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MODULE V'

—

IMAGE SEGMENTATION

L?Imagel Sc’g'rnm"l:ajtl‘ow vefers to the Process
of partroning an imagg nto ﬂmups of
pixels which awe homogmeouf w-r-b some

Cvibevion .

Ly Diffevent qroups maust vot mtersect oith
each Q’c_hw and adjagcm~[~ gfoulps wusk
be h’ebcrogemous.

‘9_-5531’}7f’,i/1fh o,iccfma are area o_r{c,;«lffc[ l'l¢5l‘c‘ad
of Pixel D'rl’cmtr:cl.

Ly The wvesult of §¢3 mentatior ls the .Splr’Hirg
up of the :‘ma(?e imko Connected aveas.

Classificatiory of Is’rmqe Seqryiemn ™ ’h‘c."uf,
— : 3y ——‘] .

“2T.-5 can bc b'raacﬂé{ Classified vto & .

o local Segmcmfah'om.

o g-[obal Segfmcni‘a'tr'ow .

i

!_O(‘.al Segrncmt‘afim/_l ;

Ly it deals with segmenting  sub images
UJIfIn"Ch are, S’)’qu“ wmdows oOnN Q who ¢ rma(?&

“> No.of pruxels avarlable to local chm“ LS
Much lower thany ﬁ[obal chmml:’”-
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3  Ctloba) _Segmentatiov W

| APa
Ly Global - 509" 15 concervied Wf'fh Seﬁmtni‘lmj a

whole image . G- 5 deals ,’wlostlg'w:t}:l segmen ks

tg of large e
lf;w;booqof- PixclS-.Miabk to-
ﬂ J

Ly Estimated . parameter values for afoba) chmmlg
morye Yobust -

Ja—

1y 1-8 Can be approachrCI Jrom 3 Cl"ﬂz”cm£ ‘
pevspectives - | |
| Qeff'aow. approach,

¥

2., .Bounc[a Y‘Lj

3. Edgc i

> 5famm k7 subdivides an imaﬁe into 1ks constitucmlt
'ﬂamns o1 objects.. -

Ly level o c\tt‘qjl to which the subdivision 15
ca'm'ccl depends 0 the pbim ’Dcmg solved .

e, Segim™ should Stop when the objecks 07 Yegron

0f interest Mmoown appln have been cletecked.

Apph‘c,ahong
'}hdustﬁql inspection applns, at least Some measux
oNer the evvirowment -tgprcall?

of -control

Possible . | |
Ly Autoviomous target acquisition slm c:[csr?wcv
hgs o Comtrol over the Operating ciuovment
L US( OF-_ {nJ»'rm"ecJ Imaﬂl ‘ b(é {'hc mf[,'fqy L—D
d‘CL’C L% ' Objccts W lth _3":"0 Vl.q, l’lcél t ’ 9‘?”&1‘4 Yfg P

* . poaltetpe b il
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such as equipment troops 1h " Motioy

3EGMENTATION

N PAMENTALS . OF _
L;'Le\: o wepresent th entire spatial "groy
by an image . N
that parbitions K 1t
... B Suth thatb.

v

occupie o |
L) gT.46 as Q P?OCfS’S

" . Sle‘TﬁglOHS Ris Ez,

n
a) UEL = K.
e

b) R; is @ raamieted gk 5 12 K2, - oW
t

&1 R‘n% :(‘b —ﬁOf all l(LJr ’i:)
1d) QCR;) = TRUE Sor sk The e 2

€) Q(RUR;) = FALSE fftaf any . adjacent ?'cgro.m
BN A (Ry) 5 a loE{L‘Cal P'ffoit‘cal'c’ cle$imed oned
Cthe  pomts im sck Rx & Cb is the wnull set-
Ly Symbo)l & O 7epresent set Union & .inbers!,
L;(Two ‘ Tcgyons" R; 4’ - EJ- Qye Sa 1'& to be -adja”cmjr
g bheiv union Sorms a Comm'c-tcd"Sc’cD

b Condition (@) ndicates that the chmc,ntn m-u.slT. bt
- Complete . oy

e, ey pixel must . be s a wﬁfon

L tondition (b) Mauires that piks in a regron be
h_,;;-.ﬁ.FQﬂﬂrt\ctt&,W!_ Some - Precledmed 5msc.g

5 = canuﬂf“p
4-0r S_,/, e
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g SRS i |
L conditiont (O indicates thar the 763?0:46 Wiy sk

be drsjoink - |
L Conc‘:‘—;wm (d) deals corth the properbic
wmust be sabistied by the rxcls in a

Segmew‘ccd Tegion -

s thaf'

reates that two ac[jacf:wf

condition (e) nd
” o wius b be differemt ¢~

’TCJJ'(DYLB Ri & K

T algms <Fof monochfome: Mages
g |y are based on eve of basie ca h’joﬂ'“
eEVIEYCA Vg . .
d h propertics of intensity va HES
dealin with P <

' ‘milari
drs continuibu £ srmilo

d 633mm1atrom Boundaries of

base
7 E{&L——l, diFFerent from each .

qe  Hufht ekl

ons 4 bound
‘3’6810 cromn i bkgd 1o an.?c.o C;JLA‘VI' aﬂr .
pther 4 X ct i local Aiscontrvui bres S
Aetectiont ast
'intmsi"cy.

s 3 titrom
g . basecd seqgm” Based ovi pax (7
> X ﬂ/”/_——a—/ that ave )

- - 7eq ! OViS
swage vto |
e ﬂ +D E# a se t OF P?’f("e’f’"ﬂfd

acc ov'clx’mg
eritevia -

| . i E—— —
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. : e e v 2 MENTATION®
I ggq)oiy'“APpkoACH 0 lfjffi_j?fijif_e————i
| | roup of connected
. " . ma E aYC’ ’a ﬂ i - . .
- Ly Reglons no.an 1mMag

kies .

