'. , It 
: . .n,, ·lbckno,," 

j"va .• ",J'",ntl<-n,_",- LII Lin, end, ., 

• 

j',,",LaMJ',';nt[<- L\ .y-~81 Lllle end< at 
o 
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o 

.1'"" ,,,,,,. P."""I'~ 15.},- 242 1 L01" ,11(1, " , 
Lm" I>.:~IO' . 1 ' }l,".aw1. Po<ml' ~,-.,--:l(~)] L"" eud, at' 
1.ln"Th lckn o,,' /, 

).vu",J'oint[r4(Hi,-.,-- J II ] 
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Li ,,0 hogi", 0[ ja,·a.awl.l\"~l' ~.) "J I "'" <"d, at. 
Lillo I hieknc» 5 

1.",0 hogi,,' a' ja\,.uwU\"~l' ~.}' 7 J I..on •• ...,1. ,It, 

UIlC Ihieknc ", 5 

I j", r..:og i,, ' a" ja,·.uv.l.l\"~l' 41 J.y I lJ L'n,' C"(~ "'- ,."'.,"" PC>lIl,1 , - I 13,)'"".1 12 J 
I ,"c11",-kr\,,, , S 

l i 110 h<£ in , ,,' -"",a a"'t.l'ni ",[~ _'4 ~.)~7J I., " •• ",1' a' 
un, n",I:1,,,, 6 

I.in, I"""" ,,' _",, ·a.aw<. I''',,'[' 1 111.)~ 1 ]]1 ,,'" .,,';, ,u 
Lin,' Thi,"'"'' 
I.inor..:og ir .. ;a,' _",,,,u~ ll'ni,,tj> 2~II . y I lJ I"",.,,,",,,, 
Lin< I~i,'"<,, (, 

I.io:< hogi,,' a" _",,·,.a~l 1'0"'1]> I c,)~~ 7J I.",. ,~,d, "'­
I.,,," 'Thd.,,,,,.- ] 

Lm" l>cgLlC; ,,1-
1."",Thd,, ",,-

Ln," ocg,n, oc­
I "", TllI",ne" 

j,"'._"WL PUlOtl ~-12.;.- 1 651 Lioc coo, at , 
.I '"'' ,m·L PUl\~1 ~-7".)-~4J 1 LillO ,oJ, a' 
<, 

1."",I><g;""< la,·a.aw1.!''''''I' o,y )1111 U"".,,,b ,,, ; 
I ,," Th,cl.n,·" 5 

ri~ur< (,,~ : l.in< Inhormanoo of k" \_4.lwnl' 

6.:U TES r .... , LTNF roE"TIFTC .... TlO~ 

ksl, wne run on fOllr (4) !mage,,"11 "fthe' ,ame _<t7e_ Twn ~flhe ill1af\~ s ".'~r~ simpk 

imag~, whtle Ik ~Iher lwo images were cnn'plex ,m"g"s, The 10.;", of Ihe 1e,1 IS 10 

,kte.-nnrl,· whelher Ih~ 1.001 a"c urately idm li fi~d Ih~ lme altribUl~,_ Tk resu lts ,hm' 110"1 

lhe 1001 cOlild ~ffiei~mly id""liti-- litle , Ln in,tance, where Ihere w"s nn t)~,>c it)fl'(Xhj,,~d 

In lh~ ima~~ _ Th~ di"g,,"n, he]ow ,hnw' Ihe r'~sull' of Ih~ lm~ III Ih~ emginal im"ge 

p1~l1ed "f\"it)sl the 1",,·, in Ihe ,"e" lom.ed n .-.ag,·, l'h<; rnull she)w> tlone i, ](H)"/o line 

idmlifica liol1_ 
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(;.3.3 "I EST B: .TrNCTfON IDE,"T1FICA TIO,"" 

The (csts wcr" ron to determine whether the tool could identity the jllnctions of litle' 

