Image enhancement

Image enhancement belongs to image pre-
processing methods.

Obijective of image enhancement — process

the image (e.g. contrast improvement,
image sharpening ,...) so that it is better
suited for further processing or analysis
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Image enhancement

Image enhancement methods are based on
subjective image quality criteria.

No objective mathematical criteria are used
for optimizing processing results.
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Image enhancement
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Image histogram
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Image histogram
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Image : array[1..M,1..N] of byte;
Hist : array[0..L-1] of longint;

Hist-<0: imhist(1)

for i:=1 to M do for j:=1 to N do
Inc( Hist[ Imageli, j]]);




Image histogram
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Linear gray scale transformation
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MATLAB Demo - image histogram

KA Image Histogram and Intensity Adjustment Demo [3 ]
File Edit ‘Window Help

Select an Image: Intensity Transformation
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Histogram ,,stretching”

POINT OPERATION?

G=imadjust(F, [fyn fuaxl: [min Iuax])
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Histogram ,,stretching” - example
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Grayscale inversion
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We can use look-up
table to implement
image point operations




Nonlinear grayscale transformation
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Nonlinear grayscale transformation

G=imadjust(F, [fyyn fuaxl, [Ovin Imax]s V)

0 f L-1

vy correction




Nonlinear grayscale transformation - example
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Nonlinear grayscale transformation - example
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Nonlinear grayscale transformation - example
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Nonlinear grayscale transformation - algorithm

Example: square function
normalization: minimum value - 0 -> 0
maximum value - 255 -> 2552

Normalization coefficient: norm=1/255

for i:=1to M do for j:=1 to N do
gli,j]:=round(sqr(f[i,j])*norm);




Nonlinear grayscale transformation - algorithm

Example: square function (using look-up-table)
lut : array[0..255]of byte;

for k:=0 to 255 do lut[k]:=round(k*k*norm)
for i:=1to M do for |:=1 to N do
gl jJ:=lut[ (L]




Enhacement of a telescope moon image
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Linear gray scale transformation
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Medical Image Processing, Analysis and Visualization (MIPAV)
by Center for Information Technology, ver. 1.29



Image ehancement by image averaging

Consider a noisy image:
g(i, j)= 1 (i, j)+n. j)

contaminated by additive noise 7(i,j) of zero

average an variance 0,7 that is not correlated to
the image.

We will show that after NN averagings (acquisitions) of

the noisy image g(i,j) the variance of noise
component will be reduced to:




Image ehancement by image averaging
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Image ehancement by image averaging

Noise variance in the averaged image:
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One can also show that the pick value
of noise {n} is reduced by a factor of VN
after Nimage averagings




Image averaging — example
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Cumulative histogram

hist —image histogram, histc —cumulative histogram
hist : array[0..255] of longint;
hists : array[0..255] of single;

histcli]l= ( >_hist[k])/ MN, 1=0,...,L—1
k=0

M ,N —image dim ensions
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Histogram equalization

Histogram equalization aims at obtaining uniform
statistical distribution of image gray levels
(uniform probability density function)

By histogram equalization one gets:
 contrast enhancement

* Image normalization




Histogram equalization
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Histogram equalization
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Histogram equalization
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Cumulative histogram - algorithm

hist : array|[0..253] of longint;
histc : array[0..255] of single;

histc[0]:=hist[0];
for k:=1 to 255 do
histc[k]:=histc[k-1]+hist[k];




Histogram equalization

J=histeq(l)
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Histogram equalization - example
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MATLAB Demo - intensity adjustment

Ed Image Histogram and Intensity Adjustment Demo E] ]
File Edit Window Help

Select an Image: Intensity Transfarmation
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Correction of nonuniform illumination

o - m =
ntnrrectinn of Nonuniform Humination |- |~E| H
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Thiz slideshow demonztrates corection of nonuniform
illurnination in an image of rice grainz. Motice that
the background aof the image iz much brighter in the
top-central part of the image than in the baottom part.

 Nice = imread|'rice. tif');
# fice = double(rice)/255; % Corvert to double precizion
# iImzhow(rice)




