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N m=01=0
z'(n,.0, }:zcl_IDFT[ FXI (k,.k,)Fx,(k, .k, )] (16b).
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Figure 3(a): Double window
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Figure 3(b): Double window and histograms.
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Figure 3c: Non-linear functions of windowing.
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Table 1: Histogram equalization example.

00 32 64 96 128 160 192 225 : Look up table

31 63 95 127 159 191 224 256 : of diplay routine.
i 0 1 2 3 4 5 6 7:Greylevels
hy 2 4 12 14 14 12 4 2 :Original Histogram
n; 8 8 & & 8 8 8 8:Equalization Hist.
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o5 a3s5 @b CDF

ih{k) = ﬁg(k).i =023....7
k=0 k=0
Grey h(i) CDFh(i) q(i) CDFq(i)
levels
0 1) 1 16
1 7(0) 8 16 32
2 210 29 % 43
3 350) 64 —6—» 64
4 3565 99 16 80
5 21¢) 120% 96
6 77) 127 16 112
7 17 128% 128
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y(n)=x(n)* h(n)+d(n)=x'(n)+d(n) (1
where x'(n)=x(n)*h(n)

P.5.F.
x(77.012) d(ny.,ing) y(ny.3)
Image Noise Degraded
Image
Figure 1
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If ()= 5[1.1.1.....1]

(N cod)

1yl o Cawds Y1) 00l jild g )5 e

y'(n)=y(n) * hdn)=[x'(n)+d(n)] * hen)= (2)
N-
= T[x (n—-k)+d(n- L}]hf{k) (3)

k=0

Y55 N=2 hf(n)= 172 [1,1] ol 08
y'(n)=— [‘( (n)+x'(n—1))+— {d(n}—d(u—l)] (4)

1
yv'(n)= {X (m)+x'(n-1)+.+x"(n— M))+—[d{n)+d{n —1)+.+d(n- M)) (5)
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1, 1
y(n)= EE__){(11)+ x(n —1)] + T{d(n}— d(n —1}) (7
where n:0.1.2.....N-1.

] oo Cawds A oS L B Y 0 e oyle ST

y(n)= %{R(n)+ x(n-1)) (®)

A 5l 52,5 DFT L,

[ x(n))
Fy(k)= DFT| —— | + DFT|

oL

( -1)y  Fx(k Fx(k)
|\x(112 }J: KE }-—W'k KE(,:

1 -]
=—|1+e N |Fx(k)
2 J
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Fy(k) = Fh(k) Fx(k) Q)

i - Z)
where, Fh(k)=5‘ fig N ‘ (10) S

V) Slibie gy 00,0 L

e Fal  Fed
cos(0)=lcos*= g; -1. sin(d})=2si11|l_ %: cosl_ T.| (11)
Fi)= cod | A& a
1(k)=cos —|e ’ 2
(k) | N/ )
|F(k)| = cod L) sna loci0)| = L= (13)
LN/ N

o
%FQ%Q/?%L&»;JQ

W.HS Mﬁ; VP aoleo 4.1......)94 ‘)).’5..4.’ J)..., AJQLLAASMO o)l.’>‘

y(1n,.n,)=x(n..n,)*h(n,.n,)+d(n,.n,) (14)
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y'(n)= A{y(n)- y(n-1) (15)
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yle (Vo) Slikie Lalg,

T el

rrrrrrrrrrrrrrrrrrrrfrrrrrrrrrrrrrrrrrrtpen

crrrrrrprrrrrrrprrrrrprrrrrrrrrrreprrerrprrrrrrerrerrrrrrrrrrrrrrrrrrn



LLLLLLLI_LLLI_LLLI_LLLI_LLLI_LLLI_LLLI_LLLI_LLLI_LLI_I

(0\' ’!r. A 1.'(0"
cos(@)= cos’| —I - sin*: E; =2cos”| —‘ -1 (20)
\2/ \2/ \2/
s IR
- . : I‘ 43' 2 7
Fh(k)=2Asin| —[e 2 (21)
2
—— .Y
where, @ =
[Fh(k)| =24 sin] 2 | 22)
i T — q}\
8(k)=| —|
b A

