¥

xw7 217100 DN - 1M>0N
Technion — Israel Institute of Technology

[1"1D0N NI"190
The Technion Libraries

0117'°a [XI'AI ["INX "y D'D>NOoIN 'TIN'77 190N N2
Irwin and Joan Jacobs Graduate School

. /

©
All rights reserved

This work, in whole or in part, may not be copied (in any media), printed,
translated, stored in a retrieval system, transmitted via the internet or other
electronic means, except for "fair use" of brief quotations for academic
instruction, criticism, or research purposes only.

Commercial use of this material is completely prohibited.

©
nNmy nridT 7

IX 1T 712'N ,01102'X2 Y'9N7 ,VT'N AN [ONX7 ,01IN7 ,0'9TN7 ,('"NW7> N*TN) 7'NYN7 |'K
IX N7'2 XN, TINY7 NN0A7 112'NN (A 07Yj7 0'Wo7a " win'w" oyn? ,1nn 77n 7>
.07NN2 IOX NT 12'N2 71750 1IN N0 YIN'Y 17NN



n113N 02XY NIBY ANY DNNTIAYN W

Wnn 7y 1an
W aYaph? niwTa Y 2pn 71v°h owy
0yThY7 Wp?aAn
"npn DpTINA

IND

878 nn

- [ Ty i ”l
20$9%F0 000003979778 .'
| 2w 121300 1190 ﬁ*::un
[ .

YN 72171230 110n -~ 173200 u:n?:w31n

1979 2117 18N ppn 11
43 5\33
4;0' >
3 ' '_’;':
» 11"MI80 ;
A, Jasry 8



INTD LT OINT 7Y 1N77NAAd Apyd Agnnia
JATAIN T1AYY ATIvnd L7avn ppTaa? apipoa

71IDRN 107 NAN %Y ON7A LT Y77 apnyn nTan
L1270 1TV

co e TR P
SN Tiayy EAYAR nniyy niTia% Caan 1o
A l'- i r;

+

.N77ann omnry 7y

1N IN DY1? ATAYAR DTAAh7 nTN1h ATIn
L1ty 7y



,0737 71 711y

LN 2yal

agra ) R
R R S AT

P T
f“:?’\_j i} 21 Y R

H

f etk bateapn oy b
T‘fvt':‘g.'_i Q.'.gl.’. !l‘-h.-.o -,
N

ooy




O*317231y 131N

1

© 09 9 P P0G 000G IS S 0D G0 G000 M0 I 00 B0 SB S0 E EES 00 A0S0 S0 0

sossanes 17XPN

A L ciiccacasscectesinrsncessassssaseasonaese.07T1IX?P1 O7I107D DN

]0'ocunnn-unuuoua'oﬂ'oounoo-eonnuouoloo--u.cnnoonllqooaubooN]JD : 1[115

Tho i aactoooccaoonsescanssosconsansnes J?AN2IIAYNG VIND ¢ 2 7D

15 cooiesossscassosncacosessNYF NWATA? N12IN17Y DIDY

15 cooiooonnconnoavacoocsnasaasiI?2TA 7IIDIDIN
15 cocvea o TIPNY OTDR D170 A1OTAY 2.1.1.1
18 . ...eee. 229 TDD MI7PYN DAATAY 0 2.1.1.2
2l i ecrreonereenreaanses,?UD2UDD 1IDIBIN
22 iiitiessenisensarnsso Argyle ¥ 1IDIDINA
24 L ieeierer i ees.Macleod ¥ V108NN
25 i iieaeeenaeneoeas.. YT APATIAY N17INI?YT NY
26 . iiiieeurenoae.. . 021N 1721971 DINTIAN
27 i eiiesieeconeesoe. PPN YP 1IDIDING
28 i ecsecenoracccaerese..Sobel 7¥ DIBIND
30 L ieiiitieiiennaaeesea Kirsch ¥ MIDDIND
33 i ieticenurcnneeaas.a WALl1S ¥ TDDINA
B et iiiiaencticaeiieraeaas.Hale TVIDIIDIN
35 L.....ABXYY 7MINNY% BPA0 MNIDIDIN 2.2.6.1
37 MINAA NRNIY D117 BTAIN ONI0I9IN 2.2.6.2
N?¥PII9 N17RINEYY Braan MPIWIN 2.2.6.3
38 iiiviocncecencnsass. s IINAN DAY
B0 L iieiiiieeiaea . TIDNTDN NDNDIR 2,2.6.4
41 ... ieiereoews..Smith & Davis ¥ 71039IND
CB2 ,...1177171 M3IRD NAY MNMYIDIND 2.2.7.1
437198 MmNy 7P Maann May IR 2.2.7.2
B5.eeiieniencinnons s T792T10 72 DYNIDNGING
BB . cevioesososoanssassl DR NPIBIN  2.2,.8.1
b7 ccveesnnoseronnsocss2 'DN VIVIBIN . 2,2.8.2
BB .ccvrociosonconroacsad DA MIWPIDIN 2.2,8.3

M171 00 7TIAA MR 2,2.8.4
50cccsssacccasssasscacss (bogt size)

2.1.1

2.] I2

2.1.3
2.1.4
niv2wp
2.2.1
2.2.2
2.2.3

2.2.4

2,2.5
2.2.6

2.2.7

2.2.8

2.1

2.2



(1wnh) m217273yn 121N

5l i irecanssoenesesss N7 712300 ABKDDA NDPA AT 2.3
51 .. ..000a.011103 N17¥P318Y% NUYA D?7¥FIID NBNOD 2.3.1
53 . ..vocsococonesnsensss Hueckel 7¥ 7ID719IRD 2.3.2
B | iererevonssoncasenosnons 1171770 M1A9INn 2.3.3

BB, it re e e eneeeoesecannoessessaancnnenasa12X7I02D7 NI2N
B8 . it veronecaoosencsseasasss JUNTAY 02IN270A7KD V10D 3.1
B .. csencesaresenvesensessosngaanoos1FTIIY 11121000 3.2
Bh . ..ivessoeessscanacsancasesss0701A0 NIMX  3,2.1
64 L i iiieeonaencesesssasorasroensssB1AD 7TIA 3.2,2
650.?.;.0;;;;;;;4;;g;.;;;,;;;Aypan maon 7T1a 3.2.3
67 ..o canacanessesN2MIITN NIZNAN N11INDD 221D 3,2.4
72 i erscassosesasenearocnrcosenasoassoINTIV ?TTB 3.3
77 e eee.. O7ANTITAIND ¥ NZIDN?DRD O077X¥120 B7NM11Y 3.4
B2 ... ..ceeeee0..ON7T1AN 72 7"y DWATAN O72PNN MDY 3.5

B | .. i.....YEIUD NYPY 7YNTIN NYP 12V A2X7107D0 DARXID
Bl L, it iieneenseaansasaseas s TINTIN DYP 1N2Y DWXAIR 4.1
105 .. eueoeoo . 27?7 NYP NI2Y DINXINA 012D 4. 1.1
107 Lt iseercnoncannnnnosonas.Y2IPN AXF 112y MIRXIAD 4.2
133 i iiaereveee.o YDA NYP QY MINXIDN 012D 4.2.1

135"Salt & Pepper" A1DR 27121 PYI1 A¥P 112y N7¥71MDN 1MIRXID
135 ccvnesnocsranossnenssasss 23171 BYY 10% 112y MAINXXINA - 5.1
136 c00uoersnsss?V1271 BYT1 10% I12Y NIRXIND DI1ID 5.1.1
150 . st ieer e s e eeeea71172 BYY 5% 1Y MINXIAA 5.2
150, . .0 \0nener.. 71271 BYY 5% 112V DINYIND 01D 5.2.1
156 0o veonoooonsoossesnsess 1?1 WYY 20% 112y DIRXIND 5.3
157 .0 uioeav.s. 71172 PYY 20% 112Y DIXXIDNA @YD 5.3.1

S

.
&

3 e

4 778

5 71



. 169
169
183
185
199

207

201
212
212

221

228

230

241

257

(qenn) ©73773yn 1910

heescssaccavascassssaes BINA PYID NXF MY n7¥71n7D0 NINXIN : 6 {ND
q,n-.uouou.......«0ﬁ=3 ny ?DINA PYIQ N¥F Q11Y NIRXIIN 6.1
...w.0n=3‘ny WINA PYI2 ﬂ!ﬂ 711y NIRXIND 013D 6.1.1
ocuvla-ococamwuoinonfs oy ?RDINA DY ¥P 113Y DIRXT1N 6.2

owo,00n=6 oy WINA PYI2 AXP 111Y DINYINA 313D 6.2.1
n.uouno.»ooo»o..u;cn=9 OY ?PINA PYI1 O¥F 111Y DINXINA 6.3

""°0n=9 Oy *DINA PYI1 NXP 111y n1ux1qn (1D ]y 6.3.1
.o.am.o..u..,...00n=12 oy DINA Y32 DY 711y DINXINN 6.4

u,;.0n=12 oy DINA WY1 NXF 112V NIRXINA 013D 6.4.1

-o-nn-nnlono.oouarn-lenoeno‘occonoe-oﬂn-ono‘ﬁuu-no-qlnono-nu;on 1 3 D : 7 I71B
el .MIN??IDA DARIT 7VOY ATIA PATEA 11907 N73100a 1apn X Nam
e eeueeses1171 Y91 Hueckel ¥ DPANIAYNR 7P 01BN NINA '] NOD]

I.Iluooﬁulﬂ.bpﬂﬁﬂoﬂou..rlﬂﬂ"ﬂ0000".’D'OUDGDOOD-DIO'ODn]’JJInn :IA nBDJ

ononocopo-voua--ooroupcuonooon-uoco.ncoo-oou-nn.uc—upvoonn'ocon111pn nn’W'l



1 ¥ @ on

AT ENA 2182 MITHIY DYvwn ny

SNNXF IATY OTONNIAYN 1INn

»U2NNTNIAYNIL P90 12y n2y¥Y109p MY DryINa AN e #
ANV 7TTA ny?ap 71D

: MNP 99 D2y brap 2w o027y

JNNX1Y 2913200 nryatan mixy *

T7RPM 172 My w

JIXIY 21220 0110 ,001¥7 1aTY QAN2AN MIprya appay T nTIay
TIIXP AAT7 0200211498 NIy fiayT 2300140 NN NI¥PL 0OPN TieNan paan
DMNTNAN 79 naph 112Pp Yran rawn P80 .077D7p2 1177AN1 0°NavA 19
JDXAY 2793790 07OIA L, AN¥PY 071Y1 o0 oneann WND LMY ATy

S IPETY mixag e piny 1m 0?YX180 2NN211A980 DN

i,

LMIXT INTT N1 mipop «
AT 0T D1NaY NY nipow w

< MI72 NIV dUNDAN Do opa AT #

Y NITYD AYXIQ ANITEAN .D7YI¥Y DNYEN AYX11 0*anMaNan pen 1ay
L07TTR 7Y 79¥h nmip nNvInn 101¥7 wRa = 71AY1 V137 - D170037D n131nn
1T R ayyia onvYyy 20700212780 I N N2an FwrYpn 7980

1T 7191 NIAXIN 1D 03 .0O¥I¥2 J11¥Y neTan D23I¥NA NINI1 upinzn

Y117) miawpnn ., 1IN g2177ann MNXPAY. ARYTIUAR AY¥IA TRrYy n111en n1amnn
¢ 02010 Ayaany Mp2na ANIIPAn My 127y (May I

LTINITIN DYP QY ntainn x
. (ramp edge) ymipn Xy oy niatan
L0707 172 N¥P DY niainn «

-N131Y PYY DIATI "DINA PYI1 7130 2YNe TN f1Xp 0y n11inn *



,077010) 0 TTh 7¢ X3 ,ANRD .17023 AR1TIPA ?2TTR YU n1a1e paxiag nw
07N3N T7TTAA AN 17720 17 A¥127 .031219000 2A1D 3% D1viien

SPINTTIND AYPA P2 ?I0TA TION *

AXPN 17 0Y 172700 N7 IR L,0¥P MITAP30 17AD0Y DITIRAN 18ph
L7 711AT1) PINTTIND

CLIRY pyl pne o*
STINTTIND NXPA OAPN N7AND NYP NTIPI NPUD VyNInh %
L2IN?TIND A¥PR 1PN T D200 MNP K

L1700 D12 710031 7w o Nnnn L,N119pnh eI TR %

TYNITAN N¥P 113Y PO APTAIY ,077N10°N 0TI 7w X123 K?0 n2aa AxX1apn
: 07830 O2TTAR NR A%720 1T A¥I1A7 .y9ien Dy

(T Maw ,aw) 713a0 I AIp %
LTINT AN 1890 nxp *
LON?I1AYND N7IVE 11I1X¥A ¥alan niy o+

LXPA O 7R yXInn amn o

713y D2¥7107DA NINXID YR ANIIPA 10IY3 DTN P 17N MIX1ap Aw nnTya
111Y N XT7I07DD DINXID DN ATXA 7Y 7270 PI5A L.N111BNA Y 0?231¥R D?A1I0N
121 DX 1312y DINXINA NINAIA 2P200A 7792 . Y9IRD N¥PY TINITIN NP
-"Salt and pepper™ A1Dn 77371 wy1 Tr-9¥ N11¥313 17N mM131pAD .07hA70A
O?TY170 DA uvnnz{lavnn N717n BaRN 72 DINIAY 1IpyR TV1A DT o
7X100 B3AN771AYNA 12an N N1N3N 0N ¥¥A7 121 AT A0 M¥pa 7907
»PINTTIN I¥F 12V DINYIAN NN AXR TPRA PI9n 1IN DIXPA 790Y
LIDIRA WYY YU MW N1A7Ta 71aon

MITNA DIYY OA N1A7UN B2 2D MAPDRYT AN?AR N1X71n7DR AT
M5PAR TTAN 23 12TA Y11 13 183 .07UMIBIN DPTIAN MNXINY qD133
,IINYINA 270 AN 7R D1AK N1 0>3ga 172702.770708I80 TTAD 137X 71310
7apnni 71ATA PR L2110 7IAT 7Y ¥?2¥0 107y 042 TIpD 15DA D7ATTE N
MY D¥P AP 172 17MAN 1IW AT TTAY KA 127 Drpcya 227 LaT) 120K
LNXPNA N1IYR N aY%Y o n¥p ap 17a% nasym



T7917T17 79 D2AN2NATND 72 NP0 N17¥7107DAN fYA130 NADIA Aok
73 1720 ,71a¥n M2y DAY YIAID M12Y 0A M7 2100 ?1ATA NN D?3aN)
juvﬁula 0?B07711A78 19DR 17210 DA 121 ANIPAA AYYI12 DAYV 0?RA7IAYND
N112a ¥¥IY7 111700 02%an 178 07AN?I1ATR LN179DA ARTIPA AYYAND oAy
07131800 NIN3 AT QY TN?1 ,0°AP70 171 NI1¥Pa DA 790% 027900 ,IND
N3 D2RI1TA L,07AN T7AN?IAYNY DNTA TIN?A ,TND AY1TA naN nwoTaa
L0TYYIA DAZVINA AT Oy TN?1 N7 A71TA 1102 N 7714 TP 1NN 07313en
UIYBA 11300 7y2 AXP I12Y TND 210 71aT 012 DPIaTY ¢ DnT1AYND N
Y7 TIND P2A7 xan 0718 L, (71a¥) 1M1 921000 f1ann 7yva axpn (y1an)
ONTIIATN BYIN 7¢ aghnn 111yy D111an N pPn o wya oy niaann ay 13y
73 1230 1172 JI0FD NI NPITIN D221WAN NIADP 107 qD132 TN 77y AT

LO?NAN2ITATNN



o?11¥?*7) 0?1110 nn?w1

1Y N7¥pING

N17¥P218 79 71921078 D?D2

N12¥p118 9 73123008 D D)

yiag ,27mm131 oTim

1121 7P ?%R708I80 11DAT 0172 210A 1IFR TRTEn

\ 3 x 3 77121 1170 77ax 116DPh

yiay

112 7112 1@

a2yiap

ap 7y

noen ,na2ap

135° 02172 17 17TABD 1112

45° D217 17 1?7TARG 111)

.X 787 nhna n1Tad? 11790 11Ty 7IaN 17a 75p§wn P80
.Y 7897 nrpnn naTtaa% 21792 nMMv o Tan 1722 Yepivn paon
1D 7Ry &Tna a7 pIon 01OV

1Rl 7123 1112

a0 7y

. D PR 112y 7YNTIND AXPR 17 DN NI2TARD it?X¥{7119

4R;|i=1,..,7}24y waman annn nn e E(x,y) n2Ypaion Yo

mx m 7TIA1 1170Q T2IN2 DRXAIA LATIPIA A¥pR Y

ARy (4,3) ATIPI2 MIYAIIN MITIAY N1173p Ne 172 pAAn
. 0 1V1BBY 17 7Y DPNYRA JA?TION

(1:,6)(:.L

. 6 27y "8pn 1Ay ¢ »3) 00y 7w e 7w

L (i,3) ATIPI2 MIYA1AR L,N1TINY N1a7aD PnP 171 RN wI9an

Aflc,s)

A; (x,y)
Ai(er)

a
a10r211,011,8

ao—a7

i
diff

E(x,y) ,B{x,y,c,s,m,n,4%)

El

EM

250 4 5y

AL

o (A (5 4



(1¥nn) B?1¥?7P1 0231070 AnwA

(i,3) ATIFI1 MIYA1AR L,DITINY NY273D AP 172 7IAND BAOAN
d 11122 D221 O7-xr May D%DA nYoan

d 11122 (r=0 X%7) D211p D2-r 111y 8 wIbA NY9n

0731e uvn113i o I8 n1790n 17an oaarpEnn

nY7 111ﬁwn 1227 1R7D7877 n71¥70 M21a0n 172 AN7ARD

1727 ,7Wyn 181382 AN7ANIY ,A¥P DTIPA 121 7?7980 PRI
AN?APN 7177 AT PNan L PINTTING NXPD T

(n21172 nawp11o) L (i,5) nTIP1a 9PR AYIve VYL
By 7 n17INA?h mvvxaTag

90 1y

£(i,9) N2¥p119a 72 N9 mnnn

0771170 O7A7¥ 07180

77210 11na TN 711720 1I¥1 nysTn I

NINAN DRX1Y Ny¥EaIn

NIILRD N ,r DITTIA NPYAYA) 11730 112V 2N273aPR YYIADR
(27 x 2% 971122 nmwonep pynd w, (2041) (20+1) 1T
(i,3) ATIPI2 ATIMW

{&,

l|i=1,e.,7} 2y YI@an annn-nn 7y £(x,y) nr2¥p3gn Yoan

d 11121 MAAN DhYY yYInn
Ki me¥pnea 287 Mot £ 9w p1aoa 7-i-p aTan

g{i,3) ¥ n7115 nnnn

£(x,y) 17¥p119n LAR?TIA

AYPn DeATA 17%0n oY
TPHINA 11122 177 10
h{i,3) n7¥pa1oa Y» n7110 nannn

H(i) n2¥paron Y2 °x7270nn A1¥°n

RMNEIE)

2 (1,9)
ARNEREN
244, 3)

e(x,y)

Flwy,wo) ,F(u,v)
Fy,Fo
£

£(k), £(4,3),.£(x,v)

£ (4,9

f‘l

il

G{u,v)
Grad(£)

ag{i,

H(u,v)

h{i)



v o]

(Jwna) 01X 0731870 NnTEN

9371 7¢ ?1¥7A 1apRa Yy A9 pannn - ﬁd(w)
1171 R ?7nrpeaNn 1ipan 7R a0 pnnn - H,{w)
z 1PN TY MNPNE - H (z1,23) H(z],2))
z 2IYN1 1371 7P WY 13PN NIND - Hi(z),25)
POIN T7WIBN BI1ID - HDS
AYPN NPATAYZ 1IDI0INA DN DIIRAAA NPXPINE AN AYTIWR ~ h
| 9171 %Y 1¥In 1avhn - hd(x,y)
1371 v YmvaiNa 1apBn - h (x,y)
PyR 1BINA AZADAY D¥pR DM1TIPA 18PhR - I
N1PYNTIRD AYPA MITIPY 79DR - I
INTINAY 2WYDA A¥PEA NITIPY 19DB 1724 DIRODPAN - I
oen7p 0°I8Pn - i,iy,3,31,k,4,mn,L

AXPN 17 NWPAID 1°2% £ A2¥PIIBA 72 AnNDAR DTR - K
E =-- ?7RTNN

AT?7aNn a7w vy - Ld,L'd

py1 877 n1inon max Y O IN?0Y%9Y%% navann - &(x,y)

YY1 221000 1IN TP OINODYEYY naany ayen - £ (x,y)

077300 VITN N1INOA DI yXIAR - M), My
moxm YTIAL A¥WR 1A BB 113800 y¥innn - M
mx m 77121 11701 O?TNRA 1§Dn 2178 117N NTPRY TTD - MB
s ‘mx m 511A1'ﬁx11un AN 717¥N - ME
mxm YTIAL DYTIOR PIAXR Y2 29821780 1Y - MI
mox m 9T1A1 A¥7WA AN Y MMVEAN VA -~ MX
271D ,?¥av 19pn - N
MmN ¥yl DR? - NSR

IN?¥21 MIRY By9 Pn? - NSR
out



(enn) 0?71¥771 0721070 RN

27321 NIXY vyl pne

na1nnY gpann pya

o7e 7112a @

n12e2ag MTIga? vhe aw 71 1y

N7DINA N?XPA10 bé na?yTn yviap

N11100 1IPR Ty NP0

(*a17 nanen) avnan a%y v

NXP AT D1AWNY TN

| e N7APN D12

e NIN?AUN yX1hR

d 11131 ax1wwan aYyw pYe

0??yav D779Dh

d 11122 Aarv*%axn aY%v vYyo

118D nanen

117D manvn , d 11131 1A n7ep e
£(x,y) DIXA ¢ Nn?770pBDPN N1978¥Q NIXpIIL
022171 M1ID

© n{x,y) NIND ¥ N2%707900 DIDIDYA NO¥PIID
Hueckel YU 11DIDINY PPN 71A¥a n1TIRAN 190N

11702 TR 713720 70,99 21¥90 1ysIna \8ph
Yiap ,pTaan

np Yy
1177y qo 1y
0272171 n1ap

11ann qe 1y

NSR,
in

nix,y)

PB
Q(r)

R(i,3}

R1

Ty (d,3)

T, (1,3)



-8 -

(wnn) 0211¥?71 0711870 DR

NXPIB ¥ N2yT yiap - t
ATY N7¥PAID - u(g,s)
0??2yi1v 07»7npn - ui,u',;vy,v’
n12anam ny*11?n - u,v,wi,ws
AN 11127 NAp ~ ¥
7J3IN T0?PI90 O1ID - VDS
TAR~1TA TAD 2NN T?17¥0 N2PRIB 7Nnn - w
YN APITTNIRIF - (x,y) ., (x',¥")
712 yiuap - o

E A?¥71130 Ninga i-a OoTEhn - o,

1
A, M2¥pIEn v oY
A4 MI2P100 70 1107 £ AX{P2180 NInDa v-i-n 0IpHA - By
D npegnn 97y
7101 oTpn - A
7NN ATYN?Y7 n11¥p nisroy - Ao

x 11121 NMIYp MBoy - X,
y 11121 nmiixp mpeey - A,
Y1 py¥I7 n¥p naan Yw eyvaY mIN pn? - T

