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Contrast stretching
aims to 1ncrease (expand) the dyvpamme range of an 1mage It tansforms
the zray levels m the ranze {(,1...., L-1} by a prtecewnss hnear function.
The fipure balow shows a tyvpieal transformahon uwsed for contrast
stetchinge. =1 |
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Figure 3.1 Form of transformation functen
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w1ll be used to mcrease tha contrast of the image shown in the fizwe

v v v v v .

: : ~¥a E =
d
Figzre 5.3 Contrast m:t:hins. {2) Original imagze. (b) Histozam of {(a)). (c) Reszlt of ccarast

strecching. (d) Fistogzam of ().

For a gven plot. m= usa the equation of a straight line to compute the
Y2 — ¥

1
y—ym=——x—2x)
X — Xy
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For example the plot m Fizwe 5.2, for the input gray values m the
intervzl [23 to 73] we get:

pq _ 25528
¥ ~ 75 —28

y = (227 $x — 5040)/47 if 28 <x <75
smmlarly, we compute the equatons of the other hipes.

(x—28)

Ancther form of contrast stretching 15 called automzhe (full) contrast
stetching as shown 1o the example belows:

0 if <290
g =4 (355 ++—22950),/48 if 90 << 138
255 if > 138
255

2

==
n
L

Output Gray Level, s
2 R
==

Fignre 3.4 Full contaststraiching

This tran=form produces a high-contrast image from the low-contrast
1mnaze z= shonm o the pext figure.
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Figure 5.5 (a) LI'.‘"l‘Ei:-I:II:I.‘I:I'.'.lH imuzagpe. (b} Histopram of {2). () E;%d?r-:-nm1 imagu rewnled
from applying full conmast-stretching in Figume 3.4 cn (3} (d) Fostogram of ()

Cray-level slicing

Gray-level shicng mms to lnghlizht a speafic renge [A...B] of gray
levels. It samply maps all gray levels in the chosen renze to 2 high valua.
Ohther gray levels are etther mapped to a low value (Fizue 5.6(3)) or l=ft
unchznged (Fipure 5.6(b)). Gray-level shoang 15 wsed for ephancing
faatures such as masses of water 1n sztellite imazery. Thus 1t 15 usaful for
feature extrachon
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Figzre 5.6 Gray-kewel slicing

The pext fignie shons an example of gray level shicing:

(2) Criginal imags

255 - .
o
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() Opsratica intensifies desired zray lewel (c) Rewult of applyinz (b) oo (3)
range, whiks presecving cder vakes {®2ck momnd unchanged)
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(d} Otperaticn intemsifies desied mray level  {&} Rawnlt ol applying {d) oo (a) {back omnd
rangw, while changing other vahes 4o blade champed bo black)

Figure 3.7 Exampls of gray level sbcing

Enhancement through Histogram Manipulation

Hiztogram manipulation ams to determine a grav-level transfoim that
produces an enhanced image that has a bistozram wath desired properties.
We study two histopram mampulahon teckmques namely Histosram
Equalization (HE) and Histogram Matchm g (H).

Histogram Equalizaton
15 2o automatic enbancemert techmque whech produces an cutput
(enhaneed) mmage that kas 3 near umformby distnbuted histopram.

For conhruous funchons, the infensity (zray level) n an mmage
may be viewed as a random vanable with its probability density fimetion
(FDIF). Tha PDIF at a zrav level r represents the expected proporhion
(hkehtood) of occwmence of gizy level ¥ the image. A trensformaton
fimction has the foom
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s=Tlr)=(L— 1]!15-,.[1#] dw

where w15 a vanable of intezrzhion. The nght side of this equatonis
czllad the cumulative distnbution funchon (CDE) of random vanable r.
For discrate grav level valuss, we dezl math probabiliies (kstozram
values) and summations instead of probabality dersity funchons and
intesrzls. Thus, the trensform wall be:

I i
s =Th)=(-1) ml)=0-0) =
j=t J=a
_-nx
T OMxN

" k=012 . ,L—1

The nght side of this equation 15 knowm as the cumwulzhve bistosram for
the 1mput 1maze. This trensformzton 1s called kistogram equalization o
histogram inearization.

Because a kistogram 1s an apprecamation to a contmeous PDF, perfectly
flat histogramys are rare 1o applicztons of histopram equah=ation. Thns,
the histopram equalization results 1n 2 pear um form kistogram. It spreads
the histopram of the mput 1mape so that the gray levels of the equalized
(enhancad) 1Image span a wider renge of the gray scale. The net resulf 15
contrast enhancemant.
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Example:

suppose that 2 3-ut 1mage (L = §) of size &4 » &4 preels has the aray

level (fntensity) distribution shown in the table below.