[?t":Ccls‘ _with sl ar PerOPC | .1- 5 as_”- Hd
> In the ’ch'foﬁ approach, aach piocel | Gne

to a particular objcct '0”' _{53‘0”'
'——) Twn- the boundar: dﬁp%bach') the aﬁf:cmp#' Léfolbo
“?‘;ah-’ df'recf[jl e boundaries _H’;at xSt ol
_ fhc ‘(ﬁ(@?romg, | |

Ly In the aagc__ aPPYOOCFI, .f:hg 55[865"; are zde,nffvﬂfeaf

Fivst and then H%é{ ave linked JfO(Cij['lt’r to form

'B’CCiUr)’fd boumdawes j

, RG13a P‘Toc\:.’dwrc that QPS P!'St.’f:[s-

- : : i based on
i. Re‘ﬁwom Q?’_mej * or subYeaiohs i to lg_r@n a'cgfo_‘ﬂ
| N e predefined cviteria Jor growth.

oYps RG s an ?’eﬁibm-_BQSfid approach to Ima(?ﬂ

Segm"l . which %c;(cihbounm(? prrels "
| g e AR .
examuned and addf_d to a vegion class \F no

-ed___gi_g qre  debecked .

IL;»"Th['f}I Process s i1tevated AHor each b@umdaoqu
- Pxel in o the region . |

—

Ly I+ adjacevt 7eg)g .
k! " R Q&fw-d} a region-

m' . i f
-Hi”’ﬁ algonﬁvm S used p which weak

.ﬁ\dgej Qare d_r‘ssofvzd £ Strong edges are |eft
tact - I E Y

- ‘I'iﬁ‘ ‘-I i
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L;R’cgrom 8(00{)!?’13 Tequires a 5¢ed fto fpcﬁ.ﬂy; with.

Ly Idfa,”;(,bhe seed ewould be a vegion  but it could
be a S’J‘YI(?ft’ Pixel .

[94 ew S'CC]MCVlf 15 810(_,(_)14 Lrom the 56661 b?
assimilating as WlamzL 'ne;ﬂhlpouw‘wg pixcls as
¢

possible that meet 1 ﬁgmogmf,‘fg criteyron .

Ly The 7esultant 363)’14(;;/1% 5 then Femoved From the

Process .
Ly A new sced 15 chosen from the chammg pixels .

until all piscels hove been allocated

A

This Comnitimues

to o SCQYY)(?V]E.
Lyﬁ-As Pixels Are ngmgmtcd,*hc
eoch Sftgmﬁmf have o be updated.

L, The 7esulting geqgmentation depenid o the initial

Seed ChOSEH Uamd the ovder i which s
-—-—'_._._‘—.'-"'—--—"'—'_

‘chrah bouvmﬁ

parametcers or

Pixels are examivied .

homogem{f% Cyiteyra "N
o the phlm

Ly The selection of ‘ :
;maae avowmﬂ c\cpcnds ot 0""‘%} i
undey comsideration but clse on tne ‘rErpe of

fmaﬁc o be Segmewfcd.

"—)[)Re ront Yowin algms
C_YE(YL‘Q jgfc[ fog decide whether a pixel should
be included i the 7cgion or not , the conmmectiit:
type used 1o dctcrmine_ﬂjghbouy5) ¢ the Stratcgg
Used bo NISUE %e:‘ghbouv:‘mj Fp'accfs*f/

Nvavy Gitpt'wclmg on the
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Aévanfageg over conventronal seqgm" techgs,
N Y

L The bOYdCYS_ of .rcamnsl Jound 53 ch:bm ﬂ”%rm
are PCY-PC(:H&{ thin & (omncctfd- - :

‘—9""”3;% 15 also \lth Qtable w-y-t Volse

4 basic Y‘Q‘lo"l*ﬁf.owfng Alam based on &- conne ctivy,
| A g G

’W_lag ‘ba Stated Qs follocws

Lft‘ ’Ff?(ti,f) c[gno‘[‘(, an "]‘P fm.age a'ﬁ,a(d
Stuiy)  clenote a  Sted orray wntmmng 15
at the locns of seed points § Os e Lsecheve.

R, devote Of @ P'redl'cal.'t to be applied at
each locn C')Qg) . |

A'\_’Yagg £ &8 are aS.Sumtd to be of same $ize.

1. Fnd all connected components in SCa(;--i) & evode
each comnected component, o one pixel -} labe!

all such  pixels found as 1. all other pixels "
S are labeled o. s

age ,FQ such that, at a paiv of
Coordimates C_D([gj‘_,—let féCT,g) =, if the ilp
"’”"0‘8@ Satisfies the ginen prcc{k:catc Q ,at LA

Coordingte ¢ , Othercorse lek "CQCD(;%f) . Al
3- Let % be amn

"mag@ formed by apEewdfl/z(?
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to each 3ced point -in 5, all the 1-valucd.
pts M —PQ.fhai‘ ave 8- comﬂccfc_cf to that Sced

g

pm—

pomt -

s Label eoch conmected compovient M with a
G’I‘F‘FCY{;Vlf‘ ‘Y'Eg;‘om_ label [ga: ||2;3,--'.)‘ his 15 the

5:5";101%(& :‘mdge_ obtd b%[ w,
o .

Ly To 5P€Cf'—Fz( o PTedr'cate -l&PPmc{iﬂg to each Sffc[d :
all the pixels that ave %- sonriecEed 'Bo thiat see \

are Similary to it
-—Usrn?r Mtcnsltﬂ differevices as o measurc of

5J'm£}aﬂ'ty . Predicate apph'ec[ at each locn (3(,(1) s

TRuE , '+ the absolute Aifference of the
Serbaria plves bl Hhe Sved & the procel
at szcd) 13 £ T.

4 =

FALSE |, otherwise .

wheve T 15 & 5Pfc|'Fred Threshold .

NS

Region  Spli ttu‘qj )

LyR.5 Is a top o\ow_n approach .

by T# bcarﬂs with & who_le "maac & divides it up
Such that the Scﬁrega{'cd parts ave Wore
howio gevioys than +the whole .

155P|"’C’Cfng clone 15 vsufficient Jor ’t’casonab[eh
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B .

