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Fragments of the lecture were also provided by
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and were used with permission.

Portions of this lecture are illustrated with articles from the wikipedia
(GNU Free Documentation License
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Image EnhancementImage Enhancement

• Image histogram

• Point processing

• Spectral filtering

• Spatial filtering

• Image resampling
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Image enhancementImage enhancement

Image enhancement belongs to image pre-processing methods.

Objective of image enhancement is to process the image so that it is 

better suited for viewing, further processing or analysis.

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 histogram and point processingImage histogram and point processing

pixel grey-levelpixel grey-level
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Image histogramImage histogram
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InversionInversion
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Histogram stretchingHistogram stretching

Examples created with GIMP software

http://www.gimp.org/

Examples created with GIMP software

http://www.gimp.org/

Linear or nonlinear?Linear or nonlinear?
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Gamma correctionGamma correction

Examples created with GIMP software http://www.gimp.org/Examples created with GIMP software http://www.gimp.org/

),(),( jiIjiI inout
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>∈< 1,0inI Linear or nonlinear?Linear or nonlinear?
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Gamma correctionGamma correction

Examples created with 

Microsoft Photo Editor

Examples created with 

Microsoft Photo Editor
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Histogram equalization (idea)Histogram equalization (idea)

L-1

1/(L-1)

0 g

p (g)
g

L-10 f

p(f)f

pf(f)=hist[f]/MN pg(g)=1/(L-1)

Histogram equalization aims at obtaining 

uniform statistical distribution of image gray 

levels (uniform probability density function)

Histogram equalization aims at obtaining 

uniform statistical distribution of image gray 

levels (uniform probability density function)
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Cumulative histogramCumulative histogram
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Histogram equalization vs. gamma correctionHistogram equalization vs. gamma correction

Original imageOriginal image

Gamma correctedGamma corrected

Histogram equalized

(is it a point processing method?)

Histogram equalized

(is it a point processing method?)
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Image filteringImage filtering

Image filteringImage filtering

In spatial domainIn spatial domainIn spectrum (Fourier) domainIn spectrum (Fourier) domain

Non-linearNon-linear
LinearLinear
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Image filtering in spectrum domainImage filtering in spectrum domain

g(x,y) = IFFT{ H(u,v) FFT{f(x,y)} }

f(x,y) g(x,y)

Source
image

FFT IFFT Output
image

H(u,v)
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Fourier transformFourier transform
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inverse

forward

F(u) - Fourier coefficientsF(u) - Fourier coefficients
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Real part is an even function

Imaginary part is an odd function

Real part is an even function

Imaginary part is an odd function
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Image filtering in spectrum domainImage filtering in spectrum domain

FFTFFT

IFFTIFFT

xHxH

Examples created with GIMP software
with FFT plugin by Remi Peyronnet

Examples created with GIMP software
with FFT plugin by Remi Peyronnet
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Image filtering in spectrum domainImage filtering in spectrum domain

FFTFFT

IFFTIFFT

xHxH
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Image filtering in spectrum domainImage filtering in spectrum domain

FFTFFT

IFFTIFFT

xHxH
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Image modification in spectrum domainImage modification in spectrum domain

FFTFFT

IFFTIFFT
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Image filtering in spatial domainImage filtering in spatial domain

f(x,y) g(x,y)

Source
image

** Output
image

h(x,y)

g(x,y) = h(x,y)**f(x,y)
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Image and filter mask convolutionImage and filter mask convolution

I(i,j)

I(i-1,j-1) I(i-1,j) I(i-1,j+1)

I(i,j+1)I(i,j-1)

I(i+1,j-1) I(i+1,j) I(i+1,j+1)

h(-1,-1) h(-1,0) h(-1,1)

h(0,1)

h(1,1)h(1,0)h(1,-1)

h(0,-1) h(0,0)