I1BXA DAY MY - g2

N?INTIND 11007 9P1nR 1avn pyan n1aw - cﬁ
Y 171 AR ,MINND NITIPY W 17 AYNY 0TEh - p
071N 07917
d 11121 1pnan nrwpY a1 - Hq

E-7 £ D7¥72190 173 N7Y1270 AX?APD Q13D - A(c,s,m,n,R) LA
A 7v n77mwenn anaxn - A

m-ir - 6,0



(qeRn) BMI¥7PY D71I07D hn7en

"Y07DPRA N1V NN 6 799 NrEYNR DATAIA nYagn 11 n21Tn
8 11122 (i,3) nTIPIa £ n7¥pPA19A v nep7NA AaTaan
| (i,3) ATIPA2 £ AXPAIDA W x 07 DPIND NATAID

(i,3) nTIPA2 £ nrxparon v oy 2?87 n2pYnn paraan
£ nv¥paInn v INepYabn

02311¥ ©?7311131 D pagn

Ay-A,  172h DIBDPRAN

nna

n2¥1713217 n71y8

n7¥711y n71ye

AXP 21TNY 21ATn TINN

IYNTIRA NXTA I 1IIRY A7Annn n¥pn n1N‘A17B? 1T

3]

max
Agf(i, 1)
A _E(i,3)
AE(L,3)
A2£(i,])

Aq=Ay,



- 10 =

N12RD ;1 pIb

N11A0N .N?7A171N0 N1IAAN NRATI APNAY N11160 T1ay1 1IDIN 11YY
. @3y un RY?70RA 1IN . mxn 7T1A2 NY°I0N 72-2y 2WNha NAY1?R ABIATI
TN NNX1Y YYIBh DN AX?R AX?0RY (pixel) 723N 7371 ,077°137n O07hYw
02077 .10 DR AN 129108 AONAD ARX1Y NN2RNA N1140A DINABA noen Yy
LMIBR NI 7¥ 2180 22PN N?I33 N2IAD CTANA @ D1?PAPDT N131AN 221D 7aW
DPHN 1Y ,7a%1 037y TIph IAN 01720 NTIANY LAXTI0N XA D732 n13ihn
7¢ n1Ihn L1271 MNP O2YANA NN DAY 1YN 0237V .DORB D11¥A NN Y
071730 NIAY 19DA +1277 110PA 172 D?7372R NIRTR TA A28 MNEN 1IRY
X207 NINANA N1IANA DN M22YRA L, ARTATA TYXAND IN PRAEDR 11¥71 71bn
' .Aynna

.0A7N7121302 0?3171 0277220 ,0721W T2 790 7112 17122 naIan
0721¥N D?IITN ?22¥ 2122 7Y DNYR1 R0 ON (edgel) AXP NTIP1 A7) 4117
M11¥2 020111902 073190 ,07271TN 21¥ 012PP INDR .127 AT?h2 0A?A1310M
219 7T7-7y VTAMN N¥P L [1] DOR DTIPA 1221YP ,TAN QNP @ 17TAR 00712
o721Pn ,0271 TN 22¢ 2T2-7Y IN ,ONAXIY2 NP1YAPNR NN1XA 071IWR ,077117N
P390 0F 11 AIPAN 113y 0a 0711¥ O2APIR RAPY AN . (tuxture) OATAPINA
.On7371 aro

«1.1.a 772X TMMR-TAN AMEnN 13Y WINR LNNXY 2211700 I¥1I0 07
ANYIY7 APYN ARXIYA X100 11200 WD LAINAA DRYX1YA AT Z1T?A AN?h O A¥pn
x=1 h YI8¥UR N11a , 6 Y19Wi N2 Tr-0y 1289NR AXEn . (n71V n¥p) amaa
»1.1.a 112¥%7 An2NARA NXpR NT1p2 N2 (x) 3T ATIPa .VI19WR YYAN NTIpa
«(1.1.b 112¥) 2TAA-1T A¥F IWNIOAN (HIN 1NN

w’?y NI NI ,"7N'["N Xg 217 2X¥Xpa 0=90° APNI *TTAN-TNA APRA 112y
LVBIVR DXE MIF AXPn 0<90° Ay .1.2.2 MY - AAYIA N7Y¥PIND T2
12X NI 1N7IXY N¥PRY Py i ',"TNT'-‘N 112N n¥pn menn m:mna
: .1.2.b



{a) (b)

. 011 TIRR-T on¥E (a2 L [1)] rman-~tn oaxp (R0 1.1 717y
Fig. 1.1 : a) One dimensiocnal edge [1]1. (b)Y Two dimensional
edge [1].

e ik i Y

LN
(a) (b)

Y1 ympn nxp (3 . (PATR NPXP1I8) YUNTEN Axp (N : 1.2 717y
Fig. 1.2 : a) Perfect step edge. b} Noisy blurred step edge.
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Fig. 2.1 : Threshold edge detection system.
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Fig. 2.2 : a) Numbering of pixels in a window in size 3x3
b) The eight principal directions defined by

a window in size 3x3.
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Fig. 2.3 : Direction of detection in a window of 9x9.
a) Horizontal and vertical, b) Diagonals,

c) 30° and 150°, 4) 60° and 120°.
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Fig, 2.4 : Demonstration of an extreme case where the
operator, sensitive to ranges of intensity,

gives the same result.
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a) square, b) circle, ¢) the edge of the square,

d} the edge of the circle.
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Fig. 3.10 : A structure of the picture of a sguare or a circle

which has a ramp edge.
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Fig. 3.1l : Pictures made of salt and pepper noise. (a)-(b) for

5%

(e)-(f) for 20% binary noise.

binary noise, {(c)-(d) for 10% binary noise,
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N7¥710°D DYY11 DAY 02AN7IATKRAR CTAR 73 112y 11PN

n71yaw Anana LvYe nTIpl 723% ny¥annn ,0711@00 NIND AN Dar¥n 3.2 avap
79 07NN 7IY 2N ,0772XK 22¥ 171 DINDER 11WN nYaya , (1F A>B...) AN1IWA
n71y0¥ 131 nON 1120 n?71ya7 TN 72 0713p, 073N 7aw 171 1A% n%aon ,0aon
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17T ATIAY MADAY

078 NTIP) 7297 Doyyanan G71IwAN NIAd : 3.2 nvav
Table 3.2 : The amount of computations per output pixel.

on?11a58 or70n/0712n mmbn/u':bsa nib1yse

Algorithm SUB/ADD MUL/DIV Operations
Roberts 6 0 6
Curvature (1) 32 12 104
Curvature (2) 40 20 160
Minmax 208 0 208
Curvature (3) 56 36 272
Rosenfeld (1l-4) 196 16 292(188)*
Rosenfeld (0-4) 204 20 324 (204) %
Variance 272 88 880(784)*

L7370 210N BIRAY MY NIA NN mavays aeon =1iyn

Variance

e,

AUNRA ,79N70DIN NN 7UY BrIIUNA NIRD NN D¥BYY 1073 0TRAN?TNIATN NRDiEd
MINTIP MITIPA 79 DINXAD %Y IBNDA2 DB?PI0A ATIED M2Y NP¥FI8N0 1Y AR
Ny nN T™IN? 17

ON2AINY iRBAVTY? (237D P awn)
, 077120 92-Y Rosenfeld (0=4) BNTIIAYND .077120 16=1 0*1IWAN
073120 84-% Rosnafeld(1-4) QN MIAYNIY
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PR IDIND DRXIYE 912 A7 L?PINTIN NP 111V N21v1 AX7IATER
LPON AN DRXIVY YPAnT nawy

. (Roberts) DU 70 DATIAYNA NIQ PT2IY JIPNID DN?I1AND
¢ NINAD MITIPAN 4 NTya awen aepya (i,3) nTiga 72 nay 12

(1,3+1) * (i+1,3+1)

(i,3) - * (i+1,1)
: Nap YA nN n7apn (i,3) ATwan

max{|£(i,3)~£(i+1,3+1) |, | £(1,+1)-£(i+1,3) |}
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DIFTH BY TBIPAA NIAT A.1.c I17¥1 D1310I0 MTIFIn 51% py,n%a L, 7ayn
L,OTIPA 7780 7% 3.7.c 117¥2 1IN0 LYIA00 78 TINTIND NYPR P TR
,07TA7 1IN TNIN LV1ayA N1y TINTR O PTINN 57 2A%7 12TA AN aTrA ARINDY
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MITTIAN MYTI7a8 70 2MI70 L71aYR 1Y P MITIPD 69~1 ¥1aai May (7w
1Y 7apnn 727 ONDAAY L,MIOTIY M1TIPID MIATTA L TINTIND n¥ga 17 bnra
an1ne- 137 87114 n11ya L (NSR) NIKY $Y1 PN AN NAYIMA LATIAYA DOND N3
qp2n NR A72TAR ATTARY n1wn_,1n& 1Y 71TA N, 0¥pa @ 7w yxInnn
18bRAR 71TA LAXP NITIPI2 MIATTAA ,MITIFIA 8DPA 107 .71ayn R y1aan
LN¥F YR oyXIRn aMNY ARTNORA LATIAYA DNDANR 1T ARXIMY L ?YNTIRD
ST?N? AXP 1P 72700 Y1270 912Y AT 73AYa WMAY DA ) 010 4. 1.c-d 1NN
02T 111y 1730 ,MIRXING LR3I -1 R2 LRl DIRNID P13 KT 4.1 N7ap
: 7N LN

RL R2 R3

square - Y111| 0,95 | 0,52 | 0,51

circle - 71a¥| 0.95 | 0.66 | 0.57

"
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MIRYIN 7T7-9y DA NOAND 1T AIPEA LN MW 10 L,Y1370 N12Y 0A 11ayR
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RYIN 1NN GATIATN 72 772Y JNIN72PQ @733 DATR R3I-) Rg:;nl 01N
.7I02DPBA IMY AR A%eN RL 12V ,900 W 12y NN ANYIAD AWND ,Ta%a nn
NIRYINN B13D YR 1MIPA N2 MR LPREN 5w:vb73n 013D P 1721y0N whnen

LON7VIAYNY DRPNAYN 92 M)

" ‘Minma

(4.2 A720) (0,15] WINMA T ?29¥ %3 112Y AT ANYID n?;pnd‘ - ynn .
ATP078 9772 AMN3 LTI QYR AP 2apAD 73 13K DRI 4. 1.a ¥R
1J?N'unvwxavun.n1njxy NITIP3 312 1% ANNANAY 83 - NIN ANTR TIAN
AITIFI MR ,1701378% bID O%Y pXp P KN ,0%Y NYP R mInry neten
D2Y2pNnn 2IYR L, TIWATDR BIY X7 1IN GATIIAYND 1D N3 .mirerp
| | : OAR3 -1 R2 , Rl MaY

| | R |' r2 | =ms
Square- y1:1| 0.87 l 1.52 ‘ 1.02

20 127 R2DN LTYNTIN NYPY WIDRIAB 1IN WNI LTI MIBRT RL Y 12
070132 R2 =1 R3 ?37¥3 DA NDAMRN ,NAIYR N¥P 1D

. (4.2 n7av) (0,15) DINNA 2y AAT n&sin n7agnn ¥1a73 Nd - 1Ay .

nYn LAY 7182 LNTIRITR ITA amMa ,MaY KR (4. 1.b 117Y) nxpn
CN¥PA AP DITTY DIVENA NDADRY LORTVIAYNR 7Y DIWAIDNS Y31 137N

13- JYINTOND NYRD AP PY17TY NRYY (one-pixel) NAK NTIPAX *N?IDA

+ DN R3 =1 R2 , RL 37 .21 = 7183 KIN- 7IATN TANN

| Rl | R2 ‘ R3

circle-v1ay|‘o.37 | 1.44 | 1.12

«NAY NER P BYR BAUR 1) N0 ORL W
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Variance

M7°¥0 (4.2 117 ,4.3,a N7AD)  4<T<7.45 DIANA DIN¥AD 1T - PARLIN
V10 O7Y ,NTININ YITA AN LTI XD DXPA AP 23 pIDRY 1?1 4.3
NNNA2Y 90 NIn MIDENA TIATA TINN .N1IYD 1IN N1DPR MTIpAY
£ an T=7 May R3-1 R2, Rl 3y .maTiy mmps 96 1Y

| ® | R2 | m3

sguare-y111| 0.95 [ 0.48 f_o;4e

73700 4.3 %0 L (4.2 N°Y L4.3,b n#:u)'n1r NI PTIIN DINAR - 71AY .2
7114 ana L (7193 NI 12 7m0 goa 11y5 DI8) TN NID N¥PN Y
PR 1Y D27p Ny) MIYR 137RY AR L, (AR qDR Yy 978) ATPnTh
,(On? 11N b A7I0NIDNR 71 n7aen N¥PA AP DITTY NAURAR YAl ,71n3n

JIBTIY MITIPA 52 1% ANNANAY 46 NIN YYNIDPAN TINTR TIAN
| :+ DN Ta7 913y R3-1 R2 , Rl 21y

l Rl l' R?l ' R3

circle-71ay| 0.96 |.0.32 | 0.41

Curvature glz

A, MR L (b.b.a 1v:u) 0<T<15 BINN3 ANY ANYIN nYaphn - Y1 oo
nm1pay Al 0% ,nTINTn YTA amia TN Ll 712A0 ¢ 70 DYNYY)
mTm 112 15 1nnnnn1 97 KIN MIATN YINN .NNYA 137RY MR
t B0 R3 =1 R2 , RL 27y .mpmiy-

l Rl [ R2 [ R3

square-y111| 0.95 I 0.5 [ 0.5
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MR L (44D N72D) 0<TZ15 DINNA QAT ANYIA N7IPAR IND DA - 7iay
Q1Y N7 Maw L, aTnth 737 aniia L 170 NIf nxph W 22 7aphh 4.4.g
R2 ,RLl 27y .1IDTYY niTlpJ-és 1% ANNNN2Y 33 NI1n 2YhDpRn T1ATA OTION

' | : O R3-1

ERERES

-ci?éie Qﬁiayf d.ééf|f0;46“l'6:48_

Curvature

(2)

01NN 7¥ 1IARDR 77N2 L (4.4.a N71D) O <T<30 NI P20 DINAD - YA
nTIpa? vap o L TN 717TA aN1Nd LTNC YR AT (ﬁ.haa 1 ¥) 7apnn
axp 1 (b.4.b 1Y) 7apnn AapeTan e 117yn oanna .y X971 miwerag
DIIYD RN L,MNYAY YTURAEn MTIgaY vae oy L atinth 717a ana L7190
TR ¥ 9nzopan 129V .707290 AYPR P 112Y Y1200 Y7y 4w NIDPRI NUanh
R2 » R1 227¥ .MBTIY MTIFI 320 17 anxDn21 90 ®10 DIRNA 792 "aTn

" | : DN 0<T<15-1 R3-~1

| | R2 | ®m

sqﬁare- y111| 0.87 } 1.49 | 1.0

17?3 73pnn 4.4.4-4.4.e 717%0 L (A.4.b D73D) AAT PTAIR DAADD - R1AY
W mINAA YY 1AR0DA PYNA .133U% ATIANE 21TA AmI2 L7182 MR DYPR
NDANDT L,NNY 0T DA TP T17hYR pIna YR YR V3TN YN
TION .ON?NAYND 7¥ NO0RTDRA Y212 137K L,0YPN WP 91771 navena

<116 RID MOTIYA MITIPIN 1808 17 MRRNAAY 38 NI T7020pAR 7IATN

' : ON 0<E<15-3 R3-1 R2 , Rl 1Y

| R [ R2 | R3

circle“513y| 0.89 l 1.27 | 0.94.
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Curvature (3)

7apnn 4.4.d4 M0 L (4.4.a A710) 1.8<T<19.5 DINN2 DNINXIN 1IPTAY - Y120

12 M12a0 qpA 7YY 9I9) a%Y LATIAN Y1TA AMIL LTI KN AXpA AP UD

NIN ?IMDPAN TIATA TINN LAY N?91 (M1tpapn maTipa? vae oYve Nin
07 5<T<15-1 R1-1 R2 , R3 227y ,.MOTIY MITIP2 §12 17 ARNANAY 100

i Rl , R2 | R3

square ¥y1n1| 0.95 | 0.49 l-0.49

17?3 WPNIY 4.4.h 1170 L (4.4 b A720) Y1217 AAT PTAIN DINAR - 1AV
an111 L, (7193 DYP P 72pNR DRD T22IRIA MDA 7Y UIB) TN NI AXPR
17 MNNMAY 42 MR 27H7DPAR IATD TINN LAY TP Maw AT N MTa

: OA T=3-1 R3 -1 R2 , RL ?27¥ .MOTiy MTIpa 116

| m | Rg '_| R3

circle -712y| 0.89 | 1.24 | 0.92

« N

)

Rosenfeld (0-4)

4.5 11740 . (4.6 MY ,4.5.a N7AD) 3<T<I5 NIA PTAIN DIADD - Y1
,(A1202 pynd) AT°N n Y1TA aN1M3 ,TPN° AXP IR YapAR 73 DONIY 13N
MTIPI 91 1% AANANAY -, 76 NIN P70TDPBR INTA TAMN .ANIYAY oY

+ O T=12.5-3 R3 =1 R2, Rl ?27¥ .MATWY

| RL | R2 | R3

rrrpa—

square- y1:1| 0.95 | 0.52 | 0.51
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4.5 112¥0 L (5.6 117 L4.5.0b N730) Y1217 AT pTaIA @Inna - 21ay .2

m9e , (AT?N? Lynd) AT 7ITA ARIL LTI KIN MNP 1P 7D DN
nMYa nnym (M1rveagn n111ﬁ35 P8 O%P NIA 12 N132AD 9PN Y2 Tah)
.NIBTIY MITIPA 95, 17 AARAAAY 72 NID 2YRDEAR MIATA TIAN Y1217 amT

: On T=9-1 R3 -1 R2 , Bl 721

| RL l R2 l R%:“

circle w.biay| 0.93 | 0.77 l 0.62

Rosgnfeld (1-4)

4.7 31740 (4.8 117°Y ,4.6.a n720) 6<T<15 NIN PT2IN DINAA - Y1321 N
TINN MY .pyn o ;n1vn?n 77TA AN172 , TN RIN XD I ) apnn
R2 ,rRl VY LMY MMl 279 1% ABNDNAY 100 KA ?7RT0PAN ?IATA

| ) : O T=13.5-1 R3-)

R T B

fsquare:fylnn|-0.95.l-0.52 | 0.50

J17xn L (4.8 117¥ L4.6.b n%av) yiaaa e arh aar 7111a 0inpn - 1Ay a0
X171 072 02M12A0 DR 727y Ta7h) oYw ,T?A7 NID DYPR IR 2D DN 4.7
TIATH TION .MAYAY AT7078 717Aa amm , (Mrerp mTiga7 vao o
R3~1 .R2, RL, 727¥ .MAOTIY M1TIFI 250 17 ADNDNAY 100 NI 2 npnn .

: 00 T=15-1

R W

circle - 7zay| 0.92 | o.é4 l 0,65
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Fig. 4.1 : Response for ideal picture.
a,b) Minmax algorithm, threshold T=15.
c,d) Roberts algorithm,threshold T=15,

Fig.
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‘Roberts ON?11A7N

: 4.1 n7ap

Table 4.1 : Roberts algorithm
Performance parameters for square and circle with
ideal edges.
2107 % ,hvo 7197 5993 n¥p |y¥iop 2017 ny MW a0
707 IR ityp by 512an
o , ,
¢ Datection . False NSR Single or Mean width|Distortion| | Type of
, Double
Detection o of edge contour
edge
¥127 _ 1207 _ 13 aYv
Square 51 61, 1.03 Single 1.03 Yes P
1Ay 1702 12 oYy
Circle >7 69 1.25 Single 1,29 Yes P
Minmax ORN?NAK : 4.2 nYaw
nYixy ay 29A¥% V127 1Ay 0721¥ 0797201 AN1TIPN 77
L07?9NTIN
Table 4.2 : Minmax algorithm
Performance. parameters for square and circie‘with )
ideal edges.
7107 % pIo 1107 : Y185 pyp |p¥1mp ani1n niy oAt
NSR 7707 IR nyp bw _ braar
% Detection False S8ingle or |Mean width|Distortion| Tupe of
Detection Double of edge Contouz
aedge
v19 oY
mz
Sy1n1 83 31z 325 | 00 3.51 ;Z M1y
guare : g Mg
PB
3
71ay 2183 1
1- 1 1’
21 96  |4.8 1.2 fma v Al
_ es B
Circle Double decrease
in one
pixel

,0<T<15 TINNY 72pna v978a D2RNIATRA 22P 113y

=
wd
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Fig. 4.3 :

.T=7.45 (n T=7 (T T=6.5 (1

c) T=7

'HALE-VARIANCE

.0711P 0797D1 N?YNTTIN NI1IANY Variance OA?11A7HR NI123AN
=4 (A T=7.85 (1 T=7 (A T=6 {1 T=4 (N

Variance algorithm response for ideal picture at different thresholds.
a) T=4 b) T=6

d) T=7.45 e) T=4 f) T=6.5 g) T=7 h) T=7.45
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Variance OATVIAYN -~ 43047 "09a0°

0y ¥121 7y 07119 028792 ARVIER ?TTA

Variance algorithm

Pexformance parameters at different thresholds
for square with ideal edge.

Threshold =~ Hno.
4. 6. 6.5 . 7. 7.45
MINT % ' - . o '
% Detection 76 83 90 %0 83
7w AT . :
False 296 288 96 96 88
detection
SNR 3.36 3. 0.92 0.92 0.92
7183 A¥p ‘ C
TN? N T°Nn? TN T7n? 1°n? 1n?
Double or . \ , . .
Single edge Single ‘Slngle Single Single Single
y¥Inn amn
nypn v ' ‘
Mean width' 3.31 3.31 1.72 1.72 1.58
of edge
ny N NY NY N7 N7
Distortion No No No ' No No
AD P19 o7 DRl 7 bIm o7w | wvio o D19 O7v
AR HIRT HERREAY mmigay niTpay nmTigay nTipaY
Type of m2p?yp mw1p nevp nrpg mevnp
contour PB PB PB PB PB

727 NI PPIA T > 7.5 My o AwDcs

.
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variance On?11AYN

: 4.3.b nhav

JYNPTIN AXP DY 79AY 111y 0731¢ 079791 ANIIER TTIR

Table 4.3.b :

Variance algorithm

Performance parameters at different thresholds

for circle with ideal edge.