663mequt(om, a5_'r{: cherclé{ limits the Shape,
of Scamcnbs . |

Ly A M”gﬂflg phase ofter the Splftfmg Phase
5 a[waag c{eswable which (5 termed as

the split & murge al@m,

3- E&gl'om 5;3?:'%{—:'»43 & Mevgfnj

L%"?egion Splft.t{nﬁ ond ’Wltrgma 15 an L-5 ft’-Cl'uz
that JcQKeé Spatrial inform” into Covxsw{crqb"’,

Ly The 'Yfgl‘D,VLfﬁ‘pl:tEmj d —-mc’rgmng 15 Aas —Pollows.

a) Sp'lft'tlhl/]_?
1. Let R vepresent the entive fmage-Selch-a
Predrcakte P.
2. Split or subdivide the f‘magc 5ucccssrvel<(1

mts  Smaller € Swaller quadrant vegrons

< Thip 5,9[;1;,3[‘”3 kechg has a nerlent represt
in the Jorm of a Structure called a
Quadtree .

—-Iln a gquad tree the Toot o}ﬁ the tree COrrcSPW"
to the entirve fmqgg cmd_ each node C::)'rrc;s‘pc"‘f“4
to a subdivision . |
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\ g, | e,

. B, |Res
3 ek
|43 | %4

—_—

a) SPJ.‘I_-h‘ng of an "maﬁf.

b) Representation bfj a quadtree

L> The final Paytitloﬁ s likely to comtain adjacmt
chjrons with Jdentical ?’JOPCYL'I'(’IS-THIS \
drawback ’W\OLI(.I/ be fixed bé{ OlPPlldi'n? 'Yl/!erg m?, |
f?i ’Wlergmg Oml(j C{dJ Tcﬂs‘oms whose Combs‘nfc[ '
Pixels Sat [S"Pﬁ Fhe predicate P.

b> Mevgm? |

LS M”gf— ClVLLC,( CLAJCLCCH{T 'a’cgrong that are Srmilay
enough .

L The  proceduve For ?Plft ¢ merge alg,m-g‘s
gew below -

1. 5tart coth the cohole imaﬁf . o
2. I§ +the \JarL'am;c 13 too 10736, Cbreak iF imto |
guadvants . v
3- Vlcr3¢ _ang quaceH’C 3’6330”5 that are similar
fHOHﬁH.

4 Repeat Steps (2) 4(8) r'hsrah\/r:lg until no mwci
Spln'H:mj Oy merg'mﬁ OCcurs.
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Ly Mergmg onl adjacen{-.n lons whose

combined Procels Sahst the prcdrcate Q .

- m
L, ic, two - adjacenk vegions R: & Kg Q¥ Wcrged
I -

Conly i RLRUR = TROE

1. 5plit mto 4 CllSJoH’If' quac{'fan{:s any vtqion R
+or which QCR;) = FALSE:

2. When wno “Further SPII"tthné? IS P055ibl€)
me'rgc any adjacm% rcﬁ:ons _f?j & Ry for

which Q[rej UR,) = TROE.

3 Stop when mo turther mfrgamﬁ 5 possible.

_ Adv of Splﬂ:{i Mcrlczc ﬂe{m

o Simpler & Fastcr aif{"”, e coz Jcestm(? of

Prcd:'ca’cc: s lirmiteq to mdiwvidugl qLIac{chr‘ons.
o 5I'MP|5’FJ'Caf[on 5 still COPC{b)C of _Ejfflclt'ﬂj

8006, Qfgm(znf” results.

'lSﬂgmm{— the Tﬁgron of '"nterest L.{S}n\cz Ehe
follow in Predicate .

® - TROE If o7 AND o0<4m<« b

FAaLse  otherwise

Where v & =  are the mwean ci?_erc{ devigtron

OF Pixels o a CLuad‘nglon f’acﬁ b are
Constants, |
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| s X e —— e cli— S >
L> The chmcmth C‘Fﬂ:chv‘zlg Paﬂ'fhomJ the I'W;agc

mto 3 dtstfnci‘ oaveas +that co-rrrzspomd to the
3 principal features n the 1'm0r<<?€, |

' baﬂkg?’ouwd
“dfﬂgc \

+ Sparsc’ veg rons . .. ; . ;
- based on the 'mean J;S'td deviat

LS ‘PTIOPC rtres
noa Tegion attempt  to

of pixel MtensiEics
Fexture 0F the Tcarom.
of tecxture Seam" Is basgd on MSin(c
. the Predicates.

q,uamh'f-g the
wThe concept
measures of texture

> N
IMAGE SEGMENTATION BASED ON THRES HOLDI f;

—

qﬁhrcshold!‘mg {:Echi onducc Segmcnts havlng prrels
with similar intensities/

LyThresholding 15 & useful 'kcclch for ﬁsfabh‘sh‘f'nri
boundaries ~ in images that contain solid objects

a Con'kmstfn? backgvourz'ofﬂ,

| 'ffst‘i'r’)g on

Ly There exist & large no. of gmg*!evcl based
Sff(mcm};l’l methods usmﬁ erthey (a[Obal oY
local :‘mage imformation .

‘—)//The ’fhwsholdmﬁ {:cclﬂcz Tequivres that an ob'{cd
has Hamogcnous '""IJFCF’ISI'bg ¢ a bkgd corth

V1 c be
different im'tcmit-sl level Sych an image can

into 2 ycﬁr'ans bf{ S;J_MPIC )L'hTCSJ’JOICJ[{?/[

3?3m6mffd
SIReqions were First fiading edge Segrents 9
ot g 1 .
them aHenmipt to Iimk the chmemfs ints boundaries
Tn ‘t_l’H’CS"?DdeMIq, -[-CChQS for Pa7t1'tf‘om1‘n9 :‘ma(ies divecl
into vcgions based on  intensity values § properties of
Scanned by CamScanner




e e el et e S Tl e et

Ehese values.
Ehese valu

e The basics of ivit’cmswg ‘ffha’fslqoldrhj‘

.ul”\““ \\\\\\hm,_!r | i I r.llJ hlh,,.%.,\]\\..

