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UNIT-3
IMAGE RESTORATION

IMAGE RESTORATION:

Restoration improves image in some predefined sense. It is an objective process.
Restoration attempts to reconstruct an image that has been degraded by using a priori
knowledge of the degradation phenomenon. These techniques are oriented toward
modeling the degradation and then applying the inverse process in order to recover the
original image. Restoration techniques are based on mathematical or probabilistic
models of image processing. Enhancement, on the other hand is based on human
subjective preferences regarding what constitutes a “good” enhancement result. Image
Restoration refers to a class of methods that aim to remove or reduce the degradations
that have occurred while the digital image was being obtained. All natural images when
displayed have gone through some sort of degradation:

e During display mode
e Acquisition mode, or
e Processing mode
= Sensor noise
= Blur due to camera mis focus
= Relative object-camera motion
= Random atmospheric turbulence
e Others
Degradation Model:

Degradation process operates on a degradation function that operates on an input
image with an additive noise term. Input image is represented by using the notation
f(x,y), noise term can be represented as n(x,y).These two terms when combined gives
the result as g(x,y). If we are given g(x,y), some knowledge about the degradation
function H or J and some knowledge about the additive noise teem n(x,y), the objective
of restoration is to obtain an estimate f'(x,y) of the original image. We want the estimate
to be as close as possible to the original image. The more we know about h and 1 , the
closer f(x,y) will be to f'(x,y). If it is a linear position invariant process, then degraded
image is given in the spatial domain by

g(x%,y)=f(x,y)*h(x,y)n(x,y)
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h(x,y) is spatial representation of degradation function and symbol * represents

convolution. In frequency domain we may write this equation as
G(u,v)=F(u,v)H(u,v)+N(u,v)

The terms in the capital letters are the Fourier Transform of the corresponding terms in

the spatial domain.

Degradation
function
H

Restoration

filter(s) flx.y)

flx.y)

nlx. v

DEGRADATION RESTORATION

Fig: A model of the image Degradation / Restoration process
Noise Models:

The principal source of noise in digital images arises during image acquisition
and /or transmission. The performance of imaging sensors is affected by a variety of
factors, such as environmental conditions during image acquisition and by the quality of
the sensing elements themselves. Images are corrupted during transmission principally
due to interference in the channels used for transmission. Since main sources of noise
presented in digital images are resulted from atmospheric disturbance and image sensor
circuitry, following assumptions can be made i.e. the noise model is spatial invariant
(independent of spatial location). The noise model is uncorrelated with the object
function.

Gaussian Noise:
These noise models are used frequently in practices because of its tractability in both spatial

and frequency domain. The PDF of Gaussian random variable is

fa=z=05
0 otherwise

Where z represents the gray level, u= mean of average value of z, 6= standard deviation.
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Craussian

Rayleigh Noise:

Unlike Gaussian distribution, the Rayleigh distribution is no symmetric. It is given by

the formula.
2
p.(z) = !_._,[Z = n}(g—[ Wb, = g
() ca

The mean and variance of this density is

, b4 —7)
m=a+ mh/d, 0" = ———

#iz)
007 -, f—l

Rayleigh

d
a +

(ili)Gamma Noise:
The PDF of Erlang noise is given by

b _b-]

a'z 2z
~ —e¢ “,forz=0
pP(z)=1(b-1)!
[{J. forz<0
The mean and variance of this density are given by

f , : b
mean: y=— variance.c —-—
4 i
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Crarmma

ab — 1)1
T

(b —1)/a
Its shape is similar to Rayleigh disruption. This equation is referred to as gamma density
it is correct only when the denominator is the gamma function.
(iv)Exponential Noise:
Exponential distribution has an exponential shape. The PDF of exponential noise is given as

(2) = ae ™ =10
Pzl 0 <0

L |

Where a>0. The mean and variance of this density are given by

1 a 1
m=—, o =—
i -

Exponential

(v)Uniform Noise:
The PDF of uniform noise is given by

1
pz) =yb—a
0 otherwise

fa=z=5b8

The mean and variance of this noise is

a+ b 5 (b= ”}3
= . rr" T ee——
" 2 12
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]

piz)

b —a
Uniform

(vi)Impulse (salt & pepper) Noise:
In this case, the noise is signal dependent, and is multiplied to the image.
The PDF of bipolar (impulse) noise is given by
P, forz=a
plz) =4 F forz=20b

0  otherwise
b>a

If b>a, gray level b will appear as a light dot in image. Level a will appear like a dark dot.
piz)
P." _________________________

Impulse

a b
Restoration in the presence of Noise only- Spatial filtering:
When the only degradation present in an image is noise, i.e.

gx,y)=f(x,y)n(x.y)

or

G(u,v)= F(u,v)+ N(u,v)
The noise terms are unknown so subtracting them from g(x,y) or G(u,v) is not a
realistic approach. In the case of periodic noise it is possible to estimate N(u,v)
from the spectrum G(u,v).
So N(u,v) can be subtracted from G(u,v) to obtain an estimate of original image.
Spatial filtering can be done when only additive noise is present. The following

techniques can be used to reduce the noise effect:
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i) Mean Filter:
ii) (@)Arithmetic Mean filter:

It is the simplest mean filter. Let Sxy represents the set of coordinates in the sub
image of size m*n centered at point (x,y). The arithmetic mean filter computes the
average value of the corrupted image g(X,y) in the area defined by Sxy. The value of the
restored image f at any point (X,y) is the arithmetic mean computed using the pixels in

the region defined by Sxy.

Flra)=— Y gst)
M (; sy

This operation can be using a convolution mask in which all coefficients have
value 1/mn A mean filter smoothes local variations in image Noise is reduced as a result
of blurring. For every pixel in the image, the pixel value is replaced by the mean value
of its neighboring pixels with a weight .This will resulted in a smoothing effect in the
image.
(b)Geometric Mean filter:

An image restored using a geometric mean filter is given by the expression

i Ir ‘-%m
flx.v)=| ng(.f.'.r) ‘

(5.0 Sy /
Here, each restored pixel is given by the product of the pixel in the sub image window,
raised to the power 1/mn. A geometric mean filters but it to loose image details in the
process.
(c)Harmonic Mean filter:
The harmonic mean filtering operation is given by the expression

fr= Ye.n® | Y gs.nf
(5.1)edxy Jo(sesy
The harmonic mean filter works well for salt noise but fails for pepper noise. It does
well with Gaussian noise also.
(d)Order statistics filter:
Order statistics filters are spatial filters whose response is based on ordering the pixel
contained in the image area encompassed by the filter. The response of the filter at any

point is determined by the ranking result.
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(e)Median filter:
It is the best order statistic filter; it replaces the value of a pixel by the median of gray

levels in the Neighborhood of the pixel.

f(T V)= mechan {g(s.1)}

The original of the pixel is included in the computation of the median of the filter are
quite possible because for certain types of random noise, the provide excellent noise
reduction capabilities with considerably less blurring then smoothing filters of similar
size. These are effective for bipolar and unipolor impulse noise.

(e)Max and Min filter:

Using the 100th percentile of ranked set of numbers is called the max filter and is given

by the equation
F(x,y) = max {g(s.0)}
f(xy) I m{g( )}

It is used for finding the brightest point in an image. Pepper noise in the image has very
low values, it is reduced by max filter using the max selection process in the sublimated
area sky. The Oth percentile filter is min filter.
fey)= Jun {g(s. 1)}
This filter is useful for flinging the darkest point in image. Also, it reduces salt noise
of the min operation.
(HMidpoint filter:
The midpoint filter simply computes the midpoint between the maximum and minimum

values in the area encompassed by

f“(x‘., J-’):( max {g(s.7)} +(m1n {g(s.1)} ]/

(s.1)eSxy

It comeliness the order statistics and averaging .This filter works best for randomly
distributed noise like Gaussian or uniform noise.

Periodic Noise by Frequency domain filtering:

These types of filters are used for this purpose-

Band Reject Filters:

It removes a band of frequencies about the origin of the Fourier transformer.

Ideal Band reject Filter:
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An ideal band reject filter is given by the expression

1 if Dfu,v)< Dy —W 12
Hiu,v)=<0 if D-W/2&Dfuv)SD,+W /2
1 if Dfu,v)> D, +W /2

D(u,v)- the distance from the origin of the centered frequency rectangle.
W- the width of the band
Do- the radial center of the frequency rectangle.

Butterworth Band reject Filter:

Dlu )W JQ"

Hu,v)=1/ |14+| 57—
) +[D’(u,v)—D§

Gaussian Band reject Filter:

Hu,v)=1-exp 5 D)

These filters are mostly used when the location of noise component in the frequency

1[D’(u,v)- D? ]’

domain is known. Sinusoidal noise can be easily removed by using these kinds of
filters because it shows two impulses that are mirror images of each other about the

origin. Of the frequency transform.

abc

FIGURE From left to right, perspective plots of ideal, Butterworth (of order 1), and Gaussian bandreject
filters.

Band pass Filter:

The function of a band pass filter is opposite to that of a band reject filter It allows a specific
frequency band of the image to be passed and blocks the rest of frequencies. The transfer
function of a band pass filter can be obtained from a corresponding band reject filter with

transfer function Hbr(u,v) by using the equation

Ho (u,v)=1-Hg,(u,v)
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These filters cannot be applied directly on an image because it may remove too much details
of an image but these are effective in isolating the effect of an image of selected frequency
bands.
Notch Filters:

A notch filter rejects (or passes) frequencies in predefined neighborhoods about a
center frequency.

Due to the symmetry of the Fourier transform notch filters must appear in symmetric
pairs about the origin.

The transfer function of an ideal notch reject filter of radius Do with centers a (Uo Vo)

and by symmetry at (-up Vo) is

D, (u,v)= \/(u ~M/2—uy)>+(v—N/2-v,)

D,(u,v)= \/(u -M/2+ 1;0)3 +(v=N/2+ 1,0)2
Ideal, butterworth, Gaussian notch filters

it  Dyfuv)<D,or D,(uyv)<D,

otherwise

H(u,v):l/ {l-k( DUZ J }
D, (u.v)D, (u,v)

Dl(u,v)Dz(u,v)] }

H(u,v)= [0
LV —11

2%

H(u,v)=1- exp{—%[

b c

FIGURE Perspective plots of (a) ideal. (b) Butterworth (of order 2), and (c) Gaussian
notch (reject) filters.
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Inverse Filtering:

The simplest approach to restoration is direct inverse filtering where we complete an
estimate 7 of the transform of the original image simply by dividing the transform
of the degraded image G(u,v) by degradation function H(u,v)

Crln. v)
Hiu, v)

f"l[u. p) =

We know that
Glu,v) = H(u,v) Flu,v)+ N(w,v)
Therefore

ﬁ"{u. v) = F(u, v) + N(a,v)

Hiu, v)

From the above equation we observe that we cannot recover the undegraded image
exactly because N(u,v) is a random function whose Fourier transform is not known.
One approach to get around the zero or small-value problem is to limit the filter
frequencies to values near the origin.

We know that H(0,0) is equal to the average values of h(x,y).

By Limiting the analysis to frequencies near the origin we reduse the probability of

encountering zero values.
Minimum mean Square Error (Wiener) filtering:
The inverse filtering approach has poor performance. The wiener filtering approach

uses the degradation function and statistical characteristics of noise into the

restoration process.

The objective is to find an estimate J of the uncorrupted image f such that the mean
square error between them is minimized.

The error measure is given by

2 g . o2
e" =E{[f(x)-f(x)]
Where E{.} is the expected value of the argument.
We assume that the noise and the image are uncorrelated one or the other has zero
mean.

The gray levels in the estimate are a linear function of the levels in the degraded

image.
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. r H (1. v)S ¢ (u, v)
Fu,0) = | ————ae———— |G(u, v
,2) LSr(u, v) | H(u, v)|* + S, (u.v) (1.0)

o —— ) G(u, v)
|| H@u, ) + S, (u,0)/S;(w.v) |

[ 4 |H(uv))? .
=| e —————Gu.v)
LH(uw,v) [H(u,0)* + S, (1, 0)/S;(u, v)

Where H(u,v)= degradation function

H*(u,v)=complex conjugate of H(u,v)

| H(u,v)[>=H* (u,v) H(u,v)

Sn(u,v)=|N(u,v)[>= power spectrum of the noise

S(u,v)=|F(u,v)|*= power spectrum of the underrated image

The power spectrum of the undegraded image is rarely known. An approach used
frequently when these quantities are not known or cannot be estimated then the

expression used is

. | \H(u, v)|*?
f— ) = ————— e r; .Y
el [H{m v) |H(u. v)|* + K} L

Where K is a specified constant.

Constrained least squares filtering:

The wiener filter has a disadvantage that we need to know the power spectra of the
undegraded image and noise. The constrained least square filtering requires only the
knowledge of only the mean and variance of the noise. These parameters usually can
be calculated from a given degraded image this is the advantage with this method.
This method produces a optimal result. This method require the optimal criteria

which is important we express the

glx,y) = hx, y)x flx,y) + nlx. y) )
in vector-matrix form

g=Hf+n
The optimality criteria for restoration is based on a measure of smoothness, such as

the second derivative of an image (Laplacian).

The minimum of a criterion function C defined as

M-1N-I
C= 2 2I%f(xyF
x=0 y=0
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Subject to the constraint

Ig - HEF =inf?

A ol - : . :

Where [WI" = W'W js 3 euclidean vector norm f is estimate of the undegraded
image. ¥V° is laplacian operator.

The frequency domain solution to this optimization problem is given by

; H'(u,v)
F LB = = : ; S G P
“ LH("‘ v)|* + y|P(u, v "':| Hw)

Where v is a parameter that must be adjusted so that the constraint is satisfied.
P(u,v) is the Fourier transform of the laplacian operator

plx,y) =] -1 4 -1
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We mean ol the dcniu\L‘ Luncion 8 quien btJ
2= Qb
p 3
ond \tS  yadance by
1
o* - lb-O.)