Th~re are ll,,~~ lyp~ ' of P"JK'f ... Ii~ujar JundlOIJ< of lJJ!<;r<:st in thi, '"~nario, th<: T­

jUl1CllOJJS, L-JUllCILOl1' ~nJ Inl"'S<:Clion 01' I-jun<:tion., The leSIS were run ("' four (4) 

image, all ollhe ,am~ ,iu wilh iOCT~"'lllg tllLmber> O(lut)dlOJJ<: the focu, of the le,tlS 

to d,,[Cm,inc whethe,. Ill" too I correctly ]d~ntitj~d th" jUllCtiotK Th~ result' d~monstrat"d 

lhal Ik 10<,1 "'" ,cry effi" "JJI ;\1 Ihe "Ienl; fic~li on or J .-J unCI i on, ~nJ l-j un"li"n< W;I h ~n 

iden!ifkallon ral, of 100·'0, The 1001 hown~r had problem idc'nllfYll1g i-jUJJCllOJJS wLlh 

identification rate sOl\lclim~' as low ~s If}" Thi, i, rrohahly ~ rcsult of inclticicncic, ill 

l~ ~ooe giving: ri,~ 10 the uee-..I for flLrlhcT ",ve>lIgalion '~"ll1g '" >ome I-]uJJ<ClioIJ> 'ITe 

idcntifLcd wh]l~ som"li,r"" uone ofth~ l-jutlction, i, ideulifLed <\t .tlL lhe,~ result, c~u 

be "karly ,",Cn in Ih,- bar grophs bdow 

66 



Univ
ers

ity
 of

 C
ap

e T
ow

n

L.Jundon identification 
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Fi~ure (d,: L_j un<'",. ide.'it1eatio. bar ~rapb 
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T .J unction identilication 
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ri~un- 6_7: T-j .. ction id<ntifk.,iotl bu ~r.ph 
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I_;unction id .. nl~ic.liQn . , ,---"- ._--, 
• " • I 

, 
" , , 

I , 1.0 , 
.05 , 

, .. ,.., . ,, ", , 

fi~" ". 6,~ ; I-j"neli"" itkn'W",","-'. "or ~r"ph 

6.3.4 rEST C: EFFECT OF l\OISE O~ TI:\IE EFFICIENCY IlllRING 

TilE PI{()CESSIl\G OF SI:\-IPLE IMAGIOS 

rhe lcs l, w~'re run 10 <kknnine Ihe df~~l of noise on the proce"ing ti me of the j"amre 

a lr"clio n tool. jhe I~'t' were run on jive (5) L m"g~' all oflh~ sam~ ,, ,C. 1),,: \'ariatio" 

was '" "oi ,~ )e,e), rcprCSC~lC<i hy changc' in lhe S'-R Thc'Se le'I' w~r~ apph~<i 10 

simple in,"~e' with a h)lai orf"iw (5) )inc' and [our (4)junctiom. I ll;" cm ph"'H" on th~ 

I'roce"ing lime of 1001 as t1", S'-R changes The S\:R d.cr.a,e, as the amount or noi ,c 

in Ihc ima~e i~~rcaM:; . The r.;lalion,hip \>.:lwCC tl Ih" SNR and proc~"ing lim~ i, non-

1n""" which in J] l' "t~s that Ihe Proccs"n~ tnne increased a, the S\:R r~<illc ed ].e .. Ihe 

amount ofno"e in the image i,,, rea,,,d. ThIS r~,ult was lO he ';X['CCLC(i 
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The effect of SNFI O<1lhe Processing TI,.. of 81n"C>1e magu 

~~:,~ :, '.," 

'00~ 
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,~"" \ , 
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' ''''''' , 
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'" 
= 

'" " • , 
" JIJ 

,,,, 
M 

1 XX 

" , 
,,,'C·, 

r;~ur. 6.9: Th, ,rr.cI uf "0;" (S"R) un th, I'r"".,,;ng tim. In <.impl. Im.go. 

6.3.5 TVST C: EFFECT OF :\OISE O~ LINE IDE~TIFICATION IN 

SI'IIPI.F. IMAGES 

Thc tc<" "cre run TO determ;ne the effect uf nOLse on Ihc ;denlifical;on of ];tle, by Ihe 

f"aIUf" eXlr"etion 1001. The tesl' were rLm on 5 imag~, all of the same SLn : th . variation 

'"'' in no;,e lev~l< rerresent~d by change< ;n the SNR. These lests wcrc applied '''''pic 

images w;Th a total offlvc (5) I;nes and four (4) June';on" The "mpha,;, ""' or, Ihe line 

,denlifLC"liotl e"pablliti", of tk tool a, the Sl\R ehang~s. The re,ults demonstrated that 

lhough tile no;"" had no . treel onth. line Identltica,ion ahilitLe, of the tool A, shown 

bdow the Ii nc idemitication ralC rcmai ncd at I ()()".';' for even small SNR' , . 

