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Filtering in the spatial domain (Spatial Filtering)

refers to imape operators that chanse the pray value at any pocel (= v)
depending on the pixel valies m a square neiphborbood centerad at (= v)
using a fixed inteper matnix of the same size. The mteger matrx 15 called
a filter, mask, kernel or a window.

The machari=m of spahal filtening, shonn below, copsists aamphyr
of moing the filter ma=k from pixel to pixel m an 1mape. At each pxsl
(> v}, the response of the filter at that prxel 15 calculated using 2
predefined relationship (inear or nonlmezr).
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MNote:

The size of mask pmstbe odd (1e. 33, 3=5, ete ) to enzme 1t kaz a
center. The smnzallest meznmezful s1ze 15 3=3.
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Linear Spatial Filtering {Convolution)
The process consists of moving the filter mask from pixel to pixel 1nan
magza. At each pmel (x¥), the responsa 15 zrven by a sum of products of
the filter coefficents and the cormesponding 1mage prxels 1n the z1ea
spanned bor the filter mask.
For the 3+3 mazk shown m the previons fizure, the result {or responsa),
E_ of lmezr Altering 1=:-

B=w(—1,—1)f(x — Ly — 1} + wl—1L0}f(x — 1,3} +---

Fuw {00 (e} + - Fw( L0 x4+ L) + w1 f{x+ 1L, v+ 1)

In general, lmear Altenng of an image Fof size A =N with a filter ma=k of

s1ZE 1 =i 15 given by the expression:

2 b
glx3)= ) ) wilat)f(ztay+i)

Sm— f=—kh
where a={m - 1}2 and b= (n-1)2. To zeparzte 2 complete Hltered
mage this equation must be apphed for =012 __ A-1 and v=0.1,
I

MNonlinear Spatial Filtering

The operation al=o consists of movmg the filter mask from pixel to pixel
m znimzape. Lhe filtenns operztion 15 based conditionzlly on the values
of the pixels in the neighborhood, and they do not explicithy usza
coeffiments 1n the sum-of-products mannar.

For example, poise reduction can be achieved effactmelrwath a
nonlmezr filter wheose basic fimechon 15 to compute the median srayv-level
vahie 1n the meaghberbood m wiuch the filter 15 located. Computabon of
the medizn 15 3 nonbnear operabon.
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Example:

Use the following 3#3mask to perform the convolution process on the

shaded pixels in the 5=5 image below. Write the filtered image.

0 1/6 0 30 40 50 Fil| Q0
1/6 | 1/3 | 176 40 S0 a0 60 | 100
0 1/6 0 35 | 255 | 70 0 120
33 mask 30 | 45 a0 | 100 [ 130
40 50 Q0 [ 125 [ 140
5=5 mnage
Solution:
1 1 1 1 1
OHSD+E}{={-U+GEEU+E}':-“[-[I+E}{ED+E}{ED+DH35+EK255
+ 0% 70 =285
1 1 1 1 1
'l]}{-*[-[I+EZ={5[I+EIET[I+E}':5[I+E}{ED+EKED+DHESS+EETD
+0x0 =85
1 1 1 1 1
'IJHEEI+E}{T[I+'DH9[I+E}{E[I+EHED+EH1[I[I+'D:=:T[I+E:=:'D
+ 0x 120 =

1 1 1 1 1
'I]}'::{-[I+E}{5[I+D}-:E[I+E}{35+—K255+E}=:?[I+i]:=:3[|+g:=:={-5

3
+0x80=118
and so on ...

30 | 40 | 50 | 70 | 90

40 | 85 | 65 | 61 | 100
Filtered image = 35 | 118 | 92 | 58 | 120
30 | 84 | 77 | 89 | 130
40 | 50 | 90 [ 125 | 140




Dir.feryal Althefery [mage Processing Lecture &

Spatial Filters
spatizl filters can be clazaified by effect mio:
1. Smoothing Spatial Filters: zlso called lowpass filters. They include:
1.1 Averzging lmear filters
1.2 Order-statistics nonlmear filters.
2. Sharpening Spatial Filters: al=o called haghpa=s filters. For exampls,
the Laplacian lnear flter.

