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Introducian

DIGITAL IMAGE

Ln Irnage may be defined as a two-dimersional fmehon, fx, ¥), where x and ware syatial
(plane) coorchrates, and the araphtide of tat any par of coordimates (x, 9 15 called the 1rdereity or
gray lewel ot the woage at that pomt. When x, v, and the arnphiode wralues ot tare all firfe, dscrete
guartities, we call the image a digital image. The field of digital irnage processing wfes to
processing digital images by means of a digital compmter.

Mote that a digital 1mage 15 composed of a finate number of elements, each of wlich has a
partenlar locaton and wralie. These elemnents aw reterred to as puchire elements, moage elernents,
pels, and pocels. Prel 15 the ferm most wadelyused to denote the elements of' a digatal nmage.

Vigion 15 the most advanced of our serses, so it is 1ot swprising that 1mages fday the sngle
tost Impottant role 1n harnan percephion. However, mmbike hmnare, who are iraited o the wismal
band ot the elec trorag netie (£ spectirn, mma@ing mackimes cover almost the extire BV spectmm,
ran@ng from Zamrna to aoo waves. The area of 1mage anhalyss (also called mmage nnderstanding 113
1 hetaren tnage processing and corapniter vision.

The processes of acquiting an rnage of the area cortaining the text, prepmocessing that nage,
extrachng (segrenhng) the mdradual claracters, descnbing the characters inoa fonm smtable fior
cotpniter processang, and recogrumng those mdisadnal charmcters aw i the scope of what we call

clizital 1rmase processing.
Representing Digital Images:

We will nse tan prncipal ways o represent dizital 1mages. Lesarne that an nage fx, v 1=
sarupled so that the esulbing dizital image has Mrows ard M colurans. The values of tle coordirates
(3, ) nowr becorne discrete quardities.

bor notational clantyand corsreraence, we shall wse mteger valwes tor these discrete
coowmates. ‘Thie, the values of the coorchrates at the ongmar (x, w = (U, ). The next coordimate
values along the fivst row of the rnage are represented as (x, w =00, 1).

It 15 1raportant to keep nrard that the notabon (0, 1715 nsed to sgnifirthe secord sarapde
along the tirst rower, [t does not mean that thess are the actualvalues of pheysical coordinates whe n the
Inage was sarapled. Figure 1 showes the coomimate corsrertion used
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Coordinate convention used to represent digital images
The notabon irdoduced mthe preceding parasraph allows us to wiite the corgplete VN diztal
Image 1 the tollowing coropmact matnx o
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The nght s1de of this equation is by definibon a digital image. Each element of this matiy array
15 called an 1mage element, puotare elernent, poel, or pel.

Fundamental Steps in Digital Image Processing
1. Image acquisihon
2. Image erharcemeart
3. Image restoraton
4. Color image processing
5. Wavelets
6. Conpmwssion
7. Mophological processing
2. Zegmertation
2. FBepmsentation & desaiphon

10, Ohject recoguition
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1.Image acquisition

17 Origin of digital rmage

21 Simple, images already in digital foewn

31 Invwolwes preprocessing such as scaling
2. Image enhancement

11 Used tobring ot the details thatis chsoared

21 Highlight certain featimes of interest in image

Egz: wre increas e the comtrast of the image itlooks better

3.Image restoration

17 Inpmves the appearance of image

2] ERestoration teclmuques —=tmathermatical or probabiliste models of tmage degrmdaton

4. Color image processing



raiming impottance -= significant incease muse of digital images over odernet
5.Wavelets
17 Foundation for mpesenting images in varions degrees of resolition
21 Tsed for image data compression and prrarnudal represertation
31 Inwhchimages are subdiaded o smaller regions
6. Compression
Teclmques for mdacing the storage required to save an irmage or the b andwad th requires © transmat it
7.Morphological processing

11 Tools for extracting image comporents that arensefial in the representation and desaiphon of
shape

21 Begits a tramsition from process es that oatpat images to processes that oatpat image athributes
8. Segmentation

117 Iis procedures partiion animage into 1ts cors tment parts or ohjects

21 Auntonomous segmentabon s the diffimalt task im dizital image processing
9. Representation & description

11 Followrs the cutput of segmertat on s tage

21 Ithas raw pivel dab constitating either the boundary of a gion or all the points in the region
itself’

3) Descnphonalsocalled as featam selecton deals with extracting athabutes that resalt in soeme
quartitative fonnation of interest or are basic for differerhiating ore class of dhjects fiom
arother

10. Recognition
It 15 the process that assizis a label to anobjectbased on its descriptors
11.Knowledge base
17 Chnte complen-= iderrelated hist of all major possihle defects ina materials rspecton prchlem

21 Conbols the interacton betareen the processing modules



Components of an Image Processing System

MWl

| Coampuiber - Mol s, sl T 0

Image displays

lnna e P g ASENE
saif Fwar

climimzin

1. Sensing
Toro elements mquired to acqume digital images

11 phlorsical device that is semsitive to erergy radiated by the chiject we wish to view image

21 digitizer 15 adevice for corrrerting the cutput of the plorsical semsing device into digital form.
2.Specialized image processing hardware

1] Comsists of dimbzer and hardwramre

21 Performs pamubive operations sach as Anthrete and Logie Tt ALTT] that performms the
arittonetic and logical operations i parallel on enbize imazes

3. Computer

17 Inimage processing sywstem it 15 a gereral parpose compater that ranges fioma PC toa
sipercoimpiter

21 Zpeddlydesigned compiters are used to achieve a mquired level of pedformance
4 Software

11 Itcomwist of speciaized modules that perform s pecific tasks



21 Well desigred package inchides the capability for the wser townte code that as a noonum
nhlizes the specialized modules

5.Mass storage
17 Itis nostinan image processing applications.
2) Animage of size 1024 % 1024 pixels inwldch the tensity of each piel 15 an Bhit quantity
reqiiles one megabyte of storage space if the image 15 not conpes sed
6. Image displays
17 Ttuses color TV momtors

21 Momitos are drvenby the cutputs of image and sraplics display cards that are an itegal part of
the conputer system

6. Image displays
17 Ituses color TV momtors

21 Monitors are drivenb v the outputs of image and graphics display cards that are an irtegral part of
the conputer system

7. Hardcopy

Hardeopy devices for meording images inchide laser prntess, film cameras, heat sersibve devices, inkjet
amts and digital units ;mach as optical and CD-EOM disks

8. Networking
17 Ttis adefimlt fincthon m any compater system i use today

2) Becanse of the lage arnont of data imherert in 1mage process ing applications, the key
cotsideration in image transmission is bandwadth



Elements of Visual Perception
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Structure of the Human Eye

Pattern vision 15 afforded by the distubution of discete ight receptors over the anface of the
retina,

There are taro classes of receptos : cones and wds.

* The mmberofcones meacheye: & to 7 nullions
*+ The mmberofrods meacheye: 7510 130 nulhiors
*

The cones 15 concertrated in the certral porbon of the mhina (forea).



*  The rods are distabuted over the retinal mrface.
¢ Photopic (hright-light) vision: vis 1om with cones
*+  colorreceptors, high msohitionin the fovea, less sensitive to light
+  Scotopic (dimelight) visiomn vision with rods
*  colorblind, muchnome sensibive to hight (might wsiom), lowrer resohition

Image Formation in the Eye
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*  Focal length of the eve: 17 1o 14 non
# Lzt hbe the heightin non of that chject in the retinal 1mage, then
15/100=hr17,h=2550nm
*+ The retinal image 15 reflected promarily in the area of the fovea.
Brightness Adaptation and Discrimination
»  The range ofbrghiness thatthe eye can adapt to 1s encrmons, ronghly avonnd 10" 4o 1.
»  Photopic wision alove has a range of avoand 10540 1.
v Brightness adaptation: exanple * By
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+  The essential pomnt in rderpee ing the mopressme dynarnde range depacted i Fiz 4.3 15 that
the visual syetern cannot operate over such a rarge sl taneously: Rather, it accoraplishe s
thus large wanatwon bychanges 1nits overall sensiraty, a pke nomenon knownh as bnghimess
adaptation.

» Lhe fotal range ot chshnet imtensty levre s 1t can discnirate spnultane onslyis rather stnall
when cormpared with the total adaptaton range.

« Poranygreen st of conditiore, the cirrent sereiimatylesel of the visual systern 15 called the
brighiress adaptation level, which may comespond, for example, to brightness Ba inFigz. 4.5

+ lhe short mtersec ing curve represents the range ot subjectrre brghimess that the eve can
percere when adapted to thos level. This range 15 rather restic ted, hanang a lese ] Bb at and
belowr wiach all strmah are percened as moistngmshable blacks.

*  The upper (dashed) porhon of the curve 15 not ac mally restrcted but, 1if extended too far,
lose s 1ts meatang becanse much g ket mtensihes wonld seoplyrase the adaptaton lesel
tuglerthan ba.

Example: Mach bands




Example: Simultaneous Contrast
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Examples for Human Perception Phenomena

Light and the Electromagnetic Spectrum
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Three basic quartities descrbed the quality of a chrommatie gkt source:
*+  FRadiance: the total amoant energy that flowr fiom the light soarce (canbe meamed)
*  Luminance: the amoant of enerpy an observer perceives fiom a light source (canbe
measurad)
* FBrnghiness: a mbjectve desonptor of hight perception; perceived quantty of izt enntted
[cannct be measared)
Felatiors lip betoreen fiequenay [ 1 and wavelengthi( ]
, where C 15 the speed of ight
Erergy of aphoton
;whewr his Flanck’s constant

Process of image acquisition

Image Sensing and Acquisition:

The types of 1rnages m whach we are mterested ate gereratedbyrthe corbination of an
“Uhnmraton” s;mmce and the retlecton or absorphon of energyirom that somee by the
eletne nts of the “scene™ being umaged.

For exaraple, the llumination mayorginate froma somee of electiomagre ic energyauch as
racdar, 1xdrared, or A-rayene gy, But, as noted earher, it conld on@irate finm less fradihonal
sonrces, such as wirasourd or evena computer-generated illurra hon pattern

¥We comld even Inage a source, such as acopurng 1inage s of the sm. Lepending on the ratre
of the sowmce, dlurminaton energyris reflected from, or transrtted frough, objects.

Ly exarnple i the fivst categoryis hght reflected fror a planar surface.

I exarnple in the second category is when Z-rays pass theough a patient’s body for the
ptpose 0f gereratng a chaghoshe A-ray tilm.

Insome applications, the reflected or trreritte d energyis fooused onto a photo corrrerter
(e, a phosphor scwen), which coree s the ererzy into vishle light. Electron racroscopy
and soree applications of garnrna rnaging use this approach.

bigure 5.1 showars the three pncipal sersor arrangements nsed fo franstorn Wnronaton energy imto
chizital irvases. The 1dea 15 siraple: Ircoraing energyvis transiormed nto a woltage byrthe combiration
of inpnt electncal power and sensor matenal that 1z responste o the parbicular type of enereybeing
detected The outpat voltaze wavetorm 15 the response of the sensors), and a digtal quarhby s
obtaned torn each sensor bydigihmng its respons:.



—— T

| el R i nyg pris bgTal

Lot st —
- ; 'I'IL."'-.'\--- Vionlinge wavelorm out

Hlar usarvg

(a) Single imaging Sensor (b) Line sensor (c) Array sensor

(1)Image Acquisition Using a Single Sensor:

Pethaps the most tarmhar sereor of thos fype 18 the photochode, wioch 13 constucted of
sbcon matenals and whose oufpnt woltage wasretortn 13 oporhonal to bght The use ot a
filter i frord of a sensor iaproves selecioaty.

For exarnple, a green (pass) filter mn front of a light sensor favors hight n the green band of
the color spectnirn. &5 a consequence, the sereor onfput will be stronger for green hght than
torother cornponents 1h the wamble spectnm.

In order to generate a 4-L) mnage using a aingle sensor, there has to be relatree chaplacements
I hoth the x- and ywdiectons betaeen the sensor and the ama to be 1maged Fgure 504

shows an arrangement used m high-precimion scanrang, where a film negairee 15 momied
ot a drar whose mecharical rofahon posades disp acernent mone dinenson.

The sirgle sensor 18 mourded on a lead screw that provades moton i the perpendicular
directon. Himce mecharical moton can be contraled with ogh preciswon, ths method 15 an
Imexperare (i slow) way o obtan g h-resolubon 1mages.

ther siralar mecharical arrangements 152 a tat bed, with the st reor moving m bao hnear

directions. These types of mechawacal digtieers sowetines are referred o as
ricrodensitormete 5.

(2) Image Acquisition Using Sensor Strips:

& geornetry that 15 nsed ruch mome trequentlythan angle sensors conssts of anin-lhre
arrange e nt of sere01s mthe totn of'a sersor stnp, as Fiz. 51 (b shoas, The sip prosades
Iraging elerents inone dircton. Mobion perperdicdar to the stnp provides imaging in the
other ditection, as shown m Fig. 53 (a). Thas 15 the type of arrangement nsed n most flat bed
ST ATNNETS.



+  sersing devaces with QU or more m-line sensors are possible. Lneline sensors are nsed
rofine yrin attborme wnag g apphoatons, 1inwhoch the mmagng systern 15 mourted on an
arrcraft that flies at a constant alhinde and speed cver the geographical area to be 1maged.

+  Cme-dirnensional rmaging sensor stipe that respond o various bands of the electiornagnete
spectnmn are monrded perpendicular to the direchion ot thzht. “The woaging stipgres one
hme ot animage at a time, and the mohon ot the sthpeoompletes the othe rdumension of'a
taro-cirnens cnal 1rmage.

» Lenses oraother tocwsing schemes are used to poject the area to be scanned onto the sensors.
Sereor stips monrted in a nng confizration are nsed in medical and midostial maging to
ohtain croes-sectonal (“slice™) images of 3-D objects, as Fig. 5.3 (b) shows.

« O rofatirng A-rayasmmee prosaces dhmahation and the porbon of'the sensors opposte the
sonrce collect the A-tayenergythat pass throngh the ohect (the sensors obraonsly have 1o be
sarsltre to A-raverergy). lhis 15 the basis tor mecheal and wdustiial cormptern=e d axial
tomography (CAT).

«  [tisimportant o note that the onfpat of the sensors rust be processed by reconstmction
alzonthrns whose objectre 13 to transform the sensed data mito mearareful cross-sechonal
INAZEs.

+ |nother words, roages aw not obfined divectlytiom the sensors by mobon alone; they
regmre extersre pocesang. & G-l dimtal wolmne consshrg of stacked mroages 15 gererated
as the object 15 roved in a direchon perpencdicnlar to the sensor nng.

+  Ctler modaliies of irmagmg based onthe CAT prnciple melude rragnetic resonance rmaging
(IWIRI) and positron e rossion toraographer (PET). The 1llurmination somces, ssnsors, and types
ot 1rnages are chitterert, bt conceptallythe ware werysirular to the basic 1maZing approach
showr i Fiz. 2.4 (h).

(a) Image acquisition using a linear sensor strip (b) Image acquisition using a
circular sensor strip.



(3) Image Acquisition Using Sensor Arrays:

»  Plumerons electiomaghete and some nltrasore sersimg devace s fiequently are arranged m an
array format. This 1z also the predoranant arrangernent found 1n digital camems.

« & typacal sensor for these cameras 1s a Q0D arvay whichcan be rarngfac hred witha broad
range ol s nsing propertes and canbe packaged mmgged arrays of 40U UL elements or
more. CCL serneos are wsed widely i chital carneras and other light sensng imstuments.

* lhe response of'each sensor 13 proporhonal to the mtegral of the hght energyprojected onto
the surtace ot the sehsor, a propertyrthat 15 nsed m astionorucal and otke rappheations
requirg low notss 1magas'

* The mnreipal marrer i which arraysersors are nsed 15 shownin Fig. 5 4. This fige shows
the energviiom an lhnmmation soarce being wetlected fhom a scene elernerd.

+ Lhe first tunchon pertormed by the 1mmaging svwetern shown m Fig. 24 (o) 15 to collect the
Imcorng & ergy and tocus it ondo an inage plane.

» i the drmmaton 15 hght, the front end of the magimg systern 15 4 lers, which pojects the
viewed scene onto the lens focal plane, as Fiz. 2.1 50H) shows.

+  The sensor array, which1s comeident with the focal plane, jroduces outps jroportioral o
the mtegral of the lizht received at each sensor. Digital and analog cireuitrysueeps these
oufpts and correerts thern to a wideo sigral, wiiuch 18 then digihzed byranother sechon ot the

Irnaging Systetn.
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An example of the digital image acquisition process (a) Energy (“illumination’)
source (b) An element of a scene (c) Imaging system (d) Projection of the scene onto the
image plane (e) Digitized image

Image sampling and guantization process

Image Sampling and Quantization:

The outpnt of most sensors 15 a contirmons voltage waveform whose arplitude and spatial
behavior are related to the phosical plenormenon beirg sensed. To create a digital image, we need 1o
corvett the conbnuons sensed data 1nbo dizital forre. Thos reobes teo processes: sarapling and
fuantizaton.



Basic Concepts in Sampling and Quantization:

The basic idea beland sarnpling and quantizaion 1s Mlustratedin Fig 6.1, Fiqure 6.1(a) showrs
a conbinuoes mmage, fix ), that we want fo corvert to digital form An image mavybe contmuos
with wspect to the x- and weoomhmates, and also inaraphtode. To corset 1f to cigital form, we hawve
to sample the funchon mboth cocrdmates and i amphtode. Ligth@ng the coordivate walues 13 called
sampling. Digtizing the araphitode values 15 called quantzation

The one-dirensional finction showmn in Figé 1 (b) i a plot of arnplitode (gray level) values
of the confinuoms 1rage along the hire segiment AB i Fig. 6.1(a). The random warabons are due o
1mage nolse.

1o satnple ths tunchon, we take equally spaced samples along hne A, as shownh i Fig .l
(). The location of each saraple 15 ;iven by a wverhical fick mark m the bottorn part of the figure. The
saruples are shown as swmall white soquares superimposed on the fanction. The set of these discrete
locatons grees the sampled timchon. Howeser, the walues of the samples shll span (verbeally a
cohtrmons range of gravelevel walues. In order to torm a digital torction, the graveleseel values also
roust be cormerted (guartized) mnto discrete quantities. The nght side of Fiz. 6.1 () shows the g
lewel srale drvided mto eight discrete levels, ranging fiom black to wiate. The vertical tick marks
mndicate the specific value assigned to each of the eight gray levels. The cortinous gray levels are
guartized soply byasagng one of the erght checrete grav levels to each sample. The assignimernt 13
made deperding on the vertical proxinaty of a sampde toa vertical ick mark

The digital saraples resulting from both sampding and quartizahon are shown i Fig 6.1 id).