(DX
The Oniftm deasity i3 vsefl as basis +9¢ numerous fandom

nuraber qeneraters at ae vsed 4oy Simolations.
% }_:__Wen\-‘\d Noise
TThe PoF of exponential noice is given by
P2) = [ae™  px 220
{ o Hox 240

wheste Qaro.

The mean and variance of thig density fonction ave

-\
1'&
g = e

o
“The Exporeatial Ron kiom density find application in laser
\fﬂ(}%ﬂ\s
L Giamma (of) E\'lo.ncc) Noise ;
“The POF of Eslang noise is gven by

- A007 .az
P(.Z) = (:(bl_-zs_l__e Qo‘( ZZO
o Pt 240

where 70, bis a positive integer:
The wmeon and Variance of this dens‘.\-j fonction O‘QS‘Ve“bj

3. B
25
1 &*:-Dbhar

Finds o.pg\\C(ﬁ'lGY\ in  Lased :fmang.
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" Clwssan Nowee -

The PDF of Guwsran randeom \'L\\Li(\blﬂ 2, 'S q‘\\u‘e\ 15.:]
-(:-2 3 "
P(Z) = \ e ( ) /‘1
anc
where 2 —vintensity

2 — meon valve of 2
e —r Standaxd deﬁuc\{icﬂ, o —y Vaviance oV 2.
6-0-0‘55'\&“ NOSe atiges in an '!"“039. due bo chdo13 quch QS
clectionic cisteuit noise and Sensdt noise due to poor loraination and
h‘.&\\ “‘em petature.

- an ise
6 &oﬁl_e_g Noise

e POF of J(aﬁlei h noiae is gven by

e(2) - “26(3"153'(2@/‘3 Lt 270
0 St 240
The mean ond vasiane of this density are Swenhd
Z-q4 [@ B,

o= b(4-N)
Roﬂ\e\g\n density helpful in chasacterising noise phenomena. in
fonge ‘\mo.sms .

o o)
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(1N




P | | p(t) ol?) 4

B Bl .
Pal- - --
2 a b 2 o B
(d) ce) ¢f) ‘
Exporential UniFozm Tmpulse

|

r Imqse Restoxaltion: -

Restoration in pwesence of’ noise oﬂ\j - QPq\'.al Rll'efmg %

Phen cm\éj desioda‘cicm qesen{ "N 0N image i Noise,
now \ne etluo.’c‘uO‘ﬂS
g(1.9) = h(xs) * £8) +a (09
and G (uV) = H(LV) F(ON) + N(VV)

beCome

q(i4) = POLB 0 (1)
G(UV) = £(UN) 4 N (W)
The noize te(ms ose W ONknown , SO Subhochns them fiom

3(1:3) (es) Gi(u,v) ‘s not a vellistic op\icm- Ta Ythe case of peﬁodic
aoise , it 5 vsvally possible to estimate N(UN) Lom the gpectiom
of G(un). T this case N(UNV) con be Sublracked Prom G(uiv)
‘o obtaim an estimate of the oﬂsinu‘. mage

Spatial Qilkesing is the method of choice in 3itoakions

uJ\‘\ef\ G'“\J aédilive 1andom Noise. iS p1esen{-

I- Meon Filters
ere we d
09 {-he BPu\\al Pi““?‘s and devetop Sevetal. oH‘\m f:l&ts wko&‘l&

15018S bx‘.ePchj the nose seduckion ('Q_quilil'(ef




p&‘kﬂmur\(e 1S N muﬂ\j cases SuPES\C( tv the ?.l{ﬁ\".‘:-
. Aﬁl’,\'\mgbc Mean Cilters,

This is the 3implest of the mean {lters [lek S, Yepresect
Yne set of Coooic!i“(ll'es in o ‘e‘-to“ﬁ"l‘“ 305"“088 window of 5,32
«xn, centered at point (1.4) - The atithmetic mean Lilters Computzs
tre cwemse walue o Conup‘l'ed ""“Qse- 3[!.3) in the area defined
by 3yy . The value of testored imoge f gi po‘ml'("‘"j] is simply

the axithmetic mean (ompo’c@-d 05"“3 the Pixe\s n the ‘68"5"‘
defined bU 5(1,3).
T other woids,
Tly) -1 &_ 9y
M (SL)ES,,
" Teie opg{o&icn Con be wmplemented using a SPo:‘ciaL R e
of 3ige mxn in chich oll we PRcents have walue #.a A

mean Qi\k&f Smoohrs (ocal \JanQl‘iUﬁS . an 3“‘039, and the noise
i5 vedwed hs o vesult of blunins-

e (Geomelttic Mean Filters:

An imuﬂe_ {e stored vsing o Geomebric mean £lter
S given bc-j e1pre S3ioN "

8) - [ 0 R
F(x9) [('S‘HES"%CSJ

—ese coch (estored po'rﬂ\: phcel iS Siven ba -l-he pwducl‘ o-?
the pixels in the sobimo:se window , faised to the power JVmn-
A M filter achieves SmooUn'arlﬂ ComPonb\e o AM Qi lter, bok
L tends Yo (ose less imoge detail in the process.

9. Ostdest - Static Filters:

Ostder static Pilters ote the Spu{ml filtess, whose
fesponse is ‘voaed o otdmmﬁ the values of +the pixels

contained N the imoge aveo. entempassed Yy the filter: The




H;nh'.ru.’ werulk  detegemineS e tc’...Pnnse of +he Lilteys. -
» Medion Filtes:
“he best  Known oxder-atatistic

(i\ler, which, as ils nome :mpl:es {@P[aces the valve of o P"‘el
hbourhoaod of

\3\5 Yo rmedion of the :n\enaig levels in the ne.‘a
nat Plxel-

C;lter is the median

f (x,4) = wedian Zg(s.b)}
(S,t) € B,y

The wvolue 09 e P?le[ ot

c.or\'\puko.\icf\ of the medion . Mmedion P:lters ore gui

vecause, L cestain %Pes of andom noise, they provi
noise - seduchon a:.quil:h'e_s, with (ans:detabB less bluning’

than lineas smoo\hing Pilters of similar size:
« Mox and Min Bilters:

“The median ‘eiﬁesanks
aet of numbers, but you will veall £om basic statistics that

1anking leads itself —to many other possibilities, using the 100 th
?eﬂ.er\\ik’. seaults in the %o colled m™ax £ilter, given by

in ‘(he-
opul_af

(1,3) 'S mcludeJ
ke P
Je excellent

the 5o th Pefcen{ile opa fanked

7 (1.4) = max{g[s,t)}
(B,VE S,

. Hosmonic Mean Filters :
“the hosmonic  Mean QH‘Q”"\(] S 3'Nen b:j tre erpress;
ion

f(‘[t".\) = ™m0
L— \
(sbyes,, A

The MM £ilters wotks well for sall noise,Buk poa'ls Por
PQPP@{ noise. Tt does well alsp with obhey \-apgs of noise [ ke

(rowssian Noise.
|




' CD’“JL‘OL\’\O\mor\'\C Mean Filter:

"\\\e Con‘;tn\\utmcﬂic meoan Q.l’c@vs 5.2165 o 193&19&
based on e expiession

Tay) = &£ — 3(‘5.&)&+I
(3B € S5y

£ g(sH®

(5E)ES, y
whee @ i3 Anhe ofdes of the (\ter, Fost ve volues of
Ve \IQ\UQS De o,

o, tne Bilter clwewnotes pepper noise , £
L noise - Tt connok do both Q'mnul\:ane.odsl.‘j‘
AﬁH\meEiC

C’EHQ* Siecluces to
Ciltey

to the hogmeonic mean

\m(l%e

b eliminates aal
Note that Mhe Gontyohosmonic

o PaLe P Q=0 and

BUNCESE
This Hilker is USQ‘E‘Q\ st .ﬁﬂd"ng the bﬁ&\'ﬂ:esl- Po\nEB in
on \mo%e ‘

The 'O'th petco.n\;i\e ¢

F(xy) = min ESLS'E)K

(5,k) ESxy
This Dlter is vseful for f‘.nd’mg the darkest ponts inan

0ge
e Mid Poink G \ter

TThe midpom\: £;
Phe. max aad min ol

AV E a% [; Mo [q(s,t\} 3 nin [3(3,&)}]

ltex is the min Cilter

lkeiS B\mp\:i Cb'mPu{:P_S {he \"ﬂicl PO'ml bE{'wEEn
es n the avea ena:rﬂpassec\ by i ey

S,E)ES*Y l&k)&'ﬁ&v
Tt workS best {3t 10ﬂdm‘f\la d‘ns\:ribu[-ed noise like

Glowssian (0v) ur\hQﬂm noisSe .

10




A\ Pho.- tsimmed mean {ilter -

S‘*‘PP"E’Q Hat we delete the d/a lowest and the d/g
\"‘g\\‘%\ iﬂ&nﬁﬁ){j volues P g(5t) n the ne'-g\bourhood Sey * Let
%H(s,g) :xe‘:nefﬁnl the 1emainin8 mn-d pirels. A Llter foimed
bj averaqing these ‘emo.imns puels i5 colled on ‘AIP\nQ- }rimmed

mean E'.WQTS'.

_ 9, (5.t)
p 5 = A -
? ( 3) mn -~ d (S-L‘)C'Sx-f

d= 0,42 » - - 0=
if d-o, it ¥edues to AM Lilter
P d=mn-l, it becwmes median Pilter

LE AdQPBve P.“‘E:H'.

i Pt chose behavion changes bosed on Stabicl choracks |
of imoge. \naide the Mask Yegion.”
An o.c\,QP’tNe, QI{D*9-33'\U“ Sor Obto';“"“ﬂ F(2) is given as
Fus) = gou8) — o (90n) —mu)
C——L

L
<a’ = vasionce of ovesall noise couup’cm’j P(nY) tofoim j(!,j)

y (1)

g(34) =volue of noisy image at (1Y)

m, = Lotal mean of the pitels (meof\ value under mask
fea'.oﬂ)
GI‘ = Iowl wasionce of the pirels (Vatien under the wag<)
\- SIZ'(OTY\ e-‘l——-‘r[l), i? ’-7'}'\"':0 tren f(!l‘j) :3(_1:‘5)

8. if o7 >n”  then f’\(x,';g) ~ 3(1.3) e, Filter outpul approaches

o g(1Y)
Gienetally at edges of image o7 >CR*

11




y (2 , N y
= \‘ uL - UF\’ ‘lh(?n p (1,‘-\) f\’\J i-e, ‘.\\\‘1 (J\,‘l[n)\ unll bhe ,m‘/”“'
1o local meon.

X il

e Se\ e tatio ‘A 1 8p o - o7
C'—‘l

L

o et

cr iy cg oCuAs
{J‘AO-P*‘VE Median Filter ;-
Median £ lters pef-ﬁ)rms cwell if impulse noise (Salt § pepper)
1S not [afﬂef ie, (£) not catea’re( “than 0.9
—v Adoptive median filters con handle impulse. noice with

probabilities losger than 02 (i-e) 't temoves 8kan salt and

peppel Noise e?—?ecl:‘uvej\tj-

—r Adoptive  median filters pefserves the image details while
Swookhing  non-impulse Noise, which o medan Filter @nt do-
— Adoptive Hilters chanae,e, Yhe mMask size. during £ltey
opemhm ;e b nceases Hhe ™MasSk Dize-

Adoptive cedian - Filter Qljov.thm;._
This Q\goﬁl:\'\m cdlks in two wotys skqaes_

Shlﬁe_ A3

A = zmed - Zm'.r\
Az = Zmed - J?mm(
—(T¢ A0 and Ay40 ve 2 —Z . 70 AND
Zmed o ;mcm £0 :> Zmed 7Zr\'\‘.n AND Zmed Azﬁnqr

= Zm‘.r\ Z z7 P mer.

mMegf

Above (ondition stateq ‘H'\Q)C 'l‘? gmed 'S be*h.ueen mMin § max
values of ‘7' then 30 to SI.'Oje 3

12




Elee
\(\Cfea‘;f; {h(l w'.ﬂ(lou) Lo TV AL r",‘ 05K "’//’ "‘/"J |

TE  wndow Size =Y S £ S T

)"f’l ﬂ’"‘,’/' f‘ I’
]
|

Elce
OU‘.P\Jt

5\.039_ e

Gy = Zlg" Zein

By = zl-ﬂ""zﬂ"ol
TP (3,70 AND Gy 40 =y il Zwint ZDJL Z rociy
give Zyy a5 @ ovtput

else
‘eptesen\: Zmeg @9 ouipui-

R — RO——

Zrn'.n = MinimMmMumM 'm‘\-ensilj in wiﬂdow (OI) moask Stﬁ

Zeoay = MOLIMUM intensily Value in 51y
Lwed ® median of ‘mkens‘u\:j values in S"j

| Ly

Summo.ra of algoxil.-hm:
TA sloge A we afe d\eckinj, whelhef Zmed is a 2alt l

= Inhns:kj volue at Cooidina\'es [L'j)

mosiraum allowed Size of S‘fj‘

(mavr intensily -1) (¢) peppef noise (min '-nifnsitj-o) i-e, whethey
Zeved = Zmin (61 Zened = Zenax

$ Zmog 15 not egual to Zonin and Zinia §if ik lies between

Lerin & Z ooy \

20 Zin £ Zoneq £ Zmay 1t meons P Zpey 1o not anoise (Saltg

!
peppei) then weao o 9elond slaﬂe e Skaﬂe‘e,'. TP 7 hZmel, |
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‘L ), ; 5 . p tinr (1 n ) o
(Gf\cluhm\ Kcu\.’; ’,(,(_(p_u'ﬂ, e DK g7 L (i¢, ntiCase ')n; w/r-));

i? -\-\-\g "n({f!uf,oc\ mask 43C 15 lear, ihan ke ",(,f-,d;?n,] e

nijac i 1@ .fle e s /l . 0"15,0 Hl
matimum  allowable mask size agosn TEPC sbag )

dicploy  Zenegy

Tn %Lage 8, we check each and evesy '.n%tzne.'.ljj valve of

—

MASK Oy i€
PP Zeoin £ 2y L Long clisP(aﬂ Zw

else

disploy Zrmeqy

14



(V)
\
L \\l\\‘ic Nl\a.‘-l \\\\-\\\I. llqn\ I\\\ \ Mg nu\ IRAERIANNR | llli Hn.\ ;
v J .