3x3 mask exampleh(0,0)h(0,0)h(0,-1)h(0,-1)

h(1,0)h(1,0)

h(0,1)h(0,1)

h(1,-1)h(1,-1) h(1,1)h(1,1)

h(-1,1)h(-1,1)h(-1,0)h(-1,0)h(-1,-1)h(-1,-1)
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Convolution example (averaging/bluring)Convolution example (averaging/bluring)
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Convolution example (sharpening)Convolution example (sharpening)
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Convolution vs. Fourier transformConvolution vs. Fourier transform

g(x,y) = IF{ H(u,v) F{f(x,y)} } =

IF {H(u,v)}** IF {F {f(x,y)} } = h(x,y)**f(x,y)

h(x,y) = IF {H(u,v)}

H(u,v) = F{h(x,y)}
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Sobel’s edge (gradient) detectionSobel’s edge (gradient) detection

Sobel’s edge detectorSobel’s edge detector
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Sobel’s edge (gradient) detectionSobel’s edge (gradient) detection

Sobel’s edge detectorSobel’s edge detector
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Roberts edge detectionRoberts edge detection
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Edge detectionEdge detection

),(),(),(
22

jiIjiIjiI VHedges +=

Nonlinear!Nonlinear!
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Nonlinear filtersNonlinear filters

h(x,y) = IF {H(u,v)}

H(u,v) = F{h(x,y)}
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Median filterMedian filter

The median m of a set of values (e.g. 

image pixels in the filtering mask) is such

that half the elements in the set are less 

than m and other half are grater than m.

x(n)={1, 5, -7, 101, -25, 3, 0, 11, 7}

Sorted sequence of elements:

xs(n)={-25, -7, 0, 1, 3, 5, 7, 11, 101 }

median
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Median filterMedian filter

f(x,y) g(x,y)g(x,y)=median{f(x,y); (x,y)∈∈∈∈h}f(x,y)

source image f output image g

h
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Median filterMedian filter

Examples created with Corel Photo-Paint 8Examples created with Corel Photo-Paint 8
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Image morphologyImage morphology

Median filter…

What about minimum or maximum filters?
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Image morphology - erosionImage morphology - erosion

Minimum filter – morphological erosion

Maximum filter – morphological dilation

Examples created with Corel Photo-Paint 8Examples created with Corel Photo-Paint 8
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Image morphology - erosionImage morphology - erosion

Minimum filter – morphological erosion

Maximum filter – morphological dilation

Examples created with ImageJ 1.41Examples created with ImageJ 1.41
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Image morphology - erosionImage morphology - erosion

Opening = erosion + dilation

Closing = dilation + erosion

erosionerosion

erosionerosiondilationdilation

dilationdilation

Examples created with Corel Photo-Paint 8Examples created with Corel Photo-Paint 8
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Image morphology - erosionImage morphology - erosion

Opening = erosion + dilation

Closing = dilation + erosion

erosionerosion

erosionerosiondilationdilation

dilationdilation

Examples created with ImageJ 1.41Examples created with ImageJ 1.41
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Image resampling (zooming)Image resampling (zooming)

Image resampling

(zooming)

Image resampling

(zooming)

Size reduction

(downsampling)

Size reduction

(downsampling)

Enlargement

(upsampling)

Enlargement

(upsampling)

Aliasing problemsAliasing problemsInterpolation problemsInterpolation problems
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DownsamplingDownsampling

Just take every n-th pixel! 

SIMPLE!?
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UpsamplingUpsampling

This must be simple!

Let’s multiply pixels!
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Nearest neighbor pixel replicationNearest neighbor pixel replication

Zero-order interpolation

?
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Nearest neighbor pixel replicationNearest neighbor pixel replication

Pixelization! �Pixelization! �
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Bilinear interpolationBilinear interpolation

( ) ( )( ) ( )( ) ( )( ) ( )( )yxDyxCyxByxAyxz −++−+−−= 1111,

x ∈ <0,1>

y ∈ <0,1>

00 11

00 11
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Bilinear interpolationBilinear interpolation
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Bicubic polynomial interpolationBicubic polynomial interpolation
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Bicubic polynomial interpolationBicubic polynomial interpolation
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bicubic, bilinear, nearest neighbor (comparison)bicubic, bilinear, nearest neighbor (comparison)
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http://en.wikipedia.org/wiki/Bicubic_interpolationhttp://en.wikipedia.org/wiki/Bicubic_interpolation
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Summary, discussion and quizSummary, discussion and quiz

Summary, discussion and quizSummary, discussion and quiz
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