Starhng at the top of the 1mage and camyng out this procedwe hne by line produces a tao-
dimenmonal digital 1mage.
Sarrphng m the manrer ust descnbed assarres that wee have a conbnmons 1rage 1 both coordimate
directions as well as m amphinde. In prachee, the method of sarpding 13 deterruned by the sensor
arrangerrert used to generate the 1mage. When an irage 15 generated by a single sereing elerent
combined wath mechamcal mobon as m Fig. 4135, the outpgt ot the sensor 15 quantized o the
mmanner descnbed above. Howesrer, satnphng 15 accormpished by selectimg the mimber ot 1rdnadual
mecharacal mererments at which we actreate the sensor o collect data. Ivecharical motion can be
rnade veryexact so, In prneiple; there 1z almost no livat as to how fine we can sample an nage.
Howewer, practcal hruts are estabhshed b impertechons i the ophes used to tocws onthe sensoran
Ubmnration spot that 13 meomsistent wath the tire mesolnhon acloesable wath mecharocal
displacernents.

When a sensing stnp 15 used for image acqmshborn, the morber of sensors 1n the ship
establiskes the sarapling lixmtatiors m one mage divection. Ilecharacal mohon m the other direction
can be cordwolled rore accurately, but it makes httle sense to by to acluese sanphng densty in one
direchion that exceeds the sampling lumts estabbshed by the monber of sensols m the other.
Chianbzation of the sensor onfpnts corple tes the process of gereming a digital mmage.
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Generating a digital image (a) Continuous image (b) A scan line from A to Bin the continuous
image, used to illustrate the concepts of sampling and quantization (c) Sampling and
guantization. (d) Digital scan line

When a sereing arrayi1s used for irage acopuation, there 15 no mohon and the nawker of
sens0ls 1n the array establishes the hrts of samphng m both directions, Figure 6.2 tlustates ths
concept. Fizure 6.4 (a) shows a conbiaons 1mmage projected onto the plane of an arraysensor.
Figure 6.2 (b} shows the mnage after samphing and quantzation Clearly, the cuality of a digital
mmage 15 deferruned to a large degree by the nmnber of samples and discrete gray levels nsed
smplirg and quanhzahon

(s

(a) Continuos image projected onto a sensor array (b) Result of image sampling and
guantization.



Basic relationships and distance measures between pixels in a digital image.

Neighbors of a Pixel:

« 5 poeel pat coordirates x, v has tour honzontal and wertcal neighbors whose coomimates
are gren by (L, ), (-1, w7, wHL), o w100 Lhos set ot jaxels, called the d-neizbbors of
1, 15 denoted b By (g Each pize] iz & urat distance fom (2 v, ard some of the neighbors of
 ie outside the digital 1mage 172, ¥ 15 on the border of the mage.

» Lhe tonr chagoral re1zbbors of p havve cooimates (x+, wHL ), G+, w10, (-1, seHL ) (-1, o
1) ard are deroted by Mo (p). These points, together with the 4-reighbors, are called the 2
neizhbors of p, denoted by Hs (p). &s before, sore of the points in No(py and Hs (p) fall
outsde the woage 1t'(x, w) 15 on the border of the nage.

Connectivity:

» Connechwty betoeen joels 15 4 hmdamental concept that spophties the detmubon of
rorre 1os digital rage concepts, suchas regiors and hourdaries.

* To establish if teo poxels are connected, 1t roust be deterraned if the vare neighbors and if
their gravlesels satiefira specified critenon of sralan fyr{sasy, 1 their gravleve Is are equal).

» bormstance, moa bivary woage with values Uand 1, tao puels may be d-reighbbors, buat they
are said tobe conrec ted ondy if the whave the sarae value.

* Let V be the st of gray-level walues need to define adjacency. In a barary irnage, V={1} 1f
we are referming to adjacency of poels with walue 1. In a gmvecale nage, the 1dea 15 the
sme, but set V typacally cortaims more elements.

+ bor exarple, in the adjacency of pocels wath a mnge of posable grav-lesel wames U to 420,
g2t conld be antyrsubset ot thess Lobvalues.

We conmder three tyges of adjace ey
[ d-ad]acercj.r Two puels pand g withvalues from V are dadjacent if ¢ 15 n the set M ().
(b E-adjacency. Tan pxels pand o with values frora W are adjacert if'g 15 in the set Hs(p).
(o) ro-adjacencyi roed adjacency). wo pocels pard o with vvaloes thoro Y ae ro-adjacerd 14
(1) 018 M (o), O
(1) o 15 1 Moipy ard the set bas no poeels whose values are from V.

¢ Dlwed adjacercy 15 a modification of E-adjacency. It is introduced to elirmirate the
arrhbigwities that often arise when 2-adjace ey 15 wsed

+  Por example, corelder the pixel arrangernent shown

big Y ia) tor W= {1} lhe three pxelsat the fopotbigy (b) show ralbpe (ambguons) &-
adjacency, as mdwcated by the dashed hnes. “Lhs arbigmty s rernosed by wsing m-adjacency as
shown 1 Fiz. 9 (c). Two mage subeets 51 and 52 are adjacent if some prel n 51 15 adjacernd to
some pixel m 52, It 13 understood here and n the following defimtiors that adjacent means 4-, 2-
. OF ro-adjacendt.

« & (dizital) path (or oave) from axel powith coordinates (x, wito pael g with coordinates (s,
t) 15 a sequerce of distinct pocels with coordinates

Xor o) LXpa Vids cov o L Xns Wa)

where Ko Yol = 1A, ¥ ] L Xq,
for 1 =i=n
+ Inthiscase, nis the lengthof the path It (%, w) = (2 1w, the path 154 closed

path.
» lwo pxels poand q are sud to be connected 1n 5 o there exists a path between them

consisting entirely of pixels m 5. Forany pixel pin s, the set of pzels that ar conmected o 1t

Vo0l and prxels (v v and Lxog, ve ) ame adpacent



1m o 15 called a connected comporent ot's. 11t onlyhas ore connected corponent, then set o

15 called a conrec ted set.
| | | [ | j J=asa

abece
(a) Arrangement of pixels; (b) pixels that are 8-adjacent (shown dashed) to the center
pixel; (c) m-adjacency

Distance Measures:
+  Porpixels p, o and z, with coordinates (x, 3, (s, ), and @, @), respectnely, D 15 a distance
Hirctionor mete
a) Dip.g)=0 (Dip,g)=0 1t p=gq)
{b) D{p.q)} = Di{g, p), and
) Dip,z)=D(p.q) + DNg. 2
+ ‘The Euclidean distance between  and o 15 detined as
Dip.g)=|(x—35 Py =1 o

+  bor thos distance meamire, the poels havang a cistance less than or ecual o some walie ¥
trovozx, sare the pomts contaned 1 oa disk of radims v centered at (:-:, ).
+ The Dadistance (also called city-block distance) betareen pand o is defined as

Dip.g) =jx—35| +ly—1

* In thos case, the poels havng a Ly cistance thorn (2, ¥) less than or equal o some walie ¢
tomm a chamond centered at (0, ¥). For example, the poels wath Ly chstance = 2 thom (2, W
{ the center poirt) form the following contours of constant distarce:

4
[k ==
ol == o)
4

The prxels with Th =1 are the dneighbos of (2, ).

‘Ihe Dsdistance (also called chessboard distance) between pand o 15 detined as

jr} II'? ;|' = max! ¥ - 3y

In thiz case, the poels with Da d.lstarce troralx, 0 less than or equal to somme value ¥ form a sguare
centered at (:-.', ). bFor example, the pxels wath Dschstance = 2 tromix, w)(the center pond) form the
tollowang contours ot corstant distance:



~

3 i |
I 1
£ 1 0 1 2
I I
i i |

The piels with D=1 are the Z-reighbors of (x v, Mote that the D4 and D8 distarces
bebreen pard o are mdepencent of any paths that roght exnst betaeen the points becanse
these chstances nrrobe only the coordhmates of the pomts. It we elect to consder -
adjacency, howewver, the Do distarce betaren two points 15 defined as the shortest m-path
between the points.

Inthis case, the distance be baeen two poeels will depend on the walues of the pxels along the
path, as we Ll as the walues ot thewr neizhhors.

bor mnstarce, corsider the tollowang arrangernent o puels and assarne that p e, and i have

walue 1 ard that po and ps can hasee avalwe ot Uor 1:
B Py

L
ouppose that we consider adjacency ot paels walued 1 (18, = {1} 1t pand 15 are U, the
length of the shorte st m-path (the Do chatance ) betweenpand prisd. 1pl 15 1, then peand p
will o lorger be m-adjacent (see the defirton of m-adjacercsd and the length of the
shortest m-pathbecomes 3 (the path goes theough the poimts pppeps.
oltrlar cormrnents apply it peis 1 (and s U); 1h this case, the length ot the shortest m-path
also 15 3. Finally, ifboth g and ps ave 1 the lergth of the shortest m-path behaeen poand pd 15
4. In this case, the path goes through the sequence of poirds pripeps

Perspective image transformation

& perspectre frarstommation (also called animaging transtormaton) ojects 50 pomts onto
a plane.

Perspectrve trarsformabons playa cenfral role nimage procesang because they prosnade an
appoxumabon to the marner i whach an 1mage 15 tonne d by waewing a S0 wodd

These transformations are fundsree rtally different, becanse they ar norlinear in that they
merolve drvsionby coordinate walues.



Basic model of imaging process, The camera coordinate system 9x,y,z) is aligned with
world coordinate system (X,Y,Z)

The camera coominate systern (%, ¥, Z) has the 1mage plane comelde it with the o7 plane and
the optical axis (established by the center of the lens) along the = axiz. Thus the center of the
nage plane 13at the orngin, and the centre ot the lens 15 at coordinates (UL, A).

If the carnet is in foous for distant objects, A is the focal lergth of the lens. Here the
asmrnpiion 15 that the carnera coordimate systern 15 aligned wath the world coordirate system
(4 ¥, A).

Let 20V, 5 be the world coordinates of any poird moa 3D scene, as shown in fizure 10, We
asmirne throughod the following discussion that Z= A (1e) all points of mte st lie i front of
lens.

The first step 15 to chtain relatiorship that Zives the coordinates(x ) of the projecton of point
(E,¥,Z) oo image plane.

e _X
L - A
i
A= 2
¥ ¥
A Z=A
¥
A=z

Where regative sigws in font of X and ¥V indicate that image points are actually mverted.

The 1maze plare coordinates of the projected D pond folloer divecdy fom above equations
A

A=

I =

AY
o —

=X

These equahons are nonhnear becanse they neobe drnsion by the sanable £ Although we
cold use thern directly as shown, it 15 often correrdent to express them in lnear mabie
fonn, for rotation, translation and scaling . This 15 easilyaccornglished by nsing hamogeneons
coomimates.

The homogeneons coordinates of' a pound with Catemancoorhrates (& ¥, £) are defined as
(B BY, B2 k), where k 15 an avhitrary, ronzero constant. Clearlsy, corresion of
horogeneons coomimates back to Cartesian coordinates 15 accomphshed by drading the first
three horogeneos coordinates byrthe fourth.

L& point 1 the Carte san world coordinate systern tnatvyhe expressed 1nvector torm as

X
- - [1‘"]
F
and 1ts homogeneons counte part 15
kX
kY

kZ
k



LI v detine the perspecirve transtormation matnx as
10 @ 0]

e oa ]

L r 10

00 -11
A o

- ———E
The Emduct P waelds a vector denoted cr

Gy = h.

1 0 oo
a o Oy kY

= | |u1¢z
00 -1 1flk

o

— ey S—

+  The element of cnis the camera coordinates in homogeneous form. As indicated, these
coominates can be corrrerted to Carteman torm by cimading each ot'the tivst theee components
ot crubyrthe tomrth Thos the Cartesian of any poant i the camera coomhrate systern are gnen

1 wector forra by
A 7
rl A2
AY
C= |p| - A=7
1 s
. — ZJ
r —

» Lhe first two corrqonents of o are the (3 W) coordinates i the rnage plane of'a projected 5-1)
poird i, ¥, Z). The third coraponent 15 of no mderest mn terms of the mode]l m Fiz. 10, As
shown next, this coraporent acts as a free variable m the veme perspectee transtorrmation

+  The rrwvewse perspective transfirrmation maps an irnage point back o 3-D.

w, = |
Where F115

= 2 = 2
-0 O
L — ]

1
]
F'=|pg
1]



L

SJuppose that an nnage pomt has coordivates (Xe, w, U), where the Uin the = location siagply
mdicates that the 1mage plane 15 located at == U, Tlos pomt may be expressed 1
horogeneons vector forrn as

ey kx,
*_rb t}l'
L e 0

k J

ot, 1n Cartesian coordinates

i

This result obvionsl yis urexpected becanse it grves 5= 0 forarey 3-D poird. The problerm
here 15 cansed by mapng a 3-D) scene onto the 1mage plane, whach 15 a maree-to-one
transtormahon.

The image poud (0, w0 ) corresponds to the set ot colbnear -1 poants that e onthe Line
passing thwongh (e, w, W) and (U, U, A). The egquahonof thes hre m the world coordimate
systern; that 1s,

-
X d!'_,[_a}
Vel - 3,

Ecations abose show that unless something 13 knoven sbout the 3-D pount that generated an
wnage powmt (for exatnpe, itz A coomimate j 1t 15 not posable to completely recoser the 5-L)
powd form its wrnage.

s observation, whoch certamly s not ure xpected, can be 1sed to torrmulate the necerse
perspectve transtormaton byusing the = corporent of chas a fiee vanable mstead of 0.

Ths, byle thng

kx,
'Llu[ kv
ky, -
a w [ kx
-lr:fJ ke
Lk A

wlach upon corsersion to Cartesian coordinate grves

T

W = Jl— _i"ll'_-;__
Z

A+ F

ArF
b 4 ;_J

Inother words, treahirg = as a free vanable yields the equations




A,

A+E
.
A+

A
=
A+

aofang fior = in terms ot Sinthe last equaton and substtoong mthe fivst tan expee ss10re welds
X=2(-2

Z

- -
¥ .I.“' Z)

wlach agrees with the dbse reation that revenng a 3-D pount for its rmage by reans of the oerse
perspective transtormaton reqmres knoarledge of at least ore of the world coordivates ot the pomt.

MATLAB:
The MATLAB Desktop

Wher oo start DG TLAOE e fhe deckitop appesars i ite defanlt Lo,

e

The dedstop duc bades the @ pariels:

Current Folder — s cess yonr files.

Command Window — Erter corrmrards at the ¢ orramand e |, dudicated b the prompt (>>,
Workspace — Explore data that you create or nport from fike.

Using the MATLAB Editor/Debugger
1 Staternerts:
*  Satemernts are entered in the Conmnand Windowr at the conumand prontgt: ==.
*  The comurent symmbol mMATLAE 15 the percert signe 4.

* WhenMATLAE encounters ths svvbol, it iznoes the remaining text on that live.
Conmnerts ave usefial for creating “heades™ for sompts.



Example Code: == % Data Analwsis and Flothing Senipt

Fesults from s taterhents 1ssued am by defanlt stored inthe single wanable named ans.
This vanale will showrup in the Wodsspace ard appear in the C ornonand Windoar:
Example Code:

== 345

ars = 34500

==
Pressing the Enter kew canses MATLAFE to execute the staternent in the conmnand
pronpt.

Example Code: == sqrti] .44)

ark = 12000

2 M-Files

Files writh extension .m are exemitable in MATLAER. Thewe are taro flavors of mefiles:
Seript and Fancton.

All mfiles contain plan text, and & suchecanbe edited with any text editor. MATLAE
provides amistonuzed text editor, as discussed dove.

Howrever, yom may wad, write, and edit m-files with any plain text editor (suchas
Hotepad, WinEdt, emacs, ete.].

3 Scripts

Seriph are helpfil becase they can bimp dozers or even thousands of Conmnand Line
statemmerts into a single action. The conventiorns for nanung script are very sinolar to
those for nanung vanab les:

O DoHothegin filenames with mirmbers
O DoHNotinchde panetiation amparhers in fileanames

O DoHNotuse afilsname that is alread yused for a MATLAE finction or an
exds ing variable

There are a fowr usefial shortmat kevs whenwiiting and debuggzing seripts . The Fi key
saves and executes the entire active script. When dealing with long files, 1t 15 often
nsefil to exemite only the code wou have past witten. The P9 key exemutes only the

text that 15 ourrently highlizhted.

4  Functions

There are thousands of finchons in the MATLAE Ibmry Hosrever, one may find 1t
necessaty to write a newr funchon—oflen a collecton of other finctions—to aut one’s
specific reeds. Just like MATLAE native finctomn, wserdefined finchons have a shict

vet sinple s ymta,

To define a rew fincton, ther are fiur essenbial conponents that nmst be the first

exemitable line in the mefile:

The MATLAE comrnand fanchon
Chatpnat wanab les

The wser-defired fanchon name
Inpat variables

©O0O0O0



Getting Help

® MATLAE bigzest advantage over other programnng languages 15 it lbrary of fianctons. To aid
users infinding a fianction, MATLAE has taro verrusefial conumands.

®  Tosee a list of fancticrs that have a certainwrord in the titls or descuphon use the lookfor conmnand.
Example Code:
== lockfor sine
DIEIC Duarichlet, cr periodic sine fanchon
SINC Simpi*aipitx] faneton.
Ve INC Desired amplitade arnd fequency response for invs ine filtess
==

® T get explicit mformation on a single finchon whose name 15 kmowrn, the help fanction 15 extremely
usefil. It explains the symtax and parpose of every fincton i the MATLAE library. Example Code:

== help squt
SOET Square roat.
SOETEY 15 the square mot of the elemerts of X, Complex remlts are pmoduced if X 15 not
posibve.
See alsosqrhm
==

Saving and Retrieving work Session Data
SPTool Sessions

Wheropoa start 5P Tool,the defanlt darbip spt cesdon & oaded, To sawe yonx worls i fhe starbap SPTool seccion,
e File= Save Session orto specify 4 sessiommarme ase File = Save Session As.

To recall 4 previosle sawred se szion, uze File= Open Session.

Digital lmage Representation

Digital image representation

e The comumon mathematical representaion of an image is a fancton of tero corbrmous spatial
coordinates: 3w 7). The vahie 30,000,407 15 often called the
image intensity at (00000030, although that termm 15 used loosely becanse it often doss not
represert achial ight intersity. The rmgray level 15 also conmnonlyused.

e ¥oa canrepresert acolor rmage mathematically in a conple of different wrars.

