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Spatial Domain Processing

¢ Visual data is captured and stored in computer

¢ Only using intensity (or luminous) information

¢ Scene is sampled at regular spatial grid in X and Y direction
¢ General equation of processing is:

g(x,y)=T[f(x,y)]

e f(x,y) is the captured visual information at (x,y)
e T[.]is the operator defined over a neighborhood of point ( x, y)
e g(x,y) is the output image at (x,y)
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Neighbourhood operation

Matlab origin — (1,1)

Origin
00

Image f

Yo

Pixel [its Valueiis f(x9,¥0)]

\#

Z 3 x 3 neighborhood
of point (x,,y,)

(xg,yo) — arbitrary location in image

Neighbourhood is a rectangle
centred on (xy, yo)

This shows a 3x3 neighbourhood

Operator T is applied to the pixel
values of neighbouring pixel
surrounding f (xg, ¥o)

The result of T is output image
value g(x, vo)

Processing the entire image
requires such an operation
performed over the entire image,
pixel-by-pixel, starting from the
origin
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Examples of Operator

s =T(r) s=T(r)
A A
so = T'(rp) |= A e |
| |
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S | % |
= | T(r)—~ | = T(r) — |
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A | . = !
k To k
Dark Light Dark Light

Contrast Stretching function Thresholding function
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Negative Transformation

3LJA L .

Lpk _

Output intensity levels, s

L/4 - .

0 l | |

0 L/4 L2 3L/4 L-1
Input intensity levels, r Orlglnal Image Negative |mage

* ris the original pixel value in range [0, L-1]
* s is the resulting pixel value after negative operator
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Power-law Transformation (Gamma Correction)

v.= 0.04

// y.=0.10

3L/A y,=0.20

L2

Output intensity levels, s

L/4

|
0 L/A L/2 3L /4 L-1

Input intensity levels, r

c and y are positive constants
Better known as Gamma
Correction

Assume c = 1

Used for processing an
image for display on monitors
Different values of y produce
a family of functions

y = 1 means image is not
changed

y > 1 produces in darker
image

y < 1 produces a ligher

image
1

s =rY and s = r¥ are inverse
of each other
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Gamma Correction for Monitor Display

Original Image Display Image

Corrected Display
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Power-law Contrast Enhancement (1)

s=rY * vy < 1lightens the image and shows break in spine

Original Image
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Power-law Contrast Enhancement (2)

Original image over exposed
 y > 1 darkens the image
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Piecewise Linear Transformation (Contrast Stretching)

3L/4|

L

Ll

Output intensities, s

0 I

~—1(r)

(rl’ Sl)
| |

0 L/4

Input intensities, r

L/2  3L/4

Original Image

Transformation function made
up of segments of lines
Gradient of line segments
always positive

Not a mathematical function
Lighten and darken different
grayscale regions

E.g. low contrast electron
microscope image of pollens
enlarged by x700

After contrast stretching using
the piecewise linear
transformation

After thresholding only
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Piecewise Linear Transformation (Intensity-level slicing) (1)

~—T(0)

« Similar to thresholding, but use two thresholds instead of one

« Result: highlight region of image with intensity between A and B

« E.g. Aortic angiogram image with interesting feature having intensity with
defined region

« Only the arteries and part of heart highlighted
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Piecewise Linear Transformation (Intensity-level slicing) (2)

« Similar to the previous, but preserve original image intensity except for the
region with intensity between A and B

* Resulting image shows features of other part of body, but still highlighting the
region of interest.

« Effectively superimposing the highlighted part onto the original image
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Bit-plane slicing

One 8-bit byte 7 Bit plane 8
~_~ (most significant)

Bit plane 1
(least significant)

* Intensity is 8-bit number
« Slice each pixel intensity values into images of EACH BIT
* Produces 8 separate images — what for?
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Bit-plane slicing of a US bank note (1)

L [ L . 2 X
N LA DST ALY, AT €18 8158 V'4 ISR ST AN,
HO R VM B RTGLY \ETANE " 4 DR BN 1IN

b= Origin'al Image

« Slicing original image of bank note shown in top left
« Clearly the most-significant bit image is most important (not surprising)
« Also shows that image of the bottom 4-bits contain little information
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Bit-plane slicing of a US bank note (2)

DAL DT VAR
O FAM ERTLY

Original with 8-bit
intensity

AESTINEL129A

— e

D AN ITENIDIIEE D MO LA S

l»A\u'lin';wj' Y

D FAAMEIUN

l‘) With only most-
significant 4 bits

AESTINBL29A

is i RADED
»e a—_ e

A AN TTE NSRRI MOV LAY
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Formal Definition of Histogram

Let , for £=0,1,2,..., L—1, denote the intensities of an
L-level digital image, f(x, y).