5l LAY sl SO sl ins s a5 ol msly VS o YY S
Gl kS 3 JalS B Jewilins 2l 51 aS cudl asein YY 5 VA slaalolas
adlaie ale ol uilS )8 Sledbol 287 o 5l o (fgoge (pl il Jho Gy
g Loasd o sle YUy (uils 8 Conl b Slhgios (izmes g ool lgan 28l 5l (S5
L1 SloSaSS plyie 4 Buee (5387 1118 LSS ol i (s 900 ) 50

il e e

T el

rrrrrrrrrrrrrrrrrrrrfrrrrrrrrrrrrrrrrrrtpen

crrrrrrprrrrrrrprrrrrprrrrrrrrrrreprrerrprrrrrrerrerrrrrrrrrrrrrrrrrrn



LLLLLLLI_LLLI_LLLI_LLLI_LLLI_LLLI_LLLI_LLLI_LLLI_LLI_I

Fhk)| , 24 |sin(mk/N)|

e

Figure 7

u’ﬂyeqfw»
b s 4 il axngd gl dewdlias o SO s SO iy sl Gl
(ew] 00 oolaw! YY c\.b.ab

y(n) = [x(n+1)-x(n)] (23)

Qs 5Q3 5Q2 5Q1 polis b pgai }l Se8 iyl S 5l alaii S b awes o5l

i, VY dolee gubo il 0 Cows 0 X 5l Cyg 9 O alails

—x 24)

T el
= = B B
[l
(SENSERSERS
|

crrrrrrprrrrrrrprrrrrprrrrrrrrrrreprrerrprrrrrrerrerrrrrrrrrrrrrrrrrrn

rrrrrrrrrrrrrrrrrrrrfrrrrrrrrrrrrrrrrrrtpen



LLLLLLLI_LLLI_LLLI_LLLI_LLLI_LLLI_LLLI_LLLI_LLLI_LLI_I

a5 VE aoles DS 5l aled 50,5 aaz 5l el Syle ¥ ooles pass Ky ol

)y IS

¥ = A1TArTA3TAL = (01-X)+ (O2-x)+ (03-x)H( (O4-X)) =
= O]"‘ 03_ 03_ CM - 4x (25)

oS YO Gk YL az )0 S b alie o 4,

y= (01-X)~(x-03)+(04%)-(x-07) = A} + A, (26)

Sz 99 50 Y Sldeae L 88l 5 (g0g0e sl fusl s 5l a5 Le A +A% a5
59_9‘5 (SR gas
By Db s lgie 4 VO aobee jo ool B e il oS conl cle o
g aldgs YV alayly IS a4y Wilgs oo YO alayly iy riogd (sl ool

1 1

v(n,.n,)= z Zx(nl —m.n, —1)h(m.l) (27

m=—11=—1

h(m,1)= LM; (Laplacian Mask 1)

o = O

1
-4
1

==

el Gg e LM L) (bl Sslo 4y a5

T el

crrrrrrprrrrrrrprrrrrprrrrrrrrrrreprrerrprrrrrrerrerrrrrrrrrrrrrrrrrrn

rrrrrrrrrrrrrrrrrrrrfrrrrrrrrrrrrrrrrrrtpen



LLLLLLLI_LLLI_LLLI_LLLI_LLLI_LLLI_LLLI_LLLI_LLLI_LLI_I

il 00l 00ls 5 50 Y Sl )l digad Wiz wuiS b (6 i

1: 1 1
LM, =| 1-8 1 | LMoj(Laplacian Mask 2)
1 11
1. 2 A
LM, =| 2-12 2| LMj; (Laplacian Mask 3) (28)
1 21
-12-1
IM,=| 2-4 2| LM,y (Laplacian Mask 4)
-12-1
sl g e YA alolbeo b cdio polie ¢ glod poad jo
[ vin 3 vim . 0
s __ J¥un.ng) for yin .y )=0
b (”1 : n? ) = 40 for  p(m,.r2)=0 (29)

SleMbl (28, Caws 51 g load <5, o oo lis Iy LM (6.5 6 ases A S

5 9 IS oyl (sl boes Sl SsSS el w2y Gl S

Ngysn G e o3k, ISaT (gl g 5 IUT (slaety ;5!