O OUre way 15 to we a collechon of mmage finectons, one per color comporent, such
as vz, vyl glxy)alay), and bz, Pkl ).
0 Amotherwayis touse avector-rahied funchon, £ 6],
e Mawr funchors mn the Image Processine Toolbox also support logler-dimensional mmages. For
example, ffnight be a finction of three spatial variable, as i fx,veflx vzl Inage Pmocessing
Toolbox domumentation alls this a multidimensional image.
e Comvering the amplhitide vwalies of ffto a set of discrete wahies 15 called quantization. Captanng
those wabies at discete spahial coordinates 15 called sampling. Whene v, and the vahies of ff ame
all firute, disrete quantities, we call f adigital image.
Coordinate conventions
e It's nrportant to pay attention to different coordinate system conventions that maybe used mn
Image processing. Often the center of the upper-left piel 15 considered o be the ongin, (0,07
There 15 mow valation in the assizument of 1w and vy axes.

e The coorlinate systemin the diaztambeloar, with the xe-a:0s pointing doarn and the yr-axis
pointing to the nght




e When displarne nhages m MATLAER, the usual comvention 15 for the center of the upper-left
pioeltobe at (1,17 the or-axis to point to the night, and the yy=amas to pont down.

Images as matrices and arrays
o Digital images are very cormvenently represented as rmatrices, which happens to be great for
working with mMATLAE . & moroclrome mage matix looks Like this:

fi1,1 fil, 22 ... f(1, 0
fiz, 10 fi2z. 2y ... fi2, N
fiM1 M2 ... Ml

e We represent colorimazes inMATLAR as rmlbdimensional araws. |

e For erample, an EGE image (arith three color comporents) is represented as an M-hy-M-hw=35
army.

e A CMYE mmage (arith four color componests 1would use an Mbow=H-by-d aray.

e Multdimemwional mmages awe also mpresernted m MATLAE as mulbdimersional arrays.
Theretore we rely om corert to distnguish betareen an BEGE mmage (M-bweHbw30 and a tleee-
dimensional image with hwee z-plane shices (also Mb-Hbw-3).

e Forexample, if v pass an M-bwN-bw=3 away to rghderay, it 15 clear fom the context that the
mpatshould be nterpreted as an KGE color image and not as a tlree-dinensional imhage.

Image 1/O and Display

o imread(): Toread animagze ard store ina mabds
Symtan: IM=muead(“filenarme ™)
Eg.: =rum=mmead( peppers png 7,

e imshow(): Displays the ithage. 5ymtas:
Syrtase: inshoar “filenarme )
oF 1rrws hover( 11t
Example:-
=rinshowr] ‘carermman b,



Classes and Image Types
Different Types of Images

Binary Image: An image that consists of only black and white pixels. Technically
these types of images are called as Black and White Image. (Although it makes
me sad to break my reader’s heart but till now what you called black and white
images have some other technical name).

Grayscale Image: In daily language what we refer to as black-and-white (as
in old photos) are actually grayscale. It contains intensity values ranging from a
minimum (depicting absolute black) to a maximum (depicting absolute white)
and in between varying shades of gray. Typically, this range is between 0 and 255.
Color Image: We all have seen this! Such an image is composed of the three
primary colors, ed, Green and Blue, hence also called an RGB image.

Binary [mage Color Image

M-File Functions

o PFunctions are program routines, umally implemetited in -files, that accept
it argurnerts and retuim outpat aromemerts.

o They operate on wanables wathin therr own workspace. This workspace 15
separate from the wotltspace you access at the MATLAB cotmmand protrpt.

The Function Workspace

o Fach MM-file function has an area of memory, separate from the WA TL AR base
wotlspace, tn which it operates. This area, called the function worlcspace, @ves
each function its own worlspace contest.

o While using WATLABR, the only wariables you can access are those in the
calling contest, be it the basze wotlispace or that of ancther fanction.

o The wanables that you pass to a function must be in the calling context, and the
finction returnsits output argaments to the calling workispace contest.

o ¥ou can, howewer, define wanables ag global wanables explicitly, allowing
e that one worlispace corntext to access thetn.



Simple Function Example

The average function iz a simple W-file that calculates the awverage of the elements m
a Vector,

function y = average(x)
% AVERAGE Mean of vector elements.
% AVERAGE(X), where X is a vector, is the mean of vector elements.
% Nonvector input results in an error.
[m,n] = size(X);
it G(m=1) | (n==1)) | (m==12&n==1))
error("Input must be a vector®)
end
y = sum(x)/length(x); % Actual computation

Try entening these comrmands i an M-file called average.m. The average function
acceptsa sindeinput argument and retumes a single output arqument. To call
the average futnictiom, enter

z = 1:99;
average(z)

ans =
50



Variable conversion Yariable

* Read

Ity £ o EIiagers. o et 4 = sprirtfl% s will bz %d thisyvear. name,ags];
v oT VG O ETiediT b b chearacbor. o Iirite:
TRy G0 £ T & b oyt o o ey »diep |:_':{:|
stk ORI g b ot bl sz el e »% = sprintf{ %= will be %d this vear.’ name,age];
ST iyt ctipactor Ty oF HTire) bo TNrorks ATy dispx)
b ke 100t ook P et 2 IOy oo b resd b b e e *fprintf Yz will be¥%d this yearn' narne,agse);
N
dectd {200 Bt Fopr St o o d el TR b bl nery
U
Image comersion

= Sharpening filter

133 ikt =) el e SOl SR s * B=imsharpen(A) Sedr piarcsths grayeca ¢or ruscoker (REEY npk imnage b by
uAngthe unheal p reesking rethed
B o e on af Inivsge b brer yram + bu lnbarprdy:
Imizte], kel -t vl v o 05 e pofed 2 b ARk ol sl i bl « B=imsha AN \Value U= oAb o palrshi mrknd 4 ped=s ol His
e bty Hve riln iy ared Findirad i ek of e e, ur&-ﬁmﬁéd ame\aliel P ¥

ulrkzE g = Careoeron o Ivesge froninbdn arg bo gragtscsks g 3Bk IvHb g Farlhe, 2 ok T
ulnkE (s =

b i




Simple matlab command for Simple matlab code to read and

addition of £ numbers display an image
T —
T — =
Simple matlab code to convert image Simple code for smoothing
into binary image




Unit-11

Image enbetrwemerd: Spatial Domain - Gray lewsl Traveformatiors - Histogram
Frocessiy - Zpatal Fillaing - 2moothing and Sheop ening, Frecuetnwey Dosmsin,
Filterityz inn Frequercy Domain — DFT, FFT, DO T - Smocthivg and Sharpenne flters -
Hornorsnorphic Filterive,

; SPAT TAL DOMATN

| | | | 3 3 3 nesghborhood al
paint {x,¥)

—=ild LA ]

= I Far different technigue neighborhood

| : 1 : sze may b= diferent depsnding

HEE N | | | upon the type of image and type of
aperation

Ingaul Image §x_ v

The sumplest of T1s when neighboarhood 15 1 x 1, where g 15 dependent onf, when T

becormes graywleval.
s = T(r)

TRANSF ORMATI O S:

Gray —level trancformations:

The vahies of trarsformation finctons are stored in one-dimensional arrays and mappine
fromm ¥ o 5 via look up table, since dizital uartibies ae dealt. For 2 bitenvironsmert, lookap
tah le will have 258 entries. Three basic type fincton in gray-level trams formation are:

» Linear(regzatve and idemtity transfonnations)
*  Log anthmetic (log and iriorerse log rarnsfonnations)
*+  Power laar (nth power and mh root trars formatbions )
al Fmage negabives:
The negative of imagze Wi‘l‘.}l E:aflevelis in Iil;.'l:'lgE [OL-1]bx
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Erversing irtensitr levels of imagze sives photographic regative, which s smited for

white or zray detail indark regions. Ez o Digital manvmogram shoaring brain tissue.

bl Log ransformations :
reneral log tans formation
) & IFI;.',U +r)
Whera, C 15 constant, assurme x==0
A nawowr range of lowr zrav level in iipat 15 trars formed into wider range at output.
The opposite 15 tme with higher level of put. This 15 used to expand values of dadk

ixels of imagewr lule compression



gl Fower law ransformatons:
Povrer lawr has the basic transfonmabon as |
V= gpT

Where, ¢ and T are positive comtants. Powrer lawr marves with namowr range of dark wahies
are rmapped to wider range with opposite being tae for higher wahies

G e = R,
I."' g = A1, T4h _.,--"’-
- .i-_ ™ ..d-
.=J'_..1.|- / y = G20 e
.II. .-"-..-- -".... a
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- ') -~
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& LA .f’f-r ¥, =1 /
= I i o ~
g ! -"f - .J_,-"'—"j ¥ S
& 4 Py . o
I.-" -~ __-"'H ; d
& / -~ .__.-"'-f
* 4i_ IIII I -'"'.--. -'-l-. P
| ~
'III .-"'f / L ]
-~ L et
o ___,-’"- __.-"" [ -
i III""-..--"'F--—— ) il
0 L4 P A

]FhEII.Il. By lewel.

. Onlike log trarsformation the posstble barsformabon oxrees can be obtaimed by st
varying 1. & vanety of devices used for image caphiring, pambng anmd displaving followr
powrer trnsformation lawr the process used to comect power lawr trasformabon 5 called

ECEna corachon.
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A stright-forarard gamma correction 1n case of simple gy scale lirear vwedze nput into
Cathode Eay Tube[CET).

d} Piecewise linear transformation fume ions :
Comtrast shretehing:

O Contrast image 15 process of increasing lowr contrast image to lugh contrast 1maze.

O Warrosr miensity range inorginal image 15 comrerted wide mmtensity ange 1n
[tocessed image

O Forenharcement operation

a

r=2r,ams =8,

O Forry =1y, 51 = 0and 52 = L-1 the tans for fiinctonbecome Thes holding operaton



s=TI{n

wide

4,5 :
i{1|1:. :r

L-1

Marrow

Frap Level Shicing

Concepi:

Here it showrs that only in the range & — B the image 15 enhanced and for all other picel walue
are suppressed



L -1 I“““m””"““.“I“.””":E

Concepi:

Here it showrs that only in the range & —F the image 15 enhanced and all other poel vahe are
retained

ray Lewel Shicins Eesults:

Hisio Based Technigue
O Histogram Defirubon
O A4 mnage having (0, L-11 discrete mbtemsiby level
O Then Histogram
hWrj=mn
O Where n: Imtensity lawel
O n: Mo of pixel having intensity level n

O The plot of dishnet mmtensity level aganst all possible mtersity level 15 knoarn at

Histogram
O Honnalized Histogram:
it =mfn

O Where nis the total no. of pixel inthe image



O Fn) mdicate the probability of ccourence of itens ity of level 1 in the inmage
O Histogram Techiuques mchides

O Histogram equalization

O Histogram specification

O Image Subbrachon

O Image Averasing

Ihark mmage

—_———— e e

o - e

Brighl megs

Lo -canigasl | Aldgc

| - .
—— e —

High-canrras imag:




Histogram E gualiration
O Letrrepmsents gray levelinan image
O Assmwme [0,1] 15 the normalized pooel mm the omage where 1 — back pxel and 1 —
vwhite pazel
5 =TIz
O whewr r 15 the mtew ity in onginal image and 5 15 the Ddens ity in the processed image
O “We asmme the transfer function sabis fir the following condition

1. T¥) nmsthe asingle vahied & monotomcally increasing inthe range 0= r=1
le. Dadcer pixel remmairs darker in the processed mage

2 0=TH=1forl=r=11ie. anypixel irtersity vale may nothe larger than the

maxim mters ity lewel.
O Inverse Transfer
r="T3)
O Itshoald also s ahsfr the above condibon
O Forcontmons domain
O pir) — pdfafr
O puls) — pdfof's
O Forelementary probability theory we Jmoer that i po(2) axd puis) are knoarn and T-105)
15 single wahied monotonicall v inceas ing funchon
O Then e canobtane
po(2) = )|t ds b= 1
O Mower wre take transfer finction
O 5=T(2) = lopater) dwr
O From this we can compute
dsidr= plr)
O pis) = pif) [drids]
a = mix). Lipf(a =1
O Discrete Fonmmlaton
U pind = mn
O Histogramequalizatonbecome
= T(n) = & -0-splx)



= Fi-o-shin

Fistogram SpecificationNdatehing:

O

O Oooo o

O

Target Hiziogram

Letr— givenimage and = — target area in the image

Hence pJdz — target histogram

5= T(¥) = Jo_priwe) dw

Smularly we have finchon Giz) wstead T(r) for tarzet listogram
Glz)= Joapdf) dt

Disciete formmlation

s = T(h) =F, -o-un = Fog-aplx)
Let pi=) is the specified target historram
Vo= Gm)= Froamds) = 5

Zu= G [T(a)] = Gis)
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aphical mterpretabon of mapping from 5 to 2 wia T
Llapping of z, to its corresponding walue v, via Gz).
[reverse mapping from s to its corresponding <value of =,
spatial Filtering:

b

*

All the pizal velus
centerad at (xy)
~are MLEEpiad by
the mask o
rnodify that (x,y)
canlanad
nesghiboun

Image fixy) 3¥3 Mask

(x.y)

= o

&7

TR =7 ¥ Wy fzH, v+ fori=-1tol &j=-1t01

Where wy; 15 the mask coefficient and this mask coefficient is different for different
techmques

For mask procesang neighbothood mmust be greater than 1
Operations trage sharpening, Averaging etc.

Spatiol filiers:

¢ Smwoathing:
O Linear Smoothing Filter

' Performung sveraging on an lmage means smootherng an mage



If an 1rage 15 soothen rwach more ithecorme blorred

Lyerasing Filter

o

gy = 195 5wy, )
fori=-ltolé&j=-1101
» Weighted Averaging

Weight raducas when
¥ point are away from the

L~ cenlerand increases whern
comes closer o canber

glxy)= 116 3 ¥ w; fix+i, y+i)
for i=-1to1&j=-1to 1

In general form :
> - EF:—JE?:-bWI:.,I -IL-I:.I' +E.1|'|'|..:|
gueyl = A

i —aLim -aWy
For mask size M where M =2a+1 &MN=2b+1

Resulis
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(a) Original itnage, of size S00%300 pizelsih)—( ) Fesults of
smoothing wath. square averaging filter masks of dzes n=3, 5,9, 15,
and 35, respectively.

O Diedian Filter (nonlineat)
= [tizalso known as Order-statistics filters

» Order-statistics filters are nonlinear spatial filters whose response
iz bazed on ordering (ranking) the pixels contained in the image
area encompaszsed by the filter, and then replacing the walue of the
center pixzel with the value determined by the ranldng result.

s Dedian filter 15 a well known nonlinear filter

Criginal |mage

Resuli of
ANETHTNG UEing Hosuk of Medan

ihsning

O Shamening Filter

= Inthe smootherang filters (hnear &nonlinear) the 1mage are sraoothern and as a
result nage loses it detailing.



*  Irnage sharpeming 15 a process o enhance an image such that it can extract
varions detals of an mmage

' bByveraging 15 basically an infegration operabon whereas sharpening nses
denvative operation over nage

' Two type of dermvative operation are First Crder Dereatre & Second Order
Dermvatrve
Desirah ke Response of Dergrative Filters
O First Order Derrvative Filter.
*  [Ivlust be fero marea of constant gray leswel
=  Mon fZero at the onset of grevy level stepor ramp
= Mon Zero along ramp
O Zecond Order Derrratrve Filter
* Fermomflatarea
*  Mon Zero at onset and end of a gray level step or ramp
*  Feroalong rarap of constant slope
O First Order Derwrative Filier

gfix) Lt Flx +ax)— fix)

aw oy =1 &ix)

=  Flx <+ 12 iy

Choice between 1°'4& 2" Urder Derivatire



thin lige T
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5]s[afaz]1]afo]o
Mon Lerg ramp

:'!'l"."i -E.|_L-|:| -5_:|=-.|!|:|_| |z .|_2=-.|!|:~-J§n
+ 1 T

ZEFO Famp
+ 4
oo jofla]|1|o]a -e:!n'nllFﬁl |!n'n:-%.:'!-:n
. [ A [ |
E] g L !
. i ! o B
Mon Zero onsel 8l Reannnge of 3¢ order dervative Of isolated paint  Almost same
end ol e ramp g much stranger than 1= arder similay Fin ing far step
Oh servation

O 1™ Chrder dermeation generally produce thicker edge i an 1mage

O 2= Crder derfvative gives stronger response fo fine details such as thin line and isolated

ot
O 1™ order demvative has stronger response to graylevel step
O A= order derreatrve produces a double response at step edge

second Urder derkraiire are b etter suitab le for image enhanceme ni

O Duscrete forrnulation of 2= Order dermeatrve filier should Isofropie m natore (The
response of filter should be mdependent of the onerntaton of the disconbrmty m the

mage)
Lap lacian Operaior
O Popularly known 2 order dertvative operator iz Laplacian Operator, it is Isotropic in
hature
O Laplacian Operator in conbnnous domain
wr-tLy 2]

oL
rJ
-

dx =

—=Fflr+ 1)+ Flax—1)—2f{x)



For image fix,y)

def
e R Flx+ 1, v+ Flx— L) —2f (x.3)
af . . . o
3 = flx v+ 13+ flxy =1 — 2F(x,7)
Lap lacian Operator Resulis
af (&} Ciriginagl bmaga
o} Lapdacan
fibered iage
1% LAapkacan
Biesaha fmage

[d] Enharoed

el FMAage LS
labscian
O A1
FREQUENMCY DOMAIN
Hagics of Filtering inthe Freguent v Lomain

Frequency domain Aliering operaiion

Filter
lunciom
FEa, )

Tnvarie
Froufrer
[rmnalearm

Fourier
iransform

L Fiu, v Hiw viFin, ) e Bt
- ™ S post.
I:\ processing

|: Pre-
|'|r-.-\._'«._:*{\'ir'r‘_~_"_

iy
flx.¥) HERY
In putl Enhanced
i|'|'|:1t'_r.' ineige

FIGURE 4.5 Basicsteps for Aliering a the Treguency domeain.

Some Bagic Fikers and Their Fune Hons
= Dalbplyall walues of Fevibythe filter fone fion (noteh filter):
Ui uwi=iMIi NiD
Hipw)= .

otheraise.

L1 thas filter wodd do is set #7000 to zexo (force the average value of an mage
to zera) and leswe all frequenc v components of the Founer transform untouched.



