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- An Introduction to Mathematical Image Processing
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Image processing is an essential field in many applications, including medical
imaging, astronomy, astrophysics, surveillance, video, image compression and
transmission, just to name a few. In one dimension, images are called signals.
In two dimensions we work with planar images, while in three dimensions we
have volumetric images (such as MRI images). These can be gray-scale images
(single-valued functions), or color images (vector-valued functions). Noise,
blur and other types of imperfections often degrade acquired images. These
have to be first processed before any further analysis and feature extraction. In
this course we will formulate in mathematical terms several image processing
tasks: image denoising, image deblurring, image enhancement, image
segmentation, edge detection. We will learn techniques for image filtering
using first- and second-order partial derivatives, the gradient, Laplacian, and
their discrete approximations by finite differences, average filters, convolution
operators, the Fourier transform, low-pass and high-pass filters.

1 Fundamental Steps in Digital Image Processing

2 A simple image formation model:

Image sampling and quantization

3 Intensity transformations and spatial filtering

3.1 Histogram equalization

3.2 Spatial Linear Filters

4 The Fourier Transform and Filtering in the Frequency Domain

4.1 Principles of Filtering in the Frequency Domain

5.3.1 Computation of the first order optimality condition in the continuous
case

6 Image Segmentation

6.1 The gradient edge detector

6.2 Edge detection by zero-crossings of the Laplacian (the Marr-Hildtreth edge
detector)

6.3 Boundary detection by curve evolution and active contours

6.3.1 Curve Representation

5 Image Restoration

5.1 Image Denoising

5.2 Image Deblurring

5.3 Energy minimization methods for image reconstruction

References:
(1) (3) Related References and Lectures: e.g., S. Osher and R. P. Fedkiw, Level
Set Methods, etc.
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