(ay (b

A,

i
T

Ly The fl’lhﬂﬁlfﬁ hr‘stoamm i (a) corresponds toay
:‘wmge_ Feay) composed  of !f'ght object on a
dark bkgd, in such a way that ol 4 bkgd pixels
Rave 5nffl’|31t9 Valucs 9?0L1ped mto 2 dommant
modes . |

LéAng pt (ng) 'n  the rma{e at which
Pooy) >T s called  an Object Ppoint,
othevwise, the point s called a backgd P

L,\75€3mmz‘ed- fmacjc géayy Is givew bf} ,‘

ﬂ()(ff_j) =ic? 1 T:F‘ ’FC?(}LJ) =T

6 if Fouy)zT —O

L}F_U}?Ch T 13 a Ctonstant applicable over an entere
’W\aﬂc-} the process qiNen in () s Teferred to as
globg] 'thrc'sholdmg,

Ly When the wvalye of T Changfs OQCr an r'md e/
We use the tering Variqgble 1'h”550"-'|"”(7'
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Ly The term local o Tegional ’chxcsholdmg 5
L—[éed 5o0metimes O Jmotc Jarvable thvesholdiria
i which the value of T at any Point (> 1Y) n

an \'m%ﬁ: d.epénds on properties of a verghborhood
of C'J(ltj). | |

w If i c[cpcnds‘ on - the Spatral coord imates Comj)
Fhemselves, then Nayiable Fhresholdimg 15 often
viferred to as aynamic o7 adaptive H’Jrcsho@g.

L Ff“j (b)Y Shows a Mmove difficult Ehresbon
problevn imvolv:ng a Hfsfog{mm with B_dommav’}t

modes |
Ly, Mulkiple thresholdrmo classifies @ poirit (X1y)

—_—

as bclongrnﬁ to the bk‘gd if :FCD(xg’)_éT,,L‘o.
ohe Object class if T, cfCny) £T, & O other

n____________,_——'——_—_'_-'—__—'

ObJCCE‘ class F 4(:‘(13') 7 1o

T T

56371/23;*1%6(;\ :‘maﬁc 1S 8.’\/6!’2 bg b

qniy) = a if Fouyd) 7Ty
ks if T, <F0yd) £ Ta
c it f(arly')_é T,

| ' tensity Yalues.
a,bg c arve any Z distrmck MTesity

| : valleys are
¢ Key Pactors affecting Fhe propertres of Y

o Separation blew - Peaks -

o Moise Comtemb in the '™Mage.
o relative Sizes oOf O0hj5 ¢ bkgd
)

‘ ] ‘ ' urce -
unrformikt 9 the illumiva Frowr 50 |
(11w ;'Fno,, wir JI-u OFf F the Trefleckance  Proper Fres OF H')C ma ﬁf?.'.
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The ~ole of noise M image i'h”“l’?o’di’tj

(Refer Cionzalez Page 140 ‘;fﬁfaﬁ | '
Ls Iy Fl’g-(a) &) illustration of how notsc abfe

~ the ‘hl"jt(}?'raw_] of an image

L 563mmhnj_ the 1'mage inte two 'ff-’gfom IS o
trivial task ‘M\/olv-mg a threshold placed
thqwherc blvg the 2 modes

s A threshold Placed ‘er'dwaj blw the tcwo
Peaks would do 303men+:‘hgz the TagE
Ly F—ﬁ;‘ ?aae 140 tsing lmagc § its CO”“POH% hlth(?Tqrn,

The role of illumivation & veflectance .

Uy illummn 4 veflectance P}QE{ a central woe in the
- Buccess of IL-S 'usmg fhyfshojd;‘ng or other SC(cI")
‘ffchqs , '

> Therefore | coﬂt?’OHFVJg these factors when it is
Possible to do %0 Should be the first step
considered in the solution of Seﬁm’l Pblm .

Ly 3 bastc appYoaches :

- To correck the shadng patteym c\f‘a'cCHg,
Q\\\

[Eaz Novuni{orm Hlumin can be (orrected bfj

mul{f'pfgmg the :‘mage bg the inverse of Paifem
which s phtd §

_ !mag!ncg a flat surface of
Covist intems:’tg-j

To atttmpt to correct  the global shadim
PQH?C)’V] ra P'roc_cssililg (E?.'_-JEOP~hai -trqnsform”)

I ; .
— WOork ground " nonuniform itiwﬂl&
' -I'jh'rgshol_dfwtg., &

Lt
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Ls, Thyeshold "~ Function

LocAL THRESHOLDING

Ly A Sl'rzccr[e. thyveshold coill not work well when cwe
have Uneven @ luminatron due to Shadaws o7
due to the divectromn of illummation.

> To Partitron the !'magﬁ YV X YV Sub fmaﬁcs +
then chmosc a i’hrashold

\ o

@@.
J

,Y\ v. ﬂ
b TMAGE
2 T2,3
==

Ty

F:g '- 5le:’ﬂ’ﬂa255 of an r‘magc’.

L T for each Sub r‘maae .

L:_,Local Thyesho Id can be Uused E,J}-Fccb\zc%
when the @'radrenb 61@136(:% LS SVHE\I wy b the
chosen Ssub image gize.

L.T tech the threshold value T c{cpmdﬁ O'fL

L % g 3some local fmg36
qray levels of ‘Ff'flg) .

o4 ?’Jffgh)powng PfICIS

Propevties

mea v Narrance. | \
o 'TC:(,{j) L5 S(NCI/I ]Dj

o  1f FO0y) £Tlxy)
] IR —P(D({(.j) Z Tff:g)

!

8(."119) =

Where Tlzyy) = ¥Ony) +7T
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e -[f\fel histogram 7or a 5-'..{13w
s Frsk the gvay

d by a sum of two

s approximate
15 PP then the thyeshold 1%

f'mage_
distributions,

Causstan
obtd by minimizing the
-1t the L’lqnsholcf value .

classif " ewrvov

MULTILEVEL THRESHDLDING

| | to
L?Th”ﬁho{dmg _'chth.od ﬁan_bﬂ extended au

Qrbitrary no. of L’hrcj’holc?sfbccausc the

ch it is based to
5’cparabilf'tg measure ovt whicho

classes -
an a_fb:'trrmg no of

B L—l} deipet. = L dcstimct !'VI‘ECH&EJ

Ly Letb fd), lp2 4 -« MXN Piacels,

: Si
levels 111 @ dl‘gi’tal sma(r.]c of JZC. t |
7. dtnote the 1o: of pixels cworth 1htenst g. !

satno :

. . P as.
Totql wvo, MN of piocels 11N the rmage
L /

_-..er’?_
MN = ﬂo+ﬂ|+ n2+ L)

ts
: histogram has componien
Th ¢ Dvmahzcci 8

Pl = W:IMN/
i |
1=0

£ In the case of K classes, ¢, G, - Cy, the

. , . . _. on
blw class vgriance ﬁmcva[rzcs to the express

; K
2 : . 5
o © }:2:! FK(W’K" mq) , ___,,._®
wibme ' ¢ Bow 2B
a.':CK
Vg = - 2 iPI.
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4 5 the global mean given as

"

BF. .