FIGURE 4.6
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11 mniee i
Fig-44a) with a
motett felers thal
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F0, 0% teem in
ihe Fouricr
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FIGURE 4.7 (o)A pwo-dimienssonal Iowpsiss Rler fuemaiom b Resalt of oogoes hering the smogze in Fig 4 Aja)
dop A pwoedimeensicwsal beghpass Gilier fimetion. {dy Resule of hiphpass filkznme the s n Fie 24
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FIGURE 4.8

Reemull ol higfpass
filicring Lhe image
in Fig. 4.4 with
the filicr in

|-I:_'. 4.7
rnechhied by
uclding o vomslant
al cnic-Reall the
filier hoightl 1o the
filles Tunctmm
Comipare with
Fiu. 4 4ia).

Ly function that penodically repeats itee lf can be expressed as the sum of smes andlor
cosine s of diffe rent frequencies, each aultiphied by a different coetficlent (Fourier
SETIES).

Even functions that are not periodic (but whose area under the curve 15 finite) can be
expressed as the mtegral of anes andlor comnes ultiphied by a weighhng fune hon
i Fourier transform).
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Lny function that penodically repeats itself can be expressed asa sum of sines and
cosine s of diffe rent frequencies each roaltiphied by a difterent coefficient —a Fourder

sarias
The trequency domain refers to the plane of the two dimensional discrete Founer

transtiorrn of an mage.
The prpose of the Founer transform 15 to represent a signal as a inear combination of
sirmsoidal signals of vanous freguencies.
The one-dunensional Fourer transtormn and its 1reverse
»  Founer transforrn (continnons case)

Fluy= [ fixle™™dr where j=+-1

»  Ireeerse Founer transform:



fixi= J:P'{u}ﬂ”"*du

+ The taro-dime hsional Founer transformm and its iremeree
»  Founer transforrn (continnons case)

Fluv) = [ fix plemcgdy

»  Iroverse Fourler transform:
Fix = _[: _[: Filu, g B30t gy dy

The one-dimensional Fourer transform and 1ts iroverse

Fourier traneform (discrete case) DTC
fa |

Fl)=L 3 fixe ™% fra=012,.,4-1
M=

—  Inwerse Founer transform:

fix =EP'{H}EJ“‘”“ for x=01,2.., 0 -1

= Since and the fact
g =coef+ jam & cos( ) =cos &

then discrete Fonrer transtorm can be redetined

fa' -
Flu) =;—;f{x}[cns 2mx TM — fsm 2wzl M]

foru=012,.,0M-1

—  Freguency (fime) doraain: the domain (values of &) over which the values of Flu)
range ; hecanse ¢ deterranes the frequency of the components of the transform.
Frequencyitme) cormponent: each ot the M terms of Fw).

Flu)canbe expressed in polar coordinates:
Fia) = | Flu e

where |F{u}|=[R*{u]l+I*{u]l];_ (rragritnde orspectnm)

@_ iphase angk or plase specinmo)

plas) = {Rm}_

Riuh: the real part of Fiz)
- K{u): the roaginary part of Fu)
- Power spectnurn:
Py =|#a) = R )+ 14 @)

fhe Che-Lemenswonal Founegr Transform Example
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The Ome-Dimensional Fousier Trangform Some E:mmpies
The transform of a constant funchon 1s a DC;’E].HE only
i

e .,.3-:5- ................................................. e
lhe frarnstorm ot'a delta iu:m:tlnn 15 a constant.
H : i
i | 1M ;

............................................... T S S

1he Ulw-ummnsnnall'nuner lranslnnn some kxamples
The transform of an wdirate tram of delta funchons spaced by T 15 an nfimte ran of

delta fure tions spaced by LT,

—— T = = 1/T -

The transform of a cosine funchon 15 a positree delta at the appropriate posite and
negatree frequency

‘ ‘

[ ™. | .
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{Re Che-Lamensional Founer fransform howte Boamples
= The transformm of a ain funchon 15 a negateee coraplex delta fonction at the appeoprate
positive frequency and a negative complex delta at the appropriate negatrve frequency
: :

| ﬁvf\jﬂv -u; -

»  The transform of a square pulse 15 a aine function.
i 5 4

*  The tao-dirme nsional Fonrie r transform and its e rse
Fourer transtornmn (discrete case) LYITC

LA
Flav)=——s

T 2 2 [ e 1A

sl ]

tora=012, .  M-1v=012,  N-1

—  Irorerse Fourier transform:

TN

Slxp) =35 Fiu,ppettoiwrtimo
Ll ]

for x= W14, ., M —1,_].' =14, N=-1

=, v the transform or freque neyvariahle s
= xp:the spatal or mage vanables
= We define the Founer spectum, phase anble, and power spectnirn as follows:

|Fu,v|= R+ ) ( spectnmg

vl
R{u,v}i| (plase argle)

Fluv) = |j-"|:1.!,1-']||i = K*{(u, )+ 1) (power spectnmu)

—  Rluv: the real part of Fuo
- Ru vl the imaginary part of Fu,v)

g, v = tan '[



= Some properbes of Fourler transtorm
+ g M N
A e -1y = plu -2 v- 2 el

o' =1

R0 =5 5 frp)  (wenge)

.l.-I] ]
Fla,vi=F*—u =) icomygate syworetic)
|Flu )| = |Fl-u,—vi|  (smmemetrc )

The Two-Dimensional DFT and Its Inverse

The 2D DFT Fiwy) can be obtaned by
1. takmmg the 11 DFL of every rowr ot 1mage Hxy), Flwy),
2. taking the 1D DFT of every columm of F(uy)

(a)fix.y) (bIF(wy) (c)F(uv)
The Two-Dimensional DFT a.ml Its Inverse

FIGURE 4.3

Fast Fourier Transformation
O & 2D Fourier transforim

;M o
Pl d = A 2, Z-‘Fit._‘.']r LY " i

O Has complexity OHY)
O Fora 1D Discrete F T complexity become O

B 2
II‘:H"—“._ 3 -Il-...|'_- Fyr u
i -\.I_-:_'\-

O Where we tale "3 =" for simplification. We have N= 2 no. ofinput
and we assume M = 2



1 N=1
Flu) =& Z Flxwie
N

O Re-vrrite Flu) as

ZM-1
1
Flaud == F FOWHF
M =
11 a-1 1.'.r—1
. | (e ey LA AT} 235 :l _:.r;,||j_'r-]
Fiul 7 |5 ZJ’J:!‘L_lIr:_1r - Hzf':-"""l”f;_-_.
x=D ¥=0
M-1 ar-1
wrs AL S S5 T
W)=3 |y 2, FExIWgg + Fldn+ 1IWEG- Wiy
k=0 K=
L - s .
Flu) = = [Foven () + Faga (). W, ]
O Wetake
Wit = wE and WAM = - Wi,

Fle+ M- o :F{:'f:: 1 Fu.‘q‘ 1) 'r'l:".::'\-\.']
O Total compleaty redaces to M log,

Discrete cosine transform.
The 1-D dis:retep:nsim tinsform is defited as

i) = oy 3, freios] 22224 ]
Foru=U,1,4, .., H-1.
olrealarly the neeerse DCT 15 defired as

-1

A9 =% u{n}ﬂulﬂnl[&?%—“]
Foru=1,1,4 ..,H-1
YWhere o 1s
s Hl for & = 0

& f2 L AR

\I‘E fﬂrunl,zl_l N -]

The coresponding 2-D DCT pairis

e | W F : .
Gl 7 = aligls) 3 3 fphood B £ Dur ”“ip'x{uz ™ mﬁj
iy Bmll pede u EH.: .
’ . T J e +'..l_ .:.E'
Forww=1U,1,4, .., M1, amd

flx. 3).= 3 :@;_-@h}éer»ﬁizﬁg:-uhmf

=i

1-"|:|r:-:,§.r=Ll, 1,:;,', Y |



Correspondenc e hetween Filtering in the Spatial and Frequency Domain

Cormrolution the orera
—  The discrete corvolution of two fune tons fx 00 and A(xp) of size ME N is de fined
as
A= N=l
Flx,pishix, y}——zz_}‘"{m iy —my—n
r-u-l:l ]

- Let F{u) and Aa ) denote the Fourier transforrns of fx,p) and A(xp), then
Eq.(4.2-31)
Fix, pixhix, v FluviHu,v)

Eq. (4.2-32)
Flx, pibix, pha Filu, v+ Hipv)

-an topnlze fanction of stensth A, located at coordinates (x pa)
AE(x— 5,y =)

fa'=1N=I1
s M AS = a, p— py )= AsC, )
Al il
=1 N =1
T atx pEx, ph = (0,0
amfl umf]
whe re anrat nnpmlse located at the ongin
EN)
= The Fourler transform of a nmt rapulse at the ongin (Eq. (4.2-35))
1 fa' =N =1 1
Fluvi=— B x, Pl T el o
@)= 3 2 3 80) =
= et . then the corcmolation (o, (4.4-46))
Flxpd =28
e I el
Flx,pi=hx, }I}——ZZ&'{m bl x—my —n)
r-u-l:ln-l:l
=—Fz X,
T (x,p]

Corbine Eys. (4.2-35) (4.2-36) with Exy. (4.2-31), we obtain
F yYea(x, y) = Fur. v, v)

S(x, y)*h(x,y) = B[ (x, ) ]F G v)
— A, ) —H @)

A(x, y) e Hx.v)



Let Hix) denote a freque ncy dotmaim, Ganssian filter fune tion grven the equation
Hiu)=Ae ¥

whe e o : the standard desAation of the Ganssian omrve.

The coresponding filter in the spatial dornain is
B2 = fdmpde 7o

Mote: Both the forward and ireee rse Fourier transformes of a Gaussian functon are real

Graussian functions.
Ome veryuseful property of the Gaussian function is that both it and its Fourler transform

are real valued; there are no corgplex walues associated wath therm.

In addition, the values are always positoee . 5o, 1fwe corvrobve an image with a Ganssian
function, there will never be any negatree onfputvalues to deal with.

There 15 also an iaportant relationship between the widths of @ Gaussian function and its
Fourier transforrn. If we make the width of the function smaller, the width of the Fourier
transtiorrn gets larzer. Lz 1z controlled by the warance parameter * m the equations.
These properties make the Ganssian filter very useful for lowpass filtering an image. The
amount of blur is controlled by o®. It canbe implemented in either the spatial or
frecuency domaim.

Other filters besides lowymass can also be moplerne nted by using two diffe rent sized
Graussian functions.



H i) Hiwh i b
; 4 B
| ) 3 r - FIGURE 4.9
II| b / {ay (iaEsian

{[ ||I l".ll I-"' Froeguency d omam
)

low pass filter.

.'f 1 Vol (h) Gaissian

III ! 1 requency d omain
| ! ) highpess Gilter
1 I'nl IlII () Corfesponmding
. Y WY lovwprss spalisl
i nhilter.

" o Ii s : 1 L
[ Correspoasding
higlypreras gpratial
hlter, The nisks

i) e 5 Ao n ane used an
i ‘.1'I.||'l|.l\.r 3 for
j{_.-r‘“*- loswsiss gl
’ , i i i|-if-1 ||i:_'|||.'li|""~ I'|II.-.'ri||;_'.
-"r 1“'.. II <] i i
II.I'I.) ".HIII ilili i|-1f-1
i) | 1]-i
I_-"- "-1 :_ B | if4]-i
i '\, ifa]i 1EE
"y
I |
N 1] =

Smoothing Frequency-Domain Filters
The basic rnode] for filte ing in the freque ney domain
vl = Hia v Fle v

where Flu,v): the Founer transform of the 1mage to be sraoothed
Hu vl a filter transfer function
Jmoothang 1= tundatne ntallya lowpass operaton 1n the fie gquency dorman.
There are several standard forres of lowpass filters (LPF).
—  ldeal lowpass filter
— Buiterworth lowpeass filter
—  Ganssian lowpass filter
ldeal Lowpass Filters (1LFLs)
The siraplest lowpass filter is a filter that “cuts off all agh-frequency components of the
Fourer transforrn that are ata distance greater than a specified distance L% frorn the
origin of the transform.
The transfer functon of an ideal lowpass filter
1 o Iu)s Dy

H —]
“VIZN0 f Druws Dy

where T¥u ) the distance frora point (2v) 1o the center of ther frequenc v rectangle
|
Dfu )=l — M08+l N2
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FIGURE 4.10 (a) Perspective plot of an ideal Towpass Tiller transfor function. (b Filler displayed = an
image. (C) Filker radial cress section.
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FIGURE .00 fa) An omage of size 500 =0 500 pixels and (b its Fourier specteam. The
supetimpesed ciecles have radd values of 50 15 00 B and 230, winch cnclose 920,
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Gaussian Lowpass Filters (FLPFs)
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FIGURE 4.17 ja) Poespective plob of & GLPF rransfer functon, (b Blter displaved as an amage (¢ Filter
rindial cross seetions for varaous values of )
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FEURE 4.20 10 Diriginal Image (1088 = T3 pirck, (b Besuli of lihering
i1 Beesull of fillenng with a GLPF with $, = 80 Naote reduction i akin i

Sharpening Frequency Domain Filter
Hﬂp{u: 'I"I:I = H-pl:u. 'I-':|

I[deal highpass filter
0 f Diu,v) =L,

S’ i Dfu,v) = L

Butte ranrth highpass filter

1
H':i'.l!,'l-":l - 1+ [Du ) .D{L!, '|.-':I]!"

(Gaussian highpass filter
Hiu v =1—g i

with a GILFE wiih 11y

& fines 1o the misznified secis
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Butterworth Highp ass Filters
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FUR 4,25 Fospits of highpers filienng the s 0 Fig L1 Ea) vsing 3 B of order  with £, = |5
W amd B nepective by, Thesa eesalls mre moch =sseoother Chein thomss obdamoed wilh an LM

Gaussian ng]!' ass Filters
Hiu vi=1 E—El’[..,._.].-qz..:

Hl,-l,lHE-l_.!b Ei highpass fikerires (he 1ma ke &1 014 o=l A of order 2 with 4, = |5

and FIL iy Uoenpare with Figs --|J||I-.

The Laplm:m.n in the Freguency Domain
=  The Laplacian filter

Hip i =—{u+v*)

Hiuvi=

»  Shift the center:
() = —[{u —%ﬁ +{u—§:ﬁ}
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Homomorp hic filiering:
The dlwmnaton-reflectance model can be used to dewvelop a frequency doram procedure
fonmproving the appearance of an image by simulfaneous grawlevel range compression
andcontrast enhancernent. An mmage f{x, ¥ can be expressed as the product of dbhwuanaton
andre flec tanc e corm ponents:

Tleoy] =dx ypr{x. y).

I 0} = il ) )3 rix )
auppose we define,



z{x, ¥} = Inf(x, ¥}

= Inilx, ¥) + Inrlx y)
Then
W z(x ¥)) = Hinflx, 1)}

= Mini(x, ¥3} + 2{rix v} gy

Z(w v) = Flu,v) + Flu,v)
Where Filw, v):and F00Y) are fourier fransforms
Ifwe <0 Yprocess hj.rfilter functions A, ]
Stu, o) = Hiw v)Z 0, t)

= H{w v)Fln,v) + H{wv)F(uv)
Whare 8w, v] 15 fourier fransform of resulf
six, ¥} = X 5{u, v}

U H (o, 0) Ffue, 03} + Y, w) F )

A -:'l'-'{h’[u, vpFiu, v]}
Fix, ) = 3 H{u v)Fu, v)},
Syl =f(xy) + iy
Bk, y) = pner

= r':-':-'-: - gl

= gyl x, ¥)rglx. )
ihera

hx.y) = et

[ - - | ] FIGURE 4.31
i l i J l el Humome rphes
el 523 In (5 12F1 '|"' 1 " t" r ' Cil iy  rpsac
| I for i

[m [ F L T (N AL

are the dbpumation and wflectance components of the oadpat 1rege. The enbancernent
appwachusng the oregomg concepts 15 swmanzed m Fg. Y1, Ths method 15 basad on a special
case ofa class of systems known as horomorpoe systems. [n this parbeular apgaheaton, the ket to
theapproach 13 the separation of the 1lloraration and reflectance components  achiewed.
Thehoraoraorphie filter fancton H (n, +) can then operate on thess comporents separatelyy

The lurnabon commponert of an umage gererally 15 claractenzed by slowspatal
vanabons, wiole the retlectance component fends o wary abmptly, parhcularly at theporctions ot
diseirrilar objects. These characternistics lead o associating the lowr frequercies oftte Fourer
transtorm of the logarthen of an mmage with dhrunation and the hogh frequenciesanth reflectance.
Llthongh these associahons are wough approxnmabons, they cah be used foackantage m nmage
enhancerment.

& good deal of control can be gained ower the 1llurunaton andreflectance
corponents with a homororphae filter. This control requres specification of a filterfurchon H (1, <)
that atlects the lowe ard logh-trecuency comporents of the Founer transtorm moifieent wavs.
bigure ¥4 shovws a cross sechon ot such a filter. 1t the parammeters yrand yEarechosen so that y1.= 1
and veE= 1, the filter fimchon shown m Fig. 9.2 tends o decrease thecontibmion made by the 1o
freqpencies (lurination) and arnplifyy the cortrbobton made bidogh fiequencies (reflec tance). The
net result 12 sinmltareons dynaric range compesson andeontrast enbancement.
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Unit-Ml

Image Begmentation: Detection of Dizcontinmuties —Edge Cperators — Edge Linlang and
Bowundary Detection — Thresholding — Fegion Baszed Begmentation — Morphological
Waterzhedz — Motion Begmentation.

I} Definition
« Segrmentation 15 the process of subdividing an rnage mio 1ts constituent regions or objects.
+ Itz prposs 13 fo firther analyze the consttuent parts in the roage n detall once they are
e ntified.
+ Legrnerntation should stopwhen the objects of miterest n an application have been solated.
+ Eg: Cme of the applications of Segmentation 15 to identifyy Turnor region m Brain WRI 1mage.
+ Legrentation alzonthims generally are based on one of two basic properfies of intensity
values: dicontnuity and similarity.
- The approach based on the discontironty 1s to partihon an mage based on abrupt
changes n mtensity (graylevels), ez, edgesin the 1mage.
- The approach based on the sirmlarity 13 to parbhion an mmage mio regions that are
sunilar according to a set of predefined cntena, eg. thresholding, reglon growing,
reglon splitting and mersing.