69 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Effect of SNR on the Line identific.iton in Simple im.g.~ 
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1 • • ttrmgo. 
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,150 

300 

2~ ~ 
,00 " , 
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6.3.6 TEST I): EFFECT OF I'IOISF. 01'1 TTMF. EFFIClE~CY LlllK[~G 

TIm PKOCESS[J\G OF COl\IPU:X IMAGES 

Th~ l~'" wCrC TLJn 10 OCI"rrmnc Ih" df""1 of Doi;~ on lh" processmg 11Ll'" of th~ f"at"'. 

~xlfacllon lool rhe l~st, wer. run on 5 image, all of the sam" Ii?,,; [h" \·arlal ion wal in 

nO' SC lc'd. Tf><;:;~ IC,l:; w"rc appkd 10 compl"x lluag", wilh" toml ofwD (10) 1m., an d 

eighteen (18) Ju nctions rh. "mph",i, w,,, on the Proce",ng time of (001 a, th e SNR 

change,_ As exrected. th. inne" .. , in noi se caLl<ed an ;nc ,"as~ ;o the PC\xe"ing tim" of 

(h~ imag"_ TIll" is l\Ia(l~ ckar in th~ rliagram lx:lo w. 
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n •• 1Ioe! of SNR on 'hO Pto«o_"g r;",. of Co",,,, • • ""og. ' 

II 
~,, ;c"'I----'r---------j'----, ,,,,,, ' i ---

l \ "", • • \ 
, 

• , ":00 1 '" \ 

,,"'" I 

L 
o ______ ---'==~~_ 

'' '' '''' " ''''' ~,," '''.:0. ~~o , 

T. " .. .... " 

(;.3.7 n:ST D: I':FFECT OF :\'OISI( 0'\' I.TNI£ !DENTIHeATION IN 

CO,\IPLEX n'IACES 

The test, wer~ run to Mtermine the effect of nflL, e OIl thc i,lc htificatioh of line, hy Ihc 

fealUr~ cxl,'ael,on \001. The ICSI ; "'crc ru" On 5 ullage , all oftlw '"III" siz", tilt: \'"ri"t"," 

;s for l1o"e The,,~ t" ' IS \"~re "ppli"d 10 complex unag'" with a total often (10) [me, and 

e ighteen ([~) jnnctio"" The ell~ha,i' was on the I illc ,dcnl ifieal \0" earab il il ics ot' \hc 

tool as the SNR change< The te<ts denlOn.Watcd Ihal Ihe SNR had ,,0 ~ff"el 0" 100 

idenlif,eal\On of luws III mow ,0IIlplex ;mag", Tilt: li"e idemiticatioo rat~ wa, tTh,intained 

al IOO~'. "\'"'' for \~I)' h'gh amount, ofnoi,,, in the imag~ 
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6.3.11 TEST S: EFFECT OF THE f'\.IAGF. ARE."" ON TlMI£ H'FlCIE!\CV 

The Ie,\> were pm 10 JeiCrHnllC' Ill" "IT,d o[lhi: ,iLe "fthe irnage, on the proce"ing lime 

of the t;'ature ~xlracti()n tool rh~ I~'ts w~re run on live (:i) Lmages all of varying ~nJ 

,,,creasing Si7CS: the images also Lrlcrca,cd ,n ~(lmrlc"ily, Tn- r",ull, demoll,lral"d thai 

Ill" proc""mg lune of Ihe ("o J ;ll<Teased steadily,,, Ihe size of the jmag~-increa,ed 

showing Ihal tIk: p"",essmg tLm;, i, dir~ctly proflOltionailO [he Si7~ of the image_ Ih;, 

resuit ,,'as ex]X'clcd and ,hov.crl lhallhc 1001 ~(luld \),0 nkmkd to idenilfy blg-er image, 

wilh Ill" ,0,1 "fan mnc"", in proc""ill!, lim" 
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6.3.9 TEST S: Ernier Of." BIAG[ AREA A:\D SIZE O~ L1~E 

IIlENTIFIC.,," nON 

Th" ~e", wCrC run 10 ,lelCrmin. [\,. "ff.ct of Ih~ area and ,i/c of the ,,"agc on [h~ 

"lenl;",al;on oflir"" by Ih" fealure eX[raclion ~()(ll. Th" Ie,,, wCr" nm On fj.c (5) imag"s 

all ofrhe d;tr~rent sia, wilh an innea,ing number of Ii"", andllLnct;ons in toc imag~,. 