]
‘\c.ﬂil't‘h RIS (\I\I\l L) B T 1 A 1("""'\“[\\"(\ ‘nn'\l'. (.‘ .*n.-nm n

)
the  Fouties 1“\n~.\"d(m. al (m.-.hm\'. (nn(“‘.lml\l'll:(, \““"' k"‘y\"'nf'h"'\
ot P“"'(‘d"f- \'\‘h‘\\;“c‘u\(e‘~ the um\lm\rh i o vse a sclechive Ciller Lo

Solate the noise
The thiee dypes of aclective Hl\w-\(Iwuulu:y-rl, band pats angd

notch) ave vaed \n bt basic pt*tlnc\-‘c no\se  seduetion .

Selective Filters

; ‘ -
4 1
Band Pasg Notch
and Pilte

Band Reyect
A band pass Rer s oblained b:j Subs\;mchﬂqﬂ bﬂﬂdﬂjec{i(}h

(ltet  Yesponse fom ' ie,

Hep(u.v) = 1= H (0V)

TdeCll Bﬁ.ﬂd'fejecbim ﬂ\{-@( LTOJ'\S'?Q'{ ’RJT\CHUT\ 3 S'IV@n ag

. + W
H(\JJV) . 0 'P 00"%\) £ D4 Do 2
| oltherwise

wheie Dp = cut ofP .p‘egu(’nc:j
11 = Midth of twe band
D - Digtance {iom cenbre of filter e D(uV)
:L"dea( Bard fhas 3 lter fthSPer foreHen issivon Qs
H(UN) = (v P 00'% 4 04 Dothy

0 ol_h(’(miﬁe

t

15




Tyanstor function for Butterworth Yand se e clion T

H \).\1) = \:
( 14 [ O ]“
0*- Dp

N - (lter otder
Trans$er function 6t Gutleswdlth Band fhgs ltes is gven a5

)
> LSln
[
Transher foncton B¢ Gaussion Bond tejection Clter is given as
HuW) = |- ¢ (0-0¢ Jow] "™
Toanster Ronction For Gowssian Band fhas Clter is givenas
() = g (608 /on]"
. Nokc\’\ Filter :

A Notch filte
Lanster L, nction £2¢ Notch Filter is given as

e
H NR(.U"') - KlTl HkLu,v) H_HLUN)

Hﬁ(u.\r) & }\;a\n 0085 Llter ovtput at (U V)

H(UV) =

( 1ejects (o() pasSses Piet}uencies.j!‘le

p0SS Rlter ovtput at [~k =Vk)

l“l_‘((\JN) :"\'us\"
otch reject Llter of ordern’ given as

Fet Erx:- Buk\ﬁwdﬂ:\\ n
H (-U'\A % 1(% : oy l 2n
0'.‘(.\)1\') - [(u_(M/z -}Uh))l_l_ (U—(N/l +\jk))’—] VL

QH(U'V) = [ (u_(m/,_ ——Uk))l 4 (.V'(N/:. _vk))"-]‘/:_

16




|

the Expression

Noteh  pase $ilter is oblained fom a notch reject filter by vsing

Huplon) = 1= HNR(U'V)

e fos
[

A |

'

'y-
“'-s-.\_‘l

- ————
\

I [ \
@
O l ,f'
Graussian ‘ond Yejechon Gawssian bond pPass
Notch lter Nokch Piltey

Qp\'imum Notch Qil\‘eﬁnﬂ S

IWhen several intedevente Gomponents ase present, we vse

thig Qil\'QTina '%Qchnigue beuse, & won't Yemove the image detals
which s tne Qduantoﬂe of Yhia method over other 'R'HErineg methods.

“This -?i\i-eﬁﬂa ovocedure Consists of, Fisek 3e pataling (isclating)
the contfibotions of noice. patterns § then SUbB\:facHnJo we(zﬂh'red
poi\-‘\cn of pattermn Lrom the. Coﬂup"‘ecl image

This method Gan be vsed o temove mulkple periodic

orerfbrence noise patterns.
—t The Finat step in this protess is, we extrack the -ﬂe‘zuen%
ccumen}_c, of noise ‘n\cmfns béj USing Notch pass filder (HNP(u,u))
ot Yhwe (ocabion of noise .

TE this notch pass lter 19 des;aned to pass "“13 noise.
(oraponents then Jourier tansform of this noise pattern is given as

N(uV) = Hyeluv) Gluy) ey ()

17




G(uv) ~ Foutiey byanstotm of ConuPi-ed ;rf\cxﬁe_
HNP(\J.\:) - er‘zoenud demain Yesponse of Notch pass Plter

N(UN) = Noie puﬂems in 'QEQUQn% domain
S‘n\'\ul domain 1@5ponse is obtained b:j L‘nk'\ns inverse Sourier

Lonsttim of €9 (1)

= QM) - r"[um,(u,v) a(u.v):]~r (2)

Since  (otwpted \moge 19 +Stmed by the. addition of nise to
o\'is‘mul image (o) e g(9) =F(x9) + (). S"bSLmCH"S
noise Svorn deﬂmded \mage gives eskmabion o otignal image

i-e, 3(1,3)_12[1,3) -P(xy) —r (3)
£ny) = 9(8) -2009) —r (32)

Thstead of Subiuchnﬂ 7 (x4) Qtamj(!.‘i) we sobstrack we,aH}ch

pottion of lu:,g) e w(1,9)%9 (1Y) fom qs)ie,
FO8)= =§(19) - w1 8) 1(19)

£ (33) = g9 -l T (18) —

es\:?mq%e of £(xu)
w(1:%)= “f‘;(‘jhb'f] ©1) modolation funckion
e need 10 find ‘w' Fom € (v)
Consider a neja\r\bouihood of Size (SQ::_)%M') aboot on‘ml- (1)

N ¢
Ex: 3y3y = (Q(u)-u)bj (2(1)

%5 = (Q.[J)ﬂ)bu (Q(t)-tl)

The (oal J}Jwﬁo\r\(e of f’\(!.s] at (14) is given as

NaGance under masgic

(uy) = P (145, y+t) < ?(1:1 )
(2041) ab+1) S° ° t= b[ _]-—?

f (19) - average value of £ in the Nﬁ‘h'\@d\ccd

18




A A Qa b " ("0
N P(y) = L E el Fnss) —r(9) Y
(lﬂtl\(zb“) S--a t=-b

Substitule (1) & (%) in (6), wE 3e&
) I Y S )
- (10.1‘!)(“”—') 5--o t:_bg[g(Hs,j!éL UJ(I—!S,B-}E);{“Q’:“UJ
- [5(1’5) - U)(], 5)2{1:5)!{

—r(3)
ﬂh boust hood

let “J("fﬂ)iemmns ongkant ovey a given ne
then
W(r+s,9tt) = w(n,y)

WA QS) = ) T () — ()
Sobshture e9.(9) in () we get

G""(l,‘j) |
(2a+1)(2b+41) s.L.'a t --bﬁ(:“ D~ W) (15,44 )] -

T (1,9)~ w(hﬂ)ftﬁ"‘iﬂ]
1o get minimum vaxiance ¥t

aw(m)to By Solving paoch

deviwaltive , we Sel
w9 = 9(1,9)eny) - §EIITEY)
7H )~ 77 ()

— (10)

after obtaining w(14) we Glulate £(1,y) by vs;

_Qouow,ﬂ% o_x{ness.cm

£ (19)= g(14) - w(2,4)7 (%)
Therefdle oy using ogirum notch filtering %chrﬁguc’a\, we tan
b do d@inal image ie f(:,g) ‘QWM

(s

estimate closest o]opwn‘mah'cm
dQSTCLded irﬂoﬂe ,

19




- l"

.| Noktch i : :
\ s %‘fr'\h' s obtained {jom a notch \QJ‘Gc[ Ples !OJ
LSing e (51:()( SSiom

\'\ ﬁf;(:""—;)\:\l:\-‘:l]\j R(Ul\l ﬂ
.

Eatima '\ﬂa the &QSTQdalicm Funchion ; -
“TThee ate 3 principal “’“ﬂ‘o’{" eshmate bhe degfada{ion 2 -

(1) Dbservation

@) Epetmentation

(3) Mathemakical modeling:
“the pxocess of festoring o mage by Vsing adegmdqhm A -
Yrat has been eskimated n sore way Scsmelz‘nw.a bimes is called
blind de tenvolution-
mEstimation b\\j 3“(13@. Dbsesvation :

Consider o degmded image withoot knowing the ckafadcd‘lcrn

Conction H - Based on assumption Yrat image was degfaded by a
lneat, position -\avosieak  process , one wayto estimate Wis baqt\wer

W0 cnothion Fom ‘-mose ikself . Fdt emmp\@, 13 iMO3e i5 bluned ,we @n
look ot 3vnall wedor\aulmc aeckon of image (on{o.m'.‘:ﬂ Sample shclores

“To steduce nose effect we mSder osea wilh shiong 9&“‘1( (omtent -
The nett step oold be —to process Subimage 4o qet ur\blouedimoﬂg_

20



et emmple ! {\";5 an be done ba Skmt{)enina ‘:'ubi"‘-(lg(f with o

Cs\'\mpenmﬁ £ 1 der
1F 35{!,3) 1S the s\)b\mcmﬁe and (%

that 1S P’(O(_ESSEd and agssome e Plect of noise 6 0%3‘ |
anal. axea ,the fackion i givenas

(1,9) be the subimag:
raithle beduse
0

of tne choice of gtiong
HslUtV) = ,_6'_2_{'2:.\_]-)
Fs (Liv)
(2) Estirnation bxj _F_,_x_Pejmeﬂ’cuBm -
1nages gmiloot to the degroded Rmimoﬂe Con be
acquited with Naxious Sa%’rem getlings ookl they ace degfaded
as (_losel.:j as possible to wmage we wish ko vestove. Then obtain
‘-mPu\Se 1eSponse ol AESTquHm b{j 'am(tsinj an '.mpulse usmg
agmne Sjﬁ\'ﬁm SQ\:HVBS- An impolse is simulated b,j a bﬂa\r\l— dot of
lignt, to veduce ePRct of noise o negligible valves The fouties
l-_1an5?d(m oE an "m Pol%&. 15 a Conskant

H(U,V) - G\(UN)
A

G\(U-V) s Joutier l:mns%vm UQ omewecf image

A 5 o Gnstant descﬁbinﬁ Qhera”\ of impulse,
® Egtimation by 'Modgling -

'\)e.gvludcﬁim\ Modeling has been vsed becwse of ‘ms.-ShL
it aPhdg i -the imoge restotation problem. Majol appioach in
mode{{r\g ‘s 4o detive a. mathematical made | 3};01hn3 Hom basic
puntiples:

The total erposure ot ony point of’ ecording mediom s oblained
b\j '-"*QSTQ{MS tre tnSl‘anlaneous GLPosuafe oves the Lime interval duﬁng
which the imaging 335]59”‘ shukter is open .

TP T is tne duration of exposure, it Bllows +thal
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:\\ll 4 - s “‘ I.‘ _ ‘c“:\‘ :‘_ja(l‘Jdl wip 10D
u‘\\e\:‘ .3\(1,-5\ 5 -\ha b\u“ec{ :mcxﬂc_

—‘ -
fc\.'hi‘\ '{\c\\t‘:%im C\‘ e9 () S

Gow) - fj:"—’g [,.3)("5”\ (ux+vy) ds da
i J 32N ‘HV}]]
: fa( [ﬁ‘[“‘o“). S'i{*)dge)g b duJJ (D
~ad —X¥ o

m\esm\-icn , €0 () 5 egpwesscd in Yhe Jotm

Rex SN order of

G(ww) = f[r ,‘I’P'F'[I‘Io“')o 3‘30uj eﬁﬁﬁ(mwj)d*dtﬂd!—
g O

e Yo insde ¥he outer bracwets 8 Yhe Rurier bransfrtm of the

disP‘saced Lonckon f [1-1‘.(&-),:{-3‘,[&)]-
" 10 t)
Gi(uw) = J £ (o) e-,ar[ulo{e)wgot )] i

» L £)
R [TRNEY
hee the last step -R?Uows Lo ‘R\Cl that F(un) -'S'iﬂdependenl‘
of b -
% def‘-rﬁns

H{UW) = fre‘jw[mm“ﬂ““ﬂdt ()

Egtﬂ Con be e:.ptesseg i« the familiar “form
Gluv) = R (viv) F(uv)

TP voxiobles To(t) and Y, (8) are known, tansfr onckion H(UV) axr

]

be obtained directly from eg () - Swppose image Uﬂaefﬂoss iR lindar
ction 0 1-dixeckion, at wte given by 10Dz at/r - idhen t-T, the

image displaced by a Yotal distance ‘a’. With Y=o, eg(x) beames
H(u,v) = jTe':!?nUlo[U J

o
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T -
"‘l(\)f\’\ - Se- :,QHUQ}T d¥

°

S - 1 TN

nua
H \JQG\B\NQS Q‘( values DP w' SNQ(‘ bj Uz “[0_ ¢ NS an -ﬂﬁge(.

