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Digital Image Processing
Lec. 4: Image Enhancement
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Image Enhancement
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Image Enhancement Goals

o to improve the subjective
quality of an image for
human viewing

© to modify the image in
such a way as to make it
more suitable to further
analysis by a human or a
computer




Image Enhancement - Examples

Poor contrast image 4 = Enhanced image
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Blurred image Sharpened image
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Main Techniques

o Intensity transformations
Thresholding

Intensity-level slicing
Contrast stretching
Gamma correction
Histogram equalization

o Spatial filtering
Unsharp masking
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Thresholding




Example: Adding A Constant
= Brightness Change

o Image has more brightness (larger intensity
values) if the additive constant is positive.

Original + 50

By Oge Marques Copyright © 201 | by john Wiley & Sons, Inc. All rights reserved.




Example: Multiplying with a
Constant @ Contrast Change

o Image has more contrast (larger range of intensity
values) if the multiplicative constant is larger than one.

Original x 0.7 x 1.4

By Oge Marques Copyright © 201 | by john Wiley & Sons, Inc. All rights reserved.
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Thresholding
o r:input
intensity value

o T(r): output
intensity value

o k:intensity
threshold

= Light

[Jark =

T(r)

T'ir)

Dark =

K

= Light




Transform Domain Operations

o Operations carried out in a transform (e.g.,
Fourier transform) domain.

T RiTiu, X
Jey) o  Transtom flsx) o Operation (fwv)f o  Inverse grx.y) -
Spati M Transiorm .
patial Spatial
damain domain

Transform domain

By Oge Marques Copyright @ 2011 by John Viley & 5ons. Inc.  All rights reserved.
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Operations Combining
Multiple Images

o Two or more images combined pixel-by-pixel, using an
arithmetic or logical operator, resulting in a third
image

X =
i R

By Oge Marques Copyright © 2011 by John VViley & 5Sons, Inc. All rights reserved.
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Origirel Image

Output inlensity level, s

LA L2 3L L—1

[nput intensity level, r

Contrast Stretching using
Piecewise-Linear Transformations

Ad|ustad Image




® Contrast Stretching

* Small pixel values are compressed toward
darker values while large pixel values are
pushed toward brighter pixel values.

* Extreme case: binary thresholding

T(r) ¢ = T(r}

= | iwht

Diark =
Dark =
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Thresholding vs.
Contrast Stretching

Onginal
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Intensity-Level Slicing

A range of intensity levels is
highlighted in the output

image, while all other values

are suppressed or remain
untouched.
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Power-Law (Gamma)

. -
Transformation
S =oc-71!
o For gamma < 1, the
output image is b —
brighter than the y=0d
Input image l/ .

L2

Quitput gray leved (5)

o For gamma > 1, the

output image is i fi.
darker than the input _/

image 0 e X

Imput gray level {r)

If r is between 0 and 255, choose ¢ such that s is also
between 0 and 255. Alternatively, use normalized r
and s, Le., 0<=r,c,<1, in which case c=1.




Gamma Transformation

gamma = 2.2

gamma = 0.5




Gamma Correction

Scanner, printers, and display devices have a
power-law response to input intensity:

s=rt

In particular for a CRT:

2.5
S=7T

(Gamma correction (preprocessing):
S=r

I



Gamma Correction

original
image "

Ckriginal image | Liamma Civiginal image a5 viewod
(Sr e} RELIR LTI

T
I 'l

Cigmmea-cormeciod image Cigmma-correciod imags as
viewed on the same monitol

Image displayed
on the CRT
«—— monitor looks
the same as the
original image




Summary of Intensity
Transformations

o Linear (inc. negative)

453 dentity
Megativa
: . Log
o Plecewise linear (e.g,, mezrse Log
gray level slicing) / e
; p roa
{7/
. |'I ;# Iy
o Nonlinear (e.g., gamma VS S S
correction, Nthroot,log, |/ ~ 7
power, inverse log) L

0 255



® What is a histogram?