The,e te,!> w"re appli.d to Hnag" rang ing from a <impl~ imag" "ith only four (4) lin.s 

and tluee (3)jur"llOn, to [h~ mo" complex lIllage wilh a lotal of,ixt~m (]6) lin~s and 

t'mrt.en 114) junctions. lh~ ~mpha,,< wa, on rhe lin. identification capahili ti.< of th. 

1001,,, thc lIllag" arca dWngc:;. Th" SNR "as m.aimained al a vcry high valuc so lhal lhe 

cffcd of noi,e could Ix ignored. The lCSts ocmonsln""d ~ha~ Ih" Imc idcnlifi~alion nOl" of 

the tool wa, lLnafkcled by the lllCJea,~ in th~ "i~~ "nd ar~a of the image. The image W'lS-

4 had a line id .. ll1fLCalion rat~ of 'lJ% owing to the wrong iMntiticJ[ion of the Irn. 

all ribuks of one of Ihe li,,,",s. OYerall , Ih~ iJ"nlificali()fl rale "'"' 100"% ,hOWlllg Ihal 'os 

the image ,ize ;m·"a""d th~ id.mification rate was unatten.d: the <ignificance ofthi< i< 

Ihat Ih" l()(ll ~an 11" cxt"'l<.led loiarg"r STI.",I Lillagc>. 
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6.4 TilE TEST FOR ROBUSTl'IESS 

The tool w~s b;ted rnr milmtne" using two raratl"'t~rs: C"'TGC1Lon Cost, CC and 

V~ClOrl/alLOll ra l~, VR Th~ rohuql1~" w", 1~,I~d a, lk 1001 was arriJc(i 10 all lhe 

LInages 

(,,.j,1 CORRF:CTION COST 

TIle W'TGC1,OO w,l til, ~aeh of thG ""litLes (lin~', L-j,,,,e llOJl S, T-jUllction> ami 1-

Juncliom) v,~, d" l~nnm,,(i 11 was fOl1nlilhallh,> correCiion coM to, iLne,. L-JunctLon, and 

1-.Iunc!L"'" w~s z~rn (0) OWlllg to the ](Ht.~·;, identlf,,:atl"n rate Til<: correction coS[ tor 

11", T-]llncl ioTl' wa, h"",,"er found 10 be "~ry high owmg to tl'" low IdentifLcatioll rat~_ 

n", ()\'Cr~ll olITc,<-,ti",] m,t i, therefme the sum 100al of til<: eorr~etion cost of Ih~ T-

---------~ 

, 

, 
: 

. U" .. 'oO<'." .. ,I .. ..,. l 
• U"". ,c, "'" ,",,,,,,,,," .~;'''''I 

-------

Fi~"r< 6.1 (, , rh< ;d,.,;fic.';on of Ii.", 
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6.4.Z 'l:CTOI{I:t.\ no" RATE 

The' 10Iai ,'eclo<\/.atiOIL ,""Ie of [he [ool for' "ach e)t [he image, was determmed. Tnis 

v"ctori7atio!l rote wa< J r",ull e1f Ill" vN'toriL"I;On of eacn of Inc ~nt;ti~s "nd the 101"1 

",Clor""lio1\ lal~ lor Ihe sum t",al of all entLl,e, (Iine,_ L-junctiem,_ T-.IUllCt]em, and 1-

JnnctLnns) in tn~ ]m"ge TI,,· ,,,"ulls ,how a lugh ,-",clorlzal;01] rak or about t .o ror Illl~'. 

I. -Junuio'" and l_j unCl''''l'' 

The I'-JunctlO'" howevn h,,,·~ " I",,· "",,(orwHlOn r"1eo wilh II>;.; h igh,sl al 0.67 allrl {h~ 

lowe" 0.0 Ih" " below Th~ r"quired thre,hold of (US. The le)W wctoILzat]()n n1le tor 1-

Junclion> reSlllls in " r,-rluCI,on or Ih~ 10lal v,;dori/at;on rate a'Hj Ihe av~rag~ 

v~ctoIL7Jtlon rale For tt;" tot,1 "~c(orwHion nU, fOJ each lll"'g, Ik IlLgh,,,t val u, lS 1.00 

(where (here "re nO T-] l!nCI]()n') whll~ tlk h1we" value" 0.7 (wh er~ there m~ many T­