Thréshold - §v
4. 6. 6.5 7. - 7.45
"MNT %
% Detection 8 38 46 k6 21
7e ?1art .
False 104 96 52 52 40
detection
SNR 13.0 2.66 1.18 1.18 2.0
2193 Ny .
TN?  IN 7182 T70°? T7n? T°Nn? TN
Double or Double Single Single Single 8ingle
single edge
y¥ihn anya
nypn e
Mean width 1.16 1.37 1.0 1.0 0.62
of edge
12
ny 1-1 nvin N7 ) N7 N7
Distortion | Yes . No No Mo No
Decrease n ]
one pixel
Alp
i 1
byaan W 12w 1ap 11w MY 112
Type of B B B B B
contour
PP 0790 T > 7.5 111y YA
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HALE - CURVATURE

_ , .0°11P 079°D1 N79NTPR A1IA0Y Curvature D?AN7TIATRA NAIAD : 4.4 117
.T=15 (R,T :Curvature(3) . T=15 (7,2 :Curvature (1) . T=30 (1,2 T=15 {n,N :Curvature (2)

Fig. 4.4 : Curvature algorithm response for ideal picture at different thresholds.
Curvature {(2): a,e) ..H.nHm b,f) T=30. Curvature (1): c,9) T=15
curvature (3): 4,h) T=15. .
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Curvature (1)(2)(3) 0AN?1AYN  : 4.4.a 73D
SNPTIN NXP DY Y111 113y 07279 0797D1 AR1IMA TR

Table 4.4.a : Curvature (1) (2) (3) algorithms

Performance parameters at different thresholds for

square with ideal edge.

n?¥pale . Curvature
Function Curvature (2} | (1) | Cu;vature (3}
qo
<< <P << .
rhreshold 0<T<15 [15<T<30 | 0<T<15 1.8,3 5 15 19.5
0T %
20 0 2.7 93 100 100 93
% Detection
70 M1AT
False 320 208 112 324 112 112 104
Detection
NSR 3.08 3%§_= w| 1.0 3. | ‘o.97 0.97 | 0.9
7192 nxp '
mMm? m?? mn?* ki kd ki m?=
nr N T°n 7182 170 170 770 170 17N

Double or

single edge Single Double Single Single Single ISlngle Single

y¥1AR AN
n¥p. v
Mean width| 3°65 1.79 1.07 3,72 1.96 1.96 1.82
of edge
o Yes~13 ' ; ,
ny N7 2-anavpal X7 .Nﬁ N7 NY N7
Distortion No |decreasel No - No No No -
) in, tw
p:l._:_(e S
AID vaya a%w| vae obe|  van oYy vo oy
71220 17 | MTipa?| mmipaty mymigat| o oy oy MY
Type of | M1?702I7| M7e2| M102j n1?p27
" contour PB " PB PB P P P PB
712y 771 PY5A Curvature(2) . T>15 112Y P71 0790 Curvature(l) .1 ;MYN

JT>19.5 12y 721 U8 Cupvature(3) . T>30

737¥ WM172 ,077871110 90 701y 173,0°¥710700 AYYiI1 07%ayw,qpa 201y .2
.7-1 0777108 073173¥00 9PN
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~curvature (1)(2)(3) o nn?11a'w

: 4.4.b N7V

LINTTON DX DY 1Ay M1y 072w 078702 NP PTIA

: Curvature (1) (2} (3) algorithms .

Performance parameters at different thresholds for

circle with ideal edge.

RT¥PIL . Curvature
Function curvature (2) (1) Curvature (3)
qoU .
rhreshold | OSTSES {15<7<30 | 0<T<15 | 1.8,3 5 .15 19.5
] L’
LLEL 38 0 33 82 29 38 38
% Detection
7D 717
False 116. 40 36 116 28 36 Lb
Detection
40 ]
NSR 3.22 ey = o 1.12 2.4 1.0 1.0 1.22
- 7192 nyp ‘
. m?? | 1k m> ka1 k4
e B AL 7190 170 7192 170 20 170
pouble or Double Double Single Double Single Single .| Single.
single edge : .
yyinn amn
nxp.. 1.58 0.34 0.7 1.62 0.58 0.75 0.83
Mean width
of edge
Yas-12 '
mmy’ N7 1-1 AAD7D N7 N7 N9 NY N7
Distortion No Dgcrgase No No No No No
An one:
_pixel
AD 72w E SR REV 112w Mav | maw
2930 17
T
ype of B B B B B B B
contour
771 P78 .Curvature {2) . T>15 1131y P71 v78A  Curvature(1) .1 :p1ayi

. T>19.5 711y 77?1 V790 Curvature (3)

. T>30 MY

M173 ,07917130 D 227V 170, A7X710°00 IyX11 0NV, qpa 7Y
.7-1 0?7100 D?271¥00 DA 70y

.2
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Fig. 4.5 :

Fig. 4.6 :
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Rosenfeld (0-4) algorithm response for ideal picture at different

thresholds.
a}) T=15 b} T=9

%
Detection

00—

c) T=3

d) T=15

ROSENFELD
R 044

-0 % detectjon square
—c=— % defection circle

—&— false detection square ]
—e— false detection circle |

e) T=9 f} T=3,

False
Detection

500

points.
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Percentage of detected edge points and number of false
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Table 4.5.a : Rosenfeld (0-4) algorithm

Performance parameters at different thresholds for

~ square with'ideal edge.

. Threshold - 90 -
3. 6. 9. 12.5 15.

nnT 4 76 75 74 70 - 66

% Detection :
pID 707

" False 91 20 89 84 79
detection ‘

SNR 1.03 1.03 _1.03 1.04. 1.03
Z:ﬁa nfﬂ 102 107 TR TNY - TN
Double or Single Single Single Single Single .

gingle edge|
y¥inn amn
nypn v , .
Mean width 1.54 1.52 1.5 1.42‘ l.3h
of edge
Ny 13 13 13 13 12
Distortion Yes Yes Yes Yes. Yes
AlD
213a7 17 oYY 7w oy n'Yv oY
Type of P P P P p
ceontour
C.r > 15 MY "M vyan hwyn
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Rosenfeld{0-4) UNI11AYN

: 4.5.b nYap

LIYNTTIR N¥P OY 71AY 13V 0731¢ 070703 ANTIPA 271

Table 4.5.b :

Performance parameters at different thresholds for

circle with ideal edge.

Threshold - qv
3. 6. 9. 12.5 15,
AT %
72 72 68 64 48
% Detection
70 MIar
False 95 95 91 87 62
detection
SNR 1.38 1.38 1.4 1.43 1.35
Z:ﬂ? nfz TNn? 107 T'Nn? T Tn?
Double or Single Single Single Single Single
single edge
yyian anmnm
g v
Mean width 1.7 1.7 1.62 1.54 1.12
cf edge
may 19 12 13 13 13
Distortion Yas Yes Yes Yes Yes
A0 a7y a'w oy oYy V19 oYy
712A0 37 nnpay
Type of mrpeIy
contour 4 P P P PB

LT > 15 713y 771 p7en :

1y
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Fig. 4.7 : Rosenfeld (1-4) algorithm response for ideal picture at
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Table 4.6.a :

Rosenfeld (1-4) algorithm

4.6.a nN71p

Performance parameters at diffarent thresholds for

_ square with ideal edge.

Threshold - 4gp
6 9 11.9 12.5 13.5 15
" !
. LA 100 100 100 80 T4 66
1% Detection
e "Iar
False
detection 528 316 279 98 89 79
NSR 4,55 2.72 2.41 1.05 1.03 1.03
7100 nxp | ,
Tme 1N TN T'N? T2 TN T N? T
Double or| Single | Single | Single Single | Single | Single
Single edge
vy an anin
nxp v
| Mean width 5.55 3,72 3.4 1.64 1.5 .33
of edge
ny 13 13 13 12 13 13
Distortion Yes Yes Yes Yes - Yes Yes
AR *
71220 19 o7p oYw o7y u7v nYw b7v
Type of p P p P P P
contour

« T >15 M2y g1 v7an  oyn
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Table 4.6.b :

Rosnefeld (1-4) algorithm

Peformance parameters at different thresholds for
circle with ideal edge.
Threshold - 4qp
6 g 11.9 12.5 13.5 15
AT %
100 100 100 98 84 48
% Detection :
70 T
False
 petection 501 365 250 191 146 62
NSR 5.25 3,80 2.60 2.03 1.80 1.35
71923 My an :
m? nz Tn?* n°» "M
1707 1IN TN n T?Nn Tn T?N .1 n
bouble or| single | Single | Single | Single | Single | Single
single edge
yywnan amna
nyp v
Mean width 6.21 4.8 3.6 2.96 2.36 1.12
of edge
M 12 1 12 13 1 B
Distortion| Yes Yes Yes Yes Yes Yas
D p19 aYwl vhe oY
212an 1p oYy aw oY a7 | mmimay| mmpaY
Type of nop| nyorp
contour P r P P PB PB

O > 15 My Y pyan

nyn
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TINTIN DYP V1AV NINYIAD Q1D 4. t. 1

» R2 , RL ,N¥FN 1P AID 7143 DI?IP?YA N131DNN AR BTN 4.7 ayap
LON2ATN 73 v ,3%nTDpn R1L 12 qpa 1

STINTIN YD NAY MIIWYD MIAN TP MKNILA DD 4.7 nYaw

Table 4.7 : Comperative summery of the main characteristics

for an ideal edge.

anF 125K square =~ y117 circle.~ b1ap |
e o R EAE  E
MiQﬁak P - O%¢ 15 (0.87{1.52| B = 7Ma¥ | 15 [0.88 1.44
Roberts C e-aw |15 0.95/0.52 - uw | 15 |0.95/0.66
Tariance MTIpa7 18 0w ool as B- 130 | 7 [0.96]0.32

PB - mM2pap

: i1
Curvature {1) niTimaY% v oY

PB - moprp| 15 |0+95/0.5 B~ M | 15 (0.68|0.46
nITIpa? vno o' _

Curvature (2) PB = M1707p 15 10.87{1.49 B - 9w | 15 10.89]1.27

Curvature (3) | V19 87 W OW| 0 olh 4o B- 1w | 3 {0.89/1.24

nMWwTIp MTIPAY

P or PB
Rosenfeld (0-4)| = P - 0% |12.5(0.95|0.52| V28 DWW aw mwl 0 ol o
T Imreap mymapay e
P or PB
VD oY 1IN OYe
Rosenfeld (1-4} P - o7y |13.5/0.95|0.52(m2ep niTipay| 15 {0.92]0.84

P or PB
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yavn n¥g 12y nNNxIann - 4.2

NI LPINTIN NXP 112Y DIRYINA DR 1IINAY 780 YT AN 7N

LTINTINA XPR 7Y OIT7 ANT A11¥2 DIDIIDAN DINXIND N1IANIND p1§: A

Minmax -

n¥En A L (4,10 117 ,4.8.a AYaY) 3<T<I5 NIN PTAIN OINAA - YIAN LN
apA 11y7 PIT) ATIR 7¥TA A2 LTI MR (4.9 117%) Yapnnn
12781 MP2pn 1vTIpa? vae o L, (AT anTm KIn 11 113an
LMOTIY MITIF 184 17 ANNNNIY 90 NIN ?YN?DPAA ?¥IATR TINN .M1Iyn
: U0 T=12-1 R3-1 R2 , Rl 72W
| R1 | R2 I R3
square - y111| 0.95 I 0.55 l 0.55
(4.10 717¥ ,4.8.b A%320) ¥1a0 9w pT? AAT pTaAN MIAnA - 71y . .3
0231037 9P 727y Tan) TN XI0 A¥pn W 73 DTNIA 4,9 17¥h
NI0 12 M13AD 9P W7 9IB) ATINCR Y3Ta an1na L (Y192 NI om
42 NID T7IBEAA TR TINN LNy RY7Y v L (T anm
: U0 T=11-1 R3-1 R2 , R1 ?37¥ .DI1DTIY MITIP2 80 1% nnNpnad
| m | Rz | =3
cirele - 91ay| 0.92 | 0.8 | 0.69
Variance
»4.9.a 71D} 2.2<r<5.6 NIAT TINTINA U0 1INI PTAAN DIARA - Y1AT LN

P8 AP ,TINT KIN AXPD AP 7D 23PDN AL 11 NNR L (4,02 N1
011 T2012A0 9PR 2977 ©I8) AT 91TA ANV L DIWRIEn nvTIpaY
YMIPEHA TIATA YION .DIIYD 1IN (ATINT ANV AP RIA DYPD 1P

T=3,9-1 R3-1 R2 , Rl 27y .MMy NITI?Y 376 1Y MNNNNAY 90 NN

: on
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I R1 I R2 R3

square - y111] 0,93 I 0.76 | 0.7

(4,12 7Y ,4.9.b A%20) ¥ H¥ A7 ARt pTaIR onmg =y a
a0 7II¥1 TAR) N3P LTINT KIA ANPD W D 1IN DTN 4.1 11780
ATINR 71TA amma L, (MW MMy P a7y XN BN BPIIMN
TIK .0y 8771 (AT707 aM2 NIA DN BIN1AAR DN 23WWY 0Ib)
» RL 727y .m9miy miTap 196 1% NNDNAY 58 NIN *YM0pRR 2107R

: 90 T = 2,71 R3~} ,R2

] Rl I R2 | R3

circle - 71ay’ 0.86 ' 1;71 l 1.05

Roberts

4.13.2 70 (4,10 DPID) T = 3,4 MY MIKGIN IPTAY - Y13 LN
DY 09 ,ATINTN YITA AN LTI NIA RYPD WP 73 BNYA
.MIBTIY MITIP 220 17 ANNDNAY 100 NIA 270°DPAR *INTA TINN

: 0N Te4-3 R3I-) R2 ,RL 737y

f R1 | R2 | R3

square = v131| 0.; l 1.11 I 0.81

4.13.b M1°¥n . (4.10 A720) y137a Yo ATY ant prasn ownnn - nay
NYIYNY T ,BTIN70 Y174 AMI2 LTI NID NYPR 1P 0 0NN
SMBTIY MTIPI 200 17 AANANAY 100 NIN *YR0FAN 2INTD TINN

: ON T=4-1 R3-1 R2 , Rl 9%y

l Rl | R2 I R3

circle = 513”' 0.89 , 1.35 I 0.88
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17 73 72pnn 4.13.c 11°%0 L (4,11 a%av) 1<T<4 DINDR PTII - Y129

UID 07Y AT 73TA am1na, (Maan qon 71y Tavn) Y183 NIn nxpn
120 Y7Y NIVPNA NPADD DY WND SD1YNY M0 TPl
<100 XA -D1BTIV NITIFIN 19DAY DNIYR 2Py ,3 - 71N 21010 TINN

: 0@ T=1-1 R3-y R2 , Rl )y

| R1 | R2 | R3

square - y131| 0.77 ' 2.87 , l.62

4.13.4 Mnren L (4011 a%a0) yiaaa e at% AT pTaan oaana - 1Ay
L1IVA 1178 A .h1=n=n 717a amma L7180 N0 axER 1P 22 Yapnn
Ty NITIPY 124 17 QRRNAAY 58 NN P7NTDENA PIATH TINN

. + 0D T=4-1 R3-1R2 , RL 727

] RL | R2_;1 R3

circle - ?1ay| 0.88 l 1.52 I 0.90

Curvature (1)
!N
l:‘ .

Curvature (2)
I'N

+(h. 38 11°% L4.12.8 A720) 2<T<11.2 XIA PTIIN BIDAR - Y13
MI72 MAAR OPA 1Y TaYR) 718D KA AXER @ 7D 23pn 4. 14 11730
1y1 1a%n) n11yn MW7 MM v oy , (Wt ama MmNy
N10 12 M92AR 9DR 1Y TaYn) ATURR 71TA amm » (D72 1wan qon
IATA TINN .7N02380 AXPA P Y7Y PABERd NVADR mava L (TN antma
TTINN 773 7772 N L,MIBTIV MITIP 616 17 NANANYY 90 NI 27n70phN

: 00 T = 6.3-13 R3-Y R2 , RL 791y LDy 2py ﬁ’:!n} INTN

l R1 | R2 _| R3

square - y1a1| 0.75 l 3.64 ’ 1.8
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- (4.15 717¥ ,4.12.b n710) y11Ia Yv ar% aar prian @annn - 7ay
N1 M12AA DA W7 ©ID) 718D NI NXPED IR 7 OUKIT 4. 14 117°¥R
» (M2AD APA 7Y% ©I8) AT*nA 7174 amna L, (am72 7inaa aea 1
10T TINR .AXPR P D127 NIUPNA NPADD MIIYA RN LB1YRY 11w
R2 , RL 727y .MATy 1ITIP3 204 17 ARNNA2Y 21 NI 2907Dpnn
. : 0N T=6,3-1 R3~1

l R1 ' R2 | R3

circle - 51ay| 0,53 | 3,92 | 1.83

Curvature (3)

(4,17 217Y ,4.13.a a720) 1<1<12.5 NI PTaIN @YAnR - Y1a1 N
T270) ATIND 71TA AN LTI NI NXPA NP 7D Y2PNN 4.16 117¥D
VI TP NID Y2 11PYYR DR 1IYa Tavn) oY, (197%yR qen Y
ANNANAY 100 K1 ?707DPAD 2IATA TINN .11yA 11781 (17027 nITIpaY
' : 01 T = 10-1 R3-1 R2 , Rl 723y .MOTIY MTIpI 452 19

' RL l R2- l R3

square - ¥121| 0.94 | 0.65 | 0.65

«(4.17 W17 , 4.13.b A%aV) ¥1a7a 9w at? Aav #1230 oannn - Ty a
Ta%m) AT 73TA AN12 L, TIN7 RID BYPAOIF 72 DN 4.16 117¥0
L1y 11781 (07P N1 T=5.3 Ta7n) 1aw L, (N2 NI3AD QPR Y
LMIOTIY NITITY 160 ANNNAAY 92 NIN 77070PRA 2INTA TIAN
: O1 T=7-13 R3-1 R2 , Rl ?2W

‘ R1 | R2 I R3

—

ciicle - 71ay| 0.94 | 0.61 I 0.57
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Rosenfeld (0~4)

(4.19 MY ,4.14.b A%20) 2<T<10 DINNL NINYIN 1PTAY - y111'-.u
. a9 ,AT?N?N 2172 an112 ,T707 K18 n¥pn 1y £ 22pnn 4.18 11240
2ITA TN LN1IYAT (MN1A¥ NIR B3 n’11nan 90 227y2 Tayn)
R3 '1.R2 , Rl ’31y n1911y n11171 262 1nNn1a1 100 RN vbn=ovn1
: DN T=9.75~ i

| Rl | Rg.., 3.
|

square - y1n1| 0.95 l 0.55 | 0.52

24T<11.6 NIAY Y1270 Y2 ath M2 am winan mInnn - ay
TIA? NI ONYPEA AP 7D DN 4,18 12un L (4.19 1Y .a;tu.b_nﬁiu) |
7M2DPAR TR TINN Lty (1aw NI 12 112A0 qpA 7Iya Tavn)
R3 -1 R2 , Rl 727¥ .MI9TIY MTIP3 170 17 AONANAY 100 MR
| | £ DN T=10.5-3

(= | = | =

circlé - 5xay| 0.92 | o;é | 0.67

Rosehfeld_(;-4)

Ab.21 12X L4.15.a A9D) 6<1<12,5 NI FTAIN DYNAD -'glgl N

oYY ,nT'NMn ?1%3 AN L, TIN? NI AYPA P D hapnn 4.20 1y '
INIDEAA PINTA TIAN LNIYAY (1120 NI 12 117%¥0 9aaan 1Y 1)
'R3-1R2 , RL 727¥ .MZTIY N1TIPI 396 17 MANNNAY 100 NIN
| : DN Twi2-1

EAERE
|

. sguare - y11ﬂ{'0°95 0.54 | 0.52
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Fig, 4.9 : Minmax algorithm response for a picture with ramp adge

Fig. 4.10

at different thresholds.

.d) T=7 e) T=11 f) T=15.

Y
Detection

00—

50—

HALE

MIN - MAX

FOR RAMP EDGE

a) T=7 b) T=11 ¢} T=15

—t= %, datection square False

—o— % detection circle
—a— false detsction
—e—— falge detection circle

square |

Detection

500
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 Minmax._ OR?M1AYN @ 4.8.a n71v
.Y9IPN A¥P OY Y137 113y 02310 078702 AN1IER TTh
Table 4.8.a : _Minmax algorithm
Performance parameters at different thresholds for
square with ramp edge. -
Threshold - Qo
3 4 7 8 11 12 15
AT % ‘
‘ 76 76 83 90 90 69 70
% Detection
v MInT
False 544 432 376 2586 184 96 0
Detection
NSR 6.18 | 4.9 3.9 2.5 1.77 1.2 E‘?’“ 0
7190 nxp .
n? m? TNn? mmr M2 M THN?
"1 an T TN I T T _
bouble ox . , , , . . ,
éingxe edge Slngle Single Single Single Single Single Single
yXInn an1n !
nxp. ‘w
Mean width 5.44 4,48 4.06 3.1 2.48 1,51 0.69
of edge
ny NY NY N9 NY NY NY N
Distortion No No No No No No No
AP P18 o7 | ps oYe| vo oYw| vas oYe| vao o%e| vae oYye| vis oYve
aAan W [mmimy | mmipy| mmimY| nmimipay Mm%l nvtipa?| mmimY
Type of m?2029p [ MW M2WAE NWRgE MWE| nNeep] Mg
contour PB PB PB FB PB PB PB




Table 4.8.b
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Minmax

on? AN

SY9IUR AYP Ty 21AY Ay 07210 0°87D32 ANHIER 17h

Minmax = algorithm

Performance parameters at different thresholds for

¢ircle with ramp edge.

: 4.e.bAnbau

Threshold - 0o
3. 4. 7. 8. 11. 12, 15,
NAT % _
' 0 v} 42 25 42 17 17
% Detection '
70 7157 _
False 96 92 152 128 8¢ 56 4
Detection
NSR 3% = o 3% -~ 3.8 5.33 2. 3.5 0.25 |
7193 nxp :
m- m? m?* "M? "N?
Sone x| 1B 7183 1N TN 1°n 1°n TN
Double or . , )
1 single edge Double Dou?le .8ingle Single | 8ingle Sing;e Single
(YXYIRh amy . _
nyp . e 1.0 0.95 2.0 I.Sq 1.03 0.75% 0.2
Mean width
of edge
‘ Yes=-12 Yes=-12 -
nny 2-1 12070 | 2-3 n20pn NY NY Ry NY NY
. Decrease |Decrease
Distortlon in two in two No No No No No
pixels | pixels
A1D ' _
9y3an 1ﬂ 1Y 13w 1?JW Mg | 11 Mav Y139
Type of B B B B B B B
contour
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Variance algorithm response for picture with ramp edge at

Fig. 4.11 :

Fig. 4.12 :

different thresholds. a) -T=2.7 b) T=3.9 ¢) T=5.6
a) T=2.7 e) T=3.9 £f) T=5.,6.
HALE
VARIANCE
FOR RAMP EDGE
ey —a@— % detaction square folse
Detesticn —o— % detection  circle Detection
—~a— false detection square |
00— —e— false detection” cikle _{gn0
L. —400
- —300
50— i
- 200
. —I00
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(+) 10 15 Threshold

Falea ™wal1nbe -

LD MITIPa
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Precentage of detected edge points and nunber of

D .12 7Y
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Table 4.9.a :

Variance algorithm

.

Performance parameters at different thresholds for + .

square with ramp edge.

Threshold - 4p
2.2 2.7 3.9 5.1 5.6
2INT % :
83 90 83 69 62
1% Detection
7w AT
False 376 376 200 0 0
detection
NSR 3,92 3.62 2.08 -Q-o —°—=0
) ‘ ' 80 2.
9193 nyp ‘
k1 kd n- N> m?»? m?
Tme AN T70 TN 17N TN TN
Double or . o \ . ,
single edge Single Single Single Single Single
y¥i hn ania
n¥p Y - ,
Mean width 4.06 4.13 2.55 0.68 0.62
of edge
ny NY NY? NY NY NY
Distortion No No No No No
x1p vIo oY vis oY | van oY vao oY
71aan g S ARAIAY mmpa? | mmimYy nmmpmYy MY
Tvpe of HARSVE AT mw2p | nwy n12eIap
| TYP PB PB PB PB B’
Contour

PP U7 T > 6 MY

bl
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Variance algorithm

Table 4.9.b :
}

Performance parameters‘at different thresholds for

circle with ramp edge.