The unnormalized histogram of fis defined as:
h(rk)=nk fOI‘k=0,1,2,...,L—1

n, is the number of pixels in fwith intensity r,.

The subdivisions of the intensity scale are called

Histogram of
high-contrast image

histogram bins.

7 The normalized histogram of image 1 of
dimension (MxN)is defined as:

h(”k): 1y
MN MN

i p(r) =
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Histogram affects contrast

T T I T T T T T

Histo'gram of _ Histqgram of . Histogram of Histogram of
dark image light image low-contrast image high-contrast image
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Histogram Equalization

Ideal

ps(s)

equalization

Histogram of

HERIAZS Practical

T equalization

X J

Histogram of
high-contrast image
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PDF and CDF

Integrate = area
under curve

N - | > 7
0 r L-1 > r
r L-1
Type equation here.Cumulative
Distribution Function

Probability Distribution Function
PDF

() = (L= 1) [ prlw)dw
0

« Histogram equalization (i.e. flattening of the PDF) can be achieved by using
the CDF as the intensity transformation function

s=T(r)=(L- 1)/rp,(w)dw
0
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An example — 3-bit intensity distribution of a 64 x 64 image

rn=0
rn=1
=2
r =
r,=4
rs=5
r, =6

r, =17

ny;
790
1023
850
656
329
245
122

81

p.(r,) =n, /MN

0.19
pr(rk)
0.25
021 25 i *
I
0.16 0%
4+ e
0.08 1(5) ]
AUT 0 0 e
0.06 | | | |
05 T i i | i ? [
003 T
0.02 0O 1 2 3 4 5 6 7
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Compute the CDF and use as intensity transform function

Sk

pr(rk) A Ds (Sk)
25 i . 7.0 7 25 + ° .
0% T 5.6 ot . e
154+ N 4.2 15+ f L
10+ 2.8 - 10+ | i § ?
05 T ? 14 — 05 1 | | ! | I

so=T(r) = 72(,)pr(r,~) =7p,(r) =133

So=133->1 5,=455->35 §,=623>6 5,=686—>7
$,=308—>3 5=567T—>6 s5=665—>7 s, =700—>7

* Note that after equalization, the final histogram have no values at 0 and 2!
« Equalized histogram is approximately flat.
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Histogram equalization may not work

525 Original histogram [g

3.50 [~ —

192

CDF used to equalize

128 |~ =

1.75 — —

0 | | m
N

Number of pixels ( X 10%)
Output intensity

0 64 128 92 55

0 | | |
0 64 128 192 255

Input intensity

Original Image I

Number of pixels ( X 10%)
w
wn
o
I
|

0 | I |

. 0 64 128 192 255
Equalized Image Intcnsity
Equalized histogram
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Histogram Matching

7.00 | , ,
7.00 T T T o
5 = Desired histogram
= esire
x 525 Original histogram [g X
3 5 R
£ 3501 - a, 3.50
o kS
S 5]
2 175+ - g 175 u
g 3
| | | 0
0 64 128 \192 /255 0 64 128 192 255
Oriai Intensity
riginal Image
CDF as before
E ;
% 525 . z 1921 e
Y Z 1) — 1 i
E 2 Inverse¢ function
2350 <l E o) S un
— =
: & @
.é 175 — S 64 ) —
= - 7
“ 0 ] I K\ g v ,_4_____7,0] |
0 64 128 192 255 0 K 64 128 192 255

Better equalized Image

Intensity

matched histogram

Input intensity

Derived mapping function (dotted line)
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Matlab Functions related to this Lecture

imadjust e
ladjust imhist
Adjust image intensity values or colormap _ .
Histogram of image data
Syntax
J = imadjust(I) Syntax
J = imadjust(I, [low_in high_in]) _ . o
J = imadjust(I, [low_in high_in], [low_out high_out]) [counts,binLocations] = imhist(I)
J = imadjust(I, [low_in high_in], [low_out high_out],gamma) [counts,binLocations] = imhist(I,n)
histeq
Enhance contrast using histogram equalization
Syntax 2 :
imhistmatch
J = histeq(I) di hi f . h hi pia .
J = histeq(I,n) Adjust histogram of 2-D image to match histogram of reference image
J = histeq(I,hgram)
Syntax
stretchlim J = }mﬂ}stmatch(l,ref) |
Find limits to contrast stretch image J = imhistmatch(I,ref,nbins)
Syntax
lowhigh = stretchlim(I)
lowhigh = stretchlim(I,Tol)
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