TP 3-Ccmpcﬂer\¥ also \Jcmd with motion given bj y, =bt[T, the

c\egmaahcm J;-Z:rlc_\-‘\_cfv‘\ become s
,—fH_(U,V) - 7 . Sinfwtua+vb)]é3ﬁ(UQ+\Ib)

nM(ua+vb)

L o ——
-t

Taverse FiH:eﬁnS .
“the ou\:poE oF deswruc\ad image (o1) ConuP\:e.d image in

-Ptegueﬂt_xj domain 15 aiven as
Gluv) = H(U.v) I'-‘(u,v) + N(u,u)____?(.)

Glv,Vv) - F(uv) + N (V)

H(_U,\l) H(uv)
FA(UN) - Flowv) * N (u,Vv) — (2) [ ki I’T\(UN) = &(U'V)}
H(UV) H(wv)

f (uv) = Estimated ootput of degraded imoge
H(uV) = 'Degmdc&icm -F.:nc\:‘noﬂ
N(uv) = Noise in Qeeuen(.sdomojn.

Fyom €9 (), we can obsetve one {:\'\303 Ge)

e Wlow) - 0" (o) small then the frackion NOA) begames
H(UnV)

high (o) bk So, ¢ Ahis teason we need ~to shifl H(UN) to
H(o,0) At (0,0), the value s moaximom (i-e) H(0,0) s h'.gh thereRye

the Gockion N{uN) H(uY) betomes NEY low, i estimated imaqe
R(un)  the noice compoment  will be less. So, we can get Closest match
+o F(U:V) i€ F(U!V) 4 E(U,V)

VO('-g.nul TMaQe N Reguencﬂ d omoun
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1. b e -
An eg () &t o ot pc:‘ﬁ.b c i est.male N{uw) pabialy

(e¢) Lines Filtening :-

Miaimum -Mean Sguaie Eviof F.\Eetmﬁ
—_’_,__‘_""’—_‘_— —

let F(9) 1e‘>195&nb 01-3.('\(1\ moge

¢ (x9) tep1esen\s cckmated m0g<

g Ef (+ 6)‘] | B[} inducoles estinale (o) overase
vais oe the d:?&rsm& behocen £.°

Meon Sguare Eswof iS5 given 05 59 N

MSE - 1 — £ g [F(m) - E’("")] s
MN 1:0 yY=0
en we @'t 3& ¢ losest evclch

1P the differens in eQ(') S \'\'-3"\.

o £l) ve, P(3) may oot be ggual T 2(:3)- S0 iF we -

ﬁk‘-ma{eﬂ ‘.«\oﬂe (et) sestored ‘.m.nﬁe, swenilas o Oﬁs'snal M'NBE )
lhen ™MSE chould be minimom.

Y The Sllers which uses (e1) implemen

squate (ontept, ol Llter is known 05 \weiney filter’ (¢1) mimmom

vare evor Filtes S

;.nn‘:"::gé.

ts . the minimum mean

mean S9 .
“The estimu’ced OU’CPU\: OQ aemel Lilter in ﬁE—QuQﬂS demain 35
3'.\:9.“ asS
E " )
From - [WODE 2 6 (o) — ()
5 () [RLo)] 3 S )

fﬂu\’clplj‘.ng and c\iv‘.dirﬁ €9 () with H (uN) w2 \cjel'

£ (uv) = { Ly HEMWEIS I ]G.(u.v)
)

H[UV) S (uwv) ]H(u.v)\z Sy o

-~ ) |Hl‘-"")]‘5r (U’v)
- _— | G(vv) — (3)
Hov)  § (vt S’?(UN)
{.- HH = [H| "]
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E(U.V) R O [T E X Gl i)
H{U;\l’) SF (\J,U)'H(U,v)'L4 SQ(U’U)

Gj lakina S‘.(UN) as oo berm wejek

E (U'V) - \ l HlulV)IL
[H(‘JN) IH(U.V)I: Sqlo) ] G (Uv) —r (W)

Sp ()

From @ (4)
N (uv) = (omplet (onyugate of H(uV)
H(uv) - '\)egm.d(r\ion {nckion
S (uiv) = Noise RowerSpectrom
SF.(U.V) - S:snal Power Spectrumii e, undejraded image.

power Spectrom.

E(UN) = estimated (o) festored output
T2 Sq(uv) -k , then €9 (4) betomes
Sp (uV) " ,:.
F(uv) - [——‘—-— X () - ] Giluv) —>(5)
Hov)  uuw] 4K

- H"! ko |H(U.v),

From eg [4) (@) (5),even P H{uN)zo (o) low, e TANO

JHeo)] K
doesn't become h:g\ as it did in inverse flltering.

Similax to inverse p‘.l&t’-ﬂ&, ik is not Pos.%’-b‘e o estimate Noige
pPowet SPechum i e9(4). 30, we vse Some amstant 'K’ shown in
€ (5) TR K=o, then EQC’5) betome 8

A (o) - Gi(vv)

~y Taverse & Hveﬁna
H{u,V)
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‘."ngﬂq\ to Noise tatio is given QS

snR = FE Jeuw)
u-p v=0
=\ - | B
m& £ ’N(u.v)‘
Jzo V=0

|F(UN)|2 : 53301:1‘ Pocwe{
| )’ = Noise Power
S;Bnu\ ~“o Noise YaYio s c\e?ine_d as votio oP Signal power’ro noiISe

power . j:nge,g with (ow noige +end Yo bove o h-,a\n SNR
(o1)

SNR = & &£ P(w)

Gieometric Mean Filter -

b+ - (=4 » _ag
F(uV) = [ H (uv) n* (L) i
p N [V - l

'H[U:V)l fH(U,vr} P[Sﬂ (viv) -'] 3 g

SF (U,v)

&, @ are pos&iva seal constants

TP o= then 89 (1) becomes as

o]

E(UN) : [ ‘-;:i:’:))r-]' [ H*(UN) Sq0) G(U:V)
: H{uwv) | -;p[ )]

Sp(unN

Fluw) = (w7
[H*(U,V)H(u,v) Gi(vv)
»
Fluny = GON) _ (2)

H(UN)
TP o=, then eg(1) belomeS aS & inverSe £lter
¢ o-0, then QQ(H he (eSS Ssa weiney Pilter shown inep(3)
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‘?(U:Vs - H‘(u,v)
> Sn(Uiv) G'(U'V) -——-r(-'o‘)
[ |+ ;dp(_dfv)
oe +wo -teymS 0)"}-_‘"

| o(-_-‘/g -l-hef\ Q_Q(l) be (eSS piDdUCl'

1—? p: ’
Same powel thals w\w:j 4o name Greomekric mean filters

CoﬁS\:tmﬁecI Least Souases F;l{enns;-

n  weines Pilter i€,

Bow) - [ et 1 gom
Alon)[Sp (L)

HOY) R4S
ta. o under_cjmde.d image and noise.

1Je con'l estimate powef speck
ood 1esults (o/p) Lox acin€l filter

ie %(UN) {akio LNe con achieve 9

S, (UN)
P J me ‘K' the plﬂce of Sa(vv)
1 we O.SSU SF (U;\J)

= Fluv)s [__'__ el }G(U,V)

Huv) R
MHowevey estimation of constank is not always a guitable solutiom

v Ta conskraired least guate sestofation P1oceas, we 1eguite infdrmation

L menn and voviance of noise anly; Whis is the advantage o

abov
am over weiner -P.ll—er-

constrained least sguase restovali

Pyom tonvolotion (e, lineax position Thvatient degfadalion model’

we Know 'U'\O.l: -
‘ 9= HP+'[J——7'U)
L E c\egmded inage.
H = degmda’h‘cn fonction

P- oﬁ_gma(. Tmoge
Q - NOiISE
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1)

L= * ) W C oW e -~
since “H' 15 vey gensitive to MNoise, We USe Second pider defivabve

r 3

. » p N 1
cesponse ‘o measvte this noise e, 7= F 43 gpevalof (o1)
ox* r)J"

laplacian OPQ‘O&D"
l M-\ N-l 1
Lz €. E. [Vlf(l.ﬂ)] l———‘c(z)

-

X=0 3:0

We have to find ¢’ (csitexia) \Dé vsing [nplacion oPebei §
we Shodld wainimize ‘¢’ Subjected to tonsbvaint -

o-wfll = ol —v

. T n i
- o “U“ =B Nz g Wy — Eucleac\mn Notm ﬂ:{m
K=l

“The Qfegventéj downain  Splotion (80 Tepresentation of ¢ is given as

ECUN) = H*(U,\l)
,J G(ov)

[ 3 (P

(' is a Constant
H(uwv) - de_gmdo.\iun Lonckion in Pveguencd domain
plu) = fregueny Jomain response of laplocian mask p(r.y4)

p(x4) = (o0 -t ©
o4 - = (o.p(ac&cm MaskK
o o ©

%) - Ot Toage ' Rguenty doran

Tn  onstvained (eask guove restoration process, we eskimede ‘] 2
we aelect Some Constant ~value ‘{'Q then we eshimate £ (uv) b-j |
UBINg averse —tourief tonstorm we get f(:,‘j) Arom the obtained

f(1y) we Clulate
8__ -Hf" P So {:hu* .\t ﬁhoold SO.*'\sl@ \'\"e QQUQ{'\OT\
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/ i
Ha-wéll =)l
i€, btﬂ ”"\r"l"'cj e monua“a we mleulpte Yne noise “’l“
=> 'f' con be eshmated interactively, unt [ desired results wn be
0\3‘_0.ned nteractive p(OtcLJ ncdudes the ‘G;U.oumj procedure.
oy Geleck €= 3~HF
Ynce § o o Rnction of o' :yf'\ will alse be 0. finckion
of '
=y ¥ will also be o 4Onckion of ‘¢’

L= PO =5 =8l
we have -load_,usk ‘Clontil it aakisifies ”?f” ||'l”*0

eguaﬂan , where ‘0’ {3 ocwfaw fackdt.
=y TThe -following Steps dexdibes how to seleck

Dteps :-
I- Select 0. valve for ‘("

2 Calawlote ¢l
3. 8top 1B (1617120 4o sakisified
otheswizce
90 to step 9 aPter mueq_gma

e etz )2l e
80 to 2tep 2 o ter deueas'-rﬁ I il ”f”:L 7"’2“1._“1

o s b 8 b et 1
xNewton - son alﬂonl-hm -

—% To use Hn.., olgorithen, we need |51l (121"

Since we know -(:3_ HE

Tn eregupnf;j domain we ap_l‘
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(U'V) P GT(U.\I) = I‘I{U‘,V) E(UJV) —y (|) @

TP we calculate inverse Rouvier transdim of eyl uej@! (

-\ -\

e “"”l'- é_‘_ L_ (x,9) Since (Wl = ww - gn__wn:h
L=0 Y=0

k=l
\r
Euc\ eadian Notm Pdfm

M,N axe fows and Coloumns of giwen '.moje_

Compote |17 by vsing (gptgc;un opevator

—r (onsider the vatiance of no;se_ ovey entite 'nmoﬁe =

| -
L \ M

Ca = — &E_ [1(1'3) rﬂ] "—rfz)
MN 10
) [o (z 2)"
M N-) -o
mﬂ .:I::E!:o 5:-_0 [Q(_l:‘.ﬂ)] ==2(%) p-m%je.nkns.

¥, Voluees
\ = mMa&n o l 3
Pyom () and (3), if we Gnsider e ean P

A mage we 39.\:

("‘Q :0) noiStj -
NG

MmN = mpn- L

M N x o .‘i o [Q(I"j) m,l]
- 25_ [209)]*

2 M-t Mat
MNoﬂ.: “.Q“ “w(“ :,?-:‘o ‘;__-_‘of (X,j)
5ol - Mee™ (W)

TP we (onsider meon of noise tooin ep(4) we geb

Nall - NN[o—‘+ mqj — (%)

Eguakion (5) tells uvs that we can implement optimum (st neg
leasl 32m1e5) a[gonH-\m b\'j hﬂvmj '<nowleclje of anl:j mean and

Jofiance of the noisé-
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..;P](f'

1:_\-(:._.53 Re enstruchon +1om fi[oJechcm.-

Aszume a object on a ol bockgxz,ur\cl as Shown in

Pig (0, pass a thin beam of £ 1agh 9 iom (ePL to nght

Object absoths Some of X-tay energy . by using detector skuip
(x-1ay absorblion detectdis) on the other sde of the object, the
etectdl d;elds absotghon protile as shown in ﬁa(fi) which is

a 1-D avtoiphon s:anal T we have mote bhnan tne object
hon we (an't detect

beam - The plocess ol
20 Siﬁnal 15 known

n -’('ne X-’(Clj Pn{-h ';.e,'.r\ 1-0 pTojec
them. So, we back picjed the X-vYou
back P‘?)ECH“ﬁ )(-'ia.a -0 Siﬂﬂa[ alro55
a Smearing (i-e dUpUCDJ‘"}j -0 Siﬂma( across 2-O avea) Shown
in 2.'3 (i) -
“The above described piocess 1S known ay 'back-th;ecHo-n'.
b (ontinue the projections ok diPferent arales and

e (onskrock the mage as Shown in —Qa (iv).
Apsorption Praile

o H--’ﬂ
== -
. F i e = Q~:
‘--*..1
’ =
—_— e d

O ED

o Y,
-
P -
:':}’

Cosectotstrp S P
iy, (%) M fa (i)

R

Y
SN

T

>
b -

2
(-
<

1_ ,e )
T -.le\r'
-
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Fieat Cenevation ('G‘l) CT Sconners - -

e — —

fisat - generation CT Scomners employ o ” Penc_‘..l " X-1ay
beaw and a single detedor as shown in +ig @) Fost a given
angle of votation , the detectol paist 18 tanslated ‘.ncrementa‘ll\s Q‘::ns
the linear distectonond projection 13 39719“1{'96 by measuvning TtThe
odput of detectol ot each increment of translakion - ARter tomplete
\\near translation, the detector S fotated & pSLoLeduie S 18(3&1!1(4
Yo Senertﬁe pfojec\:ions fot diPferent 0\‘6\&3 in ronge [o°. .35_] and
qenerate G:rnple.‘\ﬁ sel of Piojechom."_\_he. ‘\mctﬂe. hence i%aenerqfed
by back orgyection:

-'.3'.5 (a):

Tat Genziphon

C-l- 3"_30('9' >

Second - Generation (&Q)C'\' SConners ; -

N Secend generalion T scaanerg operale on the Same.
stindple as Gl Scannefs . Onla difRrence iS that the beam
n the ﬁhQ.Pe of a fan Tthis uses mulhple detectors -Hence.

number of translakions ate lesg than that of;
“he secnd generaton Scanner i3 as shown

iS

in 'Qr'a(b)_
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Thistd - Greneration (63) SConners : -

“Thid - Senerodion Scanners ate Qa ‘b'ugni‘u?imn': impTove.-

ment oves the eaxlier two 39“9’(&50“3- These acanners use

a bank of detectors Luna enouah (ordet of 1000 individual detectors)
4o tovel the entite Field of view of a wider beam . Fach intrement
in an&\E, pswoduces entire projeckion thug eliminate the need o
Lionslate detectdl paist as dove in 61l and 62 Scanners.