T el

crrrrrrprrrrrrrprrrrrprrrrrrrrrrreprrerrprrrrrrerrerrrrrrrrrrrrrrrrrrn

rrrrrrrrrrrrrrrrrrrrfrrrrrrrrrrrrrrrrrrtpen



LLLLLLLI_LLLI_LLLI_LLLI_LLLI_LLLI_LLLI_LLLI_LLLI_LLI_I

Cirigiral image Hi-pass

task: 20
40
B0 [l

..................... = ao

100

120

20 40 GO 80 100 120 20 40 O 80 100 120

Figure 8

.. N
AN

Q_SJB ML\ KSPNW) ))‘ ).:9.4.4: Q"’)‘“))’ 0)‘9A 6)L~.~«J 5O o] ,S.o.o LQM.J ;LQ:)|3 ,a.».?t.w.:

5 ryas omly bS8 SLedlbl o5l csy g pgad 9,5 8 b (ne

A SlaSy Coenl ax 10 Gl paal S Gl g laad fols lis ooren
e Jlie SO L aS 09d o0 plul YU el az 0 b 90,8 1il8 aliwgy piee o0
10 delg 0ols ol

(10 10 oy aly S 5 (2,4,6,8) o b ol i X(1) 0iS s 3

bl 5 S 4
Table 1: Sharpening filters example
Signal () 2 4 6 8 10 10 10 10 10 15 15
Diff. 2 2 8 2 2 0 5 0
Lapl 4 0 0 0 0 -2 0 0 5 =5
HighE 0 2 4 6 8 12 10 10 10 5 20
Space () 1 2 3 4 ] 6 7 9 10 11
Ax(n)=x(n+1)-x(n) (30)
A’x(n)=x(n+1)+x(n-1)-2x(n) (31)
3?(11)=x(11j-$2x(n) (32)
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y(n,.n,)= » Y x(n; —m.n, —Dh(m.,1)
m=—11=-1

where,

0-1 0
-1 5 -1
0-1 0

him.])= HEM, (High Emphasis Mask 1)
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l HEM) (High Emphasis Mask 2)
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HEM; (High Emphasis Mask 3) (33)

HEM, = HEM, (High Emphasis Mask 4)

o
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if 2-d DFT[x(ny.1;)] = Fx(ky.k,) is the image DFT (a)
and 2-d DFT[hsg{n1.n2)]= Fhek;.ko) the filter DFT (b) (1)
then v(ny.n;) = 2-d DFT[Fx(ki.k>) Fhky.ks)] (c)
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1/ Low-pass ideal

for ksfeg

Fh™ (k)= ;0 e o (3)
2/ High-pass ideal
.00 for ksf y
Fh™ (k)= ll Lot k>Ep (4
3/ Band-reject ideal
“.'
L, for k€<d-——
2
w w
Fh'(k)=40, for d-—<k<d+— (5)
2 2
&
1 for k>d+ 5
4/ Band-pass ideal
" w
0. for ksdes -
HP 1y ) , A ..
Fh™ (k)=+41. for d- 2 5 k<d+ r (6)
W
0. for kK>d+—

Qb oo adad LuilS B TCO S MO =1-Fh Jloss! 05l

1S9 5L b s
load ools Lii Ve B Y sloaloles gy o2l oyl

Ll LS a>,0n aS

1/Low-pass:
1
Fh™ ()= ——— @)
1 0-114[ i
B ©
where n is the degree of the filter.

2/High-pass:
1

Fh'™ (k)= = (8)
140414 —= |
" |-\ k/
3/Band-reject:
1
Fh% (k)= 7 & x2n ©)
[ (T |7
140414 ——
lk-d |
where d is the ‘band-reject’ bandwidth
4/Band-pass:
FhBF (k)=1- FuB®* (k) (10)
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1/Low-pass:

(k)"
~0347( —|
Fhf(k)=e Heo! (11)
2/High-pass:
03w Z= ]
Fh'¥ (k)=e Molet (12)
3/Band-Reject:
———
~0.347| =<2 |
Fi¥f(k)=e  F¥ (13)
4/Band-pass:
Fh¥ ()=1- Fr®* (k) (14)
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Fh'®(k) = Fh'F(k+d) (15)
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Figure 12: Butterworth High Pass: The effect of frequency shift.
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Shepp-Logan: wi(r) = sin( x t/N) / ( 7 t/N)

Cosine:  wi(r) = cos( 7 1/N)
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Figure 3
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