0 The histogram of a monochrome image is a
representation of the frequency of occurrence
of each intensity level in the image.

o The data structure that stores the frequency
values is a 1D array of numerical values, h(r),
whose individual elements store the number
(or percentage) of image pixels that correspond
to each possible intensity level r.
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5. Y. Histagoam Mol Sicakiom

_WL \I\'.ﬁa O\ o& a A'\ '\\nk "\w\q 'S L—Q\\\\ "bf%‘)
Jevel in e T‘q«é&az o, L-I| A i‘sh a- X3 Qé\\,g Vison e N wion

Paesy = 25 (5-2

W‘)ev‘c
Yk e K acay \evel
Nk2 s Ahe W ey o S 3“}\”(‘ G ‘\"‘Q?‘ w2\ At
éan Naadad .
VE s e Yokal pumber OQ Rndels \w e .\\h’\kk
Kz o, Gl

P(\'K\ a'\\)c\ o w g\)t'\\-g\ . ,Q \A'\g ?\‘0\&\5\\&\3 0&- oc(wVy,
-ence of 9vay [evel vy
.A}’Iof of Aig Q\A\'\L)Q'\o\a Qc‘f s\ Values &% & _Staai. qﬁ‘c\‘ﬂ\

disexjption of Fhe aAPREEIa gopear ol Mo Awangy ag
Shawsin \w Y\ e q-.«a.'&l-‘—))



Histogram of an Image

h(r)=n

7 image intensity value (0,1,...,255)

1: total number (0,1,...,MN-1) of pixels in the image having the intensiy value r

Eh{a'} - MN

1
MN

f(r) =

My
et
R

™,
" Probability density function (pdf) of image intensities

h(r)




Histogram Example

o Histogram for a hypothetical image
containing 128x128 pixels and 8 intensity

levels.
438
Giray level (rg) e prg) sl
0 1120 0068
1 1214 0,196 ERL
2 4RS00 0.296 oz
3 3425 0200
4 1995 0Q.122 gl
5 784 (.048
6 541 0033 oI}
7 455 0028
Jh8
Total 16384 1.000
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Histogram Sliding

© Same as adding or subtracting a constant value (brightness change)

i %

S |

‘“‘:\'—:j

(a) (b)
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Histogram Stretching

© Expand the part of the histogram such that its nonzero

intensity range occupies the full dynamic gray scale.
(same as autocontrast)
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Histogram Shrinking

0 Compress the dynamicrange s= [ : . ' ] (T — T'min) + Smin
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Example: Low Contrast Image

o In MATLAB:
imhist

x10

Pixels are grouped around
intermediate gray-level values,
indicating an image with low
contrast




Example: Bimodal Image

o Two distinct hills.

o Image has high contrast since the two modes
are well seperated from each other.




Example: Dark Image

o Histogram is concentrated in lower gray levels,
which corresponds to a moslty dark image.



Example: Bright Image

—

- 828888288 8¢

o Histogram is grouped close to the higher gray-
levels, which corresponds to a bright image.




Histogram Comparison

41

Dark

Light

Low contrast

High contrast




Utilization of Histograms

o Contemporary digital cameras have an
optional real-time histogram overlay in
their viewfinder.

o This information prevents taking
underexposed or overexposed pictures.

Example:

Too dark = increase exposure

o 1B 1 EEE




Summary

Histograms provide a statistical representation of
the intensity distribution in an image.

Histograms can be used to evaluate image attributes
such as minimum, average, and maximum intensity
values, overall contrast and average brightness, and
dominance of bright or dark pixels.

Histograms do not contain any information about
the spatial distribution of the pixels.

Histograms can be modified to enhance the
appearence of an image.




Histogram Equalization

Find an intensity mapping s=1(7) such that the new
Intensity values have a flat probability density function (pdf):

PLAr) 0%




Histogram equalization
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Histogtram Specification
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Histogram Specification
(Matching)

Original
ISHOETAT! Histognal

Step 3: z =G (T(r))
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Adaptive (Local)
Histogram
Equalization




Local Histogram Equalization

o Use a sliding (rectangular/square)
window, which moves across the image.

o Compute the histogram in the window
and compute the mapping function.

o Map the center pixel of the window using
the mapping function.

o Much more computationally expensive
than global histogram equalization.



Global vs. Local Histogram
Equalization

Original image and its
histogram

Ilillllll!

After global
histogram equalization

After local

histogram equalization.
Bimodal nature of the
histogram is preserved
while still improving the
contrast.



Adaptive (Local) Histogram

Equalization
HE EE B
2 |
HE BEE B

Original Global HE




Adaptive (Local) Histogram
Equalization

Onginal Global HE Local HE