Threshold - Qo
2.2 2.7 3.9 5.1 5.6
10T %
50 58 38 8 0
% Detection
e MIar
False 192 196 48 8 11
detaction
T
' . 4
NSR 4.0 3.5 1.33 i 1 6-- ®
‘5153 nxy TNn? Tn? Tn"? N7 B k)
T°0* N
Double or| Single Single Single Single Single
single edge :
yyinn amn
nxg .
Mean width 2.5 2.62 0.87 0.166 0.04
of edge
muy NY NG NY NY Ny
Distortion No No No No No
AD Uvh9 oY | paD oYy
| 712A0 17 mTmiya? | mmpy v MY M
Type of mwnp | My
contour PB PB B B B

PopEn T > 6 MY

1yn
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Fig. 4.13 : Response for a picture with ramp edge.
a,b) Roberts at T=4
c,d) Curvature (1) at T=l.
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Roberts DN 11AYN & &.10 aYap
LO2YBIYR NIXT QY 71A¥1 V121 a3y aRNea r1Tn
Table 4.10 : Roberts algprithm
Performance parameters at different thresholds
for square and c¢ircle with ramp edge.
g0 230¢ % | pIo Tyav 5985 nyp |v¥19m 2017 ny I 21D
NSR TIN7 IR | ARp - dw b512an
% False. Double or |Mean width Type of
T |Detection|Detection singlé edge| of edge |Distortion| contour
TN ' 12 o'
¥yian 3. 100 348 3.0 Single 4,0 Yes | B
: 1M 1 o7y
Square| &, 190 220 1.89 Single 2,89 Yes P
. Tm? 13 oY
712y | 3. 100 292 3.04 Single 4.04 Yas Ty
N ; Ik _ 1 n'7w
Circle| 4, - 100 200 2.08 Single 3.08 Yes p

L7771 DNNTIIAIND aw Yw 0Y9n T > 4 i3y : Myn
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curvature (1) ON21IAYN @ 4,11 a7y
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Taple 4.11 : Curvature (1) algorithm

Performance parameters at different thresholds for

square and circle with ramp edge.

90 20T % P70 71a7 5785 p¥p (p¥18p 2N niy m a0
_ NSR 1707 IR n¥pn bw 311220
%  False Double or |Mean width Type of
T |Detection|Detection single edge| of edge Distortion contour
Yes~12 v nYw
%182 2-1 Mwpal mmipay
"
¥yiad i 3 340 85 Double 2,97 D?prease nivp
in two PB
pixels
Yeg-12 vis oy
27192 : 2-1 mppal mmpay
3 3 224 56 1.97 Decrease ni2v7yp
Double .
. in two
. PB
pixels
Yes-13 - pIs o
: T'n? 2-1 navpn n111p15
Square| 4 3 100 25 . 0.90 Decrease mrqp2p
Single .
in two
. PB
pixels
' 718 N7 112
Ay |1 58 132 2.36 Double 1.96 No : B
7192 NY 1Y
3 58 124 2.21 e 1.88 Yo 5
y 7182 NY 112
Circle| &4 42 80 2.0 Double 1.25 No B

. T OTMANTNIAYND 2R Y U8R T > 4 912Y AR
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(2)HALE-CURVATURE-RAMP

L0711 07D7DP1 Y9IWA AXP OV N11MN7 curvature (2) Gn*1a%N navan

. T=10 (VT =4.2 (N

Te2 (T T=10 (A T=4.2 (3 T=2 (¥
Curvature (2) algorithm response for a picture with ramp

edge at different threshclds. a) T=2 b) T=4.2
c) T=10 d) T=2 e)T=4,2 £y T=10,
% HALE ~ CURVATURE (2) Fatse
Detection FOR RAMP EDGE Detection
1600
—&— % detection square N
—o— % detection circle
—a— false delection on square _
100— —e— false datection on circle 500
I_ i
L —400
- —1300
50/— s
- —200
L. \ ~-1100
Q Lol T T 0 -
(o} 5 Threshold

Fig. 4.15 :

Percentage of detected

LD NITIFY 19PRY ?IAT TN

.
.

4,014 17X

4,15 1178

edge points and number of false points.
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Table 4.12.a :

Curvature (2) algorithm

Performance parameters at different thresholds for
L 4

square with ramp edge.

Threshpld - Qon
2 2.8 4.2 6.3 10.0 | 11.2
AT %
90 10 10 3 3 0
% Detection
70 AT ,
False 616 616 600 480 204 100
Detection
NSR 4.4 51.33 50 120 51 1%2 m o
7190 nyp |
TN N Tn? 7185 7132 2180 LR T7°n?
Single or | Single | Double |Double Double | Double | Single
double edge
y¥inn anmn
nxy
Mean width 6.2 5.&1‘ 5.27 4,17 1.79 0.86
of edge
Yes 12 Yes 13 | Yed 17 Yes 12 Yas 13
nmy NY 1=AMUPA|1=-203vpn | 1-3 navpn| 2« MAVEA|2-1 naven
No Decrease |Decrease |Decrease |Dacrease |Decrease
. Distortion in cne in .one in one in two | in two
pixel pixel | pixel pixel pixel
A pae o%¢| vIg oe( pap oYw| vae oYwi vas oYw| LY oYy
7130 7 | Mgy mymway| mmmay| mmipay| mimamay| mmipay
Type of M2 MPPAR) DITUAAR| MU MTRAE| DT
contoux PB ‘ FB PB PE PR PB

777 P9 T>11,2 May (1 :pyyn

237y 170 ,nvx?1nvnn Y¥12 OYayy 0?0 aNn qpn oy (2
.7=1 0?7900 D71?271¥R0 qDR 70y 1n1b: ,0798112n qo
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Table 4.12.b

Curvature (2) algorithm

Performance parameters at different thresholds for

circle with ramp edge.

Threshold - qov
2. 2.8 4.2 6.3 10, 11.2
?
SLLE 21 0 0 0 0 0
% Detection
70 1At
False 204 204 220 156 68 Lh
Detection
a3 204 220 - 156 o 68 - Ll o
NSR 10.2 o < = 5= 5 ) 5
7190 nyy ,
TN? N Tn? 7192 7182 7185 180 1707
Double or Single Double Double Double Double single
single edge
yYIn ama f
nyp v |
Mean width 2.33 2.12 2.29 1.62 0.7 9.#58
oﬁ edge
) Yes 13_ Yes 13 Yeg 12 Yes ]2 Yes 12 Yes 12
may 2-1 nivpn|2-2 HJDFH 2-1 napiEn|1-1 mavpn|2-a navpn|2-1 Navpga
_ Decrease |Decrease |Decrease |[Decrease |Decrease |Decrease
Distortion in two in two in two in one in two in two
pixelg pixels pixels pixel. pixels pixels
A1 i1y 11y Ay Tay MY 1ae
71120 17
Type of B B B B B B
gontour

777 U780 T>11.2 Ay (1

kR A

23 170 ,N7X7IN?DA DYXI1 0NAYY ,077N7ANA 9pn 10y (2
.7-1 0?7700 021771¥00 90 207y m1YD LbPYniran 4o
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(3)HALE-CURVATURE-RAMP
07210 D797D1 y91Un A¥XP OY N1INNY Curvature (3) ON?I1AYN D11ADN
. T=10 (1 T=5.3 (0 T=1 (7 T=12.5 (A T=7 (1 1T=1.3 {n

Fig. 4.16 :

$ 4,16 112X

Curvature (3) algorithm response for a picture with ramp edge at
different thresholds. a) T=1.3 b) T=7 ¢) T=12.5 4) T=1

e) T=5.3 £} T=10.
K HALE - CURVATURE (3) False
Detection, FOR RAMP EDGE Dataction
—600
—@— % detaction square
~o— % delection circla N
—— false defection on square
00— —e— fglse datection on circle —o9C
- a ) -
L 400
= 300
50—
L 200
- 100
% 15 Thrashold

L7 MITIPD 98DRY ?IAT TIAN t 417 27X

Fig. 4.17 : Precentage of detected edge points and number of false points.
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Table 4.13.a :

Curvature {(3) algorithm

Performance parameters at different thresholds. for

square with ramp edge.

Treshold - gD
1. 1.3 5.3 7. 10. 12.5
TAIArY %
93 100 93 20 90 76
% detection
7D MIaT
Falss 452 452 312 ' 208 192 0
Detection
NSR 4,18 3.89 2.89 2, 1.86 E%*B 0
%9823 nxp
TMm? mMm? mMm?* n? m m?>
107 1N T°0 T7n T7n TN TN TN
Double or| gingle Single Single Single Single Single
single edge '
vyIan anry
nxy ‘w ' '
Mean width 4,82 4,89 3.62 2,68 2.55 0.758
of edge
my NY NY Y9 NY RY Y
Distortion No No No No No No
1D oy oy oy o'y o 0o oYw
AR ERT mTIPay
Type of nmrey
¢contour P P P P P ‘ PB

T > 12.8 112y 7271 0B @ AR
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Curvature (3} Dn?11A7N

: 4.1%.b avav

Curvature (3) algorithm

nxg ay 51ay 11y oranw 0787p1 ANNIWA PTTR

Performance parameters at different thresholds for

circle with ramp edge.

Threshold - o
1. 1.3 5.3 7 10. 12.5
AT %
: 25 42 92 67 29 8
% Detection
70 0T _
False '
116 88 Ly 0
Detection !56 160
| NSR 4.83 3.9 1.81 1.37 1.57 % = 0
193 axp ' o .

. m- ik ™Mm? mMm? m?? mMm?
T'n* 1N TN 0 TN TN TN TN
Double or Single Single Single Single Single Single

gingle edge
y¥ian amn
‘X
Mean width 1.45 2.04 2.58 1.58 0.75 0.08
of edge
nmay N9 NY N7 N NY N7
Distortion No No No No No No
AID ‘
PAREY W map MmMag nov 1y Ry RR Rl
Type of B B P B B B
contour

LT > 12.8 M1y 77

v79a VR
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.,0711P 079702 ybign nyjy Oy n11nny Rosenfeld (o-4) GAFIAYN MAIAD & 4,18 117X
T=11.6 (1 T=10 {n T=6.9 (T T=10 (A T=9.75 (1 T=6.9 (N

Fig. 4.;8 :

Rosenfeld (0-4) algorithm response for a picture with ramp
edge at different thresholds., a) T=6.2 b) T=9.75 ¢) T=10
d) T=6.9 e) T=10 f) T=11.6-

Detorsion : ROSENFELD ~ RAMP EDGE fFalse
' R=0+4 —{600
100+— —500
- -
L —400
I '_l
» —300
50— e
|- -G~ % daetéction square —200
- —o— % dstection circle =
L —=— false detection on square —i00
- —e— faise detection on circle -
ob—l 1 1 | I S B . L -
o] 5 1o 15 Threshold

L0 MITIZY N9DRY 71T TINN @ 4.19 11?X

Fig. 4.19 : Precentage of detected edge points and number of false

‘points.
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Table 4.14.a : Rosenfeld {0-4} algorithm

Performance parameters at different thresholds for

square with ramp edge.

Threshold - 8o
2, 6.9 8. 9. 9.6 9.7 9.75 9.9 10.
MarT % .

' 100 100 100 a8 95 65 61 12 9
% Detection
7D 21ar

False 403 | 388 262 | 178 | 143 76 72 18 14
Detection

‘NSR 3.47( 3.34 2.26 1.56 1.01 | 1.0 1,01 1.29 1.4

:Iﬂa nfz T2 TIN? T'n? TN? Tn? 107 T2 17n5 17
Doubkle or

gingle edge Single|{Single|Single|Single|Single Single|Single Single|Single

yYnn anmn
g e
Mean width 4.4 4,34 3.25 2.51 2.18 1.3 0.76 0.27 0.2
of edge
nny 13 13 13 13 12 13 12 12 12
Distortion Yes Yes Yes Yes Yes Yes Yesg Yes Yes
A1D n'w n7v av oYy ae | ohw B | maw | Maw
rARPHIRIT \
Type of.
‘contour P P P P P P P B B

ST > 10,23 MAY 777 w780 5 WD
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Table 4.14.b :

Rosenfeld {0-4) algorithm

Performance parameters at different thresholds for

circle with ramp edge.

Threshold - oo
2. 6.9 8. 9. 9.6 9.7 9,75 9.9 10. 11.6
INT % \ .
100 100 100 100 100 96 96 92 83 19
% Detection
7w 2107 §
 False 330 | 307 285 | 213 170 | 163 | 162 134 | 126 34
Detection . _
NSR 3.44 3.19 | 2,97 2,22 1.77 1.77 1.76 1.52 1.57 1.89
2192 nxp
Mm? N? m? mM? m*? mnhnr mme mnz Mm- mMm?
T 3N 1?0 Tn Tm T7N TN TN 10 T?Nn TN T :
Double or |Single|Single|Single|Single|Single|Single|Single|Single|Single|Single’
single edge : j
vy nn anin
nxw.bw 4.43 4.19 3.96 3.21 2.77 2.65 2.64 2.31 2.14 0.54
Mean width : 3
of edge ;
vy 13 13 13 13 13 12 13 13 13 13
Disteortion Yes Yes Yes Yes Yes Yes Yeg Yes Yes Yes
AID
712a0 7 nYv Dy oY oy o7e n7v oYe nYv a%e | Maw
. Type of P P P P p p P P P B
contour
ST > 12.4 112y P20 pY8R YD



Fig. 4,__.:21 :

e) T=12.5 £) T=l4.

W?i1W G997D2 yoiwn Yp DY _ni1ann% ROSENFELD (1-4) Gn?11a78 n11an
=14 (v T=12.5 (D T=6 (T

ig. 4,20

T=12.5 (A

ROSENFELD R=1+4

a}) T=6 b) T=12
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mw MQ§ P N
‘l‘ | : K , |
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d e
— 'ROSENFELD-RAMP

4,20 V17X

=12 (1 T=6 (N

ROSENFELD (1-4) algorithm response for a picture with ramp edge

at different thresholds. c) T=12.5 d) T=6

FOR RAMP EDGE 4Folse
o Datection
Deteciion 600
100 |- 500
L 400
L 300
50'— . i b
. —0— % datection. sgquare
- —o— % delection  circle 200
N —— ful_se defection squdre o
—~g— faise detection clrcle
- 00
) I VU N S | TS ! Q -
() 5 10 15 Threshold

po;nbs.

LD MITIFY OBPRY TTAT TINR
Precentage of detected edge points and number of false

P 4.21 0N
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Table 4.15.a : Rosenfeld (1-4) algoxrithm

Performance parameters at different thresholds for

square with ramp edge.

Threshold - gD
6. 9. 11. - 11.5 i2. 12.5
INT %
100 100 98 98 76 9
% Detection C
7D AT
False 613 396 179 161 90 14
Detection . .
NSR 5,28 3.41 1.57 1.41 1.02 1.4
7192 n¥p
TM? OIN ik T T2 T2 T2 T2
Double oxr . , , . . .
single edge Single Single Single Single Single Single
y¥inn anin
nxp ‘v
Mean width 6.28 4 .41 2.52 2.37 1.53 | 0.20
of edge
nmwy 13 12 13 12 13 13-
Distortion Yes Yes Yes Yes Yes Yes
AlD )
rAFPHIR I o' (1 1Y) a7y Yy oYe Ay
Type of P p P p P B
contour

P2 0980 T > 13 MAy  : YN
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Table 4.15.b : Rosnefeld (l1-4) algorithm
Performance parameters at different thresholds for

circle with ramp edge.

Threshold - 9o
6. 9, 11. 11.5 12. 12.5 13. 14.
M7 % ,
100 100 99 98 98 83 58 15
% Detection
70 AT
False 54| 373 | 239 198 181 120 72 22
Detectlion
MSR 5.64 3.89 | 2.52 2.11 1.93 1.5 1.29 1.57
7190 nyp . me me K
mn?> Tmn? "M N7 m-
7707 1N TN TN 170 Tn TN Tm T2n Tn

Double or{ Single| Single{Single |Single [Single ;Single |Single |Single

single edge

yYinn anm
iyp.
Mean width 6.63 4,88 | 3.48 3,04 | 2.86 2.08 1.33 | 0.375
of edge
niy 12 13 13 12 12 1 12 13
Distortion Yes Yes Yeg Yes Yes Yes | Yes Yes
D pas gy {vae ohw
71220 ap o7v oYhv a7 oy oy [mymimab{mimipay| Mave
Type of mwr»agnrop
contouxr P P P P 5 PB PB B

7Y T > 14,9 712y V78 ;AN
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Table 4,16 Comperative summery of the main characteristicg
=R .0

for ramp edge.

square - pi134 ' : circle = 5qap

oneaabr —
Algorithm 21210 1p 110 g0 231210 1p 110 qo
Type of contour R% R2 T Type of contour R% R2 T
Mi MMz ve o) o 0.55] 12 B- 1w [o.9200.8 | 11
inmax PB - n'l’U"']i? » . . a
Roberts P~ ow 0.9 [1.11 4 P - 0% |0.89]1.35% 4
, NMT171%? vig aYwe U9 o%p N 3w |
. . . 0.86(1.71| 2.7
Variance PB- n1707p 0.93(0.76] 3.9 N 2w TPy 7 2
: B or PR
Mm% e oy
o a - Oc . .
Curvature (1) PB - n17p77p 0.7712.87 1 B Ay 88]1.52 4
MTI7a7 vao oyw . :
Curvature (2) PB - n17p71p 0.75)3.64| 6.3 B -1av 10,7313,92(. 6.3
B oYy 1N oYw
R . . . 7
Curvature (3) M0y mTIpaY 0.94]0.65| 10 a7e X Maplo.94]0 61
B or p
P or B
T11IY N oy 712V IN oYyw
: - 9510, 9.75 . o 0. .
Rosenfeld (0 4) B*maa o 231y1 0.95/0,55 7 B°n122 ‘4p 23751 0.92 2 |10 5.
P or B P or B
112¥ 1k a%p V19 0% < pyp
Rosenfeld (1-4) 021122 9D 737y3[0.95(0.54 12= MIMp nITIpay 0.9210.83] 13
ForB ' P3PB>B  T)ape
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Table 5.1:

Roberts algorithm ‘

Performance parameters for an edge in 10% binary noise,

D . 1T % P70 21071
Threzboid R3 R2 R1 % False NSR
Detection Detection
PARR . | ‘
Square 0<Tg15 9.1 127.1 0.25 61 1351 19.02
74y o<T<15 | 11,7 [ 193.0 | o.21 59 1361 23,87
Circle . =

Minmax 00701a%8  :5.2 avap
-10% 70 713 vy axp ray ANYVIBD 27T

Table 5.2: Minmax algorithm

Performance parameters for an edge in 10% binary noise.

90 TIAT % P70 1107 7
R3 R2 R1 % False . NSR
Threshold Detection Detection
’ Points
AR :

< .
Square 0<T<15 6.1 75.3 0.47 47 490 8.9
Ay 0<T15 9.4 | 148.1 | o0.32 4 414 103.5

Circle s ) : : . ‘
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10% 90 213 pyaa axp

Variance aIgOrithm :

Performance Parameters for an edge in 10%

Variance an»v7a9x

t5.3 ivap

MY aNvva 2y

binary'noise{

r_ 9o ; 1T % P00 21p7
. ‘ R3 R2 R1 % False. | psr
Thresbo;d Detection Detection
4, 6.2 75.3 0.47 47 490 8.9
y1an 6.0 1.5 8,7 0.82 79 277 3.0t
Square 6.5 ,7, 0.7 0.9 0.92 74 122 1.418
7.4 0.6 0.6 0.24 10 18 1.5
4, 9.5 148.2 | o.32 4 414 103.5
71Ay 6.0 2.4 24,4 0,78 25 128 ' 5,33
Circle 6.5 ,7. 0.5 0.6 0.94 39 58 '1.57
7.4 0.3 0.2 0.14 9 5 0.55
‘T 2 7.8 May p2q pYay LW
Curvature (1) mnaviayy :5.4 aYap
-10% 72 2M33 pyyy ¥p Y12y anen '
Table 5.4; Curvature (1) algorithm .
Performance Parameters for anp edge in 10% binary noise.
90 _ T % P70 2107
R3 R2 Rl % Falge NSR
Threshold Detection Detection
SRES] 0<T<15 3.9 50, 3 0.69 66 77 1.93
169
Square 15<T<30 11, 150.8 0.16 0 169 5
rAPY' 0<T<15 6.7 108,9 0.55 37.5 119 3.30
Circle 15<T<30 13.4 221.1 0.11 1 168 168,
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Curvature (2) Dn?11A?N

15,5 i173p

.10% 79 7722 wy11 wxv 11ay nn11wn 711n

'Curvdfure'(Z)Talgorithm,a;-

Performance pafameters for an edge in 10% binary noise.

