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Digitization of Iimage

Continuous image Discrete (digital) image
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pixel or pel
(picture element)

Pixel value at position (i,j): f(i,j) or f;

Digitization is performed by sampling and quantization.




Sampling and quantization

One-dimensional explanation

Signal -
iIntensity =2l
f(x) f(x)
f(x)
X X X X X

Sampling is to take the data
discretely from a continuous
signal in a certain interval.

Signal
Intensity

255 = £(x)

AL [TT]

At each sampling point, continuous
value f(x) is approximated by a
proper integer.

Quantization

X

Quantization level:
Quantization is usually done
into 2" levels
(n corresponds to the # of hits)

8bits=256 levels
10bits=1024 levels



Sampling theorem

If the rapidly oscillating wave is sampled  Sampling theorem
in coarse interval, how is sampled data? I the sampling satisfies the following
condition, original continuous signal can

Signal o _ _ fully be recovered from the sampled data.
intensity Original continuous signal
T.(X) / Sampled signal Ax<_ L Ax:sampling pitch
2U.., U, Maximum frequency that
the original continuous
signal includes.
, T()

I\ X

Apparent signal becomes a slow wave.
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Two-dimensional sampling and quantization
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Sampling



Simulation of sampling and quantization
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Tone mapping (point processing) H

General expression of tone mapping _f(x, y)
I

g(z,y) =TLf(z,y)]

f(z,y) :Input Image
g(x,y) - processed image
T'[]: tone mapping operator

Tone mapping is performed pixel by pixel. g

Examples of tone mapping
introduced

B Linear transformation

g(alf,y)

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

Example of
'tone mapping

B Nonlinear transformation using gamma
B Histogram equalization

v



Increase/decrease of brightness

12

general expression g(:l?, y) — T[f(x, y)]

A linear transformation

g(z,y) =af(z,y) +b Example (from demo of MATLAB)

Contrast br'g htneSS J Imaee Histoeram and Intensity Adjustment Demo [Z||E|f‘$__(|
LE REE FTA FAD VLD 2PN A2t

Select an Image: Cutput vz, Ihput Intenzity
1 =
|Tire ﬂ
Adjuzted Image
: [
) . \ 05 /
il
|:| N
1] 05 1

Hiztoeram Hiztoeram - -
Intensity Adjustment -




Increase/decrease of contrast
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general expression g(:l?, y) — T[f(x, y)]

A linear transformation

g(z,y) =af(z,y) +b Example (from demo of MATLAB)

contrast brightness

J/Imaee Hizstoeram and Intensity Adjustment Demo

JrLE) SREE FTN FAD Y-LO Rl A L7tH)

Select an Image:

| Rice

Hiztoeram

Adjuzted Image

Hiztogram

’ Cutput vz, Ihput Intenzity

05

EoX

Intensity Adjustment -

+ Brightreszs

+ Contrazt

+ Gamma

3

- Brightre=zs

- Contrazt

- Gamma

Cloge




Increase/decrease of contrast

general expression g(.CL’, y) — T[f(x, y)]

A non-linear transformation
g(z,y) =[f(x,y)]] Example (from demo of MATLAB)

J/Imaee Hiztoeram and Intensity Adjustment Demo E|E|E

TrE REE FTN BAD Y=L D ALIH
gamma

Select an Image: ’ Cutput ve, Input Intensity

Adjusted Image

|F‘epper ﬂ

05 1
Gamma: 046169

Operations:

Intensity Adjustment -

Hiztogram Hiztogram




Histogram equalization

Example (from demo of MATLAB)

2/ Imaee Histogram and Intensity Adjustment Demo

JrE REE FTA BAD D U ALIH)

Select an Image:

|Tire

=

Equalized Image

Hiztogram

Hiztoeram

’ Cutput ve, Input Intensity

0.5

Dperations:

Hiztogram Equalization -
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Pixel-wise operation between multiple images
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Image addition
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Noise reduction:

When multiple images with a fixed foreground and random noise are
avallable, averaging those image produces a noise-reduced image.

Obtained image |

g, (% y)= f(xy)+n(Xy)
gz(x, y)= (X, y)+n,(Xy)

9n (X Y) = F(X,y)+n, (X, Y)

Processing |
1 m
g(x,y)="2 6;(xy)
M=

Effect \

1 1
g(X! y) :E; f (X! y)+agni(x’ y)

S IC R NER)

Noise components are averaged.

q

Effect of noise reduction

..

1234567 m
Number of image added

Variance

2

. - 0
Variance of noise decreases as —
m

. o
< SD of noise decreases as——

Jm




Image addition - example -

No addition

Average of
10 images




Image subtraction 20

In a model that subjects of interest (foreground) is added to the background,
If an image of background only is available, the subjects are enhanced by
subtracting the background image from foreground + background Image.

Obtained image |

g(x,y)=f(x,y)+b(x,y) Effect \

-

and

b(x, y) h(x,y) =L (X, y)+b(x,y)]-b(x,y)

= T(x,y)

Processing

h(X’ y) — g(X, y) _ b(X, y)

Example

h(x,y)

a(x,y) b(x, y)



Image multiplication/division

In a model that subjects of interest (foreground) is illuminated non-uniformly,
If the illumination distribution is obtained as an image, non-uniformity is
corrected by dividing the image of the subject by the illumination distribution.

Obtained image |

g(x,y)=i(x,y)f(x,y) Effect |

and

o) 100 T(0Y)
Processing | (X,y) = (. y) =T (xy)

1(X,Y)
Example \

a(x,y) 1(X,Y)
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