The inisid -genenlion S@aner 5 as shown in -P:S (c)

f*
d-.S(’f\.

— ~\ .
JERET SN aT-Toal-1 (s hakera

-
|

Cl Slanre(s
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. .
F_E‘f_*_h- Grenerakion (.E""') SCanQ(c ‘o O
Fousth- generation Stanners uses a Ci&fcuicmh%j of

detectors (osder of 5000 individual detectots) ond cm\d the soutce has

o <otate
ﬁdvantase, of 613 and G4 SConnerd 19 theis speed.

'D't‘?:od\toﬂ’mﬁes oe (o3t ond 8160.‘|€1 X-Toy scotrer that 1guines
\'\38\'\ doses than Gl § GL Yo achieve Gu-mpwtable S‘.ana\ to Noise

chatackeriahices:

f.‘a(di

1V v (;490-"\ 1kalenal

~ =
— T Scorrers

FiPth - Generation (6:5)CT Scanners: -

FiPly- Senemhm (69) sconmers ase also Known as
‘electron beam Coroputed ’lbmoﬂﬂkphﬂ (I:‘GCT)J scanneis: hese elimingle
all mechanital mgtion by Emp‘-ogiﬂg electton bearn Gntrolled electiom
ﬂehmué. Bokj glr‘.mné —brss’ren anddes ‘Pnc& encitcle the pa’h'@n‘c, thege
eams generate  X-fayb that ate then shaped into fFanbeam that
PAYLeS Hmouah ‘he pa’ﬁen{: and erites o 1'.n3 of detectors asin o

Snners:
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A\th:*—'{‘}h an wnage ™May Be oblained in less, than ome etena  there

e prtoCecures tha t veguite Several minutes whah i3 dragshacy

gum
.
% - <_
. |
! ﬁ - fo} 0 |g B Q
=] T\ /
1 5
|
‘ l 7/
-~ (e): Y Garctaton 7 Sopecars Z,

Sixth- Generation (ae) T SCanners-- e

—

Jn Sixlh -Senera’tion (6:8) S@nners, &3 @) 64 g,
ann er

iS Cone-'amed 05?03 sl-‘p 1ngs -that eliminate the need B¢ fecks
Bired Signel Cuhufg between the detechrs ang processing un;{-ef;},:a|

detectot paist thes  folates lentinuously {)'\'O'-B}\ 360" and the

pa¥ient s moved at constant Speed a[5n3 QUS petpendicyfyy 4
0

the scan-" the fesolt is a entinueous helico! data that

S 10(955&‘
to cblain individual slice iﬂ\:aes_ P
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enetdotgn T Ulonners
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— - \‘" p WM -
+ Rondon Tans-fitm - H €& apert 30
T \ ;.;?\(\ - Yol g.\"‘a‘?“* '
‘i
\‘_ )
¢ \ \\ (.). )
O | \ g™
Qe \ ) (&
L ) Q 7 \ \ 71.‘
-IQ“ ™
ox
) "X
R -
X Youy
Source

The pwyection of a po,mllel-mﬂ beam 8 a st of Gnes as
Shown ‘n above Q.‘au.ﬂe-

Distance from xaxis to gpecified pont i ‘Qj ’
a mb“hm-j pownt i Proje Chion 3\'3“1(- is given by Taysum
Ql"“ﬁ line.

X 0SQ, tY4%in0 = O

C;)\(\Q(e Ol‘( 3 '\'\'\e Q%‘e_ OQ |f\c(i“Cer Q{ QPO'IG{'

At puthiculan bime , the Gptured intensily S(G’jr@n)fsﬂiuen%

o o0
g(GJrGK) = ‘g C(l,‘j) S(X(DSGH‘I'SS'SQGK—G:)) dl dﬂ —y CI)
- o0

o0
R(Fom): §(2.0) - ?o S’o;:(m) §(@so+43in® - @) dxdy —r (2)
= oD

e B e ot
obu (oNSiafting Al - S —
l e 2 all yalue J _

> 04 {)‘Jrch [
sl

Thws cg () S the 199uimed Hand on {“(ansed(m [dt)(;ne
in%?_csml, Lansfoim -
. 8(9’8) hence (an bE1eP1mgn+9d oA R{ﬁ{z,u‘\)] (8 R{p},
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. Xn d\sc\e+e ases, eglz) beclome s

3(9-93 = Mé, E,'. f0y) S(! (050 + 42N0 -@)

x=0 Y=o

whete 1,4, @ and O axe disuete Vasiables -

Fousiest lice "Thedlem : -
Tthis defives —Purdamen‘al tesult Tebhna -0 fouties
Lansfim of projeckon and 20 Sourier transform of Yegion $rom

which projecion was obtained:
1-D fouses tronstitm of a projechon withsespeck fo © i3

o)
G (w,8) = J %L?,G)e'”ﬁwpde e

-aD
We have by Randen Lonsidm
o0 00
RI“"‘”} = 3(?'9): S S f0M) 8(1&1594-35;119-@):11(15 —y(2)
Ao

gubshtute Q9 (3) In eg (1)
—32nuw P

& =y Gi(w,6)= Tfo f.‘(z,tj)[ T‘S(l @056 +4Sin6-P)de

—op ¥ - ]e s
{1om €2 (3), e know %6

S(1)=1l abtx=0
J(I(nse+35m9-@) =l at
1 (056 +Y43ing-P=0

=y L0506 4ySing = @
Bﬂ subs}il-ul-‘mcj ‘@ value 82[5), we 3el~
Gt(UhG) = fo wp(zlg)e-;ﬂﬁw(lfose +45in0)

-a) —00 dl d3
- [ (rome 120 [ X650 4 3(wsin0]
— ol -ap ledj
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= F ()

U-wWCos0, V-wsSing

S 6 (wi8) = Fwiose, wsine) |

whewe Fluv) 9 Yhe. 2-0 Fouvief H&ﬂseo'fm of P(1:4)

ConcluSion:-

“The “ourier theotem thos states bhat the 10 fourier
Lansrdim af a. projection of qiven image is a slice of two
Q)Uﬁef Lrongpd(m oeg'wer\ \'ma_se,.

dimensional

Tﬁoﬂ%_ Re.ConS]:wCHO‘" bg l_J_‘3>_iﬂa _P_omllel be_g_m -p;Hei back ﬂt_)jed-ion:-
Q-0 inverse R usiest fransiFtm 1S given by

o O
; - -sz'lT(t.lHVj)
Fs) = | [ plonde’ dudv —r()
— ) -aD
Let Ua assume
U= w(oSe
V= w3Nngl

hian Cokrit form.

v dudv value ,we US€ Nato
pcm\-\‘a( devivahve ond it

1o ge
obain mabin we Con Calulate
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— 00
S W W - | eSE - wsing
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50
Hence 04 above wakriX
W Y = (0s6 -wSing ) " .
W 20 ging W@ | (WS 0+ wSin @
- W
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Fyom ~outier 3lice Lhedlem
G(wB) = F(w©ss wSino)
£ (1Y) - ‘r’ fg\(w,@) e};.-;(mcosMgms;no} ]wldw 16— ()
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211 o0 wSino)
m(Twsd +Y
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0 -ob
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R ) 5 F_'[&(uw) H(u,u)] —3 [5)
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Giuiv) = 6t (w,6)
H(owv) = |l
Which 18 o forap Qi&ﬂu[ and it has 'mQ:n;hz €S ponse
This is the d‘fa_wBQCH as oof imoﬁe. % a -emih one .
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0 ~o0
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¢ N - . .
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(V) W e
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Fuy)- S { 9(2.0) 5(x@50+14Sin6-0) de do — (1)
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Y
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— co

\
lek W' = WR3NA 5 W= w o
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Now +o -K-‘?nc\ {Cofu(d'ffi 'QJ) ~DSind Ved e
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(1) R, is o Connectea 5

@) R R = ¢ Fot al i 14
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Pe 3@,“ bluved ’.mages \-ae(m.Lse of ‘.mProper —Bcusir(\g mechanism:

(@_}_\’%PJ{DPET &d\}us,c.'men{ of len%es)
e Sek NoiIY '\mcérje,s, L Hhe electronic armpments of fl'\'\%(jiu-

S‘ds\-e,m ( En- (amnero) won't woik PTOPQ“J (df) dve to pat illumination

—This <ind of bluwed and noisy images ase. raodelled by intensity

fomp pxo?;le-
The. %{UPP_ of SLaMp 9
the eﬁge -




l' .l'- Qe

Tt axises when ob;e(\-s ate closex +o the sensof, when objects

ate closef,

bxj Yooy’ @_%je as Shown below
[
Ej.'— SQ'}‘Q\L]*Q ‘imoéaes, Whgfe kh“n "Pm*ufes SU(_}\ as deS o be

modelled ba his ’laf:e of ed(je'

¥ ,_z..,.~ ‘Oopeoge

Jc‘hexé appeaf b‘ri&\"\’é’f- This Kiad of edées are modelled

3.
—P:j[b) Yoof edge p.ﬂo?‘.[e

ggxqg “Deteckion:-
O i
'De{'eck‘mg cho.naes i ierlensities ~for the putpose o Findi %
@_Ajes con be dome bcj USir:j ‘ﬁ’ats-l oa(c’ex ond Se@lnd ostd es¢ clerivah‘ved_
" The. 3\;\«9,8\4\ of an e(éje_ and s clsation discec lion a{_r loation (1,4)

of a image £ 15 caleulated (1) foond ovt f:&‘j US](Qj 8~fadi@n{ (v$)

Vf = grad (P) = [%] _ [
Iy 7 ()

NO&M%U(:\& of’ ymdien{ = maﬁ (wf) - W ()
Giadient Vectoy po‘\nl:S in o c\‘.mec\'irm,whe,e_ there i3 matimom

fade of change of ‘fal lowtion (x,Y)
—t"\he <:\;3@ch of gsccdienjc S gvenas

ol (1,4)= 'ran”“ [ gﬁ,-ﬂa) mMeaiyed cithvespect to

A-0LiS:

O




F\d\iorwf(’d _l(-"(hn‘.(iu(-:s }
f‘ﬂGHr\or:JS bo_%gcl an S}mple ﬂ“-(‘rfr‘sﬁ r.‘-:?i‘"""CIﬁt

(ot one  (61) mofe MasKS bot not Conﬁaderiﬂﬁ eééjechmaderc«'a\{c_s
clSe_

“These adwnced 4echnigues :m(ﬂoved e

- dg(:j. Detecton:-

Pme \ﬂoo S

ond noise Content:
detechon b& Cansyder;ns Yhe above factors.
Max( - Hildreth Edccje. Oetector: ( Algdlithm)
.A(uﬁc\‘ma o Yhis detectd(, on operatdl vsed) f-’d'f &%e—
deleckion should have two ~Featuses
- Tt Ahould be @ diPferential operm‘df capob\e OPCU'rﬂpu}.inﬁ
analey & d Fisst (oV) e ond devivative at ovety Po‘.n’c in imoge

. Tt srovuld be Capable of tuned ‘o act apony Aale Ao H’\Pb
e opexafors (an detect blus(éﬂ e:ﬂ(fjes ond small opefa’rdfs detect

’:.\«an{?la Socused Lre detail:
Thos ocadiding o e, the. opeatd that fulfilling Hhis
condibions 15 ilder 7761, wheste
" i» Yhe Laplacion OPero:‘rdL( (b%lg_- 4+ a‘%)SLJ :
LoncHon 8iuen as

(o is the 20 GowsSian

6‘](1,\5) . é_fﬁ%p—m |

T gtandard deviabion : ®

cohese
T 6t i gqwen @ |
e = Fe(ny) | y6(14)

d1+ oy
=3 [ 260M)], 3 |26
N[ 3L [ IY| oY
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Latred—an !rlf’-?("“-"ﬁn ot Bt e ia

(Lo61)

i >y {\ HESE\GTY

Qecause 0% Ye Shape (iMustrated in be(ow‘ﬁausie) Mois Sl

fonckion sernetimes S called the Metitan hat oPerqH(-

7 G

Zeosol10557g

M T
— Qi le—
il ) | (b) .
("')' v Q (1055 sechon o% (0 5}"’“‘"'“3
BDP\OI of GQSG!“"’Q . . . . ,Z_:;w(:foss'-ﬂgé
_LoG! | C
0. O | 0| o
01-1 | -2/)-I
-1 [-9ll6|-2 ) -
Ol 2] 4|6
olo|l-|o |o
)

Hrb mk-d.pp&mﬁm‘\{mﬁ .'e.\nz;pe-.'n (a)
s ‘1\30‘-‘“‘.‘“ Consiﬁsl-s of CDWO\VihB‘LOGI ‘Ps”"&l’ Qi}‘han
O 'mpo\‘ inoge fo.4) ' i
q(x4) = [ G0 * £0) ]

ond ‘then _,Q‘“d"}‘ﬁ oJero ctoﬁsings ‘o detexmine loation of ed&as
(o £009) This indiade that we Gan Smoothe image g +

cith Goussian Filter and then Compute “QP(OGan of stesult 7119{1
both 8‘1\.!@. vdeahicol results. .

