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’ » Intensity transformation

1 Also called point operation

 Zero-memory operation

S s

» Map a given gray level to another level [~y ;
s=T(r) I

typically, monotonically
increasing (but not always)

\ input gray levelr J
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’ » Intensity Histogram

1/8|6|6

 Example 53111l 8
a 4x4, 4bits/ pixel image =
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’ » Intensity Histogram

_ bl

Dr/ Ayman Soliman

222222222



NYZANVIANYIANVIANYIANVIANY/AN

’ » Intensity Histogram

From [Gonzalez & Woods] —

High-contrast image

.
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’ » Basic Transformations

FIGURE 3.3 Some L—1 Negative.
basic gray-level )
transformation
functions used for Negative s=L—1-r
image
enhancement. nth root
3L/4 1 1 Loo-
0g:

- Log s=clog(1l+71)

B nth power

%1

5 L2 .

5 .

From [Gonzalez & Woods] £ Inverse Log:
© s=e“" -1
L4 _
Power-law:
Identity Inverse log
/ s=crY
0 | I

0 L4 L2 3L M4 L-1
Input gray level,r ..
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’ » Negative Transformation

s=L—1-r

a4 b

FIGURE 3.4

(a) Original
digital
Mammogram.

(b) Negative
image obtained
using the negative
transformation in
Eq. (3.2-1).
(Courtesy of G.E.
Medical Systems.)

From [Gonzalez & Woods]
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» Log Transformation

R

FIGURE 3.5

(a) Fourier
spectrum.

(b} Result of
applving the log
transformation
oiven in

Eq. (3.2-2) with
c =1

NVYIANVYSZAN

From [Gonzalez & Woods]
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’ » Power-law (Gamma) Transformation

L—1 | : S FIGURE 3.6 Plots
! of the equation
— 0.04 ' 5 = cr’ for
A ’ various values of
v = 0.10 v(c = 11nall
cases).
s =crY 3L/4¢ y =020

" v = 040
2
= v = 0.67

g?
w L2 vy=1
g v=1.23

vy =25

4 From [Gonzalez & Woods] LA y =50 N
v = 100
/ v =250
0 | | | //
0 L/4 L/2 3L/4 L-1
Input gray level. »
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’ » Power-law (Gamma) Transformatio

s Y ab
AAE cd
FIGURE 3.8
(a) Magnetic
resonance (MR)
image of a
fractured human
spine.
(b)—(d) Results of
applying the
transformation in
Eq. (3.2-3) with
¢ =1land
y = 0.6,0.4,and
0.3, respectively.
(Original image
for this example
courtesy of Dr.
David R. Pickens,
Department of
Radiology and
Radiological
Sciences,
Vanderbilt
University
Medical Center.)

s=crY

From [Gonzalez & Woods]
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’ » Power-law (Gamma) Transformation

ab
cd

FIGURE 3.9

(a) Aerial image.
(b)—(d) Results of
applving the
transformation in

s =crY Eq. (3.2-3) with
¢ = 1and
y = 3.0.4.0.and

5.0, respectively.
(Original image
for this example
courtesy of
NASA )

From [Gonzalez & Woods]
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’ » Thresholding

— T(r)

0 ifr <
c ifr>m
m : threshold

s

4/22/2021
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’ » Example: Fixed Intensity Transformation

1

8

6

6

* A 4x4, 4bits/pixel image | ©

3

11

8

8

8

9

10

9

10

10

7

1 - round(0. 0667) =0;
3 = round(0.6) =

6 =2 round(2.4) =

7 = round(3. 2667) =3;
8 = round(4.2667) = 4;
9 2 round(5.4) =5;

10 = round(6.6667) = 7;
11 = round(8.0667) = §;

/'\/'\/'\/'\

passes through

: : : 1
an intensity transformation = s =T(r) = round (—r2>

15

The resulting image is:

ga|lb|IDN| O

R S

~N| OO0 N

WiINIP~DN

4/22/2021

Dr/ Ayman Soliman

s




NYZANVIANYIANVIANYIANVIANY/AN
s

’ » Example: Histogram Change
18|66

3 (11| 8

6
818|910
<910107

ok~ [IDN|O
~N| OO0 DN

N D RN
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’ » General Idea: Make Best Use of the Dynamic Range ’