Junclions). Ihe awmgc of the IOTal V~clorLL"llon rale lor "II ilMge, j, (U2. l'e1r Th" 

a"CTag~ ot'lh" , '"cton7at loo rate, for Ihe "m]li~, in tach Image the highe,( valu~ is agmn 

1,00 (wlxre Ih,-r~ MC nO T'J'Hlclion') wink th" le1west valne i, 0.75 (where there ar~ 

m"ny T-Junwons). Ik "'~n>gc of I h~ 101,,1 V "clor;/"I ion ""I" is 0.8 I 

Th~ a,'crag~ 01' Ih~ \e1[:.1 arlit av~rag" Vecmrizatlon ['ates of 0.H2 and O.H I ,e'recuvely ar~ 

HI! Iberdo", \><:Iow Ihe rcqulTcd thrc,hold uf 0.85. Till< " I",cau<e of the low 

veclOrizmion rate ofT-.iuncliom, 
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Vec'o,",,'ioo R. le for each e nlily in Ihe imoge. T ola I Veclorizolion R<tte a no Aver>~e Vectorizolion Rat. 

" ,------------_._------_._------, 

," , , 
I 'J.O , 
" • > ", 

, , 
~ 

, j " - " - - - •• - •• , , -<: , 
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7 COJ\CLLSIO~ 

The pre,,"o,,, Charier Te't Re.,ult, and Perfurmance Evaluation, dlSC1,-,-""d th~ test, 

c",Ti"d om. Ih" Te,,,ll s of Ih~ [e'l> and pro\·iderl an evalua[inn of Ihese re,ulH Th;, 

,-h"ptcr will pre",n I ~ "Llll\n~r~ of '" hal th~ Lest s h",~ pn),."d "nJ , ugg"l po" , bi lilie , lelT 

any timue work 

7.1 TilE RESEARCII QUESTION 

The re,earch qnestLon ua,. "/.< ir feasible [0 develup ajerc'a bmed ,,,,age analvsi., I'JOI 

Ihal ellah/I"x Ilw coml!Onenlio i llg or Ihe lincs iii dif!.ltized anhile(:/ural jloo,. "Ians in a 

,'obust and effic ient I>wn n.:r > " 

7.2 TilE AClIIEVK\'lEl'iT OF THE ORlGl~AL AL\IS 

Before discu"ing the achi ewment of tk migirw! ailm, they mlL,t I", highlight~d. lhe 

,,,il,linal aim" were. 

'ro Idenlify \he propenie, of ra'S'er [mages and the problems ass.oc ialerl with 

,'omp<Jnenti&mon of Jib~tiz"J of Ik lin", In H",hi",,,,ur"! !loor Iha\ "ould "jT,~1 

llle image processing, 

To i<k!llL[y an Image Analysis teelmi,!"" thai conlrl k n""d lelT e,lr&<;Ung Ihe Itne 

tnfonnation from an Architectural floor plHn, 

., To implement thi' [echniqlle to the ArchitecOlral floor plan hy ll.,;n~ Java to 

rl:vdor a F"alurc I'xlraClion [001 

4. To evallwte the perform"nc, of II>: IO()! hy te,llng f()r roblL,I""", lime effici"ncy 

atid Ihe accuracy of the vector;zed ~ntitie., atrrihute,. 
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to an pv1rpn,,,,,'p 111t"" .. ,.n11rp r.·"",",,! was crunea out on 

as as reSiewrcn 

common .... ,..r'n""rl"~'" aSS()Cl;ate,a raster or """£", .... ,,"".... "u ...... ,"" were """.,"1" ..... ''''' 

were 

ecl:or:lzatlOln a.lgolTItltlm was .U .. ,U .. IU....... as an 

1. It 

Its me:tnc)a VIJ'''U:'.UV'H ..... ,U.U' ..... " it to irl"ntifu 

3. It is not a!tl~ctf:a 

4. 

resource 

test 

a 

run 

occurrence 

not 

was 

average 
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a it is not 

necessary to 

some 

reseru~cn QueSI,lUI:I, it is Ie~lSll:11e to a 

a 

"',U,''''A'~''' manner. 

was to extract 

a eIIICll:!nI way 

was smnetmles as as zero 

are a numt)er areas to 

1. T-

loemtltu;atLon rate was "''''"'''''h .... ''''''' 

2. on 

3. 

4. 