Introducton

2 Detechon of dise ontinuiies:

*  dhasie types of grawlevel discontrmbes: W W W
- Points S R
- Lines Wa | Wi | Wg
- Edges
«  Corarmon raethod of defechon: Wr | We | W
- mn  a rmask  theough the 1mage. Fig 1. &
general 3 x 3 mask

A Foint Deteclion:

- T nor-negatrve threshold 2

£r

"
B W I+ WoTy 4o+ W T, = Zwlzl




Fig 2. Ivksk for Pomt processing

- & pomt has been detected at the location on wlhich the mask 15 centered 1ft |B]=T
- The graylevel of an 1solated point willbe quite different from the gray lewels of 1ts

nerghbors
o measure the weighted differences between the center point and its neighbors

B Line Delechon:
1] 1] 2 1 | 2 | 1 'R
2 2 2 -1 2 -1 -1 2 -1 -1 2 -1
-1 -1 -1 2 -1 -1 -1 2 -1 -1 -1 2
Honzontal +45° Vertical -45°
B,y | B E,

- It at a certnn pomt [B, #E |, thas pomt 15 more likely associated with a lime m the
direction of mask 7.

Z Edge Detechion:

- Edge pixels are pixels at wlach the intensity of an irnage function dbruptly changes
and edgzes or edge segments are the set of connected edgze poxels.

- Edgze models: There are three basic edge models, narely the siep edge, the ramp
edge and the roof edge.

o The step edge 1z a transibion betaeen two mtensity levels ocownng deally
over a distance of 1 poxel.

o The ramp edge 15 a tranmbon between two intensity levels ocownng
sradually over a distance of several poels due to blurng. The slope of the
rampiand hence the width of the edge) 15 directly proportional o the degree
of bhuring.

0 The roof edge 1z a model of a line between too regions. The wadth of the

edze iz deterroine d by the thickne ss and sharpmess of the line .



L
"

(a) (h) (c)
Fig 5. Ivlodels (top) and Grayelevel profiles (hothora) of (a) step, (b)) rarmpand (c) roof edgzes
- The cormmon approach 1s fo min a mask approximating either the first order dermvatve
(Gradient operator) or the second order de reatve (Laplacian operator).
0 The magninde of the first order denvative (Gradient) 15 used to deterrumne
whether a pomnt 15 on the ramp.
o The sizn of the second order derrvabwve (Laplacian) 1z used fo deterrone whe ther
an edge pixel 15 elther on the dark (left) side of the edge or on the light (ighf) side
of the edge.

3 Edoe Cherglors:

- Gradient operalor: The gradient of a function (1mage), iz, ) 15 defined as the vector

[ .
- e
K LG,,]' &

ey

ViR, |+ O,
where G 15 the gradient along the x-direction and Gy 15 the gradient along the wdirechon.



The magritode % | & phase O of the gradient are Z | Zs

- fgfhgz Ze_ Tg»%

’

Gradient 15 a non-linear operator.
The magritude of the gradient 15 offen approximated either nsng the difference along x- and

ydire chons or usmglt,;!;}p Fgr%is_dﬁﬁ %Ee_szaﬁlung the diagonals as

|NF Hfs_z-:- |+ gﬁ—gg|

The pawr ot x4 masks, known as the Koberts Cross Gradient Operators, nsing the cross
chifte e nees along the diagonals are showan below

|1+:| o |1

| ju -1 -1 Q

Roberts Cross Gradient Operators

Using a 2 x 2 mask has a practical difficulty as it does not have a center. Hence rasks of size
3 1 4 are often preterred usimg either the ditterences along the x- and ycitecthons or using the
cross differences along the diagonals as

3 I Zy

lvf”f?‘*ﬁ&"’fﬁ _|EI+E'E+.23 _|23+Eﬁ+2-:-|_ ottt

oo | =] &

lvfrdzl+z'2+zdl_ Eﬁ+23+2¢|_|2'2+23+2ﬁ _|24+E7+23|

I | x5 | =

The bwo pairs of 3 x 3 masks, known as the Prewitt and Sobel Operators, using the
chfte e nees along x- and wdirections to detect honzontal and vertical edzes are shown below,

-1]|-1]| -1 -1]1 0 | -1 -1 ]|-2| -1 =1 0 |-1

Q o v} =1 g | -1 Q o aQ 2| 0 | =2
-1 | =1 | =1 -1 o -1 =1 =2 | =1 -1 o -1
Prewitt Operators Sobel Operators

The two pairs of 3 x 3 masks, known as the Prewitt and Sohel Operators, uang the
cifte e nces along the chagonals to detect the diagonal edges are shown belowar,



-1|-1| 0 |1 1 -2 -1/ @ Q|3 |2

k|0 (1| [=2|0 |1 ||=%|@ %] |=1]|®]|1
o |l | 8 | |t [l ]| 0| & | 8 | [«2| |0
Prewitt Operators Sobel Operators

Laplacman Uperator: Laplacian, tor a tuneton (1reage ) 112,77, 15 defined as

%, | 2| 2

gtf @tf
i A L
! T i | 233 | 3y

Z, | 2y | Z4

The Laplacian is a linear operator.

The discrete form of the Laplacian of fix,3), talung the d-neighbours into account, 15 obtaned
by surrmng the ciscrete torms of partial deireatnes along x- and v dwechons or takang all
the Z-neighbours into account, 13 obtammed by spoming the discrete forms of partial
denvatives along x- and ywdirections & along the diagonals as

T mdr, — (5, + 7, +2; +5;)

?1.}’-335—[_'3' iy tEgtEgtag tag tig)

The comesponding 4 x 4 masks are

o | -1 0 =1 | -1 =1
-1 | 4 -1 -1 B | -1
o | -1 O -1 | =1 | =1

The Laplacian generally 15 not used in its onginal form for edge detechon for the following
reasons: (1) Second-order demmvatree 15 unace eptably sensitive to notse and (11) The magnitode
of the Laplacian produces double edzes.

The Laplacian 1z oftern used with Ganssan smoother goven by

PO
PB:.H:J-':I——E]P[— EIFIE ]

where 13 the standard deviation which dete rive s the degree of bhoring that oceurs.



- The Laplacian of his grvenby

K T 2
ﬁ'{r = ]ﬂp[_ r ]
q F
r A
where 1 = 2%+ 7%

- Here, \ 15 called the Laplacian of Gaussian (Lo G
VR

- The Laplacian of Gaussian 15 sometmes called the Mexican Hef funcfion becanse of its
ajipe arance.

- ! \
T :."‘f;:,fjr_.\T L __m':_:ﬂ"" i . H\‘_:}'lll "x_,‘;'jdi-

LoG: 3D plot Lo&: Cross section showing
Zero-crossings

- Toimplerment Lo, the image s comvobred with the h and the result 15 then Laplacianed or
the following mask which approximates the LoCr 1z used.
c|(o|=-1|0|0O

o(-1|-2|=-1|0
-1|-2(1&|-2]|-1
0 |-1|=-2|=1]0

o

c|(O0|=-1]|0

- Todetect the edgzes the resulting mmage 15 theesholded (sethng all its positove values to whate
and negatme walnes to black) and the zero-crossngs between these wintes and blacks are
fond.

gl Fdoe Linking and boundany detechion:

* FEdge detection algonthms are followed by hinkang procedures to assemble edge pixels
mito mearmnginl edges.
+ Basic approaches
o Local Processing
o (Global Processing wia the Hough Transform
o Global Processing wia Graph-Theoretic Techragues




A Local processwmg.

Lnalyze pixels m small neighbourhood 5, of each edge point
Pixels that are sirmlar are inked
Principal prope rhes used for estabhstang siralantsy

o DM, v =¥z, v Magratde of gradientwector

o o, ¥ Lhrection of grachent wector
Edge pixel with coordinates (s, t) 10 5., 15 siradlar in magnitude to poel at (x, ) of

Mis, ) —I{x, 5| < E
Edge preel with coordinatesis, t) in Sxvhas an angle sinalar to puxel at (x, v 1f

|os, th— oz, Wl <&
bEdge puel (5, 1) mooxyis nked wath (x, %) &' bath crnitena are satisfied

Hobal Procesmng vie the Hough Transform

The Hough transform 15 a technigue which can be used to isolate featores of a particular
shape within an 1mage.

Hough transtormn 15 rmost cormmonly used for the detechon ot regular curves such as hnes,
circles, ellipees, ate.

The main advantage of the Hough transform techracue iz that it 15 tolerant of gaps 1n
feature boundary descnptions and 15 relatively unaffected by nage noise,

Here, we develop an approach based on whe ther sets of puxels lie on curves of a specitied
shape. Once detected, these curves form the edges or region boundarie s of inderest.

Grven n points In an itnage . Suppose that we want to find subset of those points that le
on stralght lines. One solubon 15 fo find all hnes deterrained by esery par of points &
then find all subsets of points that are close to parbcular hnes. This approach eobes
finding n{n-1)02 = n* lines & then performing n{n{n-1332 = n’comparisons of every point
to all lines.



= =K+
xy-plane ab-plane or parameter space
y, =ax +b b=-ax+y,

- oubdrade the pararneter space ab ihto a finate mumber ot accarm lator cells.

- Allcellsare muhalzed fo zero.
- Forewery (x,%) In the xv-plane, a 15 chosen to be each subdrasion walue 1n the allowed

range and comesponding b is caleulated using b=-ax+w and rounded to nearest allowed

range .
- Ifachowe of &, results n solution by then we let AR = Alpg)+l.
- At the end of the procedure, value Q) in A(17) corresponds to O points in the xwplane

Iyang on the line 7= axH,.

FHGURE 10.18 5.4 b 0 [ .
subdivision of the ~min
parameler plane 4
for wse i the

Hough transiorm.

b

1l E  F R

i

Max

General Steps:

1. Cornpute the gradient of an wnage and threshold it to obtam a binary umage.

2 Specify subdrisions in the ab-plane.

3 Exarnime the counts of the accuraulator cell for high prrel concentrations.

4: Exarnine the relahonship (principally for contironty) between pels noa chossn cell

) Thresholding:



Thresholding may be viewed as an operation that irvolves tests against a function T of
the fora

T=TTx, p plx, p3,Fix, ]

where f{x, ¥) 13 the gravlevel of point (x, ) and plx, v denotes soree local propertsy of
this point.
& thyesholded waage gizx, ¥) 13 defined as

(1, if fix.v)>T
Bl )= -
; 0. T Hx.y)=T

Thns, prxels labeled 1 {or any other comveruent gray level) correspond to objects, whereas
pixels labeled O (or any other gray level not assigned to objects) correspond o the
bac kground.

Global ThreshoMing: the threshold, T de pends only on the histogram of the 1mage.

Local Thresholding: the threshold, | at any pomt, (3 depends on the property of
relg hhourhood around that point.

Adapiwe ThreshoMing: the threshold, T at any pomt ix%) depends on both the
reig bhourhood property and the spatial coordinates x and +

Mubliilevel ThreshoMing: Here, multilewel thresholdmg classfies a point (x, ¥ as
belornging to one object class if T1 = f{x, ) = T2, 1o the other object class if fix, v) = T2,
and to the background it tix, w1 < 11,

Fasie Global Thresholding:

L zlobal threshold can be obtaned either by a visual mepecton of the stograr of the
mmage or antormaticall v from the histogram via a aimple algorthm.

Sireple alzornthim to automatically obtan a global threshold from the hastogram of the
Irnage as tollows:

l: Select an matial estirnate forT.
20 Segrnent the irmage nsing T. This will produce two grongs of pixels: Gy consisting
of all pixels with gray levelwalues = T and G conssting of pixels with gray level

=

values = T

Corpnte the average gray level values m, and m. for pixels m reglons Gy and G
Corapnte a new threshold walue T =05 {1y +rm)
Fepeat steps 2 through 4 untl the difference in T in successie iterations is

stoaller than a predefined pararaeter T..



1A

Original Image Image histogram Result of global

threshalding with T

MNote: Use of T midway between min and midway between the

max gray levels preduce binary image as max and min gray
shown above. levels

Y. Basi Adaphve Thresholding:

In an wrnage where a fixed global threshold does not gre acceptable results, ez, an
inage with poor llurmination, a basic adaptive thresholding techragque can be used as
excplaine d below,

o0 The image 15 draded info smaller sub-1mages.
o [ndradual thre sholds are chosen to segtnent each sub-1mage.

The thresholds thus selected are “adaptmee™ to the pivel walues in mdradnal sub mages.
The monproper subdrnsion can result o poor sagrmentabon. Parther subdrasion ot the

mproperly segmented sub rnage and subsequent adaptve thresholding can nprowe the
process of segre ntation.
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O Clphal global and adaptave thresholding:

Consider an rnage with only bwo principal gray level regions as shown below.,

FIGURE 10,32 piz)
Carmv-lave] 3
prababilily Pl
dersiy functicens 'S
: \ -~
of TWo Feaiens in
i Hmage,

Pl

I

Lizgumme that the larger of the two FDFs comesponds to the background level while the
smaller one describes the gray levels of objects in the 1mage.
The rixhwe probability de naty function descabing the overall graveleselvaration in the
mage 1s

piz)=hp(z)+Eplz) & F+F =1
P1 1z the probability (a nuraber) that a pixel 15 an object poel.



oirealarly P2 15 the probabality that the povel 15 a background paxel

The umage 15 segmented by classifying all poxels with gray levels sreater than a threshold
T asbackground. &1 other pixels are called object pixels.

The probability of erroneously classifying a background point as an object point 1=

EiT)= 1-5:.-:5--1':

Sirularly probability of errorneously classifying an object point asbackground 1=
E,(Th=[ p,{z)ds

Then the overall probablity of eror s
E(Ty=EBE(Tl+RE, (T}
To find the threshold walue for which this ervor 1= miramal requires differenhating E(T)
with respect to T (using Letbroz's mle) and equating the result o 0. The resnltis
Bl y=Hp.d)
The abore equation 13 solved for | to obtam an ophrmam threshold va e
Mote that 1f Py = Py, then the optiznourn threshold s where the owrves for Piz) and iz

Intersect.
Obtairing an analyhcal expression for T reuires that the equations for the two FDFs are

knoam.

- Local Thresholding:

Oime approach for improving the shape of histograms 1s to consider only those paxels that
lie o1 or near the edgzes behaeen objects and the background.

In this, the histogrars are less dependent on the relattve sizes of the ohject and the
bac kground.

This howewer reqquires that the edzeshe haeen the object and the background are known
The dentification of whether the peels are on the edges1sdone nsng the gradient.

The wentificaton of whether the poels are on the left or nght side of the edges 1z done
using the Laplacian.

These tao quanbte s may be used to torn a three-lesel rnage, as tollors:

(0. EVE<T
sx =+ Vi =TandVf=0
|— if VYl =TandVf <0
where
all prels that are not on an edge are labeled 0

all poxels that are on the dark (1etl) side of'an edge are labeled +
all pivels that are on the hght (nght) ade an edee are labeled -



- & tranmtion from - fo + ndicate s the ransition frora a hight background o a dark obiject.
- & 0or+mdicates the intenor of the object.
- & tranaton from +fo - mdicates the tranaton from a dark object to a light background.

—
i o ¢

b gt il B, "2 7

(a) Original image
(b) Image segmented by
local threshelding

gl Aegon bosed segmentahon.
* LetE represent the enfire mage region. Then, segmentation 1sa process that parhhons B
mto nosub regions, B, Ba, .., B, such that

(a) UR =R

() R isacommected region,i = 1, 2, ..., #
(¢) B R, =¢ foralliand j.i # j

(d) P(R) = TRUEfomi =12, ..n
(e) P(R,WR,) = FALSE fori # j

« Concition (a) mdeates that the segimentaton must be comple te; that 15, every poel st
be in a reglon.

+  Condition ib) requires that poinds in a region must be connected m some predefined
SETSE.

«  Condibion (c) indicates that the regions st be disjoint.

«  Condition (d) deals with the propertes that rmustbe satisfied by the pixels in a segrme nted

region—ior example PIR,) = TRUE if all paxels n B, have the same gravylesvel
« Condition (e} indicates that regions B, and B, are different in the sense of predicate F.



A Aegon growing:

Feglon growing groups the poels or sub-reglons into larger reglons based on
prede fined critena.

Meizghbounng pocels are exaraned and added 1o a region class if no edgzes are found.
This process 1s 1ferated for each boundary pixel m the region.

+ Start with a et of s=ed pomds and from these grow regions by appending to each
seed those neighbornng mxels that have properties sirmilar to the seed (specified
ranges of gray level or colour).

« Seed pomts are found out by compatng the same set of properties tor every piel
sralues.

# The resultant segment 15 rerncved from the process.

+ HMewseed 15 chosen from the remarang poels.
« This continues unhl all pixels have been allocated 1o a segment.

Beglon-growing alzonthens wary depending on the crntera wed fo decide whether a
pixel should be meluded 1n the region or not, the connec oty type used o deterrane
relghbours and the strategy to visit neighbowing pizels.

me

= =
rd .. & oneo Il

f
T, “i’i + Div=ction of Crowth

A el ol Toowrioe 2 Reaion

B Tovveen Fixels
Przals Hews
Conszoss

=

Chy T rowing Fwocess A= a FPewr Derelions
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{1 Black ).

{Uhriginal imaige
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B Region Sphiting and Merging

- Analternatree approach to the region growang is to subdride an mage mitally mio a
get of arbatrary cisjomted regions and then rmerge andior split the reglons 1n an
atternpt to satisfiy the conditions.

- The approach i1s o segiment B 15 to subdrade it suecessieely into smaller and smaller
guadrant regions so that, for argrregion B, PR} = TRUE. If only sphitting were used,
the final partition likely would contain adjacent regions with identical properiies. Thas
drawback raybe rermedied by allowing merging, as well as splitting.

- The procedure 13 to start with the enbire region. If P{R) = FALSE, divide the mnage
Imto uadrants. 1t F 1z FALSK for any gquadrant, subdrade that goadrant mio
subgquadrants, and so on. This process results moa so-called quad tree.



ahb

{a) Partitioned
image.
(b} Corresponding R, ,
quadtnee.
R
R.ﬂ Hﬂ

- Whle splifting, two adjacent regions B, and By are merged only if P(R, U By =
TEUE.
- When no further rmerging or splithng 1s possible, the procedure is stopped.

Example 7.2 Apply the spiif-and-merge technigue fo sagment the image shown in Fig. 7.5,

Y
L

Fig-75 Iage



Fig.7.5 Split-and-merge technique

Fig.7.6 Quadtree representation

Morpholbgical Watersheds

* Visualize an roage topographocallyim 40
o The two spatal coordinates and the indensity (relief representation).
*  Three typesof points -



o Points belonging to a regional mirarearm. -
o Foints fa which a drop of water would fall certainly to a reglonal runiroim
(catchment basing. —
o Points at whach the water would be ecually likely to fall o rmore than one regional
rrawirenan (orest lines or wate rshe d lines).
Chjectrve: find the watershed lines.