ConcuSion -
\* Svnooth - wRae. cwiHn goussion Gi(14)~ o
3 Galalote LQ\PLOKO‘O\‘I‘\‘ of Gaussian

loGt = W 6

_rvy/9c %

11




s ), P - o
D, ( gH %11‘11‘1’\ MOoSi P’iO(@;._)_Cnﬂr\ ie (envoluhon o{j loGt ond Mo
. )\‘-} H

(3[1.3) = <461 % £Y)
4. Find  Zevo (105Singd o¥ imoge rom slep 3.

C_?intj E_dae, Detec st ﬂg@r

Steps:

I Smooth the given image cwith gowssian £onc H‘m
noise . @ampoha the Saiodlenl: vahw.)

Q. Compote the g-radien't- mogﬁ&ude .

2 “thin 331(1&'.9“"_ - 31] ) [3%1] \3; 05
39 J | ey .
180" o° o

""0 emove

_y Mag nitode of 3md;en)c - W

_7_7\,8]9_ o (%)= ’Fan“‘(g"/ﬁz)
Oy Nowwing aQ, & %y -

Vastied - Comsidext ~bosc
0" 45, 9% 129 ¥ o9

it o o A 45’
; © 45  make !
TP onqle 1S bvetween 35 to 25 qnd 500

d ke it
TP Cmﬂle. 1o between |qo -to Q0 Mo

d o
educe mMinimum™ Stegponse. an
""'\‘his 18 done -to. 9t

fun TeSPON3E ‘hot psmducee, Lhaek lines. O

ncease mMal
Masimum SuppTession:

Jhile  using Sokel f\\fﬁr,-lhe edﬁgg 1k feeda
con be gethet Ve Yaick (o) very mnoyow depending
0.L10S5 the eéﬂe and how much imoges
.One  would lixe to have ed‘gﬁs
P'del wide. The 'noﬂhmalfmq—[ -
'“'\DSQ. P?xeis on an edgea

2. WNon-~

.on  intensi
e blusised oot
thot one rm\tj one.
Sup pression’ atep lceeps oﬂlcj
with highest %S{Qdmn\t mo.gﬂ'uhjc\e Thege mariwal

(\} ,

12




nitudea _Shendld s deiast. w T T b e -
u o J ;
(.'JE}“-JJ l \\‘I\{ ‘\Q‘Bﬂ‘l{uae P 'l-'\OUJ(A ( O—l G l—h d.gl«_o\r\(«e -Ltom pdq(]

So thee pitel in 3x3 agond eirel (29 ore examined .

' Tc © [1,3) 0, {hen Pllels (T'{i,"‘))‘(l,“ﬁ) Oﬂd LT“IJS) O-‘e*.

etommed

v @(1%) Qo Lhen pitels (1,y-4), (l,s)ond(m Y~) are

eramined- ‘

- TR (1Y) = 15°, then ,Puels[nl,‘j-u),(-h‘j) ond (L-,Y4-) are
etomined:

* TP o\(19)= 1355 tren pixels (141,4-1), (1.4) and (1-! ‘:\+l)ofe
etamined.

T pntel['&‘j) hoo h‘shesE Salo.duenk mosm’coée of theee
pu&e\ examined, Wb s kepl,- as an edge - TP one of the' othest
—two p.ie\S has oo \‘\15\\@51* STOLdIQﬂE majmbde then pixel (%4)

i nok on tCoiner! of edge and Shoold nat be Gmsclqssifed

‘as an edge piel.

L| “‘_\69,(:99'05\5 ‘_"\S(QShOldlr\a —

Some. of the éﬂges dejrechgd b(-.j gtepd 1-3 il not
ac\.-ua\\b Yoe V‘lld , bot will jusk be noise. This noise as*h: be.

‘ LC\tered out- El\m\ﬂ&hnﬂ Ptxe\s eohose.’ gsﬁdlen{: rﬂoﬂﬂll‘udﬂ D {alls

“\nolow some. breeahod 1emoves the worsk o2 bhis p"oblem BuE
ntsoduces o new patoblem.
A S\‘F\Ple- JC\'\TES\'\O‘d m Qcmuﬂ Hemovue '\JQL(JPOH& o? Q.

Conr\e(.\-ed \mo:SQ. edge leauma a d.lSCoﬂﬂeL{-@d _Pma[ nge_

11““036 Pﬂ“s’ h"*PP"—"‘S M steqion M\’\Q&te H\e pdaes gmdseﬂh
mo.gf\\\cuf\re- Ploctuakions between ugl: ahove and _)Uﬁi

below the -thseshold Hag&ms\ﬁ s one way of Bolving
Yhis PMO\D\Q“"\' Tnstead o (‘_hOOSiﬁa o S‘ma\e dhyeshold  two

j(\'\iQS\f\o\dS )ch.‘s\h and {lou ave ysed.
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Pixels - wiltn %&19q|: tﬁocyn‘.h)de B fL W Q1€ digcar dad

im’medio&e\ﬂ Howevest picels with 4 L D~ L are omly
kep\: if aa *:\\e;j —?oatm a Conbnuousé_d(a e line mnk\\ pixels
with \mg\\esk Ssmo\aent magg\‘hlde' |

S Thig 38 Qc\‘uq\j tricky poxt to Tmplerdent ona.
GPU- to do 3k Com\:,\e{-eln cog(mec_\;ltj i c\?ﬁmlh “However,

Lot Yhis assignment we  @n implement - a. qu(‘na(gj Coweck
NesSion:

TP pnte\ (x:4) has g&Qéieﬂ\T mhgn&ud& less H\Qn )V-lom
A\SCQAA QASQ. me‘ce ou‘c black) . : : O

l.ff' P;xe\ L’i E_’Q \'\QS S-SKQ&\QYT{'. maﬁmbde_ Ssggg&e_;{, {\\qq
.{h‘sh keg_P Yhe Qc\j& [w:n-’ce out coh&:Q)

TR pme\ hos' 'gsmdxeﬂ‘t moﬂﬁ&u&ﬁ bhelween \:
-‘c.h o and oy of its “e‘g\r\\aooms n a dx3 megwn onund
it hove Sﬁad‘en\: mq?)ﬂa‘cude gate.o?cex Hoon {hi  Keep
edge. (watte oot enite) '
TR ncm@_ 043 P\xel (14)'% ﬂQ_l.‘SthUJ'(s \”\O.\!e. H.Sh S‘l’o_é‘er
| mggn\’wde. \30\: atleast one fals between Yo cma 'kh. O
2each T x5 egion to see anj o{r) Jc’r\e‘;‘ae Pxe\s ‘no.ve o
mognitude opeates Ynan * gh " TF 90 leep the @djﬁ
(wxke ouvt winite) - o
. Blne - dis@id the- ecige. [weete ook Black).
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QOSMenKs

nere n’\rl@ be \ e di%fof\lifludlfog

] \ -
the aer_\j@'--, of imuges duve o lacik of VMinatioy . Hence
@_C\a@_ l'\r'\king process Hells how o link two edcje.s that ave

C
dismt]ﬁ\)@d Cl‘ﬂc\ "‘(11’\\.]5 ij}:S bOL)n_c;Q'{ ](%fmd{im.

Tlwo approaches ¢ edge Llﬂkira axe -
- Z.OCQL PJcheSSinS.
* Gilobal PJLDI_ESS'W}q

Oceyy ,r\,_rj N
?.3(0 P@SH il

local Pso cessma

In This sOmalyses, e chodckesistics of

Pixels N A §g)l
ﬂ@.ig\'\\oou-‘){\‘mod abouvt ewvey

Y point (1.4) ta Lhat is declored as
On edge point: Al points thok ore Similar accosdin To predefined

cutexio. oge _')oine_e\ ,-%a{r'ﬂ an Qdae o¥ pilels 'Hﬁ&’c Ahote Common
Petobesties .

“The pswpesdies used —to Rad Rim:;
ot this kind of anala,sis oe
- %]:B{QnaH'\ (m&snihjde)'

—r Qdisechion

(mu'a bekseen od e pixels

(angle) of g%adient veckos .

An QASQ PileL cwith coostdwnale, (s. k)

N Sxy 1S Similos o the
i el o )
M%ﬂ\b&e ‘o pite (1,3) l_l_'__’
| m(sty =M@ 26 7

E i3 ~the positive threshold -
An Qoﬂ.ﬁe Pixe»(, has an an\ch\e Aimiloo to pixel at(iy) ;.]3
| oL(s. )= (1.0)) £ A
A is positive angle theshold-
o J is i to pixel at (19
A ?‘\xe.l toith  Coosdinadres, Cg,:t) N Sxy is linked P _

TR mo.aﬂ"bc}e and disection crideric. axe atisifed TThis plocess
1 Do ‘
IS tepeated ot eve ty locoion N 'moge -
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\ {i %l_n(d'nlm P'foca.g.s'm? '

The  vumbex~ O{-‘ livne.s W l:)a."la.ma,{;e_;g SI;CLCQ, (mboc)

ﬁ'\VQ.S q‘“ P‘Jiﬂl:s g_') w X—Qd F[a_m_ EU Mlp‘jmﬂ

the  colliveay Poimt_s W Yawetax sPa.ch, we <an
Covrpc t ama two Pomts C i-e:, ko a_d_?a. Po:‘.vits) W

X'a coo Ldinate. _Slﬁ‘slze_w;

= But—fxom

Houcﬂh TmnSFoQ,M

= cmstchm( a })oml: v cStn{:ra_l alowr:uw !&q ({:"1) ‘O
Slo};a,— Qn{:a_xaz,#-l: -Fozsm of a lwe Pa&sv;?“‘

l:hmwah () e ea'&vm as Ly

t3 myte — © ,5houamn é? i vy
. . . 'j‘_"’*ﬁc_
Fox example. (). ) L _ , | \”_

Blg éub&{:\bu.{ima ('l;'g') =N n a_grn ~@D. . 1oL ﬂ&‘: eg;_n._

l=Wmte — &

O

We ﬁa,k diffoxent l'me-,c, ;‘a."f (0 .uw&)

which satisfies egn-©

i "
.
"

g we consides FaxaMeb@Y space
e, (mbe) coogdeate cs?sl:uw ‘we ?u:

mua.emtm& o s o N 'f“ 4
beey € ozowaxty —& .. \

w ) age

T ‘o Lines which we obtained
nethnn but ‘&' Pa‘m{‘s on  ene lwna Cawm

hd c)gbvr -@
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| _ “_ P

m&c  Coogdinate  Syctem’ s called l(«:}u?% tyans {foym
> The numbex of lwes 0 pavamebes space (mbc) qives
all Pom{:s O ) %) X~y Flcme- B?f idwt;ﬁdm? '
collineas fwinl:s ) pazamaetaey sPaca, We can
Connect ol two Fofﬂts (e b%kanadaa.faaints) ) '-Lcd‘
cCooedivatae &U:s!:a,m-

T Bk flom eqn-® Y dope @2 0° tn slope
Mf-&ﬁm@:mqoﬂ - - |
‘ dt weans we cant find te Veatical lines B’a.‘;fbenseg

i ﬁm wse ef,}_n—(:l% So, wae C;ﬁlm £(ei>a.*3nlz¢,ce%€
twy N ay c<ceoldinate
@) = ’S?S ¥

0
] ‘c—“]

LCosO + rdalme =¢ —@

BH wsivu«a egn -® we con find  both .
hoxizontal and Vestical lines Yesponses. |fo

—= X
- Since. oux ‘tma_ﬁe_ & a finibe @b{amtif:a . S8, wa
divide the wmdc  coedinate sysbem  inko finite
numbey  of calls  known os  accumulator cell:
Geniny
> AG,)) fepacsents  accumulatoy M", T

cel ot i wo and J{:L’Co[u.mm-

— gnitially sk AC)) ey Qccumdatyy fvay
cell to 2zeyo ey (AC},j):O]- 4f we take diffegent
allewable values -f:&'{ & ey ‘Ffem Swin, 0 Oway

('Qo'bacla") and We Lkeosw ene @dﬁa, f;mimE (kakdlf_')-
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th .Su.bst‘tmtiwﬂ e & “v"dk)
the wnommal distance

\
L

eqn — & we a2
P 0
ey ¢

xy_Cﬂ_Se + Hkéimﬁ' = F

- When we aat ' fox  dhe C‘”“““’f’@”d“"’ﬂ ‘o' value
nexement  the accumulatos, Value bﬂ ene’

L]

o 'on .0

‘II'L'; AC;;J‘) = Ac'iu.)‘{‘l

9 . 30° @,
[
2 0)
£ et us considex  fox o= 5T
we p= 9. " . . -
T -l &
Initially Atz is sat to zexo  fr

Als,10°) = AC160) t]

—

O +|
~

a0’ 20" 3 S5
{
9 AGY =™ & wmeans accumuator oy
colle containe ‘W' colliveas  polubs
fors Co“d'zfe.sPand‘m? ‘o' value- 3 . |O
Frrax

Jot ¢ derople e ijéj Jo (onrect

Fhice poirkk  Jn O-Cj-'dm 9"? Then,

e (jc,l
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!\L_flelllj.
e Po\ﬂ\ \’Dew\oﬁc | ohich the SNesponse jt y obtained e colled

“theeshold. Ltque Jc'mes\mld.nj e the Tajol piocess n oPPlnCa{w‘ons
o¥ image %ea**}el‘\‘tu‘?ior\ because of its powpesiies, casy toimplent and
Computatiomal  gpeed -
“The bosics of ir&ens%j -Ehfes\wohii:_na:

Conaidest —the -.n-\-ans\l:é of histo gram of an imokae__
£(1,9) composed of l’\&\\’c objects on dank bo.ckﬂ:muné- The

Object ond backgstoond pirels m-l-ens.lb values are. gstouped inty
“wo dorinant modes.
_Fo:_x_ et-’cmchng _D‘.:’-SQFLS. 'Bfom ba(kﬂ%und, Aeleck thye shold

O Value “that ‘aépafa‘\‘es Pﬂ&%e_ modes-ﬂér'l- poinl-' (i,‘j) in ‘.m%e

ot whidh £(14) >T is called ‘an objecb point otheswise the

chmﬁswunc:l oint - . - {

Seﬂmeﬂ'{‘&d \T"\Qje 3(3(:':3) 13 %l\f@ﬂ b'j
S o) s T aR R
" (o Y PyyT

'T ) ‘\*\e selecled “yeshold .
"'kus bhe Pmcess of d.u.clma m&S@- wfo SUb'maﬁes one

cith  steaion "Q ‘”{'E-’{P—Sl‘ and othes ‘undesised i3 called as.
O Gnlobal”jmeshol g
“The \Jol.ue. off T ¥ changes ovest an -imoge,‘i{-' By
Vasiable (o) Local (1) Rgaionq[ —ﬂ“ESHOl‘d".na T i3, Fhe value

of ‘v dePenols oN patope:d‘hes of nea\\bouﬂ.hood e averacja uﬂl'ens‘-&j
of Pmels in ne-(\nboumhood 5

¢

Mu\\nP\e khfes\wmdm% Considess rdle than one Ynreshold
\IQLLLQ —Qj{_ ,rf\CLje, mh‘(_h éu\hd@.g it lf'l'hj no- O'\PSUID.ma
“the gQ%me{\‘er \moa@. S ﬂven bn a
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::S( g r"j-) — a LN M) 7 Ty
l b if T4 F(s)eT;
c. P Flry) £7,

o (,j\r\me_ a, h, C afe Yhree digtinct iﬂlﬂ?.ﬂ%'rl:j Valu&":"-'

N
A 4

.