5. is a 

to 
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Kb lines 

527 5 

527 5 

testA-3 555 x 324 527 10 25 

testA-4 555 x 324 527 10 25 

Table 3 : Test A - Line thickness identification 

Name size Kb L' . -'- _. Lines in vectorized 
Ine In v. "l!i-'"'" image 

testA-l 555 x 324 527 5 5 
testA-2 555 x 324 527 5 5 
testA-3 555 x 324 527 10 10 

testA-4 555 x 324 527 10 10 

Table 4 : Test A- Line identification 

Original Image Vectorized Ima~:~ Name size Kb 
LJ TJ IJ LJ TJ IJ 

testB-l 555 x 324 527 3 1 0 3 0 0 
testB-2 555 x 324 527 4 10 4 4 2 4 
testB-3 555 x 324 527 0 4 0 0 3 0 
testB-4 555 x 324 527 4 10 4 4 2 4 
Table 5 : Test B - Junction identification 

Name size Kb 

testC-l 517x300 454 
testC-2 517 x 300 454 12838 128 
testC-3 517x300 454 13130 420 31 9099 
testC-4 517 x 300 454 14927 6.7 41912 
testC-6 517x300 454 15642 55935 8296 
Table 6 : Test C - Effect of noise on Time for 

Lines in vectorized 
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Name size Kb 

testD-l 493 x 334 482 17898 17 1052 1054 18 
testD-2 493 x 334 482 18354 473 38 7168 853 
testD-3 493 x 334 482 18927 1046 18 13243 1619 
testD-4 493 x 334 482 14927 1509 l3 22835 3261 
testD-5 493 x 334 482 19859 1984 10 2614 
Table 8 : Test D - Effect of noise on the time for 

Name Lines in Linesm 
• u< ~IO' ....... d Pixels Noise Pixels SNR 

UHl;uuil Image vectorizedimage (ratio) 

testD-l 9 9 17898 17 1052 
testD-2 9 9 18354 473 38 
testD-3 9 9 18927 1046 18 
testD-4 9 9 14927 1509 13 
testD-5 9 9 19859 1984 10 
Table 9 : Test D - Effect of noise on line identification in C. 0' . • images .. 

. !~age Image size Kb Lines Junction ... va ~I>' ~-•• - Noise SNR IA1 PT IA1 NT 
Name s Pixels Pixels (ratio) I (msecs) I (msecs) 
testS-l 300 x 150 132 4 3 4608 14 329 667 18 
testS-2 400 x 200 235 7 6 8015 21 381 869 16 
testS-3 500 x 300 440 10 9 14860 22 675 1432 36 
testS-4 600 x 400 704 14 12 19977 10 188 2692 108 
testS-5 700 x 500 1027 16 14 30650 304 100 4176 240 
Table 10 : Test S - Effect of the image area on the I" -,- -'" time 

Image Name Image size Area Kb Lines in original Image Lines in vectorized image 
testS-l 300 x 150 45000 132 4 4 
testS-2 400 x 200 80000 235 7 7 
testS-3 500 x 300 150000 440 10 10 
testS-4 600 x 400 240000 704 14 13 
testS-5 700 x 500 350000 1027 16 16 
Table 11 : Test S - Effect of Image Area on Line Identification 
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Total 
VR 

254 817 3 0 
testA~3 901 1640 4 0 
testA-4 24 4830 4 0 
testB·l 398 982 3 0 
testB~2 589 0 
testB-3 289 
testB-4 1213 
testC~! 398 50 
testC-2 100 3334 
teste-3 31 9099 
testC-4 6.7 41912 
testC-6 5 55935 0 0 0.89 
testD-! 1052 1054 0 10 2 8 0.70 
testD-2 38 7168 0 10 2 8 0.70 
testD-3 18 0 10 2 8 0.70 
testD-4 13 22835 0 10 2 8 0.70 
testD~5 10 25241 0 10 2 8 0.70 
testS-l 329 667 0 0 0 0 1.00 
testS-2 381 869 0 3 2 0.92 
testS-3 675 1432 0 3 2 0.95 
testS-4 188 2692 108 1 0.7 9 5 4 6 0.78 
testS-S 100 4176 240 0 I 8 4 4 4 0.87 
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Figure A.2 : t",d AI. .? h,,!p 

Figure A.3 : t .. atA."l hh!!, 

A.4 : U:Sllft-'li.omp 
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A.6 : '''''''.0-'',.'''''.'''' 

A.8: 
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A.20: 

Figure A.21 : t .. d~_1hl1lp 
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A.22 : 11Ci!i1,., ...... UUIll 
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