’Vﬂq L
WC{ =5 2—- lP[.

L;,Thc K classes ave Scpam’rcd bﬂ K-l t’HYﬁhOHS :
wohose values, K, Ky o ~--v K, , are the values tha
maximize O

V2 (I Kg oo O
e g e ok . Mmax
ZCKI Ko 3178 ) a-‘lk.f-fcz"'“%j’- !
: E
: consgi’stin of 3 an-tcns; l
ror three classes 1) e é/wm \
intervals the between -class Vayian g
bé( 5 2 '
- g
z
2 m -m.) t Fa (mg
(7‘:: F;(m—m;,) ¥ Pz_c 2
B ,
hCYC PI = 'é Pl
1= O
Kz.
Pz = 2_ PI
1'-K-H
o
P\a: 2 Pl
j= Ky +1
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FDGE DETECTION | 3

PN

e 5

L}Edﬁe deteckion 'S the process 64 —ﬁ:nd-wﬂg mcﬂ'ﬂiaﬁ&]
tmnsih‘orz_g“ 1 an *magc- J[

L.%Edac detection s one of the central tasks of
the lower levels of IP. |

I The Po'fﬁf;g chere SHQTF Char?(?cs n ’H;@
bwghtnc'ss occuy fgpz"cally form the bordey
between ifferent sz}ccts. - 5

Ly These points <cant be clet;ctc_ci bé{ compu lhg

intensity dffercrices 0 local fma\?e_ regrons.

IMPOY tance 0'1[ Ed‘qﬁ DCffC t_[Ol/z‘,

Ly ED 15 a Pblm of uFundamcmta[_"‘VY)POYEQWCC '

image awal(c(s_is : | .
Q’Pur;ose, opw Fp 15 to r‘dcmh'ch areas O;C_C_EKL

: ad
Nt 5
W_age wheve a laa'g@ chawﬁe n ‘nten rkg

< .
> !ow(i;u{frca_&urci’l can. be extracted from fﬁfd?lf Step ed(fr.
of 1 1

C lines, Cormevs, CUYNes) .

Epge DetecTioN - Edge 0perators ,—— guqthed

) P
e : | h

1. Cn’acf:'ent Opf)fgyfo')’ _ 7\ tﬂmw,}
X zZc Qﬁ' dtﬂfl

Ly A Gradient 15 a 2D Nector that poinks to the

divectron N which the fma(c/vg fmtcns;tz{
grows Hastest .

> The gradient operator YV 15 GiNen bfj :

W:r

~ 3

o
c
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If the operator v is applied to the function i

then : i |
d af

N o= ot

df
Ldj |
v The  two Hunctions that @n be C’xpnssml 7
tevms of  the directional deviva Fres arve
gvadu‘ent magnitude &£ 9md;fnt ovientatroir ,

!gTo compuyte the M{ of gfacln'tﬂl’
t

and the orientation ¢(vf). \

s The gYad:'c)’)[— ’Pwa(c?n;'tuda 3:\1[5 the amoumt
of the alfjafeycncg bl pixels 1N the
1’]@1‘3hbouvhood cohrch grves the Strcr‘tgfh ofF the

&dﬂﬁ.
> The gradf'mt 'ma?m’cuc{e 15 defineo bj }-’

7 | If I
IVF/ = [ 2] ] IR & &Cm‘t G,j}
- L dLj - =

Ly The Wa3n|{f_{d€, of  the groc};‘eﬂ&' Quves the
wnaschmuns  ate OF incoveaseé of —PC')CHJ‘7 pey
umt distance in the qrqc{rm‘r orientation of h’ﬂ

orientation geves the drrectron of

the greatest change based on intensiby
The a-mdfuqt orrentatcon 15 gWen bg !

@(V«F) = fanpl[ii] ewheye the cmglc

5 measured vk the r-axis -

L> The 8?’&&:’6!’7 t
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—_—l_;_m ¢ prxel 13 described ~UsiRg tug -
!WP. "ffjafCJst :

o .
() Edgc S’h’cng{}q which 13 f:cgua! to ¢

the gmdrmf- a
Wlagmtudc of s the
(l'{)Edg'c dm’act[om}.wh{ch 1'5. Cqual . \. gy

of +He gvadfﬁﬂf:‘

2 Edqe detection usmq First- order danVatcs

4 The derivative of a c[fgrtal Pioce 89’14 can bc

defined i terms  of  differences. \_/E\
‘S't‘ trivg |

Ly The First devivative of an ima e contaiminm
3)’@(1 value P;xg[;‘ must Julfrll the COVLGL'h’oV,S-

- it must be zero in flat Sfﬁmmg
fe,m Qyea Q# const araf/—!‘évc( values

- it Must be Non-zevo at the be_gmnmj oF a

gmy-[ev\ef stcp oY Tamp
__—_—_—_'—__‘-‘—-—

l_}The, Frrst ordey dcnuahuc of a 1D funabovg
Lexx) can be obtd u5mj

éf = Flx+1) ~feox )

dzx
> An Wnagc 15 o fun” of two varigble ‘f‘utj)
L Procel d[scDrLtmu[JE can be detcrmmc’d aong g

Pozsxb! cfrechons Such as up, C}me left, 0’*8“
4 alo"ﬁ 4 d'agomals
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Ly Other method of calculating the Lirst- ovder '
devivatiie 15 given bg eshmatmj the -fmnte |

dfference ; 22

3¢ _ lim —F(x+hlgj_—i?(xﬁj)
Jx h

Jox B h=-0 .
()—p ,, 'r'm ’FCDL\ [:j'}’l’l) - "FCI;&{)
Jy  hvo A
The Finite Aifference can be aPp'xoximah’d as
. | &h ;
L fgul,f“/ww> a=h
EF:TC ha | |

| eeeg) [hge]
It . ’Hx'(j"‘h)““’(’%)fw Y

e

9 hy
3. Roberts Keyviel
L%/Objach‘\[c s to de termine The dt"F-FCYCZC(j b/w
adjacent prxels] one way *0 frnd an edge 15
-1} rhat calcutates

tse {-H,

blew -acy’. p:‘a{c(f-
call o4 Jorcoard

o €:CPUC;'£’(
the drfference
L Maﬂchematraa([g these
Aifferences . |
L;/}‘Z.k-‘ are too swall to Telfablj Find Cd@fs oy

the presence  of Wo:‘sa./

avrce

to r'mp[cmer)f the First ordey

s bg usmq Roberts CYoS5

@OVIL#gz)' z, \'Z-z.l \ 7 ~ =
24\ 25 \Zr, -

L;/Srrmp[eﬁi’ wactf
-~ partral derivative
aradient operator].
s rMM,“ ng:c\ to r;quuL"c the
g-m:d-',gwt at Pt %5 Z, Zg\ Zq/

