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Image Enhancement

Image enhancement aoms to process an mmage so that the output bmage 1s
“more smtable” than the onginzl. It 15 usead to solhve some computer
mamng problems, or to mprove “1mage quabity . Image enhzrcoment
techmiques ipchide smoothing, sharpening, lnshlhishting featuwres, or
pormzhizme dhimmnaton for display and’or analysis.

Image Enhancement Approaches
Imzape ephancement approaches zre dassified into tvro categones:
* Spatial domam methods: are based on direct mampulation of pixels
*  Freguency demain metheds: are based on modifsang the Foumer
transform of an 1mage.

Image Enhancement in the Spatial Domain
The term spatial domain refars to the mmage plane 1t=:lf 1.2 the total
rumber of prxels composms an 1mage. To erhanee an mmage 1o the
spatial domain e transform an 1mage by changing paxel values or
moninE them around. A spzhal domazin process 1s danoted by the
EXDIESSION

e=T(r)
where r1s the input 1mape., 5 15 the processed 1mape, and F1= an
cperator ooy . The oparztor T 1s z2pplied at each locabon (<, v 1o rto
v1ald the culpatt, =, zt that loczhon
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Enhancement using basic gray level transformations

Basic gray level trensformzton fimchons can be divided 1nto:
* Iinezr: e g 1mage nepzhves and precewise-hinear tran=formah on
* Mon-lirear: e g lopanthm and ponmer-lanr trensformzhons

Image negatives
The pezative of an 1magze with gray levels 1o the renge [0, L-1] 1=
cotaired by using the folloningexpression

ge=L—1—r
This tvpe of processmmz 1= w=afiil for enhanonez white or zray detail
embedded 10 dark remions of an 1maze ezspemially when the bBlack areas
are dominant 10 s1me. An example of usins nesatie bansformahon 1s
anzbvyang digital mammograms as shown 1o the figume belowr.
Note bow pach easierst 1s to analyze tha breast izsus 1n the neszhie
1ma e

{a)
Fizore 4.1 (a) Crgimal disia] mammogzram. (&) Memabve image cbhizined by nsgative
tanifccmaticn
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Piecewize-Inear transformation
The form of precewise hnear fimchons can be aitanly complex Scommea
1important trans formations can be formmulated only as precewnse funchons,
for exammple threzholdins
For any {1 ==t == 255 the threzhold tren=foam Thry can b= defined a=:

] ifr-<lt

g= Thr{r)=

T otherwize

Thresholding Tensformm

[
Ln

-

Ln
[

Output Gray Level, s

o

o 51 o2 153 IOt F55
Ingut Gray Level, r

Fizora 4.2 Form of thredhiclding franwborm
The fipume balow shows an example of thresholdmz an 1mage by S0

(2) Crignal imags (o) Rssult of threshaolding
Fizora 4.3 Thresholding by 50
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Thresbkolding hzs ancther formused to penarzte binary images fom the
sray-scale 1mapes. 1.8
o ifr<t
g = Thr(r) =
E5  otharwice

Thresholding TRnsformm

£ 3

L

&
r

Ln
[

Output Gray Level, s

o 51 102 153 0= 55
Inpurt Gray Level r

Fignre 4.4 Form of thresholding tramsfore 1o producs binary iruegas

The firure below shows a gray-seale 1mage and its binary 1mage msulted
from threshol ding the ongimal by 1240

Fienre 4.5 Thoeiholding, (&) Crzp-scale irage. () FEesolt of thoeshelding {2} by 120

Ancther more complex plecewize hnear finchon czn be defined a=:
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2 %7 if = 110
g = T if 110 << << 200
255 if v = 200

Fiecewice Linaar Transform
233 - ] ] 1 |

SNRUSREERREERASNRE
Inpurt Gray Level, r

2

Fienma 4.& Form of previcus piscewive inear tramsdform

B+ applyins this transform on the cnmral 1mage 1o Fazure 4.3(2) we zut
the follomanz owtrt 1mzpe:

Figura 4.7 Easnlt of thruchelding
Piecenize hrear funcrtions am commonly used for contrast enhancement

and gray-level slicine as we will see 1n the next lecture.
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Example:
For the follonins piecewize hnear chart determmne the eguation of

the corresponding grey-level transforms:

Fiecewsrise Limaar Tramns formm

B

235
10
¥ 1os
1ED
165
= 150
e 135
120
105

75

vel,

Output Gra
&

ahBhE

Soluton
We use the straizht line formmla to compute the equation of each hine
sazmyent vming two pownts.