Topographic represe ntation.
= The height 1s proportional to the mage intensity =
Backside s of strue tures are shaded for better visualiza fion.

& hole 13 punched m each reglonal mumiraurn and the fopography 1z flooded by water
frora belowar through the holes.

= When the nsing water 1s about to merge in catchinent basins, a dam 1z built to prevent
rerging. = There willbe a stage where only the tops of the dams will be visible.

= Thesge conbnuons and cornrected boundanes are the result of the segmentation.
Regional
minima

*Topographuc re presentation of the mmage.
=& hole 15 pane hed 1n each regional mivdranrn (dark areas) and the fopographsy 15 flooded
by water (at equal rate) from below through the holes.



=Before flooding.
*To prevent water fror spilling through the irnage borders, we consider that the irnage s
aurrounded by darns of height greater than the maxiranm 1mage 1ntensity

First stage of flooding.
*The water covered areas comesponding to the dark background.

(%

Hext stage s of flooding .,
®'|'he wrater has nseh into the other cate hrment basin,

Further flooding .
The water has risen into the third catchiment hasin.



Short dam i .

Y Ve

- Fl
-

i
e W
Further flooding .

*lI'he water from the left basmm owverflowed mio the nght bazin, =4 short dam s
constcted to prevent water from merging.

Longer dam | b Mew dams

I )
SR

sFurther flooding.
*The eftect 15 more pronounced.

=The first darn 15 now longer.
» Mewrdams are created.

The process continues until the et level of flooding is reached.

= The final dams comespond to the watershed limes which 13 the result of the
segraentation.

* Important: conbrmons segme nt boundarnes.

Darns are constrmcted by rmorphological dilation

Flooding stepn-1.

Cn-1 (TvIl ) Cn-1 (TvLd)

BEegional rormama: W1 and M2 | Catchenent basins associated: Cn-1 (M1 ) and Cn-1
(T .



Ch-1] o C o CWLIT C oy (I
Z[n-1] has two connected components
Flooding stepn-1. Flooding steppn.

r I_I_

= If we contirne flooding, then we will have one conmected coraponent.
= This indicates that a dam roust be construc ted.
* Let g be the merged cornected cormponent 1t we pertonm tloodimg a stepn.

Each ot the connected compone nts 15 dilated bythe o B shown, subject to:

1. The center of the 5E has to be contained 1 q.

2. The dilation cannot be performed on points that wonld canse the sets being dilated to
Inerge.

Conditions:

1. Center of 5B m q.

2. Mo dilation if rerging

l'J

" oo S
In the first dilatior, condition 1 was satstied by every point and condition 2 did niot
apply to any point.

* In the second dilation, several pommts tailed conchiion 1 wiale meetng concihon 4 (the
points it the perimeter which 1sbroken).
Conditions:
1. Center of 5E ng.
2. Ho dilation if merging.



L

b

iy
The only points in o that satisfied both conditions forra the 1-pixel thick path.
= This 15 the darn at step n of the flooding process.

= The points should sahefyboth condiions.

[rage radie nt roagnitade

Watersheds Watersheds on the irnage

+ & cornnon application 1z the extrachon of nearly waforr, bloblike objects from
their backgronund.

= For this reason 1t 15 generally applied to the gradient of the wnage and the catchenent

Hoise and local ranira lead generally to oversegne ntation.

= The remult 1z not usefil.
= Solution: hirait the nuraber of allowable regions by additional knoededze.



* I'u'hrkers {cu:nrmec ted corponents):

— ntemal, associated with the objects

—external, associated with the background.

Here the problem 15 the large nurmber of local rmirama.
sroothing may elinate them.

Define an internal marker (after sraoothang):

BEegion smrronnded by points of Tagher albotode.

— They forrn connected cormponents.

— &1 points in the conmected corapornent have the same intensity

-~
= After sroothing, the internal markers are showm in light gray
= The watershed alzonthen 1z applied and the intermal markers are the only allowable

regional roinire
0 ufatemheds are the e:-:temal markers (showr 1r whate).

Ean:h regmi%ef’medb;r the e:-:temal marlr.er has a single internal marker and part of the
background.
= The problern 1z to segment each of these regions into two segrments: a single object and
background.
= The alzonthms we saw m thos lechre may be wsed (mecluding watersheds applied o

each mdrvidual region)
Final segrnentation.



L onrmlative Difference FPositrre &1

Megatre AT
Irmage (A0 fora
moving reclangle S .
A5 A (xy1+1 i |H[_,l;-_L']—,."'{.1._'.'.k:l| =T
. ¥V|=-
ST A (xy) otherwise

The accurnlator 15 meremented if the absolute difference bebaeen the reference
fratne and each successtve framme 1s above a threshold.
We can also have posibive and negatrve accwrmmlator 1mages
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FIGEERE |9.80 kb o sdalhid rolurenes tmode. g and {bj T Drmined inl o o g s
1= Eratbaned pubomosle sonimnried freem (20 apsd The Bacbaranns resnne d from the
corTeapamding arcs in qbo Tl o ond Tale )

+  There 17 a swall roving object with a 9 pixel Gaussian distnbuobon moving with w
x=U. 2 and v y=U0 pce rame.
+  Thizizone of 32 frames.

s
4 - FREIRL 105D
ASIEAT s
Ea ]
- Ly
a i Hom i

ik

Basic concept:

oingle one picel object moving against a wraform background. v x=1 poelframe

1. Project rnage onto x-axis (sam colurns)

2. At =0 rmulbply coluans of projechon array by e ax t, x=0,1,2,... where a 15 a
posiree nteger and t 15 the tirme mterval between frames

3. At =1 do the sarne thing except object has meved fo x'H Thas gres a accurmulator
array of zeroes except tor the moving object projecton. It the welocity 15 constant the
projecton 15 e]d alx’H) t=cos[d alx™H) t]Han[d alx'H) 1], 1., projections of moving
ohjects give single frequency sinnszoids (for constant e locity)

FERET ki
réd s

| Intensity plat of single frame.
The a’s are selected to prevent allamng n the frequency doman. & mle of tharb 1= o
select a as the mieger closest 10 Moo/ o Where vam 15 the maxirmm velocity and 1., 15
related to the maxirnum rober of flamesizecond.




y-veelncity of meving chisct ig then

=3 i-aefosity off uaknown obpct is ; WL
r "' va Buyfa el 8] gixel Mrane

wy =i =008 el T rone
‘The use of motion in segmentation

Powerfal cue used by hamans to extract objects and regions.
*Moton anses from
—Chjects moving in the scene.
-Belative displacerent be breen the sensing systern and the scene (g2, obotic applications,
autonomons navigahon,.
»We will consider motion
—Spatally
—In the frequency dormain,
Basi spatial motion segmentation
Ltterence 1mage ahd companson with respect o a threshold:

TEER R A e B T ] B

1 otherwise

*The rnages should be registered.
sl nation should be relabvely constant within the bounds defined by T



Unit-1

Multi Resolution Analysis and Compression: Image Pyramids — Multi resolution expansion — Wavelet
Transforms image Compression: Fundamentals — Models — Elements of Information Theory — Error Free
Compression — Lossy Compression — Compression Standards.

Introduction

Introduction

Unlike the Founes transform, which decomposes a
signal 1o a sum of sinusoids, the wavelet
transform decomposes a signal (mage ) to small
wavies of Warying Meguancy and frmiled durabion,
The advantage is that we also know when (where)
the frequency appear.

bdany apphications in image compression,
transmission, and analyais

We will examine wavelets from a multiresalution
paint of view and begin with an overview of
imaging techniques involved in multresoltion
theory.

f InEL RN e IS

CQriginally devwsad for machine vision and image
Cofmpréssion,

i is a collection of images af decreasing rescldion levels.
Eace lavel it of sze 2520 ar Nuw

Lewvel ; is of size Il

Pradiction pyramid:

& prediction of sach high resclution lewel is abfained by
upsampling {insaring 2eros) the pravious low resclution
level {prediction pyramid) and interpolation (fiitering).

- T & 5 s even
AL : i oheranie

sk
-
- =i

- L

S

Small ohjects are viewsd
at high resciufions.

Lange obyects require onfy
a ooarse resolution

Images have locally
varying statistics resulting
in combinations of edges. Ll
abrupt features and

homogeneous regions.

Approximation pyramid;
Af gach reguced resolution ievel we have a fikersd end
downsampled image.

.'-l;_-lh jo P 2mb

|Prediction residual pyramid:

|At each resalutan level. tha prediction emar s retained along with
[the kowest resolution level image.

{The oniginal irmage may e reconstructed Tram tis infomatian

e
=
T3



Appraximation pyramid

Frediction residual pyramid

The goal of subband coding —y Tl
is 1o select the analysis and

!-j‘l'lﬂ'lﬁ.'lliﬂl'lﬂ'i'l CHTCOT Y 5 FOPee=l i Mo N B
hawe perfect rcansiuchion

-

of the sigral. b

It may be shown that the '

synthesis filters should be oy
medulated varsions of 1he bt K

analysis fiters with ane (and J.,.'
oniy onie) synihesis flter i -
being sign reversad of an

analysis fiter.

Alsa, the SHer showd be hemhogonal

2 special inferest in subband coding are fiters thal move
beyand blorhogenaly and require to be ormanomsat

In acdition, erihenanmal flters Sa11sfy the fliowing conditions:

whars the subscripl means that the size of the fibar should be

e

4 hime -l g () m - 1) 0, 1)

|:g.|:r-'|.g i + 2o = i — (), 1= 01}

Flaps =LV g K __ —1-#]
A = g, (K -1 0, £= 40.1)

An image is decomposed to a set of
bandlimited components (subbands).

The decomposition is camed by filterng and
downsampling.

If the filters are properly selected the image
may be reconstructed without error by

filtering and upsampling.
A Bvd-terd subband ooding
Apprazimation filter ==, 4
e pans] o - Ny
—pli =y _:I_ ol Lol
Detail fiker (hich pass| o i
\/
LLY =
The aralyss avd synthesis s
Rlters s=ouid be related i
mﬁﬂfhﬂtﬂ'ﬂ-#ﬂ:’!: Poih o baghes bl b Nemskas i b His
g‘[ri'_1= l-]jr.hl{.u] = o
& (m)= (=Lt h i)

o \.x.f
gimy=(-1r* i ) i ."”' Ly
g_[rr3=|-l3'1.|({m = “Jau
These filers ara caled cross-madulated.

gl = (-1 g, K __ -1-n
kfa) = g (K —1- ], r= 81}

Synthesis filters are refated by order reversal and
rodulation.

Analysis filters are bath order reversed versions of the
synthesis fillers.

Anarhonomal fiter bank may be construcled anound
fhe impulse response of g, which is called the prodatype.
1-D orthanarmal filters may be used as 2-0 separable
filters for subband image coding.



| Wi  ui A ApproEimaton
e |-q-|-|.|.| mna-d
& it ® | Takeng &i
Flass
jahony o i H | ad e Wertcalsubband
T T
& i1 Wl Horg ot
el subband
o LN i Wl 1wA| E.'-qml
subband

The wawy lines are due io aliasing of the baraly discemakbie

windaw scraen. Dedpite the alasing. the image may be
pefectly racanstructsd.

%“. ‘.

The subbbands may be subsequenthy split into
smaller subbands.

Image synthesis is oblained by reversing the
procadure,

The Haar Transform

It is due to Alfred Haar [1910].
Its basis functions are the simplest known
orthonormal wavelets.
The Haar transform is both separable and
symmetric:

I= :
F is a MuVimage and H is the AV
transformation matrix and T is the MWW
transformed image
Matnx H contains the Haar basis functons.



The Haar basis functions 1i,(-) are defined for in

O<z<l fori=01.... N-1, where =

Togenerate H:

+ we define the integer i=2r+q-1. with (< p<N-1.
* if p=0, then ¢=0or 4=1.

* If g0, 1<q <2

For the above pairs of p and 4, a value for & is
determined and the Haar basis functions are

rnmini terd

For instance, for N=4, p g and F have the following

values: X

-
N = = o8

LT B T R -

and the 4x4 transformation matrix is:
Tl I 1 iy

An infroductory example to wavelet

Combination of the kay
features examined o far,
= pyramids,

- subband coding,

= the Haar transform.

The decomposition |3 called
lhe digcrals wawals]
transfaren and it will be
developed laler n the
COUTSE.

f,(2) =y (2) = 1':&_‘.: g[0.1]

&£ (g-11Y=z=(g-05/2

J:,f;:n:.l.n"[:}=L_=-jF: (q-05)/2F<z<q/2F
v : 0l olherwise, 22[0.1]

The ith row of a Nx'Haar transformation
matrix contains the elements of /(=) for ==(0/N,
I/N, 2IN,..., (N-1yN.

Simiarly, far ¥=2, the 2x2 transformation matrix is:

I ]! ]-"-
H.: —r?
T 24 F

The raws of H, are the simplest filters of length 2
that may be used as analysis filters idnyand b,(n) of
a perfect reconstruction filter bank.

Mareover, they can be used as scaling and wavelet
veclors (defined in what follows| of the simplest and

oldest wavelet ransform.

With the exception of the L
upper left image, the

histograms are very similar

with values close to zero. J._

This fact may be exploited
l =
LN

for compression purposes,

The subimages may be
used fo construct coarse
and fine resolution
approximations.



The decomposition was cbtained
by subband coding in 2-0. | ‘L
Asrthe generaioncl mefour s
subbands, the appraximation 1
subband was furher decompased N
infe four netw subbands (using the

same filker bank). The procedurs

‘was repeated far the new
approximation subband, l

This proceduns characherizes e |17
waveat rangarm as the 8 H

subirmages bacoma smallerin 528,

Each subimage represents a

specific band of spatial

frequencies in the origingl ke
1

Marry of the subimages

demonstrate directional

sensitivity (.. the subimage 1 ;
in e upper night cormer

captures horizontal edge .
information in the original L E
image].

This is not the Haar fransform
of the image. The Haar
transform of the image is
different.

Although these fitter bank
coefficients were taken by the
Haar transformation matrix,
fhere is a varisty of
orihcmormal fiters that may
be used.




Compression

Image Compression? Why do We Need Compression?

+ The problem of reducing the amount of data o For data STORAGE and data TRANSMISSION
required to representa digiol imoage. W
Remole Semang
+ From a mathematical viewpoint: transforming Video conference
1 2-D pixel array into o statistically EAX _ _
uncorrelated data set. % Control of remotely piloted vehicle

= The bit rate of uncompressed digital cinema
daty exceeds one Ghps,

Information vs Data Why Can We Compress?
' Spuill redundancy

Metghbonng pels are mol udependeat bl
cogrelated

INFORMATIOM

DATA= INFORMATION + REDUNDANT DATA Tocskpionsl oo ey

Fundamentals Coding Redundancy

= Basie data redundancies: Lei s ssxume, thal & discrene inndom varmble #, o the imenvl [0,0]
Coding redundancy represzut ihe Flr"m!l.mrnmpr.
Lites-panel redondancy Pin)= _: k=012.111-

Piﬁhﬂ#m' rﬂlundnmy If the nnmber of hiis nesd 1o represest sachvalue of v il then

thee average pnmber ol i renaied 1o reprosent wash prisek
L= 2A(n)p00)
=it
Tha Batal nnnker Bits requined 1o oode an M mmpe:
ML,



Coding Redundancy Inter-pixel Redundancy
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Psycho-visual Redundancy

IGS Quantization
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Fidelity Criteria Fidelity Criteria

The general classes of criteria : Objective fidelity:

Otjective delity criteri Lasvnd of iinffonmation boss con be espressed as a functon
* of the oniginal s the compnessed and Sulbe sty
2 Subjective fidelity criteria decompressed image.
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gl i
PRV ENR,, = e
skt nts o T 0= fn, ST



2. =093

SNR,.=10.25

€., =6.78
SNR,=10.39

Image Compression Model

e [ ] _I
e Chmmmal | lgmeai] .i...._"\--u...._'_h_ iy
¢ |..|I-'; 4.-..-\.1. "I | .uun- I
/ Edwwir \ Db
Resracwe irgut ncreases the:
Recursbneies | Moke oty

Thet il efadel @ rasicnsible Tor remesing redundaney

{=ading, inber-posl, prrese viaual|

The channel encoder snsures robustress againat channel moiss.

_F"'-'.’

Error-Free Compression

Applications:

# Brchwvee of meckenl or business dooneres
= Saatedlite imeging

+ Dightal rxiography

Thesy provids: Compression ratioof 2 510,

Fidelity Criteria

Subjective fidelity (Viewsd by Human):

* By absohio raiing
= By rmeans of skte-by-side comparison of | (| s _."-:-'-'._'I'I
R !":;_ R |
i primtfens ru i e
— p— -F.-'-'#
Classification
Losshess, cormpression
Iecisilainich cxwmipiion) for beagal s riaienl doourrents,
i g
kel ey ek ] o] PO Edy
Lossy comprosson
gl v s ke e s erroens o ko con be
L
il By el ol Irsbor geind Fockardiiey il syche-
visiil porcoplion properiies
_o-"'-"

Error-Free Compression
Varlablo-longth Coding

Huffman
ceding

The maet popaler wechnique for renoving coding redundancy B due
i Huftrran (1853}

Hulfrran Coding walds the smallesn number of code Syneol per
wrce wymbol

Thes resulting code is opaine



FRURED

izl v S reblin
Hufims mde B ) . i = i
Huffman AR bn  Mh Ok 1 Y !
et K
coding (optimal y, B 1 M1 M1 01 b
cnd‘} } = 1Y |_!\| | l_l: :|.| : ] I-\_ e 01 |
) ST . I A ] Bl Bl 2 O0ee=ld 0
EAFRRIal SCHETDR Source reduction 1 1
L & Ll 1 Bl b al ol
Symibol Probabdiy I 2 3 4 E i =il K+
— '] 1 1K1 al
- 0.4 o4 4 04 ce=ilf
i, %] B3 o3 034 04
i Ik, 00 0203 ; d . op
a CRE S L = (AN} (03)(Zh (LI LN A)+ (00600514 (0.04)(3)
iy [, iy ——— 1] 2 e
a nos = 1.2 05/ symit

aumapy =1 14hits | symbol

Error-Free Compression
Bit-plano coding

git-plane coding

by Bit-plane
Frrinr decomposition

a1 — i proy cemle

Error-Free Compression
Bit-plane coding

= Cormstant area Coding
T o H,
- — - i pdiiadd STy
Error-Free Compression®ney St W

Bit-plane coding L)
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* Two-dimansional RLC
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. Error-Free Compression

Error-Free Compression Eoei-iurs Precistive Godiig
Loss-less Predictive Coding In mast cosas, the pradiction is [omed by  lintar combinatson of

mprevious pizels. That is:
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d Is i Y el i
L . : * ot :: -~ f':""f 1-D Linaar Pradictive coding:
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Lossy Compression
Lossy encoding is based on the concept of

compromising the accuracy of the reconstructed
m image in exchange for increased compression,
Error-Free Compression

Loss-less Predictive Coding Lossy encoding techniques are capable of
Fir.ah -_.-.;.,..,..11'@".;:__,-_|;] Fissts eidar linear pradessar reproducing recognizable mono-chrome Images
from data that have been compressed by more than
ve 100:1 and images that are virtually indistinguishable
T s i fram the ariglnal at 161 te 50:1 .