;HINHWHH. .lllnl‘h. ; | |Il{\

Ihr:{_._nll“hh}-ll”hl y - .
LT |
. o B (B :
Iﬂlcen‘sﬂ:lzf \'\f\Sbg‘m“."a 'UHOJ: ' Com e P(x(hl—?oﬂecl o

_
|

O

@ by Sina\el hreshold
) \0‘5 dual Hheeshold

Rasic Gilohal F‘\‘\i&%hoidi'rﬁ b
When 1“\'955i{jj disfribubion
ishnet, e use S?n(gle_[g[ob

of Dbjects and bacground

al) Yhveshold ovesc

able c_zlaogd}mn is Capable {-o‘e_zg’c'ima%e_
-\moﬂe The 'R)((ow'nra ;tefqhve

pixels ase d

entise  image: A aait
the Unveshold value A8l eacn |
e o be used —dt this puxpose’

es Bmo.'\'e —Fo'i Une, g.nbat._ J&\fesho]cl ;TZ
. This a.)'ll(l pfocluce_ Lwo qoups

uléoaﬁ
l. Qelect an ol
8 Segmeﬂ)c Lne gl osilr&a““l"
of pixels (sob im_Q3gs§ B . “
G, withn p‘sx.eL hﬂens',\-:j velias 5T

valies "£T
E:-J"\Jal,ues ™, and M,

i

Gia, o En pixeL 'sn%‘ens"'l-ﬂ
3- ComPJL‘E | Jt\’_\e. ome?fc'xge Lmeon\ '1r}{-enS'|
%ﬂ, .p‘me\% [lal G\. onad 61)_,
) Compqle newy "l(\ﬂf(':‘*%\'\o\d value :

T = rﬂea(\_gr @ﬁﬂgnoe_ﬁz": M, +My
i LA > — -
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R IR R B -

siepeat the poocess o sep@) to Atep(4)
whee AT ia Yhe paedebined value
~largest AT, Yewese thevokions will be pestdftred -

=1 Tratiol  theeshold should be selected | bp_hueer\ MR
" Maieom \n’hans&td leve,L N "““3@‘ F]we. avevage.

\!’T’(E\’\S\{';j 19 aaod \tm{-.a[_ choice fot T
OP-\-\mum GLObO.‘ r—“'\'(eshobclu'ﬂa UErm'j OSiuS Meuﬁocl -
This me_jp\nocl TNoximises ‘e be,{-meen ~closs vaviance,

let P(1%) be he inage of Sige MXN pixels and
N; be the numbey of- pixels with un’rensa'l:]s

“The —lotal numbef of Puxeis in ""\an_as MN and is given

MN-» +-ﬂ+ﬂ +--__..+n ;
let Jou2- - Lot} e the L: &-A’hr\c% lﬂ-\{ﬂ‘.’.‘:‘ll'a levels in ad(-jnbz(
‘\mae, .
A—\SO&“H"M . — ' s -
- Caleulate ﬂDéHmoLllSed h.zﬁogam mﬂc\\ hasg Gsmpornenks
7 Ren /MN "P?fom which it Rllows

&P :l P|'7O

1 =0

& %Q_\ec’ém -Bmeshol'd TO)= 0 , 02ZKZL LT
2. An a vesot of atep @, two subimages clasct () ond
clossg (() axe oblniﬂﬁd :
C, with ‘hensity values of anae (6,4¢]
Cy  with '.n’rensﬂtj values of ﬂmﬁé [k-rll, L-J
The. Pswba\:)l l‘Ej of (1055 Ciis gqiven as
o) = £ B '

= O

21




Vhe P"O'bob ﬂJ DP— class Co CJC(.LJ.‘)(:“'\& 'S

P(k)~ 2 po=1- Rk |
o je R4y ¥ : .

/—\Caﬁfi‘“(fj '+@ Bo.éjea, “‘neo’fem

"p(A] e) = P(@/A) o(A)

The mean intensily volue. of-pixels in €

() = 'g;;rﬂ(a)-c. L L
e = RN el [pLeo)

ml(K)- = e é_\ P . e L)
: . § P(k) iz 0 | |

e — Pmba\ox\ula 09 ith \Jolue '
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CHAPTER-4 Color Image Processing

UNIT-4
Color Image Processing

Introduction

The use of color in image processing is motivated by two principal factors. They are
Color is a powerful descriptor that often simplifies object identification and extraction from a
scene. Humans can discern thousands of color shades and intensities, compared to about only
two dozen shades of gray. Color in image processing is divided into two major areas,
Full-color processing: Images acquired with a full-color sensor, such as color TV camera or
Color scanner.
Pseudo-color processing: Assigning a color to a particular monochrome intensity or range of

Intensities.

4.1. Color Fundamentals
Color of an object is determined by the nature of the light reflected from it. In 1666,

Sir Isaac Newton discovered that when a beam of sunlight passes through a glass prism, the
emerging beam of light is not white but consists instead of a continuous spectrum of colors
ranging from violet at one end to red at the other. As the following Fig. shows that the color

spectrum may be divided into six broad regions: violet, blue, green, yellow, orange, and red.

OPTICAL PRISM

Fig. Color spectrum seen by passing white light through a prism

GANMA MICRO

- LJO]H' . 100 1t

o ULTRLVIOLE' VISIBLE SPECTQUM o INFRAR‘D Dy

400 500 tooo

WAVELENGTH (Nanometers)

Fig. Wavelengths comprising the visible range of the electromagnetic spectrum
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Visible light is composed of a relatively narrow band of frequencies in the
electromagnetic spectrum. A body that reflects light that is balanced in all visible
wavelengths appears white to the observer. However, a body that favors reflectance in a
limited range of the visible spectrum exhibits some shades of color. For example, green
objects reflect light with wavelengths primarily in the 500 to 570 nm range while absorbing
most of the energy at other wavelengths. Characterization of light is central to the science of
color. If the light is achromatic (void of color), its only attribute is its intensity, or amount.
Achromatic light is what viewers see on a black and white television set.

Chromatic light spans the electromagnetic spectrum approximately from 400 to
700nm. Three basic quantities are used to describe the quality of a chromatic light source:
radiance, luminance, and brightness.

Radiance: Radiance is the total amount of energy that flows from the light source, and it is
usually measured in watts (W).

Luminance: Luminance, measured in lumens (Im), gives a measure of the amount of energy
an observer perceives from a light source.

Brightness: Brightness is a subjective descriptor that is practically impossible to measure.

445 nm 535 nm 575 nm
=
5 Blue Red
>
z
g
8
=
o
’E{:‘
<
| | | | | |
400 450 500 550 600 650 700 nm
o o u = = = B o 2 o
£ £ 238 8 3 g g g &
= Eh G Eh o £ =
2 Z s 9 2 e S
= = = v =
Z =} = g ;
5 5 m Z 5
/m A = E
b o

Fig. Absorption of light by the red, green and blue cones in the human eye as a function

of wavelength

Cones are the sensors in the eye responsible for color vision. Detailed experimental
evidence has established that the 6 to 7 million cones in the human eye can be divided into

three principal sensing categories, corresponding roughly to red, green, and blue.
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Approximately 65% of all cones are sensitive to red light, 33% are sensitive to green
light, and only about 2% are sensitive to blue (but the blue cones are the most sensitive). The
above figure shows average experimental curves detailing the absorption of light by the red,
green, and blue cones in the eye. Due to these absorption characteristics of the human eye,
colors are seen as variable combinations of the so- called primary colors red (R), green (G),
and blue (B).

The primary colors can be added to produce the secondary colors of light --magenta
(red plus blue), cyan (green plus blue), and yellow (red plus green). Mixing the three
primaries or a secondary with its opposite primary color, in the right intensities produces

white light.

Yellow Red

[ELENTE]

Cyan Magenta Green Blue

Additive (light) Subtractive {paint)

Additive and subtractive color combinations

Fig. Primary and Secondary Colors of light and pigments

The characteristics generally used to distinguish one color from another are
brightness, hue, and saturation. Brightness embodies the chromatic notion of intensity. Hue is
an attribute associated with the dominant wavelength in a mixture of light waves. Hue
represents dominant color as perceived by an observer. Saturation refers to the relative purity
or the amount of white light mixed with a hue. The pure spectrum colors are fully saturated.
Colors such as pink (red and white) and lavender (violet and white) are less saturated, with
the degree of saturation being inversely proportional to the amount of white light-added. Hue
and saturation taken together are called chromaticity, and. therefore, a color may be
characterized by its brightness and chromaticity. The amounts of red, green and blue needed
to form any particular color are called the tristimulus values and are denoted by red (X),
green (YY) and blue (Z) needed to form a particular color. A color can be specified by its

trichromatic coefficients and defined as
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. X

TS X+v+2

y= Y z+y+z=1
X+Y+2

B Z

TX+Y+Z

4.2. Color Models

The purpose of a color model (also called color space or color system) is to facilitate
the specification of colors in some standard, generally accepted way. In essence, a color
model is a specification of a coordinate system and a subspace within that system where each
color is represented by a single point.

Most color models used are oriented either toward hardware or toward applications
where color manipulation is goal. The most commonly used hardware-oriented models are
RGB (Red, Green, Blue) for color monitors and video cameras, CMY (Cyan, Magenta,
Yellow) and CMYK (CMY + Black) for color printing and HSI (Hue, Saturation, Intensity)

which corresponds closely with the way humans describe and interpret color.

4.2.1. The RGB Color Model:

In the RGB model, each color appears in its primary spectral components of red,
green, and blue. This model is based on a Cartesian coordinate system. The color subspace of
interest is the cube shown in the following figure. In which RGB values are at three corners;
cyan, magenta, and yellow are at three other corners; black is at the origin; and white is at the
corner farthest from the origin. In this model, the gray scale (points of equal RGB values)
extends from black to white along the line joining these two points. The different colors in
this model arc points on or inside the cube, and are defined by vectors extending from the
origin. For convenience, the assumption is that all color values have been normalized so that
the cube shown in the figure is the unit cube. That is, all values of R, G. and B are assumed

to be in the range [0, 1].
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=

Magenta

.| White

ray scale (0,1,0)

Green

(L0 L7
Red Yellow

R

Fig. Schematic of the RGB color cube

Images represented in the RGB color model consist of three component images, one
for each primary color. When fed into an RGB monitor, these three images combine on the

phosphor screen to produce a composite color image.

. 1

Green

Color
:> monitor

Fig. Generating the RGB image of the cross Sectional color plane

The number of bits used to represent each pixel in RGB space is called the pixel
depth. Consider an RGB image in which each of the red, green, and blue images is an 8-bit
image. Under these conditions each RGB color pixel [that is, a triplet of values (R, G, B)] is
said to have a depth of 24 bits C image planes times the number of bits per plane). The term
full-color image is used often to denote a 24-bit RGB color image. The total number of
colors in a 24-bit RGB image is (28)° = 16,777,216.



CHAPTER-4 Color Image Processing

4.2.2. The CMY and CMYK Color models

Cyan, magenta, and yellow are the secondary colors of light or, alternatively, the
primary colors of pigments. For example, when a surface coated with cyan pigment is
illuminated with white light, no red light is reflected from the surface. That is, cyan subtracts
red light from reflected white light, which itself is composed of equal amounts of red, green,
and blue light. Most devices that deposit colored pigments on paper, such as color printers
and copiers, require CMY data input or perform an RGB to CMY conversion internally. This

conversion is performed using

C 1 R
M|=]1}|-1G
4 1 B

Where, again, the assumption is that all color values have been normalized to the
range [0, 1]. The above equation demonstrates that light reflected from a surface coated with
pure cyan does not contain red (that is, C =1 — R in the equation). Similarly, pure magenta
does not reflect green, and pure yellow does not reflect blue. So, the RGB values can be
obtained easily from a set of CMY values by subtracting the individual CMY values from 1.
Equal amounts of the pigment primaries, cyan, magenta, and yellow should produce black. In
practice, combining these colors for printing produces a muddy-looking black. So, in order to
produce true black, a fourth color, black is added, giving rise to the CMYK color model.