Smoothing Spatial Filters
are used for blumng and for noise reduction. Blumng 1= used 1n
preprocessing steps to:

= remove soall details from an 1mage pnor to (large) object

extraction

= brdee small gaps m lines or curves.
Motse reduction can be accomplished by blumng wath a hinezr filter and
also by nonlmear filtenng.

Averaging hinear filters

The response of averagms filter 15 sumply the average of the pixels
contamed m the neighborhood of the filter mask.

The cufput of averaging filters 1= a smoothed mmage wath reduced "sharmp”
franmtions m gray levels.

Moise and edpes consist of sharp transitions m gray levels. Thus
smoothing filters are used for noise reduction; however, they havre the
undesoable side effact that they blur edges.
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The fiswre below showrs fwo 343 averaging filters.

1 1 1 | 2 |
1 1 1 1 - 2 - 2
7" "
1 1 1 | 2 |
Standard averzge filter Weighted average filter

Note:

Weighted mverage filter has different coefficients to grve more
mmpottance (welght) to some pixels at the expense of others. The 1des
behind that 1= to reduce blumng m the smoothing process.

Averaging linear filtering of an 1mage fof s1ze M~ N wnth 2 filter mask of

siZe m + 1 15 given by the expression:

o

1",3_. Zw[:}'.!]_."[x + &9 + 1)
. p—

gle,y) == T
R TIER Y

rem 7 [=—f

T'o generate a complete filtered 1mage this equation must be applhed for
x=012__ Mland v=01 2 N-1.

Figure below shows an example of applyings the standard averaging filter.
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ware averaging filter macks of sizes n=3,5,9.15, and 35, respectvely.

Figare 62 Eifect of averagzing £lter. (2) Crizinal imags. (b)«2) Results of smeothing with
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As shown m the fizure, the effects of averaping linear filter are:

1. Blumng which 15 increased whenever the mask =ize increaszes.
Blendmg (removing) smzll objects wath the background. The =ize
of the mazk establizhes the relative size of the blended objects.

3. Black border becanse of padding the borders of the onginal imasze.

I

Order-ztatiztics filters

are nonlinear spatial filters whose response 1= based on crdenng (ranking)
the pixels confamed m the neighborhood, and then replacing the value of
the center pixel with the value determmned by the ranking result.
Examples include Mz, Min, and Medizn flters.

Aledian filter
It replaces the value zt the center by the median prxel value in the
neighborhood, (1.e. the nnddle element after they are sorted). MMedian
filters are parhculariy usefil 1n removing mpulse moise (zlso knowsn as
salt-and-pepper noise). Salt = 235, pepper =0 zray levels.
In a 33 peaghbothood the median 15 the 3th larpest value, ma 5«5
neighborhood the 13th larsest value, and s0 on

For example, suppose that a2 3+ 3 neaghborbood has mav levels (10,
20,0, 20, 2535, 20, 20, 25, 15). These valies are sorted as
(0, 10,15 20.20.20.20.25 2535), which results 1n a median of 20 that
replaces the onginal pixel value 255 (salt nowse).
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Example:
Consider the following 55 mage:

20 | 30 | 50 [ SO [ 100
30 (20 ) B0 [ 100 ] 110
25 (255 ) OO 0 | 120
30 [ 30 | B0 [ 100 | 130
40 [ 30 | 20 | 125 | 140

Apply a 323 median filter on the shaded preels, and wnte the filtered

HNAZS.

“olutiomn

20 [ 30 ) 30 | 80 | 100 20 [ 30 ) 50 [ B0 | 100

30 | 20 | 80 | 100 110 30 [ 20 | 80 | 100 110
25 255 | 0| o | 120 25 |25 70 | 0 | 120
30 | 30 | 30 | 100 | 130 30 | 20 | &0 | 100 130
40 | 50 | 90 | 125 | 140 40 | 50 | 90 | 125 140

Sort: SOt
20,25, 30, 30, 30, 70, 20, 8D, 255 0,20, 30, 70, 80, 80, 10D, 100, 255

20 [ 30 ) 50 [ B0 | 100
30 | 20 ) B0 [ 100 ] 110
25 | 2551 W 0 | 120
30| 30 ) B0 [ 100 ] 130
40 | 30 ) 20 [ 125 ] 140

Sort
0, 70, 80, 80, 100, 100, 110, 120, 130

20 | 30 | 50 | 80 | 100
i 0 | 20 | 80 | 100 | 110
FiteredImaze= ™55 [73g [ g0 [100 | 120
0 | 30 | 80 | 100 | 130
40 | 50 | 90 | 125 | 140
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Fizure below shows an example of applving the median filteron an
mmage cormupted with salt-and-pepper noise.
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Figure 6.3 Effoct of median Slter. (a)htsocg)txpeodbyuh& pepper noise. (b) Resultof
applying 3 -3 standard averaging filter o (3). (c) Result of applying 3 <3 median flter on (2).