Lessy Compression:
1. Spatial domain methods

2. Transform coding

Lossy Compression
Lossy Predictive Coding

Predictive Coding: (ransmil the difference "Lnsﬂr {':nmprass_fﬂﬂ

betwesn egtimale of future sample & e sample ilsell Lossy Predictive Coding

* Dt mochulostion
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= Burlepition pracicthe coding P rurde e =
A=l ki panliina
= Differential frame coding { T PR
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' Lossy Compression

- o
Pradiction Error for differont prodictors Lossy Compress
Optimal Quantization
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Lossy Compressiol
DPCM RMSE

The best of four possible
quantizers is selected for
aach block of 16 plaels,

Saoaling factors: 0. 5, 1. 0,

1, 75 mnd 2.5
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© Lossy Compression
Transform Coding
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Lossy Compressio
DPCM result images
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Lossy Compression
Transform Coding
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* Lossy Compression

Transform Coding
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R ~ Lossy Compression
Lossy Compression Transform Coding
Transform Coding

Discrals Cosin Tranalors | DET):
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Lossy Compressio

Lossy Compression Transform Codintg

Transform I:‘nl:l'.ing

1, Bividirsp the image inks
sl imagas of siss 8x8

2. Ragrmnantog aach sub-
imag s usrg cnm of tha
trapsdarms

A.Truncabmg 50% ofthe
rasilEry coslficiems

4. Taking e inverss
Translorm of ths truineansd

ooathoisnis
Ihescraia <cram hasss hucienn lie & = 4 The e of esch st =osi 8
Lossy Compression * Lossy Compression
Transform E‘t:-l:ﬁng Transform I:t;-d‘.ing

= DCT Advantages:
1. Inplemaned i & singe imegiated cirewt [ic)

Sub-image size selection

2. PRk el Mool i OrmEa D (00 e P s Truncating 7% ofthe resuling cosHiclents
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' Lossy Compression

Transform Coding

Lossy Compression
Transform Coding- Bit alfocation

Trancating T5% of tha - JEIE
rasufting coafficiants. TEOD
B EAFE
[ T ' i
Sub- images size S it e :
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Lossy Compression Lossy Compression

Transform Coding- Bit alfocation Transform Ceoding- Bit allocation
= Tonal coding = Tieeskhold coding
1. Fired fursbe of Bils ! eosffeian 1. Singhe global heas e
Coaflicianis aie mormalized by D 2. Dsitevamn haeshoid for esoh subimage ( Ms Largesn
ll-lruﬁli slemations ansd wnilermiy coding)
TR 3, Thrawhald can ba varied as a function of the lecation o
#,  Fixed numiber of hits is dstnbuted among the cosficients =l mach cosfl, | e i iy
unnguslty. Lot '.; in]in =] e .l| ) in] i
0 A e |'I"|JH"|-\.I.|.-'
-hquaniizar such a8 sn opsimsl Lioyed- Max s desegned ey { K R O
o gach cosl.c :.::;::- § ‘!' P 1o | in | | | e o f
- BC coetl. I modeled by Rayleigh densty fun, b B e BB E
« Thie remsaining sset, Are moceied by Lagioien - [ RRAE A
{ EROEmES
- 1 l=ln ==
Gaussian 1 h

Image Compression Standa

Image Compression Standards Binary Image Compression Standards
Wiy Do'We Mead Intermational Standards? CONT Group 3 and 4
E:gn:;mg]ﬂ;i[lﬂdudua:ml is conducted wachieve Thiny o chisigrvesh i BAK g misthid
Chuly syuian and decoder aespecifiag The Group 3 applies a non-ndaptive 1-Drun length
Rma-rlrlr s pod sinndardized and ws aphimizanan w lef fo the ';ﬂd"]l and ﬂl:"l]ﬂ'""'ll' 1D manner
manelaciurer. ¥ "
Standards En:ﬂ-ldi: state-of-the-art technology thatis Both standards use the same non-adaptive 2D coding
developed by a group of experts in the fchd. approach. sumebor to BACtechnique.
!\'tlrlunl',r sohee curresd prohlems. bt slso asdicipare the Fasre Thev sometime Tesult i daia EXPANS T Therefore. the
ok b, el Joins Bilevel lnnging Growp (JBIG), has adopicd seveml
lem!"ﬂ"j;l:uﬂ:‘rdgldsﬂ&ﬂﬁ}ﬁ%ﬁi?e Intematicnal other hinary compres<ion standards. JHE | and THK:?

Consuliauve Commitiee of the Lnl-tn:anmat
Telephone and Telegraph {CCITT)



' Image Compression Smn% . Image Compression Smud%

Continues Tone SHll image Comp Continues Tone St Image Comp. - JPES
Wit s JPEST

“Jomnt Photographic Expert Group®. Yoted as First generation JPEG uses DCT+Run lengib Huffimamn

eniropy coding.
mezrpatienal standard in 1592
Works with color and gravseale mages. e.g.. sabellie, Secomd generation JPEG (JPEG2000) wses wavele
scal trapslorm + bal plaone codisg + Anthmeie catropy
2] coding
Lovssy anal lossless

' Image Gumpmasiun Sumd% - Image Compression Sﬂm%

Continwes Tone SHl Image Comp. - JPEG Continues Tone SHll Image Comp. - JPEG
Still-image compression standard Waork well for continuous tone images, bui not goed oo
N A hsdeanchdes and. Bouiy tenide CArtosns of compater generated imnges

sequentia] haseline ewcoding Tend to felter out high freguency data
tacade in Gacsian Can specify a quahty bevel (OF)
inped &outgm dais precsson o limeted 198 i while quantired witly boso L G, resnbting images mey conlala Hodky, contoming

DT vakien are sskzicied 1o Bhats

propressive encoding
baermrchical encoding

il PRI SOTUCNes.

Ssteps of sequentnl baseline encodizg
ransform image 1o hewinamce cloaminanoe space (YOM0T

c I-.:u:a;:-s st 3 : of e -te 28 10 Twitd reduce e solor componmds (optsamlb
Y LI S FRA VR I8 O i D panivion e im0 B pleed blocks and perfosm DCT oo sach
trfaceable redvcaon o mmage qualiny hlech

quamiaze ressking DCT copffiients
vegiahle bengek code fe quastized cosfficients

' Image Compression mn% - Image Compression Sﬂm%

JPEG Encoding Vidoo Compresgsion Standards

Video COMPressinn stancdards:
| Videa teleconferencing standards
H a0 (P4
Hoas
H263 (100 30 Kbais)
H. 20 (151N handw idch
Mulumedia standards
MFEGHD (15 Mbi'sp
MFEG-2 (2-10 M| |
MPEGA (4 o B4 khir's foo mobile and PYTH and wopo 4
Mivat's for 1TV end film spplicirion)

Original IPEG 271



Unit-¥

Mormphological Inage Procezzing — Preliminarnes — Dilation and Erozion — Operang and Closing — The Hit-
or-Mizs Transformmaton-FEepresentaton — Boundary Descrnptors — Fegilonal Descnptors —U=se of Princpal
Components for Dezcription — Eelational Descriptors — Applications of Inage Proceszing — Dnage
Watermarlarg —Fingerprint Fecogrubion — Ins Fecogrubion.

MORPHOLOCGICAL IMAGE PROCE 551 G:

Infreduction Skt Theory

BASICS:

« Morphological — Shape | form | Structure If Aand B are two =sets then
o LINITOM = ALIB

= Extracting and Describing image component o INTERSECTION ANB
regions COMPLIMENT = (AF

= Usually applied fo binary images DIFFERENCE AR

+ Based on set Theory

BASIC LOGIC OPERATIONS :

AANDE ACRE
B "w s




+ Structuring elements can be any size _ Hit: Any on pixel in the
' structuring element
CoOvers an on pixel in the

image

Fit: All on pixels in the
Elm:.tuting slament covear
on pixels in the image

« Structuring make any shape

=mctnne | Dilation of image f by structuring element s is given

Elamert 1
byf s
The structuring element s is positioned with its origin
at ix. w and the new pixel valus is defermined using
the rule:

Stnecturing
Elamiant 2

Orgiral imaga

T EaEad mads

| Structuring Element




Processed imege Wik Emnced Floss

Erasion of image [ by structuring element s is given
byfaos

The structuring element s i1s positionad with its
angin at (v, ¥ and the new pixel value is determined
using the rule:

Lilation

» removal of structures of = filling of holes of
certain shape and size. certain shape and
given by SE size, given by SE

» Erosion can split apart > can repair breaks
|oined objects and strip and intrusions
away extrusions

structuring Element

B

Opaning And Ciesing

= can be performed by performing combinations of
erosions and dilations = Erosion followed by dilation
= denoted by o

Combine to keep general shape but A«B= {AE}B } == 051
smooth with respect to

Opening

E:ll:lﬁlr':g '|r:1|:l:_;'_'||‘|'.l'. il



Criginal Image Froessed Imege

Structuring Element

* .
= Dilation followed by erosion
» denoted by -

frs ={fB5)Os

Structuring Element

Opening V/S Clesing

Crigisal imags Piceisss mags

Opening Closint
- # ABis asubset 7 Als asubsst
(subimage) of A isubimage) of AsB
= IfCisasubsetofD. » KCisasubsetofD,
than G °B is a subzsat then C «B s a subset
of D "B of O «B
H B

#A'B)"B=A"B » (AsB)eE =AsB
Structuring Element . :
N | “ Note: repeated openings/closings has no effect!




Uzaful to identify specified configuration of pix
such as, isclated foreground pixels or pixels at
of ines (end points)

Interarction ol srocied rmagee

REPRESE NTAT ION;
* Image regions (including segments) can be Representation
represented by either the border or the pixels ™
of the region. These can be viewed as * Boundary(Border) following
external or internal characteristics, * Ehain codes _ _ _
rl.."ﬁpa:u:[ik'tl"..-' * Polygonal approximations using Minimum-

perimeter polvgons
* (Other polyeonal approximation approaches
» Signaturcs
« Boundary segments

v Skeletons



* (hain codes: represent a boundary of a connected region. Repreasntaticn

: Chain Codes
+ Also called as freemen clam codes. T
« Eg:0321.03322101. 0330322111 etc.. h" e .
:*'i: { Elw | ] ]
Tl H
1 1 _F'-i- 5 l-|'|
! 3, ! I " 5 il G A I O A
™ .-"--:---II wnlaw /’ h LM
gt L Y
-+ ¥+ & ] " 9 r
b = ¥ T,
7% ; SE e
# ™, 1 ' ]
' * ™ i : - :
I 1! . '
3 & | i e 8 &
o L :

. Ehﬂ]ﬂ Eﬂdﬂﬁ can he hahﬂi on El'[hf'-l' 4{l}mmes“j = Polygoud approximations: bo represent o bomdary by stmight line

or 8-connectedness. segments, o a chossd pah hepoanes a polygon,
v i a = The number of strasght Line segmenis wed deszomines ihe aconmcy of the
* The first difference of the cham code: E———_
g : : ) = Dy the nomiores required pumber of sides pecessary bo preserve the
= Thﬁd]ﬂ‘{m 15 ﬂ-:h'tﬂ.'l.lll.‘d h:r mmmg Lh:mm‘bcr ':'.E ikl elispe imiforureaticen sluetbd B vosid Qo lindiet peiineter polviponad
direction changes (in 2 counterclockwise direction) « A lanzer muuber of sides will only dd moise to e moded
— For example. the first difference of the &direction cham

code 10103322 15 3133030,

+ Assuming the first difference code represent a closed
path, ratation nommalization can be achieved by
circularly shifing the mmber of the code so that the
hist of umbers forms the smallest possible mteger.

¢ Size nomahzation can be achieved by adjusting the

size of the resampling gnd.
o dber polvgonal approximation appeosches: (Merging and » The dea belind a signature 15 w convert a two dinsenswonal

splitmg} bovmdary min g represepiatve one dimensianal function.
- Merging ail splitting are often used ogether w ensure that —

vertices append where they would aaturally in the bowsdary. _ e - e
— A least squares criterion te a siraight line is wsed o siop the ::::‘:_f.:;::; :' J-} il
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' Signature
Boundary Seqgments

* Signatures are invariant to location, but will | gocndary segmens: decompase 2 boundnry ot segments.
Use of the conves bull of the regeom enclosed by the bousdony

demd 0l ]‘ﬂtﬂnﬁn ﬂﬂd ‘Wﬂllﬂg | is o powerful ool for sobast decompaostions of the boundasy. .
— Starting at the point farthest from the reference

point or using the major axis of the region can be -
used to decrease dependence on rotation. e
el
- Scale ivariance can be achieved by either sealing e
the signature function to fixed amplitude or by
dividing the function values by the standard
deviation of the function.
o Skeletons + Before a thinning algorithm:
o Skeletons: produce a one pivel wide graph that has the same — A conteur poant 1s any pixe] with vaboe | and having at least
Beasic slape of the region, like a stick figure of 8 human, Tt can ane S-netohibor valued O
bez used to anabyee the peometne stroucture of 8 region which = 3
has bumps ansd “arms” — Le
o Nipl=ptpst 49+
i Ml sios
1 ikrshiiali of three 1 .
3 e T(p,): the mmber of -] transthoms | ™ | ™ [ P
m e ondered sequence : = [g]
P Pyee Bys o P
N
* Step 1! Flag a contour point p, for deletion if the » Step 2: Flag a contour point p, for deletion again.
following conditions are satisfed Howsw di d(h inth
W= MEISE.  tof pomsm =D owever, condions () and (D) remain the same,
(b T(p)=1 (dy p,-p,p, =0 but conditions (¢) and (d) are changed to
I —
O _ (&) py-pg-p, =00
b i £ -q,l!!illr:lrl-:llulll|lrl\-|n{::ll |:'EII:| LE}-\' B Iu.‘l -Pa = [I ] = i}
ared (B in 5
Pl om | A I P B Eg {10313 0n
The s
il |!' = ail
Lo - 4 I 0 1 fl:.l =% Py -|:'I Fi
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* Athinmng algorithm: Representation

_ . Skeletons: Example
— (1) applymng step | to flag border points for © Onewpplicaionof
Limiims Ieg Db

i LT y
defetion KlciDnzation & £ ooy oo
charncter récagmiien the repbod sharan

ek ; ; A leiter o charncter s SUpenmpesal
— (2) deleting the flagged points AR
; - enter-line of 1
— (3) applving step 2 to flag the remaining border  Sfrokes, and 1o unrelated
1o the widtly of the

points for deletion il Ve
~ (4) deleting the flagged points
— This procedure is applied tteratively until no

further points are deleted.

Boundary Descriptors
v There are several simple geometrie measures
that can be useful for describing a boundary.

~ The length of a boundary: the number of pixels
along a boundary mives a rough approxunation of
its length,

—

Curvature: the rate of change of slope
* T measire a curvamre accurately &l a pomt in a digal
boundary 1s difficult
* The difference between the slops of adjacent bonadary
segments 15 usad as a descriptar of curvature at the pomt

1/ ]

4|

:i:l I 12 'Hlln ||'|:I r:'-ll Cp o L2 HI'{_I Iljl r:'l]l nrinrﬁwfunﬂ ‘."f .!‘.-:En]zn‘lq
“ Shape Numbers i
shiapses ol order 4,
. . 2] b, mnd K The
(el Hh e
lhor 4 Linker & | Trowm . EL. Bja
— -— shapes of order 4. 'I.|“||I.!'.|.'.
| o gind X L he imlisAes the
== R | dirgiiEans ey Dder i seiriEng pannd
e Fig 10,04z - L
{ Tiami cisdi i 31 LB R el Uhss koa
i iates thi I

IMihweme: 3 8 3 3 R T | 1 | | | I : —t i L
SIANITRE il I 1 |
Shaprne: T X313 T %011 | : | :
T ke ¥ 1%1 TN S EY TR

& -I.I:r_: shurpe rarmber of a boundary 14 defined as the ficst
difference of anallest magninude Differems 300 %8 3 609 | SEEREREER R R
+ The order o of a shape mmber is defined as the number of

3 LN TEL 1 Tuilml LI T A A R )
digins m s represeniation.



(hamoxde d 00D}

-, -
;

3 ;» This is a way of using the Fourier transtorm to

Fourier Descriptors

=, analyze the shape of 2 boundary.
.-"I — The ¥y coordinates of the hovmdary are treated as the real

T and imaginary parts of a complex mumber(eg:athi).

— Then the st of coorduates is Founer transformed wsimg
the DFT {chapter 41.
~ The Fourier costficients are called the Foumer descrnptors

~ The basic shape of the region s determined by the first
several coetficients, which represent lower frequencees.