L Z'$ re gmglwc.l values )

= 3Y3 vecarom of am imaa- .
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v 4F 2 'Fff‘,J') -1"Cr'+f,_j+f) }qx-’cz"if 25)

doc g
« af - ’FCFM:J) - 'JCG’J\H) a'H ;-ng -Zé’)
dy !

Ly, Roberts operator masks are gr'vu"l [Déf

Gx:[“' Oj ¢ Qe | O’]

0 | .
LyMasks of size 2X2 a7 awkwavd ko r'mpltmfﬂl'

Ady becoz {’hgy donot @ luave a clear center..
o Filters  have bthe Shovtest Support , thus the
position oF the C’.C{gf’j 15 wmove accuvrake

'_ o) qunerab;'[:‘bg to Hfoise -

L, Prewr tt Kcrng}.

L,)P‘K' are bg55d oh the I"d[ac'{', OF Ccﬂfra!dfﬁmmr,

Ly Pk edge detector s a much petter ope.‘r_’c_l_f;r
than ’Cgc Roberts Opcrators. ==

-

L Consudey e arravigements of pixels about the
central  pixe) [1,71 as shown  below -
gos B L An Qpproach usfnj /

[ a, @a, Masks of Size 3x3 1
QNU‘} bfj . from @ :
G = (ZatZp42q)-Cai Bl
L % a5 q. by = (z3+2¢+ Zq)ﬂ(;:,fz4+11].
. oY 1
> fartil dericates  of Precortt ‘operator  are cqle ulat®

as
ay= CQHGQBJJF 04 ) - (ap +caqtag)

a7 [ij1 9

¢ an': Cagt cas+ ay) - (oot ca, +a,)
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|

vy The constamt ¢ in above cX pyession i'mpl:‘cs the

emphass grven to pixels closer to the centre
of the mask, Gx & C}g arc the approximat®s

at E!'.j] :
L Sctbine c=1 the Prewitk opecrato? mask s
obtd as - :
-1 =1 =l -1 0
C"DC = O 0 O £ G'ﬂ = - O 1

| -1 0

Ly Prewitt Masks  have longer  support:
- % dirvection $
v Frecor k. mask Aiffeyventiates 1 ovie

avg's Ng! Otﬂgtﬁr direc Eion .
b ED 15 less vulnerable to viotse.

y

5. Sobel Kerne |

S0bel kernel central dl’F—Fcnnrcs, but
0 cyric l_
L%ccf‘wz o wei'fq‘hf— o f:h_e, Centrql PEB

, 8—/ o I

wWhen avgmg ;

L, 5.k can be 3%3

relies ©On

approximations to First derivates

of Gaussian kernels.

B _ vates of the Sobel opevator arc
B> Partial Clc::::@ Coc =(Zz+228 +zq)—(zi+t222123) (Goazl2)
| c:aqulai:c’d as . Gy - (z3+22¢ + zq) —(z+224+23) gr

G = CZ ¥ 2az+agq) —(ap t2az tdg )

Gy = (ag +oac+as) - (@o+ 221 +Q3)

;r.',L'; Sobel wasks n mwatrx formn ave gwcn as -

- =2 i (e @
Ci:)[, = o O 0 CU’]C‘ H B -2 (o P
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' Csmoothing) : ‘
Ly NOLSc_Suppchm‘oaﬁ) charvacteristics of a Sobg)

masK s better than that of a Prcoitt MAsgk
' vg:"ﬁﬁé[’flqg’. ‘ |
G- Second devivative wmethod of dc-ﬁcchm(? edgcs v

?Vl lmagc .

L)Fl']/ld;'mg thc 1‘é&a\ Cdﬁég 1S @C{,L“\/alcmt 'I‘:O —F’IWC{"H

“derwvalkive 15 maxrmuw

the  point where jflﬂi/_f

oy  rwumiwtu vy .

Ls Maximumwt OY o .
can be  computed brz{ d:&f-&vml:faimg ¢ (‘ﬂtwl
Function 4 —Fr'molmccf places wheve derivative is

ZEYO &
L> FF'WC{I'VLj ‘f’ﬁe Opffma] Ec‘[gcg t5 t’.C[uNc:zJ&mEf to
'ifdeer PfQC€9 ewhere Hlﬂ 56’609’10( c{cra‘v@{wc 13

Lcra ¢

> The diffevential Opevators can be applied to
;'maﬁcs; the

MLEM UYL value of a function

ZLros .')’arcl%z fall E')cacHg oh q
Pt‘i&l-

Ly T%{PL-CQ{%{ ,the Fall blw Ppixcels . The zevos cay

be fsolgted bﬂ frwdmﬁ the zero cvoss:'ngs.‘

.. CEZC)
‘%%E.Yo @TOSSLECf 5 the place wheve one poscl

15 v : - . =
+ve 4 o Vlﬂgl’lbouylnﬁ Pf'xe\ 15 =VE .,

—

> Pblms  with zc mgthocTs are

o

“C methods produce two piocel thick f’dgﬁ-

o ZC Methods are extfemdé{ Sensitive to noise

—

Scanned by CamScanner



‘ llr o _— -
Ly For t'ma(?c's M‘grqdfewi’ magnitude, that \

meastives +he 8€fomc{ devrvab,uc obtd [9‘4 takm?

dot @PTOducf of 7.