4.2.3. HSI color model

When humans view a color object, we describe it by its hue, saturation, and
brightness. Hue is a color attribute that describes a pure color (pure yellow, orange, or red),
whereas saturation gives a measure of the degree to which a pure color is diluted by white
light. Brightness is a subjective descriptor that is practically impossible to measure. It
embodies the achromatic notion of intensity and is one of the key factors in describing color
sensation.

Intensity (gray level) is a most useful descriptor of monochromatic images. This
quantity definitely is measurable and easily interpretable. The HSI (hue, saturation, intensity)
color model, decouples the intensity component from the color-carrying information (hue and
Saturation) in a color image. As a result, the HSI model is an ideal tool for developing image

processing algorithms based on color descriptions that are natural and intuitive to humans.
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In the following figure the primary colors are separated by 120° and the secondary
colors are 60° from the primaries, which means that the angle between secondaries is also
120°.

White White

Cyan Yellow Cyan Yellow

Blue Red Blue Red

Black

Fig. The relation between RGB and HSI color model

The hue of the point is determined by an angle from some reference point. Usually
(but not always) an angle of 0° from the red axis designates 0 hue, and the hue increases
counter clockwise from there. The saturation (distance from the vertical axis) is the length of
the vector from the origin to the point. The origin is defined by the intersection of the color
plane with the vertical intensity axis. The important components of the HSI color space are
the vertical intensity axis, the length of the vector to a color point, and the angle this vector

makes with the red axis.
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Fig. Hue and saturation in the HSI color model
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4.2.4. Conversion from RGB color model to HSI color model

Given an image in RGB color format, the H component of each RGB pixel is
obtained using the equation,

G if B<G
~1360-06 if B>G
| _
-[R-G)+(R-B)] l
6 =cos™ — -
BR—GT+«R—BXG—BJ‘J
Falee " binid B 35)

(R+G+B)

]=%(R+G+B)
J

It is assumed that the RGB values have been normalized to the range [0, 1] and that
angle 0 is measured with respect to the red axis of the HST space. The Sl values are in [0,1]
and the H value can be divided by 3600 to be in the same range.
4.2.5. Conversion from HSI color model to RGB color model

Given values of HSI in the interval [0,1 ], one can find the corresponding RGB values
in the same range. The applicable equations depend on the values of H. There are three
sectors of interest, corresponding to the 120° intervals in the separation of primaries.
RG sector (0° < H <120°):

When H is in this sector, the RGB components are given by the equations

B=1I(1-28)

Scos H
cos(60° — H)

sz[l—l—

G =3I—(R+ B)

GB sector (120° < H < 240°):
If the given value of H is in this sector, first subtract 120° from it.
H=H-120°
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Then the RGB components are

H=H-120°

R=1I(1-S5)

a7 b4 Scos H

B=3I-(R+G)
BR sector (240° < H < 360°):
If H is in this range, subtract 240° from it
H=H -240°

Then the RGB components are

G=1I(1-25)
Scos H

B=I|14+ ———
i cos(60° — H)

R=31—(G+B)

4.3. Pseudo color image processing

Pseudo color (also called false color) image processing consists of assigning colors to
gray values based on a specified criterion. The term pseudo or false color is used to
differentiate the process of assigning colors to monochrome images from the processes
associated with true color images. The process of gray level to color transformations is
known as pseudo color image processing. The two techniques used for pseudo color image
processing are,

» Intensity Slicing

» Gray Level to Color Transformation

4.3.1. Intensity Slicing:

The technique of intensity (sometimes called density) slicing and color coding is one
of the simplest examples of pseudo color image processing. If an image is interpreted as a 3-
D function (intensity versus spatial coordinates), the method can be viewed as one of placing
planes parallel to the coordinate plane of the image; each plane then "slices" the function in
the area of intersection. The following figure shows an example of using a plane at f(x, y) = li
to slice the image function into two levels.
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flx.y)
Gray-level axis

(White) L — 1

Slicing plane

Fig. Geometric interpretation of the intensity slicing technique

If a different color is assigned to each side of the plane shown in the above figure any
pixel whose gray level is above the plane will be coded with one color and any pixel below
the plane will be coded with the other. Levels that lie on the plane itself may be arbitrarily
assigned one of the two colors. The result is a two-color image whose relative appearance can
be controlled by moving the slicing plane up and down the gray-level axis.

In general, the technique may be summarized as follows. Let [0, L - 1 ] represent the
gray scale, level |, represent black [f(x, y) = 0], and level I_ . ; represent white
[f(x, y) = L - 1]. Suppose that P planes perpendicular to the intensity axis are defined at
levels Iy, Iy,....,lp.. Then, assuming that 0 < P < L — 1, the P planes partition the gray scale into
P + 1intervals, V1, V2,..., Vp + 1. Gray-level to color assignments are made according to the
relation

f(x, y) = cc if f(X, y) € Vi

Where ¢ is the color associated with the k™ intensity interval Vi defined by the
partitioning planes at | = k - 1 and | = k. An alternative representation defines the same
mapping according to the mapping function shown in the following figure. Any input gray
level is assigned one of two colors, depending on whether it is above or below the value of Ii.

When more levels are used, the mapping function takes on a staircase form.

Color

Gray levels

An alternative representation of the intensity-slicing technique
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4.3.2. Gray Level to Color Transformation:

This approach is to perform three independent transformations on the gray level of
any input pixel. The three results are then fed separately into the red, green, and blue
channels of a color television monitor. This method produces a composite image whose color
content is modulated by the nature of the transformation functions. These are transformations
on the gray-level values of an image and are not functions of position. In intensity slicing,
piecewise linear functions of the gray levels are used to generate colors. On the other hand,
this method can be based on smooth, nonlinear functions, which, as might be expected, gives
the technique considerable flexibility. The output of each transformation is a composite

image.

—'> Red
= transformation

fl\'( X _\')

|~ Green

F(x )0 —s/ transformation

Blue p )
:> transformation Ja(x.5)

Fig. Functional block diagram for pseudo color image processing

Ta(x.y)

4.4. Full color image processing

Full-color image processing approaches fall into two major categories. In the first
category, each component image is processed individually and then forms a composite
processed color image from the individually processed components. In the second category,
one works with color pixels directly. Because full-color images have at least three
components, color pixels really are vectors. For example, in the RGB system, each color
point can be interpreted as a vector extending from the origin to that point in the RGB
coordinate system.

Let ¢ represent an arbitrary vector in RGB color space:

CR R
c=|tg |=1 G
Cp B

11
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It indicates that the components of ¢ are simply the RGB components of a color

image at a point. If the color components are a function of coordinates (X, y) by using the

notation
cr(z,Y) R(z,y)
c(z,y) = | colz,y) | = | G(z,y)
cs(z,y) B(z,y)

For an image of size M x N, there are MN such vectors, c(x, y), for x =0,1, 2,...,M- [;
y = 0,1,2,..,N- 1. In order for per-color-component and vector-based processing to be
equivalent, two conditions have to be satisfied: First, the process has to be applicable to both
vectors and scalars. Second, the operation on each component of a vector must be

independent of the other components.

L2
La, ¥)

Spatial mask — Spatial mask

Fig. Spatial masks for (a)gray-scale and (b) RGB color images.

The above figure shows neighborhood spatial processing of gray-scale and full-color
images. Suppose that the process is neighborhood averaging. In Fig. (a), averaging would be
accomplished by summing the gray levels of all the pixels in the neighborhood and dividing
by the total number of pixels in the neighborhood. In Fig. (b), averaging would be done by
summing all the vectors in the neighborhood and dividing each component by the total
number of vectors in the neighborhood. But each component of the average vector is the sum
of the pixels in the image corresponding to that component, which is the same as the result
that would be obtained if the averaging were done on a per-color-component basis and then

the vector was formed.

12
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4.5. Color Transformations
Color transformations deal with processing the components of a color image within

the context of a single color model, without converting components to different color space.

45.1. Formulation

We can model color transformations using the expression
9(x, y) = T[f(x, y)]

Where f(x, y) is color input image, g(X, y) is the transformed color output image and
T is the operator over a spatial neighborhood of (x, y). Each f(x, y) component is a triplet in
the chosen color space. For a given transformation the cost of converting from one color
space to another is also a factor to implement it. Hence, we wish to modifying intensity of an

image in different color spaces, using the transform
g(x, y) =kf(x, y)
When only data at one pixel is used in the transformation, we can express the transformation
as:
Si=Ti(ry, ra...... J)i=1,2,...,n
Where r; = color component of f(x, y)
si = color component of g(x, y)

In RGB color space,

Sz(x, ) =krp(x, )
SAx. y)=kre(x,7)
sa(xy) =kry(x.9)
In HSI color space,
8:(x, y)=lr;(x,¥)
In CMY color space,
S A8, P)=ki (%, 7) +{1— k)
S0 (BT )=k, L X, W)-F(L— k)
S X PN =k X, )+ {(l—k)

13
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4.5.2. Color Complements
Color complement replaces each color with its opposite color in the color circle of the
Hue component. This operation is analogous to image negative in a gray scale image. Color

complements are used to enhance the details in dark regions of a color image.

. Magenta

Cyan

Green Yellow

Fig. Complements on the Circle
4.5.3. Color Slicing
Color slicing is the process of highlighting a specific range of colors in an image is
useful for separating object from their surroundings. It is more complex than gray-level
slicing, due to multiple dimensions for each pixel. This can be done by selecting the region
that needs to be high spotted in a cube of width *w’. The outside region must be mapped with

a neutral color. Then the transformation is given by

. w
08 if |:‘rj. —a].’ > 2} mmm) Set to gray
Si - any 1<j<n
i otherwise > Keep the original
or i=1,2,....n  color

0.5 ifi(rj —aj.)2 > Rg m==) Set to gray
=

r. otherwise > Keep the original
i=1,2 n color

4.5.4. Tone and Color Corrections

Effectiveness of these transformations judged ultimately in print. But developed,
refined and evaluated on monitors. Need to maintain a high degree of color consistency
between monitors used and eventual output devices. Device-independent color model,
relating the color gamut’s of the monitors and output devices. The success of this approach is

a function of the quality of the color profiles used to map each device to the model and the

14
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model itself. The model of choice for many color management system (CMS) is the CIE

L*a*b model.

L*=116-h

a%= 500]:11 —

b*= 200|:h

where

2 }—16
¥
X —h z
X, Y,
¥ of 2
21 g &
oy o
q q >0.008856

hig)=
16 --
17.787q+ /116 q =0.008856

X,.Y .and Z  are reference white tristimulus values

Like the HIS system, the L*a*b system is an excellent decoupler of intensity

(represented by lightness L*) and color (represent by a* for red minus green and b* for green

minus blue). The tonal range of an image, also called its key type, refer to its general

distribution of color intensities. Most of the information in high-key images are located

predominantly at low intensities; middle-key images lie in between.

4.5.5. Histogram Processing

Histogram processing transformations can be applied to color images in an automated

way. As might be expected, it is generally unwise to histogram equalize the component of a

color image independently. This results in erroneous color. A more logical approach is to

spread the color intensities uniformly, leaving the colors themselves (e.g., hues) unchanged.

The HSI color space is ideally suited to this type of approach.

Fig. Histogram Equalization in the HSI Color Space

15
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4.6. Color segmentation process

Segmentation is a process that partitions an image into regions and partitioning an image into
regions based on color is known as color segmentation.

Segmentation in HSI Color Space:

If anybody wants to segment an image based on color, and in addition, to carry out
the process on individual planes. It is natural to think first of the HSI space because color is
conveniently represented in the hue image. Typically, saturation is used as a masking image
in order to isolate further regions of interest in the hue image. The intensity image is used
less frequently for segmentation of color images because it carries no color information.
Segmentation in RGB Vector Space:

Although, working in HSI space is more intuitive, segmentation is one area in which
better results generally are obtained by using RGB color vectors. The approach is
straightforward. Suppose that the objective is to segment objects of a specified color range in
an RGB image. Given a set of sample color point’s representative of the colors of interest, we
obtain an estimate of the "average™ color that we wish to segment. Let this average color be
denoted by the RGB vector a. The objective of segmentation is to classify each RGB pixel in
a given image as having a color in the specified range or not. In order to perform this
comparison, it is necessary to have a measure of similarity. One of the simplest measures is
the Euclidean distance. Let z denote an arbitrary point in RGB space. z is similar to a if the
distance between them is less than a specified threshold, Do. The Euclidean distance between

z and a is given by

D(z,a) = ||z — a

ag)

J
s
=
N
-
1
|
Q
N

Where the subscripts R, G, and B, denote the RGB components of vectors a and z.
The locus of points such that D(z, a) < D, is a solid sphere of radius D,. Points contained
within or on the surface of the sphere satisfy the specified color criterion; points outside the
sphere do not. Coding these two sets of points in the image with, say, black and white,

produces a binary segmented image.
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A useful generalization of previous equation is a distance measure of the form
D (z,a) = [(z-a) " C* (z-a)] **
Where C is the covariance matrix1 of the samples representative of the color to be

segmented and the above equation represents an ellipse with color points such that D(z, a) <

Do.

O N o 0o B~ w0 DR

9.

PREVIOUS QUESTIONS
Explain about RGB, CMY and CMYK color models?

What is Pseudocolor image processing? Explain.

Explain about color image smoothing and sharpening.

Explain about histogram processing of color images.

Explain the procedure of converting colors from RGB to HSI and HSI to RGB.
Discuss about noise in color images.

Explain about HSI colour model.

Consider the following RGB triplets. Convert each triplet to CMY and Y1Q
i) (110)ii)(1112)iii).(101)

Explain in detail about how the color models are converted to each other.

10. Discuss about color quantization and explain about its various types.

11. What are color complements? How they are useful in image processing.

12. What is meant by Luminance, brightness, Radiance & trichromatic Coefficients.
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