17T %

90 o : p0 2IpE :
R3 R2 . RI % | ralge NSR
Threshold o Petection | Detection
0<T<15, 7.6 100,2 0.39 60 658 9.4
¥1219 _
15.<T<30, 7.9 | 104.2 | 0,37 2 266 133,
Square |
[ 30.<T<as, 8.3 97.7 | 0.0 0 4 %-sm
0<T<15.  [10.6 | 171.6 | o.28 27 609 23.42
912y
15.<T530, 11,7 193.6 0.23 5. 212 42,4
_Circle ' '
30,<Tg45. 9.3 [ 135.3 | 0,01 0 5 | %--m

7-1 02NN 21vy¥ma neaayn on, 22¥718pn
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Curvature (3) algorithm

Curvature (3) Dn7ﬂ1A7N

5.6 a3

10% Yp 7113 ¥yIa nxv Ay nNI)wn v11n

Perférmance.parameters for an edge in 10% binary noise,

P07t

70 R3 R2 RI 7J2T * False NSR

Threshold ’ 'Detectiop 1 Dete&t;iqn ) )

5. 8.0 | 109,5 | o.Sa- 61 :Aéhz: 5.9

¥119 0. 3.7 | 4.0 | 072 59 ‘1}7 ;; 1.6
Square 15, 3.5 | 45.6 6.667 30 o 2.0
| 19. 0.5 0.5 | o.59 29 38 1.1
5. 10.9 | 180.9 | 0.28 ; 42 40 10,1

Y14y 10. 6.2 | 101.2 | o.59 38 o3 2, 5¢
Circle 15, 5.5 86.6 0:53 26 ’57 2,24
19, 0.4 0.4 | 0.43 24 20 0.8

77 U790 T 2 20,5 1ay LD
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Rosenfeld (0~4J nn’1137N 15,7 avap
-10% v 711 wy13 avp 1ay nu1191 RN '

-~ .-Table.5,7: - Rosenfeld (0-4) algorlthm . o _ 3 »
- ' Performance parameters for an edge in IOo blnary nols.f

‘ B | o | N o ?’Sf-%_ - P70 %1ef |
9, Cos | 1.3 | o.90 I R | 1.51
y111 I 06 | 07| o0.93 | = g9 | 98 126
Square .12.5 0.5 0:6 | 0.94 52 | 66 |
13.5 0.5 | 0.5 SCIECINN B F R 2t | o078
9. 0,92 1.8 { o0.87 67 e-“ iSéjei 2.3
Y12y . 0.8 | e | 51." [ | i.eé~
Circle 12,5 0.8 1.2 | o.81 32 55 1,77
1355 | 0.9 1.7 [ 0.20 | = }- 1: 15 ,_, '2.19

773 0790 T 2 14,9 72y iG]
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Rosenfeld (1-4) on1a9%  :5.8 avap
.10% bw 721 By axp May ANVIPR 2TTR
- ITable 5.8: Rosenfeld (1-4) algorithn -
' Performance parameters for an edge in 10% binary noise,
90 . : L ”nT % 70 TiaT )
R3 R2 ‘R1 % Falge NSR
Threshold © . Detection Detection
9, 1.0 1.5 0.88° 98" 279 2.45
Y111 ", 0.6 0.7 0.93" 7 11 1.35
Square 12,5 0.49 [ 0.49 | 0.79%] = 43 Y 0,94 .
13,5 0,46 0.46 0.20 1" 11 '  0.35
9, 1.2 2.3 0.83 100 292 3,04
715y 11, 0.88 1.52 0.89 79 141 1.88
Circle 12.5 0.88 1.47 | 0.73 29 51 1.82
13,5 0.69 1.37 0.07 5 3 0.6

MY OMAT > 14,9 MY spyn
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.2702DpNn R1 12 1P 1Y 113y ana Uyy 10%-1 R2 -1 RL "y : 5.9 atap
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Table 5,9 : Values of Rl and R2 in 10% binary noise at the threshold
kool L

in which Rl achieves its maximal value,

ﬁn???xbn _ quare - b1 Circle - b1y

Algorithm RI R2 P RI R2 | r
Roberts 0.25 127.1 15 0.21 193.0 15
Minmax ©0.47 75.3 15 0.32 | 148,1 15
Variance 0.92 0.9 7 0.94 0.6 7
Curvature (1) 0.69 50.3 15 0.55 108.9 15
Curvature (2) 0.39 100.2 15 0.28 171.6 15
Curvature {3} 0.72 47,0 10 0.59 101.2 ‘ 10=
Rosenfeld (0-4) 0.94 0.6 12.5 0.91, 1.1 11
Rosenfeld (1-4) 0.93 0.7 11 0.89 1.52 11

1IN O7X17 272000 13 103 . *YnwRINRA TTRR 11378 R1 ?2 12X 07N 1% nYavnn
Curvature (2) , Curvature (1) , Minmax , Roberts O7AN™M1aYNn 73
Roberts nn31a%n% v1p 021220 027N 10% v P¥ 113 curvature (3)-1
Y 1NN LBYI7 N2 INIPIAT DIMA AYIIA ANTva YUY 5% 11y na arann
+77373 PYY 5%-1 D7X7I70n mxyin 7aa axiapn
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Minmax On?71a%N  :5.10 nYap
<5% 1w 7721 wya nyp T3y ANTIPR TN
- Table 5.10: Minmax algorithm . _ _ o
Performance parameters for an edge in 5% binary noise.
. 10T % P70 1107
rhreshold R3 R2 | Rl % False NSR
Detection Detection
yin 0<T<15 1.90 [ 9.79 | 0.7 68 280 3,54
Square -
712y 0<T<15 2.90 | 24.2 0.68 8 172 21.5
Circle
Curvature (1) On?9MiAYX  :5.11 nbap
-5% 7% 7713 wyma -nxp 12y DN1A 2 TTh
Table 5.11: Curvature (1) algorithm
Performance parameters for an edge in 5% binary noise.
o TINT % P70 7307
ThreZhold R3 R2 R1 % False NSR
Detection Detection
yian 0<T<15 1.09 8.5 0.90 82 112 1.18
72
Square 15<T<30 11.16 | 153,2 0.08 0 72 ~g =
71ay 0<T<30 2.29 31.2 0.78 38 55 1.53
Circle 15<T<30 - t2.89 218,9 0,12 1 77 77.0
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Curvature (2) on*MaYN  :5.12 aYyap
5% ¥ 3111wyt avp ay ANTIER 27Th ‘

Table 5.12: Curvature (2) algorithm

Performance parameters for an edge in 5% binary noise.

- A 1T % PI0 T1AT
R3 R2 R1 % . Palse NSR
Threshold Detection Detection
0<T$IS 3.40 38,2 0.70 : 67 i3 4,24
¥121 166
15<T<30 3.13 28,7 0.69 0 166 {eme =
Square , , . T
30<T<45 0 0 0 0 0 0
_ 0<T<15 5.83| 88,2 0.56 40 C 219 5.76
2iay o '
15<T<30 5.99 82.6 0,43 1 78 78.0
Circle : , 1
30<T<45 0.76. 0.58 0.01 0 1 -6 =0
Curvature (3) On?11a%N :5,13 pYap
5% Y¢ 1 Y¥I1 nyp May axnIen 1Th
Table 5.13: Curvature (2) algorithm
Performance parameters for an edge in 5% binary noise.
o I % pI0 TInY
Threzhold R3 R2 RI % False NSR
Detection Detection
5. 3.68 48,04 0.71 72 172 2.07.
¥129 10, 0.89 5.29 | 0.91 69 99 1,24
Square 15, 0,84 6,09 0.93 56 67 1.03
19.5 0.48 0.48 0.95 52 56 0.93
5, 7.29 | 122.6 0.50 40 11 2.92
72y 6.5 2,62 | 39.48 0.74 40 51 1.34
Circle i0. 1.6 19,2 0.71 38 43 1.19
15, 1.56 23,09 0.55 3 29 0.97
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+?707DFR RL 13 9D 7 113¥ 11271 bYI 5%-1 R2 -3 R1 2 : 5,14 a0

Table 5.14 : vValues of Rl and R2 in 5% Binary noise at the threshold

in which Rl achieves its maximal value,

on2712br Sguare - 2129 | . Cirele =~ bv.w‘
Algorithm RI 2 | r | r1 | R2 s
Minmax 0.76 9.79 15 | o.e8 | 24.2 15
Curvature (1) 0.90 8.5 15 0.78 31.2 15
Curvature (2) 0.70 | 38.2 15 0.56 88.2 15
Curvature (3) 0.95 0.48 19.5 0.74 39.46 | 6.5
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Minmax On»71A9YN  :5.15 nYap

.20% 7V 2723 wyI3 aYp 1Ay aNYIen o TR

" Table 5.15: Minmaxralgorithm,

Performance parameters for an edge in 20% binary noise.

70 : 7907 % pao Tt |
‘ R3 R2 RI % False NSR
Threshold - Detection Detection
y1a1 0<T<15 10.3 | 128.3 | o.18 6 1202 171.71
Square - :
Ay 0<T<15 12,9 {215.8 | o0.14 3 1182 |sox,
Circle

Table 5,16: Roberts algorithm

Roberts N?11aYN :5.16 nyap .

.20% 70 2733 WY A¥P N2Y ANNBR TTTH

Performance parameters for an edge in 20% binary noise.

- TINT % P20 297 :
- R3 R2 R1 % False " NSR
Threghold ' Detection Detection
¥1a1 0<Ts15 9.6 |128.0 | 0.24 71 2232 27.2
Square
51Ay 0<T<15 11.9 196.7 0,19 59 2235 39.2
Circle = : ' v . :
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Variance an»v1aYn :5.17 nYap
+20% ¢ 711 pyma Y7713y ax1wn r71p

Table 5,17; .Variance-algorithm _ _
' Performance parameters for an edge in 20% binary noise,

70 R3 R2 R1 ,TQT . ”321;;”7 NSR
Threshold ' Detection | bDetection
4, 10.3 | 138.3 | o.ig 6 | 1202 171.7
y1a1 6. 7.3 | 91.9 | 0.40 28 567 '17;5
Square | 6.5 ,7. 2.1 | 19.4 | 0,79 47 146 2.65
7.4 0.6 0.9 0.11 - | ¢ - 7 1.0
4. 12,9 | 215.8 | o0.14 3 1182 394.0
21y 6. 9.5 1150.5 | 0,32 22 | 4y 26.04
Circle | 6.5 ,7, 3 42.6 | 0.75 35 a9 2.61
7.4 05 | .05 | o.10 5 . 5 1.0

PV 9N T > 7.8 1Y :wvn

Curvature (1) on>31aYx ;5,18 n'7ap
+20% 7¥ 7711 wyva nyyp MAY aNNIEn 271n ' '

Table 5,18: Curvature (1) algorithm

Performance parameters for an edge in 20% binary noise,

o INT % P20 1107
Thregbold R3 R2 R % - False NSR
Detection Detection
Y111 0<T<15 8.5 1113.1 | 0.32 35 490 1.9
Square 15<Ts30 [ 10.49 |142.8 | o.18 1 304 304,
212y 0<T<{5 10.48 [171.3 0.28 a5 490 1.3
Circle 15<T<30 | 13,0  [217.1 | o.14 2 301 150,5
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Fig. 5.19 : Curvature {3) algorithm response for 20% binary noise at
different thresholds,

a) T=10 b) T=15 ¢) T=19 @) T=5 e) T=10 £) T=15,

: 5,19 Ny




‘Table 5.19: Cuxvature (2) algorithm
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Performance parameters for an edge in 20% binary noise.,

Curvatvre (2) Bn=1A78  :5.19 ivav

.20% 7P 7712 BYY2 QYR MY ANIIRR TR

20 1107 % - pID 71AT |- I S
Threshold R3 . R2 Rl % False NSR -
e ) ' Detection Detection -
0<T<15 9.7 | 129.7 | o.23 32 1525 41.2
¥1in ‘
15<T530 9.5 | 127.3 0.25 8 561 62.2
Square .
30<T<h5 9.2 | 112.5 0.10 2 34 17,
0<T<15 11.9 | 196.9 0.19 28 1535 56,8
Ay
15<T<30 12.1 204.0 0.20 8 540 67.5
Circle '
37 .
30<T<45 11.0 | 161.0 | 0.07 0 37 =
.1/7 Mppba B7%1M7120 B2a1¥BA ©IYD 0N ,h1!51nun nyX11 onv7yw LqpA 737y A
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‘Table 5.20i  Curvaturé (3] algoritfim

Performance parameters for an edge in 20% binary noise..

Curvature (3) On?711AYN  :5.20 n7ap
.20% 7¥ 7713 BYI2 DY MAY ANNEA 71N

T %

:-_;-pjvﬂvfhf_t.

no . _ IS T
- - .R3 R2 R1 % : False. NSR:
Tbre;ho;d ' - Deteotion | Detection
5. 9.4 | 123.9 | 0.25 36 1256 | 29,9
¥1a3 10, 7.9 | 100.3 | 0.35 22 281 11,24
Square 15. 8.2 | 14,8 | 0.36 13 199, 6.6
19, 0.9 3.1 | 0.22 10 16 1133
5, 11.7 | 191.5 | o.20 31 1252 | at.s
712y 10. 9.5 | 147.0 0.32 31 279 9.3
Circle 15, 11.0 | 187.4 | o0.28 9 96 10.66
19, 1.2 6.1 | 0.15 10 7 0.7

P VN T 2 22 M3y :vn
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Fig. 5.20 : Rosenfeld (0-4) algorithm response for 20% blnary noise at
different thresholds.

a) T=8 b) T=9 ¢c) T=11 4d) T=8 e) T=9 f) T=11.
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Fig. 5.21 : Rosenfeld (1-4) algorithm response for 20% binary noise at
different thresholds.
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Rosenfeld (0-4) on?1a7N

15,21 avap

.20% 7V 7713 BYI2 AYP MAY AN1IER TTTH

R056nfeld {0~4) algorithm -

Performance parameters for an edge in 20%;binary noise.

- _ 1% p#p 71&7 :
Phreshold R3 R2 R1 % . Earls_e:- N.S‘Rr _
Detection | Detection -
6, i.4 | 3.5 0.80 77 . ' ,256‘ 3,21
yin 8. 0.9 1.6 0.88 66 165 z;lf
[Square 9, 0.7 1.0 0.92 55 105. 1.64
", 0.6 0.6 | 0.37 | 16 273- sz
6. 1.5 4,0 0.78 71 267 3.93
Ay 8. 1.1 ‘2.2 0.85 60 155 2,67
Circle 9. 0.9 | 1.5 0.88 47 103 2.29
1, 0.86 | 1.1 0.37 9 30 3.33

LP7Y NINT 2 12,5 May pYen

=
-
e
=3

|
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Rosenfeld (1-4) ON?AYN  :5.22 nvap
.20% 7¥ 7722 PYI1 Q¥ NaY N 77Th

| Table 5.22: Rosenféld. (1-4). algorithm-

Performance parameters for an edge in 20% binary noise.

90 : 1INT % pﬂo jjnr, .
Threshold R3 | R2 RI | % - | - False ‘| NSR
o : Detection | Detection

6. 1.3 2.5 | 0.83 98 389 3.4

8. 0,9 1.3 0.89 75 189 2.17

¥1a1 9. 0.7 0,8 0.93 53 89 1:.46
Square 10. 0.57 | 0.6 0.52 25 35 1.21
11, 0.55 0.5 0.09 . 5 6 1.2

6. . 1.5 3.5 0.78 99 379 3,99

8, 1.0 1.9 0.86 79 186 2.45

Ay 9, 0,94 1.7 0.87 54 102 1,96
Circle _ , .
10. 0.86 1.4 0.64 22 _ 48 2.29

. 0.76 1.3 0.11 6 6 1.0

LT 212,572y 720 Y8R YD
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- e R HALE + CURVATURE (2}
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o= Rl for squars
o —&— Rl for circh

05—
L M IR R R [ S TONE S T R S A T AP RPE
Ui} 15 20 45 Theethotd
THRESHGLD
a b
KALE- CURVATURE (3)
f FOR 20% BINARY NOISE -
Lo =~ Rl for squons
L —— Rl fer tiigh
as—
L
ol
o Theashold
C
ROSENFELD Relss ROSENFELD  R=leg
FOR 20% BINARY NOISE Rl FOR 20% BINARY WIISE
0
05 -
Ll | ] Looaa [ |
5 15 ] 5 15
THAESHRD THRESHOLD
d e

2?7271 WYY 20%-1 9D 1ya MIYND RL TTh ¢ 5.22 110
Curvature (3) (A Curvature (2) (1 Variance (N
«Rosenfeld (1-4}) (0 Rosenfeld (0-4) (71

5.22 ; Parameter Rl as a function of the threshold for 20%
binary noise. s
a) Variance b) Curvature (2) ¢) Curvature (3)
d) Rosenfeld (0-4) e) Rosenfeld (1-4).
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Minmax on?71an

:6.1 n7ap .

.dn = 3 LIPINA Wy1; NXT May aNnIen 271
Table 6.1: Minmax algorithm : _
Performance pardmeters for an edge in Gaussian noise, o, = 3.
00 _ 2107 % P70 1307
Threshold R3 R2 '3; ' % . Falsg WSR
. : Detection Detection’
4, 6.9 84 .4 0.40 9 468 4§.B
6, 1,02 1.52 0.87 61 148 3.36
yiia 8. 1,02 1.52 0.87 76 296 3.36
Square 10. 1,03 1.54 0.87 76 297 3.38
12, 1.02 1.52 0.87 77 292 3.28
15, 0.9 153 0.89 54 155 2.46
b, 8.7 133.8 0.34 2 437 218.5
6. 1.4 2.3 0.82 6 134 22.33
712y 8. 1.1 1.4 0.87 8 104 13.0
Circle 10. t.08 | 1.37| o.87 9 111 12.33
12, 1.05 1.33 0.88 13.5 107 5.92
5. 0.7 0.93 30 66 2.28




P

Table 6.2: Roberts algorithn

«3J
n

= 3
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Roberts On?711AY8  :6,.2 n7ap

2 TUINA PYID NP MAY aNlien TN

. Performance parameters for an_edge in Gaussian noise, o, = 3.
- 71T % P70 TIAT
hreshold R3 R2 Rl % ' Fa_lsg NSR
Detection Detection

7. b4, 4 63.6 0.69 51 112 1.90
9. 0.7 2.9 0.93 51 64 1.08
10, 0.67 2.2 0.93 50 63 1.09

1 . 0.54 | 0.54 | 0.93 46 61 1.15
Square 12. 0.54| 0.54| o0.88 43 58 1.16
13. 0.51 0,51 0.79 41 49 1.04

15, 0.47 0.47 0.51 28 29 0.88

7. 5.2 99.3 0.69 57 119 2,16

9. 0.9 6.8 0.92 57 70 1.27

10, 0.8 4.8 0.93 57 66 1.2

51Ay 1. 0.55 0.64 0,94 54 62 1.19
Circle 12. 0.52 0.60 0.94 53 54 1.06
13, 0.53 0.62 0.90 46 48 1.09

15, 0.7 0.9 0.46 22 27 1.29
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Variance Bn7»Ma%N  :6.3 aYap
g = 3 L,2DINA PV NYT O1AY ANTIPAR TR

Table 6.3: Variance algorithm

Performance parameters for an edge in Gaussian noise, g 3.

8o 2107 % P20 71T
R3 R2 R1 % False NSR
Threshold Detection Detection
4, 1.0 1.5 0.87 78 ' 293 3,22
5. . 0.9 1.3 0.89 - 82 224 2.36
yiaa
5.5 0.7 0.9 0.92 71 132 1.61
Square
6. 0.5 0.5 0.74 36 49 1.17
6.5 0.8 0.8 0.06 2 6 3.0
4, 1.0 _1.2 0.89 19 98 5,44
511y 5. 0.6 0.7 0.94 45 81 1.88
. 5.5 0.5 0.5 0.96 41 58 1.49
Circle _
6. 0.4 0.4 0.46 22 25 1.19
6.5 0.2 0.2 0.08 6 2 0.33

LT > 7 71ay g2 pn :aayan
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Curvature (1) on?711a%n

:6.4 N71D

.Gn = 3 ,DINA PV DX 111y ARTIRR TR
- Table 6.4: Curvature (1) algorithm
Performance parameters for an edge in Gaussian noise, o, = 3.
qo 7107 % pPI0 11T
R3 RZ2 R1 % False N&SR
Threshold Detection Detection
5, 6.2 82.0 0.51 75 320 3.68
7. 3.7| 46.3 | o0.70 82 197. 2.07
8. 3.1 35.8 0.74 78 164 1.82
10. 2.7 32.3 0.78 65 116. 1.55
viin
13. 1.1 11.3 0.70 33 51 1.34
Square
15, 0.9 6.6 0.38 18 27 1.29
i6. 0.6 0.7 0.09 3 7 1.75
19. 10.8 11.6 0.00 0 1 %jﬂm
5. 9.7 157.7 0.33 38 279 7.75
7. 7.4 1 119.4 0.49 34 135 4,09
8. 6.6 100.8 0.53 a3 101 3.186
vAPSY
) 10. 5.8 94.0 0.61 33 68 2.12
Circle
13. 1.5 27.9 0.48 24 28 1.22
15, 1.1 16.4 0.28 15 15 1.07
16, 0.0 0.0 0.0 0 0 0.0
19, 16.9 285.,7 0.0 0 1 %-ﬂw

L0990 T o2 19.5 113y 1D
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Curvature (2) DN?NAYN  :6.5 n7ap
L0 = 3 ,IDINA YL NNP M2Y AN thnis!

'ifTéﬁlefﬁ{S‘ Curvature (2). algorlthm

Performance parameters for an edge in GaUS51an n01se, o, ® 3,

40 TINT % A PI0 29107
Threshold R3 R2 R1 - _ % . False? NSR
' Detection Detectlion
10. 3.1 31.4 | 0.72 34 285 7.31
12. 2.19 16,7 | 0.77 27 245 7.9
| 1Aﬁ 2.13 4.4 | 0.77 13 216 14,4
y1an 15, 1.58 5.5 0.80 11 193 14,85
Square 16. 1.61 5.4 0.80 4 182 36.4
18. 1.57 3.7 0.80 1 154 . 1.0
21. 1.49 2.5 | o.65 0 o4 3% moo
30. 1.3 2.0 | 0.06 0 9 %-=w
10. 4.5 66.1 0.65 40 185 4,87
12. 3.2 45,4 0.75 41 ' 115 2.95
14, 3.0 38.0 | 0.77 | 32 85 | 2.74
5. 1.5 12.7 | 0.85 30 69 | 2.38
1Ay 16. 1.5 13,8 | 0.69 25 53 | 2.2
Circle 18, 1.4 6.4 | 0.51 17 42 2.63
21, 1.2 1.7 | 0.23 4 22 5.5
30. 0 0 0 0 0 0

Y U7en T 2 31 .1 :pya

-

.7-1 0ph1nn 07171XRA DA A7¥710D0 AYY11 ant?y qon 1oy L2




Table 6.6:. Curvature (3) algorithm =

« O
n
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Curvature (3) OnIv1aA7N

16,6 0720

= 3 LIPINA UYL AXP MAY AaMien TR

5,

Performarnice parameters for an édge in. Gau'séian naisé, o, =
- TIT % pIv 1307
Threshold R3 R2 R1 % ' Fals? NSR
Detection Detection
L, 1.9 19.0 0.84 83 169 1.76
Bl 0.54 0.8 0.95 84 100 1.02
y111 10, 0.49 0.49 0,95 99 109 0.95
Square 12, 0.47 0.47 0.95 90 91 0.87
15, 0.47 0.47 0.78 43 45 0.9
18, 0.3 0.3 0.11 8 4 0. 44
4, 3.8 59.2 0.73 35 91 2.68
6. 0.5 0.5 0.75 40 38 1.0
B1AY 8. 0.45 0.42 0.74 39 37 1.0
Circle 10. 0.47 0.43 0.74 36 39- .11
12, 0.45 0.42 0.73 36 38 1.09
15, 0.52 6.48 0.45 20 26 1.37
18. 0.55 0.49 0,22 8 14 1.75

LT o2 19 1tay 7721 v7an

$MN
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Rosenfeld (0-4) on7maA%N

16,7 0720

L0, = 3,7 By N¥P 12y ANIYR 2TTR

Table 6.7: Rosenfeid.(0—4)‘éigdrithm :

Performance parameters for an edge in Gaussian noise, o, = 3.
70 R3 R2 R1 7127‘%' p;:1;;nr N8R
Thresho;d : Detection Detection | =
6. 1.2 2.1 0.84 94 345 3.17
8. 0.8 1.0 0.91 80 164 1.76
9, 0.56 | 0.6 0.94 73 98 1.15
yin 1. 0.52 0,52 0.95 Y69 84 1.05
Square 12.5 0.52 | 0.52 | 0.95 55 68 1.06
13. 0.49 0.5 0.72 39 43 0.96
13.5 h d.a-' 0.4 0.21 13 16 0.66
6. 1.2 2.4 0,83 9% 298 3,31
8. 0.9 1.4 0.89 78 i57 2,09
9. 0.7 1.1 0.91 72 110 1.6
YAPSY' ' .
11, 0.61 0.76 0.93 63 84 1.4
Circle
12.5 0.62 0.78 0,93 47 56 1.24
13, 0.68 0.9 0.60 27 37 1,42
13,5 1.0 1.6 0.11 4 8 2.0

P 070 T 2 14.9 May

:NVD
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_ Rosenfeld (1-4) BN MAYN  :6.8 71D
LG = 3 ,7DINA BYIL AXP MY aNYIvn TN

Table '6.8: Rosenfeldk(1§4)'aigorithm,_

Performance parameters for an edge in Gaussian noise, o =-3.

w® R3 R2 RI e * p;ga;;hr NSR
Threshold | Detection Detéction

6. 1.4 2.9 0.8 100 522 | 4.5

9. 0.9 1.4 0.88 100 291 2,51
¥127 1. 0.52 | 0.54 | 0.95 81 99 1.05
Square 12.5 0.52 | o.52 | 0.95 | 66 79 1.04
13, 0.51 | 0.52 | 0.65 34 40 1,03
13.5 0.0 0.0 0.01 1 0 % =0
6. 1.6 3.6 0.77 100 448 4.67

