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The prxel values of the followmngz 5+ 5 nnage are represented v S-but

Example
mtegers:
123 162
137 157
f=|151 155
205 101
250 50

“olution:

200
165
152
100

I

147 93
232 189
141 130
193 115

a8 100
Determmne f with a grav-level resolution of 2¥ for (1) k=5 and (u) k=3.

Dividing the image by 2 will reduce 1ts gray level resolution by 1 bat.
Hence to reduce the grayv level resoluhon from 3-bat to 5-hat,

8 bats — 5 bats = 3 bats wall be reduced
Thus, we divide the 8-bit image by 8 (27) to get the following 5-bit
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Simularly. to obtain 3-bit image, we divide the 8-bit image by 2°(32) to
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Basic relationships between pixels
1. Neighbors of n Pixel
A pxel p at ecordinates 3 ) has the followmns peizhbors:
= 4 neighbors
= four honzontz]l and vertical neishbors whose coordinates are
Ll x-Lyh ey = IL doy-0)
»  dencted by Napt
* dinponal neighbors
= xrLyTlET LDl y - D=1y -0)
»  dencted by Nop)
= S neighbors
» both 4-neiphbors and diagonal nelphlbors
»  dencted by Noipl
MNote: some of the nerghbors of p hie cutside the diprtal image 1f (x, 3/ 1=
on the border of the 1mare.

2. IDbstance AMeasures
Forpixels p, g, and =, with coordmates (x, 3k, (= 2, aed {32 W),
respactiraly, IV 15 a distance fimetiorr or metric if

a) Dip, g) == 0¢Dip.g)=0 1f p=g.l

by INp.gl =I¥gnh and

e) Dip.z) == D{p.gl + Iig.c).
* Fuclidean diztance betwreen p and g 15 defired as

Dip,q) =/ (x — ¥ + (¥ —¢)?
+* Citv-block distance betnesn p and g 15 defined as
Dpg) = |x —s|+ |y —t]
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* Chessboard distance betweaen p and g 1= defined a=
D, qd = max(|x — s[. |y —t[)

Zooming and Shrinkine DMgital Images
A) Zooming
Zoommne may be vienwed as eversanmmhng. It 15 the scaling of an 1mage
zaraz 4 of wxh pixels by a factor s while maintzirons spatal resoluhon
(1.e. cutput has swxsh pixels). Zoommng requures two steps:

* creaton of new pixel locatons

* gsmizmment of grav levels to those new loczhons
There are ony meethods of sray-level assizmments, for example nearest
neighbor imterpolation and bilinear interpolation.

Mearest neighbor interpolation (Lero—order hold)

15 performed by repeating paxel values, thhs creating a checkerboard
effect. Pixel replication (a sperial case of nezrest neighbor interpolation)
15 1=ad to mcrease the size of an 1mage an mteger mummber of imes. The

exxantple below shows B-bit 1mage zoomngz by 2x (2 tomes) wsmgs nearest
neighbor inferpolation:

6% &% 50 50 g0 B0
6% 69 540 50 i 80

a9 50 80 G9 09 300 50 B0 8O -
|15 60 ss| ~[s5 45 eo ao as es| - |13 32 €0 €0 oo o
30 535 80 40 30 35 55 BO 8O =

IEIil:I 30 55 55 80 B0
L300 30 55 55 80 8l

Crizinal imagze imaze with rows expandad imaze with rows and

coborns expanded
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Bilinear interpolation {(First-order hold)

15 performed by inding hpear interpolation betneen adjacent prxals, thus
crezting a bhmng effect. This can be dope by inding the averaze zray
valie betwreen toro prxels and use that 2= the paxel value betwreen thoze
two. We can do this for the rows first, 2nd then we tzke that result and
expand the columons m the same way. The example below shows 3-bit

mmage mooming by 2x (2 hmes) nsing ibmear mterpolzahon-

‘69 59 50 &5 20

69 50 Sk g9 59 50 a3 80 af 55 55 61 V3
4L G0 &&= (45 52 &0 &3 66| = |45 L2 60 &3 46
30 55 80 30 42 55 &7 &0 37 47 57 &5 T3

30 42 55 &7 d0
Original image [mage with rows expandsd [mage with rows and

columrns expanded
Mote that the =oomed mmage has siza 20-1 = 2N-1. However, we can use
techkmques such as padding which mears adding new columns andfor
rows to the ongnal 1mzape 1n crder to perform balinear interpolation to gat
zoomed 1maze of s1ma 28 < TN

The fipure balow showrs 1Image zoomune using nearest narzhbor
mierpolation and bilinear interpolation. We can clearly sea the
checkerbhoard and blnng effects. Howrever, the 1mprovensents wang
bilirear interpolation 1n overzll appearance are clear, espacially 1o the
128=128 ard 63<&4 cases. The ihnear interpolated mages zre smoother
than those resulted from nearest neaphbor mterpolation.
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I=d 4N

Fizmre 3.1 Tep row: images moeomed Toey 1268-138, §2-64, and 3232 pixels bo 1024 <1024
Fixzls sosing nezmst nedghbor iInterpolation. Boticm row, s2m0e sequence, ot ozing hilinezr