3L 4L

Ll T(r)

Ll

.f_.:f4 Llfz 311,.#4 L—1
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» Contrast Stretch

— T 0<r<n
1
S, — S S1T5 — SoT°
2 LI L 211 r<r<m
—n T, —7
ZB—].—SZ Sz_rz
r+ (28 -1 r,<r<28-1
22—-1-1, ( ) 2B—1—-r, °

1 = Tmin s;=0 S=(ZB_1)'7,

\ Typically used: s =round ((ZB -1)- rr — — )

Dr/ Ayman Soliman
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’ » Example: Full-Scale Contrast Stretch

4
 Full-scale contrast stretch of a 4x4,
4bits/pixel image 6
38
i Flnd When Tmin =4 Tmax— 1| 2B —1=15 8
s=round [ (28 - 1) - '~ rmi;; —
rminmaxO (15 - 77=7) ( 7 ("= 4))
4 - round(0) =
6 = round (4.2

The resulting image is:
8 2 round(8.57

9 2 round(10.71) =11,
10 = round(12.86) = 13;
11 = round(15) = 15;

4/22/2021

(

( )=4
7 = round(6.43) = 6;

(8.57) = 9;

| o |+~ O
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’ » Example: Histogram Change ’

4186|606 94

015

4
6 9
-5 8 11\3@
<8 513)
h H B
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Histogram Equalization
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’ » Histogram Equalization

From [Gonzalez & Woods]
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’ » Histogram Equalization

\ From [Gonzalez & Woods]
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’ » Example >
* A 4x4, 4bits/pixel image 2
38
* First try full-scale contrast stretch  ryin=2  Tmax=11 8

s =round [ (28 — 1) - T~ Tmin

( <—><>)
2 2 round(0) = 0
3 = round(1. 67) 0
8 = round(10. 00) The resulting image is: [
9 > round(11.67) = 12

10 > round(13.33) = 13; 10
11 = round(15) = 15;

Dr/ Ayman Soliman
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’ » Example: Histogram Change

2181919 0 (10112|12
P 10| 9 S 0|2 13|12 full-scale contrast

2|3
original A" 311 10| 2 | 2 |15 stretch
<831011 10| 2 |13]15

-l 1 _
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’ » Cumulative Histogram

k O 1 2 3 4 5 6 7v 8 9 1011 12 13 14 15 /
Hk)y O 0 2 4 0 O 0 0O 3 3 2 2 O O OO

Qky O O 2 6 6 6 6 6 9 12 14 16 16 16 16 16
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’ » Intermediate Image

K O 1 2 3 4 5 6 7 8 9 1011 12 13 14 15
Hky O 0 2 4 0 0O 0O O3 3 2 20000

Okl 0 0 2 6 6 6 6 6 9 12 14 16 16 16 16 16

218199 219 112(12

original 2|3 10/9 N 2|6 [14]12 intermediate image
8133|111 9|16 |6 |16
8310|111 916 (14|16

.
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’ » Full-Scale Contrast Stretch of Intermediate Image

219 |12(12
2161412
916|616
9161|1416

/ Tmlnzz 7"l'l’laX: ] 6

intermediate image

— B __ . in —
s = round ((2 1) —— rmin) round (

1T6__22) = round (1—2 (r — 2))

2 2 round(0) =

( 0

6 = round(4. 29)
9 = round(7.50) = 8 result: 0
12 5 round(10.71) = 11; histogram equalized image 8
8

14 - round(12.86) = 13;
16 = round(15) = 15;
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’ » Histogram Comparison

.

48|66 0 [10/12]12 08 |11[11
6|411|8 0|2 |13]12 04 |13[11
8|8]9]10 10| 2|2 |15 84415
8 |11[18] 7 10| 2 |13]15 8 | 4/|13[15

origina\

1
2

direct full-scale cbntrast stretch

ol

THA

histo/mequalized

___— more equalized
i Inn 9%
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Summary of the Histogram Equalization Algorithm

original image

histogram H(k)

cumulative histogram Q(k)

intermediate image

full-scale contrast stretch

histogram-equalized image
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