9, 1.2 2.2 0.84 100 298 3.1
71ay 1. 0.9 1.4 0.89 86 173 2,08
Circle 12.5 0.8 1.0 0.91 by 77 1.83
13, Q.7 0.9 0.53 23 33 1.5

13.5 0.5 0.5 | 0.02 1 1 1.0

LT 2 14,9 M2y P71 0790 0y
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Fig. 6.9 : Parameter Rl as a function of the threshold in Gaussian noise, o,
a) Minmax b) Roberts c¢) Variance d) Curvature(l) e) Curvatw
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Table 6.9 : Values of Rl and R2, in Gaussian noiserfith 0,=3,
at the threshold in which Rl achieves its maximal
value.
¥
on?71abK Square - 117 Circle = 211y
Algorithm R1 R2 N R1 R2 e
Minmax 0.89 1.3 15 0.93 0.7 15
Roberts 0.93 0.54 11 0.94 0.60 12
Variance 0.92 0.9 5.5 0.96 0.5 5.5
Curvature (1)} 0.78 32.3 10 0.61 94 10
Curvature(2) 0.80 3.7 18 0.85 12.7 15
Curvature (3) 0.95 0.47 12 0.75 0.5 6
Rosenfeld (0-4) 0.95 0.52 12.5 0.93 0.76 11
Rosenfeld(l-4) 0.95 0.52 12.5 0.91 1.0 12,5
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Roberts algorithm response for Gaussian noise, g =6,
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Minmax On?99iAYN  :6.10 n72p
'.o‘n = 6 LIDINA YVIL DXP 113V AaNIIea rTIh

jfTableié.TO:"Mihmai'algdfithﬁ_‘

Performance parameters for an edge:in Gaussian noise, Gn = 6,

7 90 : 0T % P 2107
X R3 R2 R1 % Falge NSR
1 _ Threshold Detection Detection
| 6. 9.9 | 133.2 | 0.22 3 930 | 3t0.
’ 8. | 4.8 52.1 | 0.53 22 354 14,16
¥1311 : : :
10. t.h 6.0 | 0.84 47 232 4,22
Square . ‘
12. 1.0 1.4 0.88 |- 54 221 3,51
15. 0.9 1.2 | 0.89 47 125 2.27
6. 12.3 204,0 | 0.17 2 923 461,5
8. 6.3 85.5 | o0.46 5 - 327 65. 4
Ay o _
_ 10, 2.0 11.6 | 0.76 10 164 16,4
Circle
12. 1.1 1.7 | 0.87 23 118 5,36
15. 0.6 0.6 | 0.91 31 63 2.1
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Roberts onrI1AYN

(6,11 n91p

.0‘n = 6 LIDINA PYID A¥E MAY aNNva TN

' Tébxe-6,11: ”Roberﬁé;&igprithm’”

Performance parameters for an edge in Gaussian nois, o = 6.
- 2907 % 770 117
R3 RZ Rl % False NSR
Threshold Detection Detection .
9, 9.0 125.5 0.31 47 581 10.56
11. 7.8 110.6 0.41 42 263 5,37
12. 7.0 98,2 0.47 39 170 3.78
yia1
: 13, 6.1 91.4 0.57 34 89 2,82
Square -
o 14, 5,5 81.8 0.57 30 73 2.09
15. 3.0 42,3 0.44 24 35 1.25
9. 11.0 | 190.12| o0.28 53 584 11.45
i1, 10.0 176.0-f 0.37 42 263 6,58
Yiay 12, 2.0 158.2 0.42 38 172 4.78
[Circle 13, 7.8 149,7 0.54 32 91 2,94
14, 7.4 142.5 0.56 27 71 2.73
15, 4,2 80,7 0.b44 20 37 1.95
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. 0n“6

8 (1

T=13

HHLE CURUATURES 1) GRS

,?DINA BY1]  Curvature (1)} OD?11A7N navan
T=14 (1 T=8 (N

(n T=8 (T T=18 (A

6.132 117X

Curvature (1) algorithm response for Gaussian noise, 0,=6.

a) T=8 b) T=14

c) T=18 d) T=8

e) T=13 f£f) T=18
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Variance ON?11a7n

16.12 N71D

6 ,?DINA WYI1 A¥P 12y ANNIED TN

“Table 6.12:¢ Varlance algprlthm o - iy L
Performance parameters for an edge in GauSSLan n01se, qn’= 6.
- _ AT % pao 2107
rhreshold R3 R2 Rl % False NSR
Detectlion Detection
3, 3.3 32.5 0.67 Ly 295 5.78
y, 1.04 2.1 0.87 60 231 3.3
¥121 4.5 1.05 2.8 0.88 58 186 2.78
Square 5. 0.8 1.0 0.91 47 97 1.8
5.5 0.64 0.7 0.43 18 32 1.52
6. 0.62 0.6 0.06 3 5 1.67
3, 5.0 65.4 0.57 8 241 30.13
_ 4, 1.2 3.8 0.86 26 108 4,32
nay 4.5 1.1 6.7 | 0,90 35 86 2.53
Circle 5, 0.5 0.4 | 0.82 40 b 1.16
5.5 0.4 0.3 0.36 22 15 0.71
6. 0.3 0.2 0.09 6 3 0.5
L@y pven T > 6.5 May Ay
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Curvature (1) an? a8 :6.13 1720
LG = 6 ,DING UYL ¥y M2y IRNYa 1IN
) Table 6.13: Curvature (1) algorithm
' Performance parameters for an edge in Gaussian moise, o, = 6.
- AT % P10 2107 |
R3 R2 R1 % False NSR
Threshold Detection Detection
8. 8.1 109.5 0.37 49 379 6.65
10, 7.7 107.7 0.41 34 254 6.51
13. 7.0 97 .4 0,46 21 134 5.58
¥1a1 14. 6.8 91.6 0.47 16 98 5,44
Square 15, 7.1 96.1 0.42 13 95 6.33
i8. | 9.0 | t16.3 | 0.12 | 1 49 49.0
20. 1.0 | 163.0 | 0.04 0 27 3—5— oo
8
23, 14.3 252.8 0.01 0 8 i
8. 10.8 181.9 0.27 28 370 13.21
10, 10.4 177.6 0.3t 26 242 9.68
13, | 9.52| 166.4 | 0.38 20 - 120 6.32
14, 9.51 | 163.6 0.36 16 85 5.67
Ay
15, 9.45 | 158.4 0.36 15 84 6.0
Circle
' Lty
18, 12.4 198.8 0.06 0 Ly -5 =
' 27
20. 13.9 256.2 0.03 0 27 < =
8
23, 17.5 397.0 0.01 0 8 5=
LT 2 26 112y 721 790 YD
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6.15 : Curvature (3) algorithm response

m=r Ky T=9 &} T=12

d) T=6 e) T=8 £) T=12.

for Gaugsian noise, 0,=

: 6,15 1
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Table 6.14: Curvature (2) algorithm

Performance parameters for an edge in Gaussian noise, o, = 6.
© |l ore | om | s | Trazee | we
Ihreshold Detection Detecticon | -

0. | 8.9 | 122.8 | o.31 31 725 | 20.14

3. 7.1 92.7 | 0.42 16 351 18.47
15. 7.2 | 9.} o.u3 1 246 18.92

y1a1 16. 7.1 98.2 | 0.44 9 . 208 | 18.55
Sqaure 17. 6.7 89.8 | 0.47 | 8 169 18.78
20, 6.5 86.2 | 0.46 | 3 104 34,67

23. 4.9 | s5.16| o0.28 1 56 56.0
25, 6.6 87.5 | 0.17 0 41 3% a0

10. 11.1 | 188.1 | o0.27 42 711 | 17077

13. 9.2 | 151.0 | 0.36 27 325 12.5

Y12y 15, 9.1 | 153.9 | o0.38 24 230 10.0
Circle 16. 9.5 | 1tes.6 | 0.36 17 182 11.38
17. 9.3 | 160.1 0.38 15 141 10.07

20. 9.31| 166.6 | 0.36 11 75 6.82

23, 7.8 126.5 0.20 7 33 4.71

25. 9.5 | 167.6 | 0.14 6 27 4.5

LT 2 35 312y 71 p79A .1 nyn
.7-1 07p710n 07171880 QR A7¥7INDR AYY1d Bnrhy apa 1oy L2
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Lo = 6,70 BY1 n¥P Ay ANIIER TTTR

"Tabl¢'6.15:‘ Curvature (3) algorithm

Performance parameters for an edge in Gaussian noise, ¢ = 6.

2 pr | me | e 5| Tratse | wem
Threshold Detection Detection
b, 8.3 114.7 | 0.36 55 574 8.97
6. 5,4 74,1 0.59 66 213 2.8
8. 2.4 30. 1 0.81 57 94 1.42
Rty 9. 1.4 15.9 | 0.89 52 68 1.13
Square 10, 0.9 7.3 | o.85s | 47 52 0.95
12. 0.4 0.4 | 0.59 34 31 0.78
5. 0.3 0.3 0.19 13 8 0.53
4, 11.1 | 186.6 | 0.27 39 557 15,05
6. 8.4 144.6 0.46 43 179 4,37
yaay 8. 4.3 :73.1 0.72 35 66 1.94
Circle 9 2.6 45,2 0.60 30 40 1.38
10, 1.5 21.5 0.52 25° 32 1.33
12, 0.6 0.5 0.43 | 16 29 1.93
15. 0.5 0.4 | 0.34 14 21 1.62

LT 2z 20 13y 720 v29a a0y
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“Table 6,16: Rosenfeld (0-4) algorithm

Performance parameters for an e'dge in Gaussian noise, Oy = 6.
oo CTINT % P00 2IAT
R3 R2 R1 % False NSR
Threshold Detection Detection
6. 1.2 2.2 0.84 93 349 3.23
8. 0.8 1.1 0.91 | 77 164 1.84
9, 0.57 0.63 0.94 68 95 1.20
¥ial 9.5 0.56 | 0.59 | o0.9% | 62 87 1.21
Square 10. 0.54 | 0,55 0.95 59 76 - 1.12
11, 0.5 0.5 0.70 41 38 0.81
12.5 0.0 | 0.0 0.02 2 0 %-=o
6. 1.3 | 2.66 0.82 93 301 3.38
8. 0.9 1.k 0.89 74 150 2.11
9. 0.8 1.2 0.90 68 104 1.6
Y1y 9.5 0.68 1.0 0.92 63 83 1.38
Cirele 10. 0.67 0.93 0.92 51 67 1.37
1. 0.67 0.90 0.63 29 38 1.36
12.5 0.5 0.5 0.02 1 1 1.0

LT 2 13 712y pry p7ea pyn
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Rosenfeld (1-4) BR?I1A7N :6.17 nYap
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O table 6.17: Rosenfeld (1-4) abgorithm 1l

Performance parameters for an edge in Gaussian nois, o, = 6.

90 07 % pao 1107

R3 RrR2 R1 % False NSR
Threshold Detection Detection :
6. 1.4 2.7 0.81 100 489 4,22
8. 0.9 1.4 0.88 100 289 2.49
y127 9, 0.8 1.0 0.91 85 174 1.76
10. 0,53 0.54 0.95 70 92 1.14
Square
11, 0.51 0.52 | 0.67 34 42 1.05
. 0

12, 0.0 0.0 0.02 2 0 7 =0
6. 1.5 3.3 0.79 100 407 4,24
8. 1.1 2.1 0.85 98 264 2.81
21AY 9, 1.0 1.7 0.87 86 204 - 2.46
Circle 10. 0.8 1.4 0.89 67 120 1.88
11. 0.7 1.0 0.62 26 40 \ 1.6
12. 1.02 1.04 0.01 0 1 %-=w

JT 2 12.5 731y 770 vyen i
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Fig, 6.18 : Parameter Rl as a function of the threshold in Gaussian
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Table 6.18 :

n7pn

Values of Rl and R2 in Gaussian noise with o0,=6,

at the threshold in which Rl achieves its maximal

value.

anrr1abn Square - »117 circle = b1ay
Algorithm RI R2 P Rl R2 T
Minmax 0.89 1.2 15 o.01 0.6 15
Roberts 0.57 | s1.8 14 0.56 | 142.5 14
Variance 0.921 1.0 5 0.90 6.7 4.5
Curvature (1) 0.46 9l.6 14 0.38 166.4 13
Curvature (2) 0.47 89.8 17 0.38 - 153.9 15
Curvature (3) 0.89 15.9 9 0.72 73.1 8
Rosenfeld (0-4) 0.95 6.55 10 0.92 1.0- | 10
Rosenfeld (1-4) 0.95 0.54 10 0.89 1.4 10
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a) T=10

. 0.=9
Tets |

£) T=15.

k) T=14
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Minmax algorithm response for Gaussian noise, cn=9.
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Table 6,19: Minmax algorithﬁ

Performance parameters for an edge in Gaussian noise, 9y £ 9,

00 BERLL ~ p0 10T
‘Threshold R3 R2 R1 % - Fal se: NSR
' Datection Detection
10. 8.8 | 116.9 | 0.29 10 | 637 | s3.1
1Ay 12, 4.3 46.9 0.59 28 310' 9.39
Square 14, 2.1 15.9 0.78 | 41 210 4.38
15, 1.8 13.3 0.81 | 34 164 4,1
10. 10,7 | 174.5 0.26 15 637 45,5
21AY 12. 5.8 | 80.1 | 0.52 23 | 2 12.
Circle 14, 2.9 31.9 0.73 33 138 4,31
15. 2.5 | ' 26,5 0.78 | " 35 98 2.88
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‘Table 6.20: Variance algorithm

Performance parameters for an edge in Gaussian noise,.crn =9,

90 _ It % PO TINT .
rhreshold R3 R2 R1 % False NSR
Detection | Detection
4, 5.5 645.3 | 0.50 27 379 12.2
4.5 3.8 41.7 | o.64 41 286 6.09
y127
5, 2.8 30.6 | 0.75 29 : 137 4.03
Square . .
5.5 0.76 1.0 | 0.40 16 33 1.83
6. 0.66 0.7 | 0.05 2 4 2.0
y. 7.4 109.4 | 0.42 22 338 16.1
4.5 5,4 76.0 | 0.57 38 226 6.28
nay 5, 3.9 58.0 | 0.72 36 | 89 2.54
Circle 5.5 0.6 0.8 0.40 19 23 1.28
6 0.3 0.3 | 0.07 4 3 0.75

LT oz 6.5 112Y 771 0%90 :n0vn
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Table 6.21: Curvature (3) algorlthm

Performance parameters for an edge in Gau331an noise, 9, = 9.

90 TINT % e 10T
R3 R2 R1 % False - NSR
Threshold Detection Detection
8. 7.51 106.0 0.43 36 215 5.12
9. 7.2 | 105.9 | 0.48 36 134 3.19
¥131 10. 6.0 85.7 0.55 33 88 2.32
Squaxe 12. 4.9 | 73.8 0.25 . 16 27 1.5
15. 0.4 0.4 0.07 A 3 0.6
8. 10.2 | 173.2 | 0.33 25 212 8.83
9, 9.6 | 174.2 0.39 25 139 5.79
APy ‘
10. 8.0 | 137.7 0.47 23 97 b, 41
Circle
12. 4,8 87.1 0.43 19 Y 2.28
15, 0.6 0.5 0.18 6 . 12 2.0

LT oz 19 May p?a ovhen :nyn
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Fig. 6.22 :

Rosenfeld (0-4) algorithm response for Gaussian noise,

Gn=9.

a) T=6 b) T=8.5 c¢) T=10 d) T=6 e) T=9 £) T=10.
ik hossens s . b ! . ‘
| S
. |
. ¥ | | 4 ‘
‘|l1“*l!!llil*iililﬂliiﬂ!.i' s it - nt
b ¢
MNM"QWMg, - - .
4 P w . H
i} ! % . 1
| i } i ! =
I$Mmmnmmi Tl d =
< f : i .
" . 6,®9 ,?DINA UYI2 Rosenfeld (1-4) BNTIAYX DAIAR ¢ 6.23 F19Y
.T=9.5 (1 T=8.75 (0 T=6 (7 T=9.5 (A T=8.75 (1 T=6 (N

Fig. 6.23 :

c) T=9.5 d) T=6

Rosenfeld (1-4) algorithm response for Gaussian noise, op=9.
a) T=6 b) T=8.75.

e) T=8,75 f£f) T=9.5 ,
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Rosenfeld (0-4) Dn?1IAYN  :6.22 n73ip
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Table 6.22: Rosenfeld (0-4) algorithm

Performance parameters for an edge in Gaussian noise, O = 6.

- _ TINT % P70 7107
Threshold R3 R2 R1 % False NSR
Detection Detection

4. 1.8 5.6 0.73 | 97 _ 598 5.29

6. 1.1 2.0 0.85 89 305 2.96

7. 0.9 1.4 0.89 | 77 181 2.03
¥i11 8, 0.7 0.9 2.92 64 114 1.54
Square 8.5 - | 0.6 0.8 0.93 56 80 1.23

9, 0.521 0.6 0.85 Y 52 1.0

10. | 0.48 | 0.5 | 0.40 22 23 0.88

0

11, 0.0 0.0 0.03 3 0 7 =0

4, 2.0 6.8 0.71 95 ' 508 5,58
6. 1.3 2.7 0.82 89 254 2.99.

7. 1.0 1.8 0.86 | 71 . 173 2,54

YAy 8. 1.85 1.4-| * 0.89 60 105 1.81
. 9, 0.8 1.2 . 0.90 39 59 1.59

Circle ‘

9.5 | 0.85 1.37 0.56 23 38 1.73

10. 0.83 1.1 0.3 10 22 2,2

11, 0.5 0.5 0.02 1 1 1.0

LT 2 12 May P71 p7sn nyn
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Table 6.23: Rosenfeld (1-4) algorithm

Performance parameters for an edge in Gaussian noise, a, = g,
. R3 R2 RI 7’;T . ?;21;;nr. NSR
Threshold Detection Detection

3. 2.3 8.5 0.67 100 832 7.17

& 1.7 4,2 0.75 100 624 5.38

6. P 2.0 0.85 100 361 3. 11

8. 0.6 0.8 0.53 78 123 1.35

¥y11d
8.75 0.55 0.57 0.94 49 66 1.16
Square

9, 0.52 0.53 | 0.76 39 48 1.07

9.5 0.4 0.4 0,41 26 20 0.66

10. 0.25 0.25 0.10 8 3 0.33

3. 2.5 10.5 0.63 100 752 7.83

4, 1.9 5.5 0.71 100 566 5.9

6. 1.3 2.8 0.81 26 318 3.46

1Ay 8. 0.9 1.6 0.88 65 142 2.29
Circle B.75 0.89 t.4 0.89 41 80 2,05
9. 3.84 1.3 0.78 29 56 2.0

9.5 o.?q 1.0 0.36 16 23 1.53

10, 0.25 0.2 0.10 7 3 0.43
LT 2 10,5 May p21 v7en iy
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RL 12 DA 17133y R2 , RL 237y .AN.ANTIAN ,6.24 A7IOR
PYn2DpAR- 127 DIAN Y911 Curvature -(3) -DN?11A7KRN 23 D11 ,'ﬁnvnph
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Rl 12 99071 M1Y ,0,=9 DY DINA Y12 R2 -1 Rl 727y :.6.24 n7ap
.20 NN '

Table.6.24 : Values of Rl and R2, in Gaussian noise with o,=9, at the

threshold in which Rl achieves its maximal value

on79115% Square - Y127 Circle - byap
Algorithm R1 R2 T Rl R2 T
Minmax 0.81 13.3 15 0.78 26.5 15
Variance 0.75 30.6 5 0.72 | 58,0 5
Curvature (3) 0.55 85.7 10 . 0.47 137.7 10
Rosenfeld (0-4) 0.93 0.8 8.5 0.90 1.2 9
Roseﬁfeld (1-4) 0,94 0.57 8.75 0.89 1.4 8.75
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Table 6.25: Minmax algorithm

Performance parameters for an edge in Gaussian'noise,'dn = 12,
90 1107 % poo 23aT ..
' R3 R2 R1 % False - NSR
Threshold Detection Detection
13. 8.6 114.6 0.31 21 680 - 28.33
¥111 _
14. 7.1 89.9 0.41 o 24 512 18.29
Square - _
15, 5.7 | 8. 0.49 25 378 13,03
.13. 10.7 174 .1 0.26 23 : 669 30.41
nay a4, 8.9 | 138.5 | 0.35 30 492 i7.0
Circle |
15. 7.5 109.8 0.42 28 337 12.48
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Variance ON?Y11AYN  :6.26 N730

‘.0‘n = 12 ,7DINA PYI1 DX 112y ARIIEPR TN

_ Table 6 26 'Varlanc aigirlthm

Performance parameters for an. edge in Gaussian no_se

: 2 | R3 R2 | RI '-71;f * 1.-”?;Zi;;??“ “ngr |
Threshold E petection | Detécfibh |
4.5 . | ‘8.2 | 108.0 0.33 28 | . 720 -} 22.5
5. ' 6.6 85.2 0.46 34 w7 | 1o.18]
¥121 5,25 5.9 | 76.7 | 0.51 28 268 .12
Square | 5.5 4.6 | 55.3 | o.et 27 135 | 4.35
5.75 3.7 | #1.0 | 0.50 16 69 3.83
6. 55 | stz | o7 | 7 21 2.63
4.5 10.4 | 168.7 | 0.27 31 691 23.03
5, - 8.9 | 143.0 | 0.38 29 362 12.93
212y 5.25 8.1 | 132.5 | o.4n | 29 236 8.43
Circle 5.5 6.4 | 96.1 | 0.52 27 119 4. 58
5.75 5.0 | 70.4 | 0.46 16 59 | 3.3
6. 4.7 | 52.9 | 0.16 7 18 | 2.57
.T 2 6.5 113y P27 bYaA YR
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Fig. 6.27 : Rosenfeld (0-4) algorithm response for Gaussian noise, Gn=12.
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Rocanfeld (1=4) alaorithm response for Gaussian noise, o

=12
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Rosenfeld (0-4) un?ﬁ1a7u'_:s.27 n7ap. .

.o = 12,703 BYI2 AXP MY ANIYR TTTR

R g (0=4) "algor ithm

Performance parameters. for an edge in Gaussian noise, o

90 . TINT % P30 7107
R3 R2 R1 % False NSR
Threshold Detection | Detection
4, 2.2 10.8 0.71 92 591 5.52
6. 1.1 ] 1.9 0.86 78 227 2,52
Y121 7.. 0.8 | 1.2 0.90 61 117 1.65
7.5 0.7 1.0 | o0.92 49 80 | 1.4
Square ‘
8. 0.6 0.7 0.77 | 40 50 S 1.09
9. 0.5 0.5 0.34 18 21 1.0
, o . D FE T ERTE U eer
10, : 0.0 0.0 | 0.01 TS EER IR F
b, 2.4 |15.0 | 0.69 91 © o s02 | 5.77°
6. 1.2 2.5 | 0.83 . ve -V 202 2,77
7. 0.99 | 1.7 | 0.87 51 | e | 2.33
Ay : _ : L ,
7.75 0.99 | 1.66 | 0.87 29 69 2.46
Circle
8. ~ 0.96 1.6 0.74 25 57 | 2.38
9, 0o.94 | 1.3 0.27 7 22 3.14
10, 0.5 | 0.5 [ 0.02 R 1 1.0

.T 2 10.5 MY Rt I BT



Table 6.28: Rosenfeld (1-4) algorithm.