T Tig
ra=10 720
rn=1 1023
r,=2 330
r:=3 36
r:=4 3N
Fs=3 245
r; =0 12
=" 51

Perform histopram equalization on this image, and draw its normahzed
histogram tracsfomation fimetion, and the listosram of the equalized

1mage,
Solution:
M= N =4096
We compute the normahzed histosram-
T M p(r)=n/MN
ra=10 30 Q.19
ri=1 1023 025
Fy=2 850 0.21
ry=3 636 Q.16
ri=4 329 Q.08
rs=3 245 Q.06
re=0 122 003
rr=17 sl Q.02

Stage Four
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1 2 3 4 5 6 7
Bommalired hisiogram

Then we find the trees formation fiimchon:

&
g, =T(rm)=(L—1) Z pr[r}]
=0

i
sp =T} = ?Z pr(1) = T (rg) = 133
j=a

1
5 =T(n) =7 » p(y) =7p.(r) + Tp,(n) = 3.08

J=0
and =, = 4.55_ &; = 5.67, 53 — 6.23, 5z — 6.65, 5; — 6.86, 25 = 7.00

g

I I R T
54
4.3 -
2.8 T
1.4

o Tir)

e T SRR
01 2 3 456 7

Transfermaticn finchien
V'e roumd the values of s to the pearest 1nteger:

g, =133 — 1 5 =308 =3 g, =455 =5
gz = L&7 — & gy, =623 36 &g = 665 =7
g, =685 =7 Sy=700 =7
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These are the vzlues of the equzlized histogram MNote that there are only
five grav levels.

, n, g, | Newn, | p.(2,)=New n, /MN

ro=10 720 zp =1 790 0.19
r=1 1023 =31 1023 0.25
r,=2 830 =3 830 0.21
=3 36 5, =6 983 0.24
ry=4 319 = =86

rs=21 245 =71 H3 0.11
rs=06 122 E5=T

s= :I' E]. =7 = Tlr

Thus, the kstosram of the equahzed mage can be drewm as follows:

.r"l-l:'lt:l

25 ¢ .
wro. Y
04 5 A
o4 PoE ]

i 1,
12 3 4 5 4 7
fhstomam of equalized mags
The pext izme shonws the results of performng historram equalizztion
on dzik, hight, low-contrast, and high-contrast gray imapes.
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Fizzre 5.8 Loft column orizinal images. Cenkr coloman caresponding histogram equalized
images. Right colzmn histograms of the images in the center columm.
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Although 21l the histogrames of the saquzlized 1mages zre different, the=s
1mazes themsshes are visually very simmlar. This 15 becanse the
difference between the annmnal 1mzpes 15 simaply one of contrast, oot of
content

However, in some cases histopram equalization does not lead to a

suecessful result 25 shomn belonr

x %'

i
£ ] e 1 e =2

i) Original imagw {b] Hhstogram of {a)
Fizrra 5.8 Imagw of Afars moen 2nd it histngram

The result of performunz histopram equalizahion on the aboive 1mape 15

shomn mm the fipure balow
=i
223
- y 1 i
5
&
A
:"..l L 2 ‘ )
| ‘|“||||||||
| : A 1] |
I A, . ) ks 0 = i T
IT:_'ETR:-'.'nh of apphymg HE {b) Hhtogram of (a)

Figurs 5.10 Rssnlt of applying HE on Fizure 5.9 {2}
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Ve clearly see that bistogram equalizzhon did pot preduce a good result
i this caze. We see that the intenmty levels have been shifted to the upper
ome-hal f of the gray scale, thus grang the 1mape a washed-out
appearance. Lhe cause of the shift 15 the larse concentrahion of dark
camponernts at or near [ m the cngnzl bistogrzam In tum, the cmmulative
tarn=formation fiunchon obtanned froms this histogrem 1= steep, as showmn
in the fizure below:, thus mapping the large concentration of pixels 1n the
lowr end of the gray scale to the ligh end ofthe scale.

B I =
A 1
N
& 1 i
E1-5.-1
IS - =

1} ]

| |
1 £A 1 10 Fak]
Inpur prey bevek

Fignre 5.11 HE fansforration functon of Figure 3. 10a)

In other ca=ze=, HE mav indroduce not=e and other undesired effect to the
output images a5 shommn 1o the figure balow:,

R |

(b} Rasltof apphing EE on (2)
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Figure 5.12 Undesired sffect mansed by HE

These undesired effects are a consequence of dizmhzzhon. When dimtiza
the conbinuous operations, rounding leads to approcamations.
From the previous examples, we conclude that the effect of HE differs
from one 1mape to another depending on globzl and local venation m the
bnghtress and 1o the dynamue 12nze.

Histogram Matching (Specification)

15 another bistosram manpulahion process which 15 used to senerate a
processad image that bas a speaified listogram. In other wrords, it enablas
us to spacify the shape of the bistogram that we wish the proceszed imape
to ke, It a1mes to transform an 1mage so that its bistogram pearly
maatches that of ancther miven 1mape. It myvolives the sequenhal
applhiczton of a2 HE transfomm of the 1mpit 1mape followed by the 1mrerse
of a HE tran=form of the miven imaga

The procedws of Histogram Speafication 1= as follows:
1. Conmpate the listopram g,.(r) of the 1nput image, and use 1t to find
the kictogram equalizabon trensformation wang
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T

K i
a=Th)=1-0) alp)=C-0) =
J=0 1=t

-1y

T OMxN
J—I:I

Then round the resulting valies, =, , to the mtezer rangze [0, £-1].
2. Conmpate the specified listogram p, () of the gpven 1mape, and use
1t find the tapsfomzhon funchon & uzng

L k=012..,L—1

q
E[sqj:EL—i}Z}J;{Ei} g=012,...L—1
1=

Then round the values of to infegers in the range [0, L-1]. Store
tha values of (7 1n a table.