Differepce: 30003 1033003003130 i bidry s preid o i T i
Shapeno- 0003 10330130031303 detail of the boundary:
Eaaif . R N g Statistical Moments
e 5 v Moments are statistical measures of data,
i A S o s e — They come m integer orders.
T o S — Onder 0 15 just the number of points in the data
-: ; : E‘:_ E — Orrder | s the sum and 15 used to find the average.
ey ey TR i — Order 2 15 related to the vanance. and order 3 to the skew
............. = of the data
— Higher arders can also be used. bat don't have simple
................ MEAUNES,
Far R

 Letr be a random vanable, and gir) be nomalized [as the

probability of value r, occurming). then the moments are

E-i
piry=%ir-m'glr)
E=1

where m= zl:gl:.rll
pal]

ah pirh

|0 Bolmdary at
T -

{b) Bepresntatn F .
na M o 2 .,T!] |I”T"'
5 of LLE T

' Reglonal Descriptors
« Some simple descnptors
— The area of a region: the ninmber of mxels in the
TE 1]
~ The pertimeter of a region: the length of its
boundary
—- The compaciness of a region: (perimeter)*/arca
— The mean and median of the gray levels
— The mimmum and maxmmum gray-level values

— The mumber of pixels with values above and below
the mean




l Topological Descriptors

P . i L
; Topological property 1: A 1
Regional Descriptors 3 T - ]J_: g y w
Example the mamber of holes (A P N
ey !
A
LR
[ Wi o] ety
::"._"; I::::.. A e on a0 e ok

Topological property 2. A '

the number of connected 7 ame, U
= i L' ) LR A

components (C) & & |

[opological property 3:

Euler number: the number of connected components subtract
the number of holes

F=C-H

A [
! 4 Topological
E=0 =] i E=1 Lo
¥ W B propery
I Y L =¥ the largesi
= ‘ - cramected

COlj oneni

=optoma wilh Lakr member equeal da Uamd - | cepedely

T L e ' .
¢ Texmre is useallv defiped o 1he smoothness or rengluess of o
suriace.
o Ineoipputer vizien, of is ihe visual sppearance of the
nntormity or lack of umiformrty of briglymess and color
v There are two fypes of textume: andom and regbar
Fanclom texmice camot be exactly descobad by words o1
eqqueations; it mst be described statistically. The surface of
g pibe of dit or rocks of many szes would be random.
Bepular texture can be desenbed by words or equations or
u:_:n:-.]l:l:_s'.]].\'ul1-:n| prmatives. Clothes are frequently wade
with regnlaily repeating patiesns
j — Bandom texie 15 :'|1|:4'|:|'E$|,:| l.lf.' sratistical mathads
e ; . . . - Regular fexnure 15 analvzed by strctaral or speciral

i il Her- i kit e m ot it ool (Founer mefbods

1ol FB T T



. Statistical Approaches

« Let z be a randem variable denotiog gray levels and let gz ),

&=,
nnmkezr of distinet gray levels
The ath moment of =

gAz) —E::_ — )" p2]) wiere w= E o
F il Tk

R

The measare B:

L+ ()
- The wniformity:  £'="% p'(z)
. Ed
- The avernge enfropy: g= EFL:. Mog., p(z)
r=ll

. Structural Approaches

+ Structural concepts g 3
Suppese eat we have 5 " .
ritle of the fonm 5—as, Akl Ve B

Ll lenruire

wlich mdiestes that the

[IriElive

A1, b the corresponding histogranm, wheee  is the

Rewlar

Smooth  Cparse

i Stmianl Thind

'Ii' L; Tewre  Mean  dointon K ioemdind womesi Usermily Ensaps

UL e SR

dizar moeth LM 1IN 11 AT R 11 7
e Hix M awe Dk bl LE
Pembr WT TN i iT§ Ims ket

H Spectral Approaches

= For nom-random primative spaial paterns. ihe 2-dimensicnal
Fourer transfonn albows the patteme to be analyzed m terms of

spatial frequency componeits and direction.

= Tt qnay be more el toexpress flue spectrim m tenms of pola

ayiibe] 5 sy he {1 Patteen v cotmdizies, which darectly pve dirsction as well as fraquency
S ek e e enermiod by the i T " :
TEWTIRLN B8 i":_L_.ll . ok § E o R | « Let ¥In is the spectrom fnetion, aod e asd 8 age the
[{ ¢ pepresents a circle (%3 24 fextun L . vamables m this coordmate system
Fiz. 11.23¢a)] and fe nilern penemalng S s e L . ey bt
Sl : i J. Iy (e ] oty For each dirsction @, 507 8lgiay be considered =D
meaning of “circle wihe Fuoeton 3.071
righi™ is assigned to 3 w5 H ]
strim of he form For eachs frequency /5080 150 1-I0 fnscison
[ rlonlan] dlBserniia . X 3 G =
L global desenption: Y54 Sith=S 500
[ e
—eien:
- -
| k4 I..1
-
o
i h {11 | meipe shorwing penode testure, (b S pectrm, (o) Fok i 5er Lo Pler 30 FREIRET. 24 () bmrge showing perisdictextare, (b fpetrom. ic) Met ol S{e].id) Pl

o f §U#). (et Aacther imaee with o diffores) brpe of perssdc leolure, <) ot of Sjo
o

(C regsmes ol T Dvnceatn B nkoain, 1w sty of Tondossee)

el of 5%, b Aaotber anape with a different ope of periodic oo, (1) Plot of S[d)
e Cooreer of D Dineira Breakoic, Upiversily of Teneses.|
i : '



. Moments of Two-Dimensional Functions  J' f ftx 1 isa digital image, then

= For a 2-D) continuous function f{xy), the moment of Heg = ZZU— —IPr-Fr Sy
ordet (pg) is detined as + The central moments of order up to 3 arc

_ _T 1=%% fi
my = [ [ 3 e idvdy for pag=123,, H" TS =E T ) =,
,rr”_':!_'zrr =Ry =y, - ”—Lm,”‘- i

[

« The central moments are defined as
,er_zzl.t—_ﬂ r_}—_1]fl’.'r._t]_nJ.,]— ::-' (rrg, =10
R E1

= [ =30 (=T £ )y
M dd fhe= EE(.T—_TT{_T— Ve =y, - 'I-”E{'Iﬂ'

My, - o

"
where x=—"2 and ¥=
= 1y — Xty = Ry — MR,

Mag Mgy
The central moments of order up 1o 3 are The normalized central moments are defined as
My = EZI:T— i']lll'r—_f}':f[r,.r} = Iy — I, ,ﬂ
I ] — _Pil;
g = EE[.‘L‘— FP =P fix, 1) = my, - Ty, .
i U

§= EE[.\'—T}:[I'— T Fix, v) = my, — 2%, — Py, +23%m,,

- . - ) ~ ptq -
i =Ezu'—.ﬂ'l_1'— Y1 Mx v = myy — 3 — ey, + 2,

where prr——rtl br p+tg=23..

Han = E- Z (x—ZV (7= F)° Flx.3) = myp —3%myg + 25 my,
r )

M =ZE|.T_ ?.Iu':.'l'_ﬂl_.rl.'r .1}="l}3 _."I_F-Il'f.;_w-'i':]_-zln'l.:\.:

5

v A seven mvanant moments can be denved from the * , 2 !
second and third moments: = Uy ~Th) l( s Fl) Uy 1) l

& = 1 1y H g M + )

h= Em" ) ?‘E}; 1+ T]-' ‘ B =307, iy 4 "Flz}[m;n 5 "]’1:}: =31y 1 ]_]

s = (1o =3l + 0310y~ ) i o ; :
’ + 030, =y * "]’[.;]{-‘W_;[. ) = 1) ]

By =+, )" # (i, 17
= (1~ 32 )0m + o s+ 1)~ 307, +5)°] * This set of moments i invariant o translation,

(30~ 0+ 30+ o)~ (1 +17,| - T0RBMIOR, 2 scale change.
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USE OF PRINCIPAL COMPONENT 5 FOR DESCRIPTION:

Multispectral images in the visible blue, visdble green, visible red, near
infrared, middie infrared and thermal infrared bands.

Principal Component Analysis (PCA)

We want to construct a low-dimensional linear
subspace that best explains the variation in the
companents of a multidimensional image:

n=3 for RGE images or v=>06 for LANSAT images.

One n-dimensional vector for each pixel is created. Geal find a low dimensional
representation for the vectors
that
= * minimizes the projection
error (the distance
JFEE between the initial vectors
o = Shudteys and their projections)
it ar equivalently

+ maximizes the varance of m
1 the projected data.




. - ; : » The variance of the projected data:
+ Given: N data points x,, ... X, in R "

. 1 & .- | X : - r
» We want to find a new set of features that "((x))=gLsixhix) =720 is -m, s, -m,)

. . . v . '_\_,__-
are inear combinations of the original e of Gt o
ones. ,
= i Ly L ¢ I % '
wiX)=wi(x-m), m, :TZ 5 :?Eu'qx ~m Y -m, ) u=u = E[x,—m,ka_—mll' 0
IV i L it | el
+ What unit vector u in R” captures the most il Caveriencs et of dat
variance of the data?
+ We now estimate vector u maximizing the variance: + The direction that captures the maximum
u' X variance of the data is the eigenvector
subjectto: u7u=l{u|f=1 corresponding to the largest eigenvalue of
: o the data covariance matrix.
because any multiple of u maximizes the
objective function,

» The Lagrangianis Jiwd)=u'Zu+i(l-u'u) + The top k orthogaonal directions that
leading to the solution:  Eu = Au capture the most variance of the data are
which is an eigenvector of £. The ene maximizing /  the k eigenvectors corresponding to the k
corresponds to the largest eigenvalue of L, largest eigenvalues.

' EE":_E'_“ 5? Lisreal, symmetric and F":'s_m"'re ~+ The transfomation that maps x fo the new -timensional
definite its eigenvalues are non negative and its  (k<d) subspace (using the first k eigenvectors) is
eigenvectors are orthoganal. o

i ‘ 1

+let 424 2.2/, bethe eigenvalues of Lin y=A,@-m)=| | [(x-m,)

descending order and )
Fr] Ed

« Properies of the new subspace:

m, =0 T4 0 07
: B .l 4 0 The companents of y
L¥4 E:I' =A LA, -, are uncorrelated

be a matrx whose rows are the eigenvectors of L. oo g




« Because the rows of A are orthonormal A~ = A"+ Inour example, the eigenvalues of the covariance matrix of the 6-
dimensional pocals arn:

» Therefore, we can reconstruct the original data x

from their k-dimensional projections v: 4= 10344
fy =
X=A;y+m = 1401
o i, =20
- - el
+ The mean square reconstruction emor is: 0 -
¢ E i AL
-E:Eil_—EJ{I = Z A
o e
which is zero if we make use of all of the
eigenvectors.
» Theslx principal component images. y = A (x-m, ) Recenstructed mmages using the first twa principal components

= The first two images account for 89% of the total variance.

Reconstruction error (enhanced for better visualization)

« FCAisaconvenient P a—
way ta narmalize 20

boundaries with respect  «._ - . i
1 rotaion and D A
translation. V A

: Ehlﬁﬂg hT' I:.-rlll.lll.]ll'ﬂ.'ll:l T °
makes the coardinate : .
ran negatives.

* Further division by R e
Aandi nomalizesthe B0 11
scale, .

=u



- Application: Eigenfaces
eigenfaces for
face recognition ;
T
-}
3
=
g : Mean image
-
RELATTONAL DE SCRTIPT OR 5:

Relational dE:"-‘-[ZFiDIDFE « Sand 4 are vanables and ¢ and # are constants.
* Rule 1 indicates that the sfarfing symbol 5 can be

iti - - replaced by o and a variable 4,
 Rewriting rules that capture the basic repetitive L : ;
pattern, ! » Rules 2 and 3 indicate that variable 4 in tum can be
: - laced by & and 5 ar b alone.
« It applies to both boundaries and regions. g
» Example; the staircase strueture has been E Esp,;ﬂ?hj_h!’ i st bl ki o b Lo
E'x'tl‘atf.'-ted_ fram an image and we want to = Replacing 4 by b terminates ihe process as there ar no mone
describe it. variables lo be processed.
« We employ two primitive elements and a set of
rnules.
S P o (1} 3—ad,
() A— bS,and oo, 2) A—hi. and g
H A—=b. R 3y A—+b. :
+ Example derivations of the rules + These strings are 1D structures.

. : . » Applications of the rules to images requires an
+ The relationship between 4 and b is preserved establishment of methods for reducing 20

as the rules force an o to be followed by a b. positional relations to 10 relations.

« An approach is to follow the contour of an object
and code the result with head-to-tail segments of
specified direction and length.

(1] §—ad, ! ' " .-"_'“ﬂ.--.
2} A—b8, and U . . Tuius _J.__.-""_ k|
(¥ 4= i, LY 1 h -

s



» Another approach is to employ direcled line . giep by step generation of a specific shape.
segments with other ways, besides head-to-tail

connections, - 3 2

Primitives and cperations among them [ |

M TR ||...| ||_-..!
¥ I
||rr"-» a- p , ia e

H/Z I 1;I:Jl:;llll\l I:rl--:'__-" _..':""

= Treeg structures better represent non contiguous
textured regions,
= |mportant information in a free
- A sel of words describing the node (g9, image
Fisyie ).
— Relation betwean a nods and its neighbors (2.0.
“‘inside of").
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Importance of Dighal WﬂTEHHAHHlHG"

Watermarking + Drigital ix an ecl=nsion of
g L ™ l__ Copien ] ;I:lr-l:e it e b il szt m arirg

j!'l_' -' - '“ + A dglal watkermat 5 3 patern of btE s erted Ima 3
b B dlgkal imags, audse or widas fle that idaniiies thafik s

anpyrighi infermation (= uthaor, dghds, ate.).
- M osepn abooe in Ag, Mlise ereates an ongnal mege nd wate e it
beford passing Eto Bob. I Bab oaims Tw imoge =nd sl oogies to
dherpeope Moe can ecrad her watermark Tom e maage provng ber

aopyTmighitok.

s The ceneat here iz thal Aic= will only be =shlke o proe he=r copiwighi o
the image it Bob hasrY managed to modity te image such tht the
waiermark 5 damaged encuah to be undetectatle ar added kis cun 1

waemark och thm b kimpessicle to disecwer which watermzn was i
anhadda d dra
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igital Watermarking Life Cycle

Phases

Aunatermarking sygtem iz wsudly dwded inds tree dishng
stz

v Brbeddig
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E 1 bl ol
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Usecase diagrams2

Tha Hatamard matik: of the oideia b generalsd in ferme of
Hadamaid matres of order @1 using bron edher product, &
as
ol M
il T

Corzdering 20 2 sub-blodks of the whol: imape  the thied arder
Hadsmard trarsioom mab i /3 be mmes:

11 | ] | | I ]

] I 1 | | I ]
i1 | | . | | I

[ =1 1 | 1 (R |
JI‘I"l [ RS TR AR [ [ S
o=l 1 St =ty
LU= =1 =1=L 1 .1
BTN T o e P |

Extraction):
[ ' WATERMMKING I FHT
DOMAN
Ca EAST 1 AD i B
4 08 MSEORISEYT]
Framrieva The weser o] 7
i T V] TL 1711,
———— A 1-"'-\-\. (""' L
Sy ;Jif}fi Y mi Transdormed
Ssifarm nwarss FHT an N i image
\Wirmarmanrbec Imnegs ____,_,_-"- U * |‘51.I3[IJ5||
e, i g
it H ow Mo Hadamard matris, RE2T
ety n ekt oaluz 5 either +1 or .
-1
5

Driginal image pixel pol

mmatrix YL




The process of
Insetion . _
— Pocassirgthe o gnalimage .

et fﬁ%
+g$

U | =

The process of
Extracton

Ve Transommed

ImaceE:
Actual

M

-
wp N Hacamart :
matre
- B |Merse Hadamand F
mamt = £ 1
Processingthe original image. .. !- .

TR

P
=2

Watéiiaaik

=

gy epies. e
=




Eiometric =

Biometrics 1sthe science and technolocyy of
reasuing andanakang biologicaldata
Biormetrics refers to tedhnolo EE- that
mezsure and anakze human
chaacengics 2chas E!\h,flngrpnnts
eye retnas and imses, voice patterrs faoal
patterne @nd hand measurennents, for
aLhentication purposes.

The twio caegonesof biometric idertfizrs

. include
#Frhy=iclogical charactenstics.
Phehavioral characte nstics.

Fingerp rint

Afinperprnd 5 e Teature patiem orone
finger.

It 13te patem of nges s wA Bys (alsn
A IR0 TUFFOW S 117 ThE IRCE mn ntikesatre )
oRthe sumace of 2fingetip.

Eachindidu 2l has unigue ingernrinks so
the uniqueress of afingerprirt is exciusiel
cletermined by the ooal nogecharscenstics
adtrelr relationships

Treszloca ricge character Shcs are mo
everly distributed.

Sndge ending is defined asthe point
wvihiere andge ercls abrapdy.

&ndge bifurcabon i=defined asthe point
vibhiere

ardge forks or dikeroes into branch
ficlge: Terminatbons Bifurcaticns

Y4

Hidge ".l'-EIIIE-‘pI

Fig ZHdge ared wdlay

OPtwsiological characteristicos

M inge ment

Macerecogrlian

PO,

palrnpr it

Hand neomely

s ree conkice ehich has larety replaced refing)

L e,

CBehavioral charactanstics

=Gt
e

Foq 1.5 Fageipiinl mage a0l 8l Dyan Opicdl
G nzmp

wn ek by Mmocho, aduch am vo oo ezl

ok o il odgwe.
= 1k tee oo by e xd boalod o e e ok o aos, sl sy i, o

What is Fing sprint Recognifiony?

« Frngerpnnt recogrition (sormelimes

refemed to azdactvioscopy) is the procezs
of comparning questoned and known

fingerprint against another fingerarint o

determine tthe impressions are from the
sarmefinger orpalm



« Thehngerpnnt recogrition problem can
b grouged into two sub-domans:

FFingerprnt verification
Fingarpnnt venhcehion s to ventyine

aLtherticity of ones person bv s
fincenrnt.

FFingerprrtidentification:

Fingarpnnt idertification isto spenfyone

perEon's (dentity by hisfingenonnils).

ARGERPRMNT RECDGMNTION SY:STEM
* Hngapnnt recognition systemoperates
in free gages

(1] Fingemnnt acquinng davice
(1] Minuoa sxoacton and
(11 Minuda matching

Hines a
ST (il Eetmactor _Mmm-

Fig 4 Fingerpring recogniionzysem

Capd Shaich

,l, b | s . I Worrilllatisn

s I | i hlwich
Tl i i i mhans

ey s
| ot g =

Fg 1Mar Tealam vz Werli=al o

1. Fingerprint acquisitien:
FOrTROeminG acou sion, opocal or Sem -
concuct s2nsors a2 wids by used, They
AEwe N EMC Nty & acceptatie
accuracy except for some casesthat the

user'sTinger & too dirty ardry.

2Miinuta ecdractor;
ToImplesn 2nt &minuUtia extractor, atres-
gtage gporoach is widshy used by
researt Ners which are

F o preproc £ ssing

* minutia estraction and

F pOSProcessng sage.



Minutia Extracko

# |mige Eahancemet
PrEproCessing » Image Binasiration
| s Image Segmentstion

!
Muiwtia extractos = Thiining
I = Mifuflae Madong

|
Post-processng - Emove Farse NN
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