- 218 -

Rosenfeld (1-4) nn>711a%7n

16,28 nvav

.Gn = 12 ,DINX PYI2 N¥P 13y aRIIva TN

‘edge in Gaussian noise, ¢

Performance parameters for an o
40 . 2107 % pvb 7907
Threshold ® e # Detéition DezZiijon e
i, 1.6 3.9 0.76 100 562 4.84
6. 1.0 1.5 0.88 87 236 2,34
¥121 7. 0.66 | 0.8 0.93 60 101 1.44
Square 7.25 0.63 | 0.75| 0.93 51 78 1.32
8. 0.5 0.5 0.53 28 31 0.94
9. 0.3 0.3 o.oﬁ 3 1 0.33
4. 1.7 4.6 0.74 100 479 4,99
6. 1.1 2.1 0.85 79 210 2.76 ;
71y 7. 1,0 1.7 0.87 50 125 2.6 |
|
Circle 7.5 0.9 1.4 0.89 33 78 2.44
8. 0.79 | 1.1 0.49 19 34 1.89 %
‘9., 0.83 | 1.0 0.05 1 4 4.0

LT 2 10 7May p21 von
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Fig. 6. 20 : Parameter Rl as a function of the threshold in
Gaussian noise, o,=12.
a) Minmax b) Variance c¢) Rosenfeld (0-4)
d) Rosenfeld (1-4).
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p2X17 ,?7YnpEn RL 12 APA 1Y 3y R2-1 RL 357y DN AN?ann L,6,29 1710n
On D2INpIE Dn2T7N A .A7791% 217 Variance -1 AT P¥Y12 Y913 Minmax ?2
,T783T17 ¥¥ D2MA7ATRD

R1 12 9pa 1Yy 11y, 0n=12 oy INA BYI1 R2-1 RL 221y : 6.29 n7a
Lo '
Table 6.29 : Values of Rl and R2, in Gaussian noise with op=12,

at the threshold in which Rl achieves its maximal

value.
DN7ITAINR Square = »111 Circle - b1y
algorithm Rl R2 T Rl R2 T
Minmax 0.49 68 15 0.42 109.8 15
Variance 0.61 55.3 5.5 - 0.52 96.1 5,5
Rosenfeld (0-4) 0.92 1.0 7.5 0.87 1.66 7.75
Rosenfeld (l-4) 0.93 0.75 7.25 0.89 1.4 7.5
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NN?¥R N?0 NvRn ,Hd(w) 21y 111030 NTINA?TA A7IYEA DRYAD ﬁ(x,y)—1
' *9n23°n n*n? E(e?(x,y))-v 12 Ho(w)

Ele?(x,y)] = EL&(x,y)~2(x,v)] (B.20)

-2y NI TAR-ITA ATPAD PRI LYI1TT 12?71 12Ph Lw aY%an N0 1T a7aye
n(x,y) vyim £(x,y) DN 11 2¥n1 I7T 11w 20180 Mpan LT793aTIY 77
: 2"y 7103 1317081 02717070117 DA

_»J—|—l—-l——w' 2

Hd(w)-sff(w) ||w2]|e 2 * 8
HO (W) = =

2
sff(w)+snn(w) sff(w) + o,

ff(w)

|[w|| > 0 (B.21)
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£(x,y) NIND ‘7¥ n7W0PLDA n3828¥n NFI0 - 8¢ (W)
oZ =7 nwa ,pyIn 7v n7270pgpA M197a¥N nexpae - s (W)

.£(x,y) DIND TINAZ 7UDIIVD 7TIK NMIB ;sff(w)11yn 20 1j135
59 Yp 1°01YY9Y LATY AT DT 0273290 0RITRY paAn enn , 71117 oxnna
077310819 07377an 7¢¥ 170 3 ATT 2TV NIVTAIA 21278 1IN
0?37YnnAn TR Y2 .AANNAL Ap=1 Ap ©20RIB OY  (Point processes)
272-%y Nyapa 11T 73 7@ NBRA NI {0y IN x ) 1NN TN 1IN enann
110 DIK L PVAFEDT TThB-1T AT NI ATER PN ;1:1n1n-=p1n3 TNIPN DTV
N A¥?D A, . T 7Y p o, Ay n2rh1e w1y nﬁryn‘wujnnn 7TYD 1INR7 1A
NN DTPN2Y RIYIIRR 78 MTINY 81IXER 118X

2.1/2

' 2
A, = (A1 +22) (B.22)

¢ IWND
.07711DN180 02327000 20A8 0N - A1,dp

A¥?°n T-1 ,0721AD D?I1TN P3¢ 172 T18NA 1M N2¥77 OTpR DN AXY?R
.o 1R O°panY IR/1 1270 ypan wyah onxpn aian 17%An 2w -¥y17 DINA DN? DN
' : =Ry 1101 T

r = : (B.23)

: NI

1270 vy MTE - o2

232%8 91T 921 1EKA A 19 - o2

B.21-1 127N sff(w0 DN DIPAY (N3 'R NN NITYa

- 2
4(1-p) Ag0 coslg

[
w2t (1-p) 223 [w2+ (1-p) 2A2sin’0 ]

Sge (W) N

1/2



= 23% =

sin 90
+ 173 ] (B.24)
[w?2 + (1=-p}2 X 2 cos?8 ]

A ¢ PRI

2p7pD*T IIR  120RY Nayn npyl 1winn 101¥7 .92¥70 At 112y axan 11oad
: TT-2y 1IN Hy(z1.25)

Np M, N
: IR a s
HO (erzz) = z z bi.zll 223 / 1+ Z z ai' le 22:] (B.ZS)
i=0j=0 *J i=0 j=0 J |
' i#j

AT NN 13DBN NA1ADY 1D D?2311200 701 ?0RTD ATAT AT 1avhv 71X7

Y3 113y 1IphAa NAan 7190W v"y*%1wy5 103 ANTY 072 n73i133 maxp?
1ionn 7N Ho(zl,zz) v navann nN'Axv?p (hi,j) ON .7PhN 2yan TN
: N2 117¥R TRy ANAN? MOn?DN
L

4/‘

—- e Bog hyp hyg hpp—
B Vi ¢ By Byp — -
) oy By hyp By, o
N PP R U PR RS PR P
. 1 2
l i ¢ pA1YR 1n ATA? PATPR 1aDhN
H(zy,22) = 2172 2572 M (2),2,) . (B.26)
- ;WD
1 -1

Hl(zl,zz) = Ho(zl,zz) + leo(z1 ’Zz) + zzHo(Z1'zz ) +

-1 -1
+ zlzzﬂo(zl, ' Zg )
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1+ alo(zII + zzl)-i—auzil Zg

AN 2pRBA- 177000 02X B70TER 0N byys 811 » 210 » A WKD
Hy(w) n71¥1A 12107 M3 210 21772 H;(2),2,)

z; ¥ 07710 W1 %8310 0°yaln TNY B2NnnR Hy(w)-an TN 73 mya
0N n*n? hij -An NN Y3 171 FRnOnap 710% AReNAD neaen MY 1T zo-1
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2 S 3E 3 R RQBERTE‘: - 35 36 I 3

*****%**;ﬁ*#%******************%*******************%******
LT s, .

#*

¥ THE PROGRAM GETS AS AN INPUT &7X4&7 POINTS. "OR EACH

% POINT IT CALCULATES THE TWO DIAGONAL DIFFERENCES IN A

# 2X2 WINDOW. THE MAXIMUM OF THESE DIFFERENCES 15 THE VALUE
# OF THE. POINT. A THRESHOLD OPARATION ON THE MAXIMUM -
# PRODUCES A LOGICAL VALUE IF A POINT 1S AN EDGE FOINT OR
# NOT.
*
#*

Of?ﬁ(?ﬂf)ﬂt?f)ﬁf)n

***********%******ﬁ*%********%**********#***&**%***%*%***
INTEGER X(2: 67}, H1, H2, H3, T, OT
CALL INOUT(1, "INPUT FILE: " O)
¢ NAME OF FILE THAT CONTAINS IMAGE
CALL INOUT(O, "OUTPUT FILEL: ") 1)
c NAME OF FILE THAT CONTAINS SIGNS OF EDGES
ACCEPT "VALUE OF THRESHOLD=?",T
READ BINARY (1) (X (2, J), J=1, &7)
DO 30 K=1, &b
DO 536 J=1, &7
X (1 ) =X (20 )
26 CONT INUE |
READ BINARY(1) (X(Z, 1), 1=1,47)
DO 40 J=1, 66 ~
H1=1ABS(X (1, J)=X(2Z, J*1))
HZ=1ABS{X (2, ) =X (1, J+1))
H3=MAXO{H1, H2)
OT=0
IF (H3. GE. T) OT=1
WRITE BINARY(0) OT

40 CONTINUE
30 CONTINUE
STQF

END
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[
c
C #
C )
C %
C #
C %
C #
c %*
C ¥#*
C #*
c #
C ¥*
C +*
c #
c

C NAME
C NAME
C  NAME

10

3t
a5

**************************************
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2 38 035 MINMAX ALGORITHM

THE,_PROGRAM COMPUTES THE DIFFERENCE BETWEEN THE
MIN VALUE AND THE MAX VALUE AT THE EIGHT DISCRIT

 DIRECTIONS. A THRESHOLD OPERATION- ON THESE DIFFERENCES

PRODUCES EIGHT LOGICAL VALUES. ACCORDING TO THEM A
DICISION IS MADE IF AN EDOE  EXISTS AND IN WHAT _
DIRECTION. THE COMPUTATION OF THE DIFFERENCES 18 MADE

74X74.

WITHIN A WINDOW X2 ON EACH POINT IN THE IMAGE OF SIZE

INTEGER X(9;74):H1:H2:R(8):TsDR,DT
LOGICAL LO, RL{8)

CALL INOUT(1, "INPUT FILE! ", 0)
OF FILE THAT CONTAINS IMAGE
CALL INOUT (0, "OUTPUT FILEL: ".1)

OF FILE THAT CONTAINS SIGNS OF EDGES

CALL INGUT(Q;"UUTPUT FILEZ: ", 1) _

OF FILE THAT CONTAINS DIRACTION OF EDGES

ACCEPT "VALUE 0OF THRESHOLD=?", T

Do 10 I=2, 9 : ,

READ BINQRY(I)(X(I:J},J=1:74)

po 30 K=1, &é '

po 35 I=1.8

0o 36 J=1,74

X<{I, 'J}=X(I+1J o)

CONTINUE

CONT INUE

READ BINARY(1) (X(9, 1), 1=1,74)

Do 40 J=5, 70
H1=MQXG(X(5:J-3):K(E;J—Z)aX(S:d-l);X(ﬁ;d):X(51d+1))
HIHMQXO(HIJX(59d+2):X(5sd+3);X(ﬁ:d-4);X(5;d+4))
H2=HIN0(X(5:J-3):X(ﬁ:d—Z):X(ﬁ:d—i):X(ﬁ:d);X(51J+1))
HZ=HIN0(H2;X(5:J+2):X(51d+3):X(5od-4);X(5:d+4})
R{1)=Hi~-H2

IF (R(1).GE. T) RL.(1)= FALSE.

IF (R{(1).LT.T) RL{1)= TRUE. ,
HIWMRXO(X(7:J*4):X(7:d"3):X(&:J-Z):X(é:d"i);X(E:d))
HINHQXO(HI;X(4;J+1):X(4;d+2):X(3sd+3)aX(3ad+4))
H2=MINO(X(7:d—4);X(7:d—3):X(b;d—?):X(&:d—l):!(5;d))
HZ=H!N0(H2:X(4:J+1):X(4:d+2):X(3;d+3)aX(S:d+4))
R({Z)=H1-HZ .

IF (R{(2).GE. T) RL (2)=. FALSE.

1E (R(2).LT. T RL{2)=. TRUE.
Hi“MﬂXO(X(B:d“S):X(?:dﬁz}:X!é:d“liaX(E;d);X(4;d+1))
HISHQXO(HI:X(S;d+2];X(Z:d+3):X(?:d*4)»X(1ad+4))
HZ“MINO(X(B:J_S):X(7ad“2}aX(&:d*l);X(ﬁjd))X(4ad+1))
H2=HIN0(H2:X(31d+2):X(21d+3);X(9;d—4);X(l:d+4))
R(2) =Hi-HZ .

IF (R{(2).GE. T) RL(3)=, FALSE.

6 4 30 36 9 S 4 B A S R

3%

$#

* ok & k% kKK

#
e
#*
€

*****************%*********************#********#*******
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350

70

p 4

IF (R(3).LT.T) RL.(3)=. TRUE. o
H1=MAXO(X(9,J-2):X(B;J—Z),X(?;J—i)aX(é:d—i):X(S;d))
HlﬂMRXO(H13X<4;d+1}.X(B;J+1);X(21J+2),X(1,d+2))
HZ*MINO(X(?;J-Z):X(B,de)aX(?:Jwi)aX(b;d—l);X(S:d))
HZHMINO(HZJX(4.d+1);XtS.d+1),X(2.d+2)aX(l;d+2))
R{4)=H1~H2 ‘

IF (R(4), GE. T) RL(4)= FALSE.

IF (R4ALLT. T Ri.{4)= TRUE.
HIwHAXO(X(B:d),Xt7;d}:X(b:d);!(ﬁ;d):X(4:d);X(3:d)aX(2;d))
H1=MAXO(H1, X{%, 1), X(1,J)) :
HZWMINO(X(S;J);X(?;d);x{éad};X(5,d);K(4:d},X(3,d);thad)l
HZ=MINO(HZ, X{9, J), X(1,J))

R(5)=Hi-H2

IF (R(S). GE. T) RL{S)=. FALSE.

IF (R(S).LT. T) RL{S)=. TRUE,
H1=HAX0(X(?,J+2);X(81d+2),X(?;d+1};X(é,d+1),X(5wd))
HINMF’:XO(HL Xi4, J-13, X(EJ lJ"i)J X(ZJ =2, X(1i, L."-Z) )
H2=HINO(X(9;J+2);X(B:d+2);X(7;d+1);X(&,d+1);K(S;d))
H2=HINO(H2:X(4;J-1),X(S;dwl);X(Z;J—Z),th;d-ﬁl)
R{&)Y=H1-HZ

IF (R(&). GE. T} RL(&)= FALSE.

IF (R(&). LT, T) RL{&)= TRUE
H1=MﬁX0(X(B;d+3),X(7ad+2);X(é;d+1):X(5,d),X(4,d—1))
Hi“MAxO(HlIX(SJJ—Z)JX(ZJJ_S,JX(QJJ+4)Jx(ild—4))
HZﬂHINO(X(B;d+S);X(7:d+2):X(6,d+1):X(S,J)JX(4;J—1))
H2=HINO(H2;X(3;J—2);X(Zad*ﬁ);X(?;d+4).X(l;d—4)) '
R(7)=H1~-HZ

IF (R(7).GE. T) RL{7)= FALSE

IF (R(7).LT. T) RL(7)=. TRUE.
H1=MAXO(X(7,J+4):X(?;J+3),X(61d+2);X(b,d+1);X(5ad))
HIWMAXO(Hi;X(4;dw1);X(4,d—2);X(3;d"3),X(3.4~4))
H2=HINO(X(7:J+4),X(7;d+3);X(6,d+2),X(b,d+1),X(5:d))
HZ#MINO(HZaK(41d-1)aX(4’d—2);X(3.dw3);X(S,d-4))
R(8)=H1-HZ

IF (R(8). GE. T) RL(8)= FALSE

IF (R(8Y, LT. T) RL(8)= TRUE.

DR=1
LDmRLti).AND..NGT.RL(Z).AND..NOT.RL(S).ANU..NDT.RL(4)
LD*LD.AND..NDT.RL(E).AND..NDT.RL(&).AND..NGT.RL(?)
LO=L0. AND. . NOT. RL(8)

IF (. NOT.LOQ) GO TO 50

GO TO 460

OT=1

WRITE BINARY{O) (QT)

WRITE BINARY(Z) {(DR)

GO0 TO 40

DR=2
LD=.NOT.RL(1).AND.RL(2).ANB..NGT.RL(S).AND..NDT.RL(4)
LOwLG.AND..NOT.RL(S).AND..NUT.RL(&).AND..NGT.RL<7)
LO=L0. AND. . NOT. RL{8) )

IF (. NOT. LOY GO TO 70

G0 TO &0

NR=3 .
LD=.NUT.RL(I).AND..NOT.RL(Z).AND.RL(3).AND..NQT.RL(4)
LD=LU.AND..NDT.RL(S).AND..NOT.RL(&).AND..NGT.RL(?)
LO=L0. AND. . NOT, RL{(&)
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a0

?0

100

110

120

130

40
30

- oaus -
1F (. NOT. LO) GO TG 80
60 TO 60 | u
DRw=4 |
LO= NOT. RL(1). AND. . NOT, RL(2). AND. . NOT. RL(2). AND. RL(4)

.L0=L0.AND..NGT.RL(S);AND..NUT.RL(&).ﬁND..NDT.RL(?)

LO=L.0. AND. . NOT. RL(8)

IF (. ROT~LO) GO TO 90

GO TO &0

DR=S

LO= NOT. RL(1}. AND. . NOT. RL(2). AND. . NOT. RL(3). AND. . NOT. RL(4
LO=L0. AND. RL{5S). AND. . NOT, RL{&), AND. . NOT. RL(7)
LO=L0. AND, . NOT. RL(8)

IF (. NOT. LO) GO TO 100

GO TO &0

DR=6b ,
LO= NOT. RL(1). AND. . NOT. RL{2). AND. . NOT. RL(3). AND. . NOT. RL (4
LO=L0. AND. . NOT. RL(S). AND. RL(6). AND. . NOT. RL(7)
LO=L0. AND. . NOT. RL(8)

IF (. NOT.LO) GO TO 110

60 TO 60

DR=7 :

LO= NOT. RL{1). AND. . NOT. RL{Z). AND. . NOT. RL.(2). AND. . NOT. RL (4
LO=L0. AND. . NOT. RL (5). AND. . NOT. RL(&). AND. RL(7)

LO=L0. AND, . NOT. RL(8) -

IF (. NOT. LO) GO TO 120

GO TO 60

DR=6&

LO= NOT. RL{1). AND. . NOT. RL(2Z). AND. . NOT. RL.(2). ANDL . NOT. RL (4
LO=L0. AND. . NOT. RL(5). AND. . NOT. RL(&). AND. . NOT. RL(7)

LO=L0. AND. RL(8) ;

IF (. NOT. LO) ©0 TO 130 i

GO TO 60 i

OT=0 |
WRITE BINARY{O) (OT)

WRITE BINARY(Z) (DR)

CONTINUE

CONT INUE

END
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************************************************************
#* #
# ° THIS PROCRAM COMPUTES THE VARIANCE IN EIGHT DIRECTIONS #
# WITHIN A WINDOW 9X9. A THRESHOLD OPERATION ON THIS EIGHT #
# DIRECTHONS PRODUCES EIGHT LOGICAL VALUES. ACCORDING THESE #
# VALUES A DICISION IS MADE IF AN EDGE EXISTS AND IN WHAT #
% DIRECTION. THE DECISION AND COMPUTATION ARE MADE FOR EACH #
# POINT IN AN IMAGE OF SI1ZE 74X74. N 3 #
#* #
****4******************************************************u

OOO'GDDOOOOGD

REAL R{8), T,H2Z, H2
INTEGER X{9,74), DR, OT, H1
LOGICAL L0, RL(SB)
: CALL INOUT(I:"INPUT FILE: ", Q)
¢ NAME OF FILE THAT CONTAINS IMAGE
_ CALL INOUT (O, "OUTPUT FILEL: " 1)
C  NAME OF FILE THAT CONTAINS SIGNS OF EDGES
CALL INOUT ¢ Z, "OUTPUT FILEZ: ", 1)
C NAME OF FILE THAT CONTAINS DIRACTION OF EDGES
' ACCEPT "VALUE OF THRESHOLD=7", T
Do 10 1=2,9 |
10 READ BINQRY(i)(X(I;U)-J=1:74)
OO 20 K=1,6&6
po 35 I=1,8
po 36 J=1, 74
X(1, Jy=X{1+1, N}
36 CONT INUE
35 CONTINUE
READ BINARY(1) (X9, 1), I=1,74)
po 40 J=95,70
H1=(X(5:d-3)+X(S:d—2)+X(5:d—1)+X(5;J)+X(5:d+1))
HZZ#FLUQT(H1+X(5:d+2)+X(5ad+3)+X(5:d*4)+X(5;d+4))f?.
H2=0. '
H2=(FLOAT(X(5;d—S))“HZZ)**Z
H2=H2+(FLDAT(X(5:J—2))ﬂHEZ)**E
HZﬁH2+(FLDAT(X(5:d*i))—HZZ)**Z
H2”H2+(FLUQT(X(5:J))“HZZ)**E
HZ“H2+(FLGAT(X(5;J+1))"HZZ)**Z
H2“H2+(FLUQT(X(5;J+2))*HZZ)**?
H2#H2+(FLOAT(X(5:J+3))—HZZ)**Z
H2=H2+(FLGQT(X{5:J—4))—HZZ)**Z
H2=H2+(FLUAT(X(5;J+4))*H22)*%2
HZ2=HZ/ 9.
R{1)=8SERT{HZ)
IF (R(1).GE. T) RL{1)= FALSE,
1F (R(1).LT. T} RL(1)= TRUE,
H1=(X(7»d*4)+X(7;J—3)+X(&:d"2)+X(6;d~1)+X(5ad))
HZZ“FLDQT(H1+X(4:J+1)+X(4:J+2)+X(3:d+3)+X(3;d+4))/?.
HZW(FLOAT(X(7:d*4))—H22)**2
H2=H2+(FLGAT(X(7;J*S))—HZZ)**Z
H2=H2+(FLUAT€X(6:J—Z))*HZZ)%*Z
HZWH2+(FLGRT(X(b.J*l))—HZZ)**Z
H2=H2+(FLDQT(X(5:d))*HZZ)**Z
H2=H2+(FLDRT(X(4,d+1))*H22)**2
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| Hz=HZ+ (FLOAT (X (4, J+2) ) ~H22) #%2

H2=H2+(FLOAT(X(3.J+3))—H22)**2
H2=H2+<FL0AT<x<3,J+4))-sz>**2

MHZ=H2/9.

R(2)TBART (HZ)

1IF (R{2).GE. T) RL(2})=. FALSE.

IF (R(2).LT.T) RL{2)= TRUE.
le(X(a;d*3)+X(7:J—2)+X(b,d—1)+X(5,d)+X(4,d+1))
H22=FLUAT(H1+X(3,d+2)+x<2.J+3)+x<9,J-4)+X(1,J+4>)/?.
H2=(FL0AT(X(8,d~3>)-sz)**z
H2=H2+(FLonTtx(7,d—2))—H22)**2
H2=H2+{FLOAT(X(5,J~1))—HZZ)**Z
H2=H2+(FLOAT(X(5;J))ﬂHZZ)**Z
H2=H2+<FL0AT<X(4,d+1))—H22)**2
H2=H2+(FLGAT(X(3,d+2))—H22)**2
H2=H2+(FLOAT(X(2,J+S))—HZZ)**Z
H2=H2+(FL0AT<x(9,d~4))—sz>**2
H2=H2+<FLDATtx<1,J+4)>—H22)**2

Hz=HZ/9.