3. Perform mverse mapmng. For every value of 5, |, use the stored
values of 7 fiom step 2 to find the corresponding value of z, o
that E[:q] 15 closast to 5, and store these mappings from £ to o
When mom than ope vale of - satisfies the prven z, (1e. the
mEppinE 15 oot uniqus), choose the smallest value.

4. Formthe oulput image by first bistozram-equaliming the input
1nzge and then mapping every equalized poel value, 2, |, of this
nzpe to the comesponding value =, inthe histopram-spemfied
1mzpe uang the imerss mappings in step 3.
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Example:
suppose the 3-bat maze of size 64 = 64 pmxels nath the mav level
disinbuhon shown 1o the tzble, and the speafied nstosram below.

T Ry Pilag)

ra=0 | 790 A "

=1 | 1023 251 |

r,=2 | E50 20+ s e
;=3 | 636 SEE LR
rs=4 | 329 AlE S
=3 | 243 IS : SR
;=6 122 —t— i o,
r?=? 31 i 1 2 3 4 % & 7

Perform kistopram specficahon on the 1mage, and draw its normahzed
kiztogram, speafied trensformaton funchon, and the histopram of the

output 1mage.

Solution:
Step 1:
M= N =409
We commite the normahzed histopram:

T e o (r.) =n, /MN
ra=0 720 .15
ri=1 1023 0.25
Fa=2 850 021
ry= 656 0.16
v, =4 320 .03
rs=13 243 (.06
=0 122 0.03
r,=T 31 002
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Momalired histogram

Then we find the histozram-equalized valuas:

ke
g = Tln)=1({L—1) Z :ﬂr[!j-:l
[P
n
s =Tl =7 or(n) = 7o) = 1.33
[

1
5y =Tl = ?Zﬂ-[r}] =T7orlr) + 7o {nd = 3.08
J=0

and £, — 4.55 £5; = 5.67, 54 — 6.23, 5z — 6,65, 5; — 6.86, 2 = 7.00
Ve round the values of 5 to the pearest infeger:

& =133 — 1 & =308 =3 g, =455 =5
22 = 567 — 6 2y =623 26 g = 6bEh =7
£, = bB5 =7 gy=.00 =7

atep 2:
Ve compute the values of the transformzhon &
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(K]

G(z) =7 ) palz) =0
L=0
1

G(m) =7 ) plz) =7lp(z) +o(5)] =0
1=0

and &{z,)}) =0, G(=;) = L05 , G{z,) = 2.45
Flzg) =455 , G(z;) =595 . Glz;) = 7.00

Ve roumnd the values of & to the pearest mnteger:

=g G{z4) rlz,)
5.;'-=D ':' -lr_l_ S —
5.'=]. D == _J—J
zx=12 0 5T ] ;
5_1:3 1 4 : :
=4 2 2T -
55=5 5 | - r—j I
=0 6 et ———— I,
zr=T7 ) ¢t 2 3 4 5 6 7
Transfoomaton funchon obtamed
from the specified bistogram
Step 3:
We find the conmespondmng value of =, so that the value &(z)1s the
closest to 5, .

~1 O LA L
S ORI Y
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atep 4

1 hny ) New ng | plo.) = New ng fMN
ra=0 720 Sg=23 720 0.1%
=1 1025 =4 1023 025
r:=2 a33{ 52=3 830 0.21
r;=3 G536 s2=0 33 0.24
ri=4 329 si=0
=3 245 5c =17 443 011
rs=10 12 =7
r=="7 el sr=7

Thns, the bistosram of the oulput 1mage can be drann 2= follows:
melzyh
A5 - *
2+ . o=
154 A
A+ R
05+ AR
e g

To see zn example of lnstopram specification e consider again the
1mazse below:

5] i 1IH i Tl
{b] Fhseoerem of (7)

(3) Umamal 1maga
Figurs 5.13 Image of bars moco 2nd its histogram
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We use the following specified histogram shown 1n the figure below to
perform histogram specification on the imape m the previous figure.

e
o |(\'

aont ||

20H { \
st |
(17 l| |
et | \
2.008 ] | 1
0004 !,' \.

2002 \ 57 S

o o ' A A '
9 “w 1% vl ) i

Figure 5.14 Specified histogram for image in Figars 5.13(a)

The output image of histogram speaification 15 shown below..

! “ 1%

(3) Result of applying ES {b) Ehstogram of (3)
Figure 3.15 Result of applying S ea Figure 5.13 (a)