_ ¥z N .
i R | _—1‘2 m—_— (x — 25}

Poants of hine sepment 1: Peoants of hne == proent 2:
(0.0 , (59,85 (50,300 , (130.210)

_E'Ei'—l] _ZII}—EFCI
y-O0=g_gk—0 ¥ — 30 = a5 "5 —90)
r=x if x << a0 y=2x — 150 if 90 < x < 120
Points of hne sapment 3:
{181 235 (255.235)

_255—255

¥ — 255 = o —————(x — 181}

» = 255 if x > 1280
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The piecewisa linear 4 =50
- £E= 4 2r— 150 if 90 < »r =< 180
fimctiom 15: 255 E'_;F i =120

Loz transformation
The penerz] form of the log trensformation 1s

s=c*lo=z(1+r)
where ¢ 15 a constant, amd 1t 15 assummed that + = 0. This bansformzhon
u=ad to expand the vahies of dark pixels n an mnage while compreszme
the lizher-level values 2= shown 1n the figure balowr.

Log Tansform

i 51 o2 153 204 255
Input Sray Lawvel, r

Fignre 4.8 Fomm of Log tamsform
The fipure balow shows an example of applying Loz trap=form.

.

L2l

E-_D.L JII:I.HE'B ] [ 2L OI msm LTI
Fizore 4.8 Applying Iog tanifoomation
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HNote the m=alth of datail 11=1ble m tran=formed mMmage 1n companson with
the cnpnal

Power-law transformation
Power-law transformath ons have the bazic formme

s=c*r¥
where ¢ and ¥ are positive constants. The povwer ¥ 1= known as gammna,
kence this tramsform 15 also called Gaerrma rrangformasion. The fpum
belowr showrs the form of a power-law trans form with different zamona (37

vahies.

CAilgr pray Jesel, s

0 T ra arje -1
[ETL I e e

Fignru 4.1 Form of power- o transiorm with
varions gzmoma valoes (o = 1 In all caces]

Powrer-law tran=formah ons am u=sfil for contrast enhancement. The naxt
fipure shoes the use of poner-law transform wath Famma values less
than 1 to enhance a dark 1naze
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Figure 4.11 (3) Orizgmal MEI image of a homan sping. (b)«(d) Resuls of apphing poww-hw
tansformatica with €= 1 and y = 0.6,0.%, and 0.3, repectuely.

We note that, 25 zamma decreased from 0.6 to 0.4, more detail became

vizsible. A firther decrease of gamma to 0.3 enhanced a hittle moie detail
in the background,. but began to reduce contrast ("washed-out”™ 1imagze).

The pext figme shows ancther example of power-law transform with
gamma values greater than 1, used to enhance a bright 1imaze.
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Figure 4.12 (3) Orizinal bright Imags. {b)<{d) Fesuit: of applying powar-law tansfor=ation
withc=1and y=3, 4, 2nd 5, respecavely.

We note that, suitable results weie obtzinad with gamma valies of 3.0
and 4.0. The result obtzinad with ¥ = 5.0 has areas that are too dadk. in
which some detail 1s lost.
From tha two examples, we note that:
® Dark areas become brighter and very bnght areas become shizhtly
darker.
e Famt (bnght) images can be improved wath y =1, and dark 1images
benefit from using )’ <1.
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Image Dynamic range, Contrast and Brighiness

The dyrnamic range of an 1mage 1= the exact subset of gray values
10.1,... L-1} that a1e present 1n the 1mame. The 1mage kistogram mives a
clear indhecation on 1ts dymarme range.

Image contrast 1s a combinahon of the mnge of mtensity values
effectively used wathin 3 griven 1masze znd the difference betneen the
Image's maamum znd mnmmum preel values.

* When the dynemic range of an 1mage 15 concentrated on the low
z1da of the gray scale, the 1mape will ba a2 dark 1mage.

* When the dxynamic renge of an 1maze 1z bizsed tovward the bagh
z1de of the gray scale, the 1mape will be 2 bnzht (lizhf) 1mape.

* Animaze with low contrast bas a dynamme ranpe that w1l be
narrow and will be centered toward the nuddle of the zrav scala.
Low-contrast images tend to have a dull, washad-out grav lock,
and they can result from 1) poor ilhmnaton, 2) lack of dynanme
range 1n the imamng sansor, or 3) wrong settimz of lens aperture at
the 1maze caphming stape.

* When the dynzmic rengze of an 1maze contmns a sipm fcant
proporbon (1.e. covers a broad ranpe) of the sray scale, the 1mage 1=
zaid to kave a bigh dynarmic ange, and the nonage wall have aligh
contrast. In hish-contrast images, the disimbution of paxels 1= pot
too far from miform with very fewr verheal hines boing rmach
lnzher than the othars.

The paxt figue illustates 3 gray imape shown in four banic grav-lavel
charactenstics: dark, hght, lew-contrast, and high-comtrast. The nght sada
of the ipure shons the histograms comespondmz to these 1mapes.
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Fizzre 4.13 Four basic Imags types: dark, Eght low-comtrast, high-contrast, and S

corresponding hisograms.