J.v = J/JDC ' C”otx _ -cii + _gl_f
P (”Jj A/a[j _ Jx,i d(y?.

ty The Opcvator V.0 5 vZ s called LaP}au'awof)cmﬁr
v» Laplacia . Opevator applied Eo the funn f .

d 2
2L (¢ g | d[dx e fff . é_f \
v/ J‘(Jj d[clé—{ dx = J’sz

= LaP’acl an OPcmhow can be expn'ssccl in tcrms Of.

dffevence £qms as below
df 43(1+1,3)_$Cx:g) ¢
0x

J32p - flx+, g R by 4 iie Pl

a.
8
™

Jz-p - f(f}(, 3’.“)-"‘2‘1:‘(‘95121) -t ‘chlfj‘l)
C"jz | ,..--_c___-_-'...-""
2t = ¥fo!,' Yy A (oL yi) %(x,g-n)}-
| & _[HHI!@J( ; y 4flxiy ).
2 Ly 3X3 Lap[acran operator I5 given E((_{:

| -1 ]
-1 8 =il

- l
.

Scan-ne-d by CarhScanner

S - i




<

substracts the E”chfhtmﬁa

Laplacian operato? — :
e e g PR,

"OF the

valaecs of  each

the central prxel. Iy

Ly When @  discont ity is_preset wlf: yil': mhﬁd
: )

nerghbourhpod  in the {orm of .a P, hhe edoe

; - \l |

Ve dcpcnc‘g whm

Lt May b either AYEOT
the central Pt l_:‘es w7t Hje
Yaf‘atzoma,[l(z{ invayient.

_fd(?r. e

L_\,Lapfac{am‘ Dpz'vafov 1S T
L The LQPM» operator _éossnof dff_)ffi—oﬂ d"YCCJfLOW

a;s Zong as thfé‘r tire Oi’tho{c?%al«

Disadv

1. Usefu | Wmﬁfom 15 mot available

bﬂ' the yse of a LaPlaciah operator .

2. The Laplacz‘arl! ber’nj an approximation ko

SCC.Ond CIC [ g ' m
2rond derivative coubly enhanees any norse

‘/ 'nlc Laplacraon - Céom.;%qu)

LS 2D Fun' -?(xr‘;ﬂ 3 ¢ 2d order derivative
Cjtgcfﬂf’d as

VZ:F = dz‘p -+ (JZF

dox2 dy2

9[\’:0* 3%3 'a’cgrbn/
I2LL - Mg s (ZL+Z4+ZQ+28) ____@

=il
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S - e e — -

_' A &‘itg] approxiwiation MC‘HJ“’ the

N -
- 1
-

& o'f = B2, (nentayr2ar2gr 275t %) —Q
Y used to implement cgn @ 4Q

e L
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MoPULE :\Z Contiviued. ..

4. LAPLACIAN OF GAussian (LOG)

e i—

| ' ‘ datior in
Ly A promivient Souvce of per{ormance C{fg'fd

Laplactan opevator 15 Moist in the ilp ymage.
Li‘ 5MOO’“'11'VIJ
” |

The nowse effects can be _@l‘nimised b,
7 enhancement:

the rLV‘\ClgC P'f’lbr to ec{gc

gl agc th YOLfgh

: ths the
Ly The LOG Operator 3MOO [ cerne

convolution with Q Laussian - Shape i
follocoed bﬁ applgmg the Laplacran P ;
1'r\\JOchd 'n ar LOG Opcrafor

L;é&qucﬂcc of opevattion
15 qiven below -
skep 10 5moothin3 of the ilp mage f.C2 ,#)
o gexyd = Frryd @ hCey) | -
5 ilP l‘magc"lclc'*%"%) %) Ismoqthccj b(d CONNO \nn(?
witth the Causstan Mmask "HC_-K-':g) to get tl'n:_l
resuttant smooth mmage gl*yd.

step2 : Laplacian operator 15 applied to the vesult

irl, Sstept-
gemgr= 9 (glmy)

_ VZCF(.-%.g-)®th(¢.%))- vl
—F(.%.g) cop i‘maﬁe g Laplacian operaton
apn yask .

L
— 15 called space

hiogy= Glrig) = € 2 g
cons ,

2C.( ' :1P
VQ(G\C% ,lj)) - J .Gﬂ C'x’-g)'{_ d 61(1(-,:1)
) dx% df’fl

Rianyd Gats

a5 Gk (s0m1ctrme s
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- -2t o
)
: | n% _ k1 . ‘?""2’+ L |6
- o a
ot T i3
. 2 2 ..-12-'-' 2
= Ny y2_ 20 s
- H e 252

'“'u's_ E.X'PTC5SIOH 5 baflcc{ the Laplacian of a

Gaussian (Log )

> The Log Function somefimcs.-ié‘ called the

Mexcican hat  opevator .
Disady _
Ly The Log operator © bern

| a Sc“mnc[ dw;’vata\)e the
influence of moise 1% conszderable it alwa

s
s ousnt Wttrseet Fhe edoe of the ap arm)(/
cnerates  close ¢

9 /{\iq contours  which 15 r'wi rcallsitr

Zer0 crossin _' Ze rd Crossin
o I / "

e =
I s
2{E o !

|

L
t
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qi_'_ :
4

DIFFERENCE  OF HAUSSIANS FiLer. (Dog)

-
L'? ’”"IC DOCr -ﬁf‘t‘fl’ ’ ',5 Dbt‘d bg taktﬂg 'U‘LC d ‘FFfYrY?fE
L pf Fwo Gaussign Aunctrons.

Ly The €Xpxrl 0F a Dog fiiter 15 giNen by
h(QC:fd) B l‘]_-,(r;%{') = }?1(:{11‘:’)

h;(xlﬂ) ¢ }’72(:(,8’)'&76, 1wo Caussian functions.
which Qe given b

, X2
h Gty < "L 8
22\6—1 - 2 - - .
_ -2+ y
hz(?(;j} _ G 2Ry X ot r il
527?6"?_2 > -11'f"ffz
2 20,2
h £ ' e_‘%z ! 2. = 7 g 7‘7_2‘
CD[, = A ) L Py T Zﬁ-G;- a
il e
Ly . ml
0:5° T
¥ — i
C"_' :
1 ]
l ' 1 & '] i ’. - I
_— Y % N ¥ . L - 1 I ;
A PR APL -4-20 2.4 ¢ g 10
Bhape of Do4 Filter: o
ll'. 5 cleay that the DOCr filker -Funchon qesembl

@ fofcaﬂ -Hat wavelek . Therefore A Mcx:cqn hat
waveler 13 C’btd b&( fakmg the dfﬁarance of
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an Zero Crossiy 3

CANNY EDGE DETECTOR

L-) éi’lffpblm writh a Laplact ;
an Cclgc detector 15 that it Sf'mplg adds th,
P')"!")’I.C;'Pq'f cuyvatuys: ’cOgcth"r-
ic, 1t doesn't veally deterrime the fmar,-mUMC;

the" 3ra‘d'fmt ’Wraﬁm’cudf..