R{2)=SORT (H2)

IF (R(3).GE. T) Ri.(3)=. FALSE.

1F (R(3).LT. T RL (3)=. TRUE.
H1=(X(9,d—2)+x(8,d*2)+X(7,dm1)+x<6,d—1)+X(5;d))
H22=FLUAT(H1+X(4,d+1)+X(3,J+1)+X(2,d+2)+X(1,d+2))f9‘
H2=<FLOAT(X(9,d-z})“HZZ)**Z :
H2=H2+<FLDAT(X(8,dwz)ﬁ—HEZ)**z
H2=H2+(FLOAT(X(7,d-i))ﬂHZZ)**Z
H2=H2+(FLGGT(X(5,d—i))—sz)**z
H2=H2+(FLOQT(X(5.J))wHZZ)**Z
H2=H2+(FLDAT(X(4;J+1>)~H22)**2
H2=H2+(FLGATtX(3.J+1))~H22)**2
H2=H2+;FLDAT(X(2,d+2))~H22)**2
H2=H2+<FLOAT(X(1,J+2))—HEZ)**Z

H2Z=H2/9.

R{4)=8GRT (HZ)

IF (R(4). GE. T) RL{4)=. FALSE.

1F (R{&). LT.T) RL{4)=. TRUE. :
HZZ&FLOAT(X(B.J)+X(7,d)+X(é,d)+X(5,d)+xt4,J)+x{3,d)+X(:
H22=H22+FLOQT(X<?,d)+X(1,d))

Hz2=H22/9.

H2=(FLOAT(X(8,d})—sz)**Z
H2=H2+<FLOAT(X<7.J))-HZZ)**Z
H2=H2+(FLQAT(X($;J))*HZZ)**Z
H2=H2+(FLGAT(X(5;J))—HZZ)**Z
H2=H2+(FLDGT<X(4.J))~H22)**2
H2=H2+(FLDAT(X(3,J))-HZZ)**z
H2uH2+(FLOAT(X(2,J))—HZZ)**E
H2=H2+(FLOAT(X(9,d))—sz)**z
H2=H2+(FLOAT(X(1.d))—HZZ)**z

H2=H2/9.

R(S)=GERT (H2)

IF (R{(%).GE. T) RL (%)=, FALSE.

IF (R(S5).LT. T} RL{S})=. TRUE.
Hlm(X(9,d+2)+X(8.d+2)+xt7,d+1)+X(&,d+1)+X(5,d))
H22=FLOAT(H1+X(4.J—1)+X(3,d—1)+X(2,J—Z)+X(1,d—2))/?.
H2=(FLUAT(X(9.J+2))—HZZ)**Z
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H2=H2+ (FLOAT (X (8, J4+2) ) =H22Z) ##2
HZ=HZ+ (FLOAT (X (7, J+1) ) ~H22) 22
H2#H2+ (FLOAT(X (&, J+1) ) ~H22) ##2
H2eH2Z+{FLOAT (X (5, J) ) ~H22) #42
H2=HZ+(FLOAT (X (4, J=1) ) ~HZ2) ##2
H2=H2 L FLOAT (X (3, J-1) ) —-H22) #%2
 H2=H24(FLOAT(X(2, J=2) ) ~H22) #%2
HZ=H2+{FLOAT (X (1, J~2) ) —H22) ##2
H2=HZ/9, -
R(6)=SART(H2)
IF (R{&). GE. T) RL{&)= FALSE
IF (R(&).LT. T) RL(&)= TRUE.
HL= (X8, J#BI X7, JH2Z)+X (&, JH1 XS, JI+X (4, J=1))
HZZ2=FLOAT (H1+X (3, J=2)4X (2, J=3)+X (9, J+4) +X (1, J~4)) /9,
H2=(FLOAT(X (8, J+3) ) ~H22) #%2
H2=HZ+ (FLOAT (X (7, J+2) ) ~H22) ##2
H2=H2Z+ (FLOAT (X (6, J+1) ) ~H2Z2) #%2
H2=H2+ (FLOAT (X (S, J) ) ~H22) %42
H2=H2+(FLOAT (X (4, J=1) ) =H2Z2) %#2
H2=HZ+ (FLOAT (X (3, J=2) ) ~H22) ##2
HZ=HZ+ (FLOAT(X {2, J=3) ) ~H22) ##2
H2=H2+(FLOAT (X (9, J+4) ) ~HZ2) #%2
H2=HZ+ (FLOAT(X (1, J=4) ) ~H22) #42
HZ=HZ2/9.
R(7)=SERT{H2)
IF (R(7).GE. T} RL(7)=. FALSE,
IF (R(7).LT. T) RL(7)= TRUE.
H1m(X (7, JF4)+X (7, J+2)+X () JHZ)+X 6, JHLI+X (S, J))
HZZ=FLOAT(H1+X (4, d=1)+X {4, J=2) +X (3, J=3)+X (3, J=4)) /9
HZ=(FLOAT(X {7, J+4) ) =H22) #%2
HZ=HZ+ {FLOAT (X (7, J+3) ) ~HZZ) ##2
H2=MZ+ (FLOAT (X (6; J+2) ) ~HZ2) #%2
HZ=HZ+(FLOAT (X (&, Jd+1) ) —HZ2) %42
H2=H2Z+(FLOAT (X{5, J) ) ~H22) %#2
H2=HZ+{FLOAT (X (4, J=1))~H22) %2
H2=HZ+ (FLOAT (X (4, J=2) ) ~H2Z) ##2
HZ=HZ+ (FLOAT (X (2, J~3) ) ~H2ZZ) ##2
Hz=H2+ (FLOAT(X (3, J-4) ) ~HZZ) #42
HZ=HZ/9.
R{8)=SERT{H2)
IF (R{8). GE. T) RL{(8)=. FALSE.
IF (R(8).LT. T) RL{8)= TRUE.
DR=1
LLO=RL (1). AND. . NOT. RL(2). AND. . NOT. RL(3). AND. . NOT. RL (4)
LO=L0. AND. . NOT. RL¢5). AND. . NOT. RL(6). AND. . NOT. RL.{7)
LO=L0O. AND. . NOT. RL(8)
IF (. NOT. LO) GO TO %0
G0 TO 40
60 OT=1
WRITE BINARY{0)(OT)
WRITE BINARY(Z) (DOR)
. GO TO 40
50 DR=2
L.O= NOT. RL(1). AND. RL{Z). AND. . NOT. RL(3). AND. . NOT. RL.(4)
LO=L0. AND. . NOT. RL{S). AND. . NOT. RL{&). AND. . NOT. RL(7)
LO=L0. AND. . NOT. RL.(€)
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IF (. NOT.LO) 00 TO 70
G0 TO 40

DRm3

LO=, NOT. RL.(1), AND. NOT. RL(2). AND RL.{3). AND NOT. RL(4)
LO=L0. AND. . NOT. RL.(5). AND. . NOT. RL.(&). AND. . NDT RL(7)
LO=EU AND. . NOT. RL(8)

IF (.NUT.LO) GO TOo 80

60 TO &0

DR=4

LO=. NOT. RL{1), AND, . NOT. RL{2Z). AND. . NGT. RL(3). AND. RL(4)
LO=1.0. AND. . NOT. RL.(5). AND. . NOT. RL(&}. AND. . NOT, RL(7)
LO=0L0. AND, . NOT. RL.(8)

IF (. NOT. LO) GO YO 90

GO TO &0

DR=%5

LO=, NOT. RL (1), ANIX. . NOT. RL(Z), AND. . NOT, RL(2). AND. . NOT. RL:
LO=L0D. AND. RL(5). AND. . NOT. RL{4&). AND. . NOT. RL.( 7}
LO=L0, AND. . NOT. RL(8)

IF ¢ NOT.LO) GO TO 100

GO TO 40 .

DR=6

LO=. NOT. RL(1). AND. . NOT. RL{Z). AND, . NOT. RL(3). AND. . NOT. RL
L.O=L.0. AND. . NOT. RL(S), AND. RL(&). AND. . NOT. RL(7)
LO=L0O. AND. . NOT. RL(8)

IF (. NOT.LO) GO TO 110

60 TO 40

DR=7

LO=. NOT. RL(1), AND. . NOT. RL(2). AND. . NGT. RL(3). AND. . NOT. RL
L.O=L0. AND. . NOT. RL(5). AND. . NOT. RL(&). AND. RL(7)
LO=LO. AND, . NOT. RL{8)

IF (. NOT. LO) GO TO 120

GO TG 40

DR=g

LO=, NOT. RL{1). AND. . NOT. RL{Z). AND. . NOT. RL.(3). AND. . NOT. RL:
LO=L0O. AND. . NOT. RL(5). AND. , NOT. RL(&). AND. . NOT. RL(7)
LO=L.G. AND. RL (&)

IF (. NOT.LO) G0 TO 130

GO TO 40

oT=0

WRITE BINARY(O) (OT)
WRITE BINARY(Z) (DR)
CONTINUE

CONTINUE

sSTOP

END
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¥*
»
#*
#*
#* THE FROGRAM GETS AN IMAGE OF SIZE 74X74. A DESIRED FUNC
# CAN BE PUT ON THIS IMAGE. THIS FUNCTION IS REPRESENTED BY
# AT MOST 21 POINTS(COEFFICIENTS) AS AN INFUT FILE. FOUR

# VALUES OF THE FUNCTION ON THE IMAGE ARE COMPUTED FOR THE
# FOUR DIRECTIONS. A THRESHOLD OPERATION ON THESE VALUES

# PRODUCES FOUR LOGICAL VALUES. ACCORDING THESE VALUES THE

# PROGRAM DECIDES IF AN EDGE EXISTS AND IN WHAT DIRECTION.
# THE COMPUTATIONS AND DECISION ARE MADE FOR EACH POINT IN
* THE IMAGE.

% .

#

+*

oAb 6 0 4 S B A el e 2 SR b AR 3 A 6 0 0 B b 0 GE 3 30 B0 A B R SR e 3 I SR R

INTEGER NB |
REAL. R(4), MN, CON, H1, T, A(~10: 10)
INTEGER X(21,74), H2, DR, OT
LOGICAL LO, RL(4)
CALL INOUT(1, "INPUT FILE: ", 0)
NAME OF FILE THAT CONTAINS IMAGE
CALL INOUT(O, "OUTPUT FILEL: ", 1)
NAME OF FILE THAT CONTAINS SIGNS OF EDGES
CALL INOUT(Z, "INPUT FILE: ", 0)
CALL INOUT (2, “OUTPUT FILEZ: *,1)
NAME OF FILE THAT CONTAINS DIRACTION OF EDGES
ACCEPT "VALUE OF THRESHOLD=?",T
ACCEPT "HALF SIZE OF COEF. ARRAY=?", N
ACCEPT "VALUE OF NORMALIZING FACTOR=?", CON
DO 3 I=-N, N
READ BINARY(2) MN
ACT)=MN
CONT INUE
NB1=74-2#N
NB2=2#N
NB=2#N+1
no 10 I=2, NB
READ BINARY (1) (X(I,J), J=1,74)
NB=Z#N+1
DO R0 K=1, NB1
DO 35 I=1, NB2
DO 36 J=t, 74
XTI, D) =X (I+1, J)
CONT INUE
CONT INUE .
READ BINARY(1) (X{NB, 1}, 1=1,74)
N1=74-N -
NZ=N+1 ‘
DO 40 J=NZ, N1
- H1=0.
1K=0
DO 42 I=-N,N
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H1=H1+A(I)*FLOAT(X(N+1;J+I))
CONT INUE

Hi=H1*CON

R(1)=ABS(H1)

IF (R(1).GE. T) RL(I)B FALSE,
IF (R(1).LT. T) RL($)= TRUE.

H1=0. ...
1K=0
DO 45 Is~N, N

Hi=H1+A(I ) #FLOAT(X (2#N+1~TK, J+1))
IK=1K+1

CONT INUE

Hi=H1#CON

R(Z)=ABS (H1)

IF (R(Z). GE. T) RL{2)=. FALSE,

IF (R(Z).LT. T) RL(2)= TRUE.

Hi=0,

IK=0

DO 44 I=-N, N

Hi=Hi+A(I)# FLOAT(X{Z#N+1-1K, J))
IKeIk+1

CONT INUE

Hi=H1%CON

R{3)=ABS(H1)

IF (R(3). GE. T) RL(3)= FALSE.
IF (R(2). LT. T) RL(3)= TRUE.
H1=0,

IK=0

DO 45 Is=-N, N
H1=H1+A(I)*FLOQT(X(2*N+1 ~IK,J4=-11%)

IK=IK+1

CONT INUE

Hi=H1#CON

R(4)=ABS(H1)

IF (R(4) GE. T) RL(4)= FALSE.

IF (R(4).LT. T) RL{4}= TRUE,

DR=1

LO=RL (1). AND. . NOT. RL(2), AND NOT. RL.{3), AND.
IF <. NQOT. LO) GD TO 30

GO TQ &0

0T=1

WRITE BINARY(C) (OT)

WRITE BINARY(Z) (DR)

GO TO 40

DR=2

LO= NQOT. RL(1)., AND. RL(2). AND. . NOT. RL(3). AND.

IF (. NQT. LO) GG TO 70

GO TQ &0

DR=3

LO=, NOT. RL{1), AND. . NOT. RL(2Z). AND. RL(3). AND,
IF (. NOT.LQ) GO TO 80 .

GO TO &0 *

DR=4

LO=. NOT. RL(1). AND. . NOT. RL(2). AND. . NOT. RL(3).

IF (. NOT. LO) GO TO 130
GO TO &0

. NOT. RL(4)

NOT. RL.(4)

. NOT, RL.(4)

AND. RL.(4)
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130 0T=0 s
WRITE BINARY(O) (OT)
c WRITE BINARY{2) (DR)
40 CONT INUE
30 CONTINUE
STOP 7™~

END
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THE PROGRAM COMPUTES, FOR EACH POINT IN AN IMAGE OF
* SIZE 74X74, THE MEAN OF A MATRIX IN SIZE {(ZR+1){(ZR+1)

*
+#
#*
*

CENTERED IN THE POINT. DIFFERENCES BETWEEN NONOVERLAPING#
NEIGHBOURHOODS THAT MEET AT THE POINT ARE COMPUTEDR FOR #

FOR THE FOUR DIRECTIONE.

INTEGER X(18, 84), TRK) R, TWK

REAL EZER(10C,76), T, R1(5)

CALL INOUT(O, "INPUT FILE "aO)
CALL INOQUT(1, "OUTPUT FILE: ",1)
ACCERPT "SIZE OF NEIGHBORHOOD=?",R
ACCEPT "SIZE OF IMAGE=?", N1, N2
ACCEPT "VALUE OF THRESHOLD=?",T
TRK=(2#R+1) %2

DO S I=1,N2Z

X{1, 1)=0

CONTINUE

K7=N2-R

DO 10 I=Z, TRK

READ BINARY(O) (X(I,.),J=1,N2)
CONT INUE '

Ki=l

K2=1.

KS=R+1

Ké=TRK~R

DG 11 I=KS, Ké&

K2=1

DO 12 J=KS, K7

EZER(K1, K2) =0,

DO 12 K3=-R, R

00 14 K4=-~R, R

EZER(K1, K2)=EZER(K1, K2)+FLDQT(X(I+KJJJ+K4))
CONT INUE

CONT INUE

EZER{KIL, K2)=EZER(K1, KZ)/FLOAT( (Z#R+1) #%2)
K2=K2+1

CONTINUE

Ki=K1+1

CONTINUE

NUM1=N1+1-TRK

NUMZ=TRK~1

OO 20 I=1,NUM1

PO 20 Ki=1, NUMZ

DG 31 J=1,NZ

XKL, J)=X({K1+1, Jd)

$
*
#
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31 CONT INUE
30 CONT INUE

33
32

as
34

. 40

&0
20

READ BINARY(O) (X{TRK, J), J=1, N2)
NUM4=N2Z2-2%#R :

TWK=2#R+1

NUMS=2#R+2

DO 32 Ki=i1, TWK

DO 33 K3wi»NUM4

EZER(K1, K2)=EZER(K1+1, K2)

CONTINUE -

CONTINUE :

KZ=1

DO 40 J=KS5, K7

EZER(NUMS, KZ) =0,

DO 24 K3=-R, R

DO 35 K4=-R, R

EZER(NUMS, K2)=EZER (NUMS, K2) +FLOAT (X ( 3#R+2+K3, J+K4) )
CONT INUE

CONTINLE ‘
EZER{NUMS, K2)=EZER(NUMS, KZ) /FLOAT ( (2¥R+1 ) #%72)
K2=KZ+1 -
CONTINUE

NUM&=NUM4 - (R+1)

NUM7=R+1+1

DO 40 J=NUM7, NUM&

R1(1)=ABS(EZER{R+1, J+R)~EZER(R+1, J=R~1))

- R1(3)=ABS(EZER{1, N ~EZER(Z#R+2, 1))

R1(2Z)=ABRS(EZER{ 1, J+R) ~EZER(2Z#R+2Z, J~R~1)
R1(4)=ABS(EZER(1, J~-R)}-EZER(Z#R+2, J+R+1)
WRITE BINARY (1) (R1(K2),K3=1,4)
CONTINUE o

CONT INUE

STOF

END

) .
)
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THE -RROGRAM PRODUCES FOR EACH POINT THE

#*
#*
#
# MULTIPLICATION OF THE FIVE DIFFERENCES(EACH FOR A
# DIFFERENT R)AT EACH OF THE FDUR DIRECTIONS, THESE
# DIFFERENCES ARE THE OUTPUT OF PART 1. :

+#

+

#

****************%************************************

INTEGER DR

REAL
CALL
cAL.L
CALL
CALL
CALL
CALL

Do 10

R(4),R1(4), H1

INQUT (O,
INOUT (1,
INQUT(Z,
INOUT (3,
INQUT (4,
INQUT (7,

I=1, &4

DO 20 J=1, 64
READ BINARY(0) (R(K),K=1,4)
DO 30 K=1,4 -

READ BINARY(K)

no 40 M=1, 4
R{M)=R(M)=xR1 (M)
CONT INUE

DO 4% M=1, 4
R{M)=(R(M))##0, 2
CONTINUE
H1=AMAX1(R(1), R{2Z),R{2),R(4})
DO 50 M=1,4
IF (R(M). NE. H!1) GOTO 51

DR=M

CONT INUE
CONT INUE
WRITE BINARY (7) Hi
CONT INUE
CONT INUE

STOP
END

"INPUT FILE:
"INPUT FILE:
"INFUT FILE:
"INPUT FILE:
"INPUT FILE:
"OUTPUT FILE:

(R1(M), M=1, 4)

"5 0)
", 0)
*,0)
", 0)
", 0)
" 1)

#
*
¥*
*
¥#*
¥*
+#
#
¥#*
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*************#********#**************%%*********#***

¥ ook %k &k ok ok &k ¥k k

INTEGER DR

REAL R(4),R1(4),H1t

CALL INQUT(O, "INPUT FILE:
CAlLL INOUTC(1, "INPUT FILE:
CALL INQUT(2Z, "INPUT FILE:
CALL INOUT(3, "INPUT FILE:

CALL INQUT(7, “OUTPUT FILE:

DO 10 I=1, 6é
DO 20 J=1, 6&

READ BINARY(O) (R(K),K=1,4)

DO 20 K=1,3

READ BINARY(K) (R1(M),M=1,4)

R{(M)=R{M)#R1 (M)
CONT INUE

[0 45 M=i, 4
R{M)=(R{M) ) ##0. 2%
CONTINUE

", 0)
", 0)
"0}
", 0)
", 1)

Hi=AMAX1{R(1),R(2Z},R(3),R(4))

DO 50 M=1,4

IF (R(M). NE. H1) GOTO 51
DRe=M

CONT INUE

CONTINUE

WRITE BINARY (7) H1
CONTINUE

CONT INUE

STOP

END

THE PR@GRQM COMPUTES FOR EACH POINT THE
MULTIPLICATION OF THE FOUR DIFFERENCES (EACH FDR
DIFFERENT R)AT THE FOUR DIRECTIONS. THE
DIFFERENCES ARE THE OUTPUT OF PART 1 .

* % *:ka:*'* *

********************%**%************#*%*******%****
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ABSTRACT

This research has to face two goals :

* Discription of algorithms for edge detection.

* Comparison by simulation between perfbrmances of some: of the

algorithms, while determining parameters for the comparison.

There are two types of edges :
* Edges as a result of changes in luminance.

* BEdges as result from textures.

This work mainly deals with algorithms for edges as a result of
luminance changes. The first chapter shortly summarizes the motivation
for developing edge detection algorithms and basic definitions and terms.
The .second chapter includes an overall review 6n edge detection algorithms,
most of them are destined for detecting edges resulting from iuminance

changes. The introduced algorithms can be divided into three main groups:

* Linear methods for edge detection.
* Nonlinear methods for edge detection.

* Best fit edge detection. &

For some of these algorithms a comparison of performance was performed,
It was done on two types of syntetic pictures -~ a square and a circle,
while developing a set of parameters for algorithm performanc;. The third
chapter specifies the way of realization and the amount of computation
needed for each algorithm. In addition, the various pictures and the
related edges are presented in the chdpter. Every picture type is

diwvided into four categories :
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* Pictures with ideal edge
% Pictures with ramp edge.
* Pictures with an edge between textures.

* Pictures with an ideal edge with different levels of

Gaussian noise added to it.

Two different types of measures for comparison were selected.
The-first is a group of guantative measures, which are used for all
categories of pictures. This group includes the following parameters:

* Percentage of edge points detected on the ideal edge line.

* Number of detected edge points, which do not coincide

with the ideal edgerline (false detection).

* Noise to signal ratio,

* Mean value of the deviation of a detected edge point from
the ideal edge.

* Variance of the deviation.

* An additional parameter, introduced in the literature,
-which corresponds to the weighted and normalized variance

of the deviation. "

- The secohd group is of qualitative parameters, which are suitable only
for the ideal and ramp edges. The parameters are :

* Type of contour (perfect (P}, broken (B) etc.).

* Single or double edge.

* Inherent distortion emanating from the algorithm itself,

* Mean width of the detected edge.
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Using these two groups, a comparison was made between the outputs
of 'the algorithms for the various pilctures. The fourth chapter contains
the resuits for the ideal and ramp edges. In the fifth chapter the results
for detecting edges between textures are presented. These type of pictures
are)created by binary noise known as "salt and pepper". The purpose of
this simulation is to show that moét of the algorithms are not capable to
deal with edges between textures. The sixth chapter gives the results

for an ideal edge in various levels of Gaussian noise.

The set of simulations performed leads to the conclusion that, in
addition to the quantative results, there is a great importance to visual
judgement. It is also obvious that the parameter used in the literature
is _not optimal. In most of the cases it reflects the quality of the
result, but there are few casés where it gives a high wvalue, which means
good detection, but the detection is not as good. The main reason is that
this parameter dces not distinguish_between a brokén, thick edge line and

a perfect but a distorted one.

Another conclusion is that Rosenfeld's algorithms give the best
detection among the algorithms, which were examined in this study and
others compared in the literature. Rosenfeld's algorithms show high noise
immunity and are also capable in dealing with edges between textures.

The, amount of computations is not very high, compared to other algorithms,
and even less than for some algorithms having a lower performance.
Roberts's algorithm also gives very good detection results, but it is very
sensitive to noise. Therefore for pictures with a small amount of noise or
pictures following noise smoothing, Robertsg's algorithm is recomended.

It also has the property of the smallest amount of computations.





