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Image Enhancement in the Spatial Domain

The spatial domain

The image plane

Digital image is a Cartesian coordinate system of discrete rows and
columns.
At the intersection of each row and column is a pixel.
Each pixel has a value, which we will call intensity.

The frequency domain

A (2-dimensional) discrete Fourier transform of the spatial domain
image.

Enhancement

To improve the quality of an image by using transformation on the
image.
Often the improvement is to make the image better looking, by
increasing the intensity or contrast.
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Image Enhancement in the Spatial Domain

A mathematical representation of spatial domain enhancement

The transformation is: g(x, y) = T [f(x, y)]

where f(x, y) the input image.
where g(x, y) the processed image.
T : an operator on f , defined over some neighborhood of (x, y)
Example: Low Pass and High Pass Filtering

Example: Low Pass Filtering

Low pass filter is used to remove high frequency content and noise

Example: High Pass Filtering

High pass filter is used to remove low frequency content and obtain
the edges in am image.
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Image Enhancement: Low Pass Filtering

Low Pass Filtering

Example:

Filter a) is Low Pass Filter
Filter b) is Weighted Low Pass Filter

Results:

Remove the Noise from image.

Blur the image.

Generally used in Pre-processing.
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Image Enhancement: High Pass Filtering

High Pass Filtering

Example:

Filter a) Finds Vertical Edges
Filter b) Finds Horizontal Edges
Filter c) Laplacian - Point Detection

Results:

Finds the edges from image.

Finds the horizontal and vertical edges.

Generally used for Finding Shapes.
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Result: Low Pass and High Pass Filtering

Result of LPF and HPF

Lena image filtered using Low Pass and High Pass Filter

Lena image

Lena image filtered using Low Pass

Lena image filtered using High Pass Filter
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Other Image Enhancement Techniques

A mathematical representation of spatial domain enhancement

Geometric transformation techniques

Image Reflection
Image Translation
Image Scaling
Image Shearing

Spatial domain techniques

Point operations
Histogram equalization and matching
Applications of histogram-based enhancement

Frequency domain techniques

Unsharp masking
Homomorphic filtering
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Geometric transformation techniques: Example

Geometric transformation

Example:

No change

Translation

Scaling about origin
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Geometric transformation techniques: Example

Geometric transformation

Example:

Rotation about origin

Shearing in x direction

Shearing in y direction
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Geometric transformation techniques: Example

Geometric transformation

Example:

Reflection about origin

Reflection about x axis

Reflection about y axis
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Spatial domain techniques

Point Operations(Point Processing)

The simplest kind of range transformations which are independent of
position (x, y): g(x, y) = T [f(x, y)]
This is called point processing.

Basic Point Processing Techniques are:

Negative of Image
Log Transformation
Power Law Transformation
Contrast Stretching
Gamma Correction
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Gray Level Transformation
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Negative of Image

Ashok N Shinde Enhancement in Digital Image Proc. 13/18



Power Law Transformation
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Gamma Correction
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Different Gray Level Transformation
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