Ls> The Canny edgc: C‘it’t'ec_fov defrnes ddgc‘g i,
of  Second devivatives in the d:_rcctl'on of Fhe

greatest Liyst dervivative.

-~

ty The Cannhy opecvator OTKS :'n_.a 'muat,-_hsba(?{
Process .

1. The J'Ymagg 15 Sviocothed bﬁ CL. Qaussiavz
Convolutionr .

2 A 2D ~Ff'réf dewvaf]vc' opcrator 15 appll'tc:l to
the syvieothed f'mag@ to h:'gh}rgf’)i‘ vegions of
the :‘mage with ]’11'8}7 5pah‘ql derivatives,

'—)lngcs gue Tise  to 'r.ajdﬁes n the

' gradient Mmaguib
""Ylagf. Jra 2 jm

s
k

k.

Yy The a[qafm then tracks ‘a[oyl the top of these
ﬂdgcs {‘ Sets to zero szc’[j‘ ﬁ;at are not
acku.a'[[g on the h'dge {;OF 50 as to é?.w.f A H*H'VI?I
Une in - the olp, & process known as ﬂo”’mmmal
Suppression . ' '

LT , . _ - -
bm thaCkm P7ocess exhibits hysteresis controlltd
g two threspolds T 4 T2 okl T.>Ts.
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Ly "T-rackmg can onlﬁ begm at a pt. on a wdﬁe hgher
than - T, . .

L,)'ﬁrack‘m then Contrnues 1n bo-fh C{,’ygch‘on,s out from
that PL' uvtr| the [—-}8{-. of thd 716136 _FQ |s beloww To -

L Thes hdstcrsus Hefpg to ensure thakF viorsy Cdﬁes,
Carg Mot broken into multiple edge  Fragments.

1y The C’r‘FQC'iIUEV]fgg of & Cann% cd(?c c}e{-fcl—oy s
determinea {93 3 Parameters.

) width of the Crausszcm kerm:l

@) upper  thaeshold .

(‘“J lower thireshold  Used bg the hracke‘r.

Ly Incveasin the wridth of Ehe Qauss:an Kevnel

reduces the detector's’ Senst’ctwtg to norse , at
the eacpmse_ of Iosmg so0me OF fhc 4—'.«ner details

in the :'mage

Ly The locahsa%:on evvdr c i the Aetccbcc{ edgcsa}sro

lncmascs S'fzcc,htlg as the Qausszar‘r width tncrease

L—)LIQL{SS!CZH 5moothm? g the Cavmﬁ« edgc eletector
Pulfills - tewe purpoﬁes |

1.1+ can be used to control the amount of detarl
- that appears n the edqc image

2!. usrc{ to 5upp*ress noise -
L The upper hackm%_’_':’h_"fsm}d '3 usua{h{./ set quike
Eg__ and lowey Fareshold Value 1s g‘f qurte loew

_ for good 'resul-ﬁs C
heie{{\mj th-ﬁlww —Lhﬂ\s‘ﬁr&ld L M&Lmdlyx 6&fxq\uvi&hr?\c.
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Al Setfmg the

[Devey thYEShold too hfgh il Cause

ﬂo:sﬂ edacs to b'rcak up--

too
L_; Betbwng the uppey thyeshiold
2 and: vndesirable fdgc -Fragmeﬂ,

low < Vvicreases
H're, 10 o{ SPUHDUS
OPPEQ'HHg i fhc olp-

Cannﬁﬁ app'roac[’l 15 bascc{ orn 3 baﬂc DBJec{'i\ics

o Low error vote

S, Edge points should ba wc[l IoCahz.fd

o Smﬁfe Cdﬁc Pomt TCSPOJ‘?SF

oy Let - flrig) denote the ilP amagc : @Cng)demfe
the -Gaussran —ﬂmcilom :

_ 2+er
G(I}Z{ gt

We Form a Smoofhec[ lmacre £, CDC;g) b(Lj Con\fo[wn

G Ef S
ﬁ(x,g] = C{(I;g’)“fucﬁ}c%j)

Crmc[amjf 'magm{uc\c J\/lﬁxlfj] s }é———x +3J
‘ 0((:)[1(:[_) '&ﬂﬂl[aﬂ:‘ WhC'TE -

j = 1dFa a"'cl gh_._—#g
x ;!_')_c_ | .n dy il ‘Cz

Ly Let d, ,dy, ds & d4 dcnobc EHe fouy basic cﬁgc dir"
0 Jor a- Vo gis wgaovz

Nc ccm -rown
ul th
ate e ?oﬂowm? nonmaxima

PTCSSLOVL Schcmc fo
¥ a 3x3 Tegion Centered

a
Eevery Point (g i s launs
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1§ the value of Mbay) 13
‘2'"(54‘- ks two -’Vlcfg.hbors a\oﬂa
t
CSL[pp'(Cé‘Sl'Oﬂ) . otherwose k let In

' ;,«,qd Fhe divec tion dx that 3 closest to oCCoc,g)

less thahn @tlea:s’c one
C,KJ let 3NC'XIU.) =xo
Cgcl%j = MC‘:CIZ!) :

ANNY EDGE DETECTION m.c'.om-rig

e | Sadlsian Y

: , _ o :
p cribotR the ilp image - with tudg p aﬂglc i mages

g mMa nll \ ) ’. -t
B %mdu'mk " ﬂssion ip the %rac\ en
ppre

3.Appl% non maiyma St!
_ 'n.’laﬁmi {:L,\Ac._ ‘l'm:qag.. |
FREBLTA double -'H’ITC.SI,’Iolcll'rlg

ckiv ity analys
tp detect and ik fo\ﬁcs.

- gnd connt

—
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