As shown m the fizure. the effects of median filter are:
1. Noize reduction
2. Less blumng than averaging linear filter
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Sharpening Spatial Filters

sharpenimgz amms to lughlisht fine details (e.g. edges) 1n an 1mage. or
enhance detail that has been blnred through errors ar imperfect caphimng
devices.

Imzre bhumng can be achieved using averagmng filters, and hence
sharpening can be achisved by operators that invert averzgins operators.
In mathematics, averzging 1= equivalent to the concept of mtegration, and
differenhation imrerts integration. Thus, sharpening spatial filters can be
represented by partial dervatives.

Partial derivatives of dizgital function:
The first order parhial dervatives of the digital 1maze fixv) arve:

g g
%:f[x+ Ly)— flxy) and a—£=f{xr:rf+ 1) —flxy)

The first denrvative st ba:
1} zero along flat segments (1.8, constant grav values).
2} non-zero at the outset of zray level step or ramp (edees or
nose)

3) non-zero along segments of contmmng changes (Le. ramps).

The second order partizl demrvatives of the dizital 1image fx, 37} are:

o _

Axt
’f

Ei_}r'-"' = flae, v+ 1)+ flx, vy — 1) — 2f (x. )

Fle+ 1,90+ flx — Lv) — 2f(x )

The second denvative must be:
1} zero alongz flat segmeents.
2} nonzero zt the outset and end of 3 grav-level step or ramp;
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3} zero along ramps

Consider the example below:

I 1nnlated peoind R
E L
E 5 oeea . 5 !
wo L— 71T ¥ % Thin Eoe N Swp—, |
= - B i I. .lpl *-'I
B . ¢ ‘Fhtesgmemt % )
' = .. 2 i L & " H
LY “'.,_h ] M L]
[ e '- | TR R e -1. e -
ivagearp[S[A[A]5[2[1 [oofo[&lo[afoelei [ falaJola 7 [FI7 7] =]=]
FTrrrrrirerrnerinl LT
Fimt Derivative =1l=1=-1-1—1 0 0 § 0 O 0 1 2 —3—-10 0 O TF O O 0
Frrrrrrirrrrnernl L1111
Cerend Teepjisglie =L 0 0 @O 0 1 0 §—42E 00 1 1 <=1 &8 00O F<=r i

Figure 6.4 Exazaple of partial dermvatives

We conclude that:
» 1* dervative detects thick edges while 2™ derivative detects thin
edees.
o 2™ derfvrative has much stronser response at gray-level step than 1
dervative.
Thm=, we can expect a second-order dermrative to enhance fine detaal (thin

lnes, edges, Including noase) mmich more than 3 first-order dermvative.
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The Laplacian Filter
The Laplasian operztor of an image #fx 3 15:
a*f a*f
Vif = +
f AxE | gyt

This equztion can be mplemented wang the 33 mask:

[—l —1 —1]

-1 &8 -1

-1 -1 -1
smce the Laplacizn filter 15 a limear spatial filter, we can apply it using
the szme mechanizm of the comraluhon process. This will produce 2
lzplacian imagze that kas miavash edze lmes znd other disconfmwmtbes, z11
supermmposed on a dzik, featureless background.
Background feztures can be "recovered” while still presenang the
sharpeminz effect of the Laplacian operztion simply by adding the
onginal znd Laplacian imagas,

g{x ¥} = Flx) + V3 F(x y)

The firure belowr showrs an exzniple of wang Laplacizn filter to sharpen

271 IMZEE.
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Figure 6.5 Exampls of applying Laplacian Slter. (2) Oxiginal image. (b) Laplacian image.
(c) Skarpensd ima2gze.