BY Shrinking
shnokins may be viened as umdersampling. Image shninlang 15
performed by row—olumn deletion. For estample, to shiirk an mmage by
one-half we delete every other row and cohamn
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imaze with rows delet=d image with rows

and colomns daleted
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Image algebra
There are two categones of algebraic operations applied to 1mzges:
e Anthmetic
e Logic
These operztions are performed on a pixel-by-pixel basis betwean two or
more 1mages. except for the NOT lozic operation which requuires only one
mage. For example, to add images I; and I, to create I;:
Lxy) = Lixy) — INxy)
347 666
11=[34S| lz=[426l
246 355

3+6 4+6 7+6 9 10 13
I3=[3+4 142 5+6|= 7 6 11]
Z2+3 445 6+5 5 2.11

* Addition 15 used to combine the nformation m two 1mages.
Applications include development of 1mage restoration algonthms
for modeling additive noise and special effects such as 1mage
morphing in motion pictures as shown 1n the figures below.

{3) Crizinal image {®) Gauszian nodze (c) Additon of tmagzes

{(3) a0d (&)
Fizure 3.2 Image 2dditon (adding neise to the imags)
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(2) First Original (b) Secend Original (c) Ad.dit:’o::: g;':).z_:a'.
Figurs 3.3 Icage additen (Image coorphing exarple) v

®* Subtraction of two mmages 15 often used to detect motion. For
example 1n a scene when nothing has changed. the 1mage resulting
from the subtraction i1s filled with zeros(black 1mage). If somethmgz
bhas changzed in the scene, subtraction produces 2 nonzero result at
thae locztion of movement a5 shown 1n the fizure below.

l'-—f-#' SOy

(c) Subtactag tmagze (b) o (a). Only coving objects appear in the resultng magze

Figzre 3.4 Image subtacton
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* MNlultiplication and division are used to adjust the brnnghtmess of an
imaze Multplying the pixel vahies by 2 number greater than one
w1l brizhten the imaze and drviding the pixel values by a factor
greater than one vall darken the image. An exaniple of brightness
adjustment 15 shonn mn the figure below.

- -
—— -——

?h__‘-_.:. _.:_,-r-ou—nopo '|m

(c) Imags dividedby 2
Figure 3.5 Ima2ze mmlitplicaton and divisicen

The logzic operations AND, OR, and NOT fornm a comiplete set, meanmg
that any other logic operztion CXOR, NOR. NAND) can be created by a
combinztion of these basic elements. They operzte m a bit-wise fashion
on pixel data.



Dr. Feryal Althefery Department of Medical Physics Stage Four

[mage Processing Lecture 3

The AN} and OF. cperations are used to perform masBng operztion; that
15; for selectimez submmages m an 1mage, 25 shonn m the figure below.
Ma=kingz 15 alzo called Region of Interest (RKOH) processing.

1

1]
ji||T||l|

___-\__

(3] Coizioal Image {b) AND iruzpe mack it} Fescling maza, (a)
AND (b)

i i

___-\__

{d) Coizioal image (o) OF image rask (f) Fesoling maga, {d)
OF {a)
Figurm 3.6 Irage maiking

The HOT operation creates a pezative of the ongmnal imzpe 25 shonn m
the fimre below, by inverting each bit wathin each pxel value.
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g

L

(2] OriDnal imags (b} HNOT opamator applisd to irage (a)

Fignrs 3.7 Complemsnt image

Image Histoeram
The kistogram of a dipitzl image 15 a plot that records the fraquency
di=tmbuton of gray levels in that image. In other wrords, the histogram 1=
a plot of the gray-level values versus the number of prxels at each m1ay
vahie. The shape of the histosram pronides uws with ussful informaton
about the nature of the image content.

The histogram i of 2 dizital image fof size M= N and gray levels
m the range [0, I-1]1s a discrete funchon

(k) = g

where k 15 the kth gray level and 5y, 15 the mumber of pixels in the mage
haiing gray lewel & .
The pext fipure shows an 1mage and 1fs nstosram.



Dr. Feryal Althefery Department of Medical Physics Stage Four

[mage Processing Lecture 3

(a) S-biatimaze
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(o) Histozmam of icmage (2)

Figure 3.8 Imagze kistogram

Note that the honzontzl axas of the histoziam plot (Fizure 3.8(b))
represents gray level values, k. from 0 to 255. The vertical axas represents
the values of (k) 1e. the number of pixels which have the gray level k.
The pext figure shows another 1mage and its histozram
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(¢) Histozram of image (a)
Figure 3.9 Another icage histozram

It 15 customary to “nomalize™ a histogram by dividing each of its values

by the total mumber of pixels in the image, 1 e. ussa the probability

n(k
”“‘)=M(x}v
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Thms, p(k) represants the probability of ocowrence of gray level k.
A= vath any probability distnbution:
# 3ll the values of 2 normalized histosram (k) are less than or equal
ta 1
* the sumn of 2ll p(k) vahes 15 equzl to 1
Histogrzms are used in mimerous mage processing techruques, such as
mmage erhaneement, compression and sermentzhon



