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Rose-Hulman background

private, undergraduate college, 1600
mathematics, science and engineering
students

teaching paramount, scholarship expected
17 math faculty, pure and applied

good Interaction between departments
upper division mathematics taken by many
non-majors (few maors)

abundant computing facilities




| maging certificate program

Joint program of
- Electrical and Computer Engineering
- Computer Science
- Physics and Applied Optics
- Mathematics
Reguirements
- three required courses
- two electives
- project




Foundation coalition funding

Engineering Education coalition consisting
or Rose-Hulman and others

course developed as part of upper division
curriculum devel opment

builds upon sophomore level matrix algebra
taken by all students, developed by FC




Course philosophy - 1

|mage processing = linear algebra
key Ingredients

- Vector space, vectors, matrices

- basis,

- dot products and orthogonality

- transforms and matrices




Cour se philosophy - 2

use Image processing as a motivation for
studying matrix based linear algebra
concepts

everything is finitely sampled

all construction can be handled by methods
of linear algebra

signal - vector

Image - matrix




Course philosophy - 3

pure waveforms - orthogonal basis
energy - scalar products

frequency decomposition - transform
energy preserving - unitary
frequency response - eigenvalues and
elgenvectors




Course implementation - 1

10-week course
juniors and seniors

Electrical Engineering, Computer Science
main customers

vector concepts from Calculus

5 weeks of matrix algebrain DE and matrix
algebra course

some Fourler series




Course implementation - 2

MATLAB iIsthe enabler
extensive classroom visualization

Students have extensive programming
experience

- al have Maple experience

- some Matlab experience

- some have C++ experience




Course outline

lmage compression (or some thing else) Is
the over-all motivating theme

there are two main parts about 5 weeks
each

Part | - Fourier based methods

Part || - Wavelet and filter bank methods
Students complete a team based project




Courseoutline Part |

Signals as vectors
|mages as matrices

Discrete Fourier transform 1s matrix
transform

Discrete Cosine Transform
Block transforms

Student project implement JPEG algorithm
using Matlab




Courseoutline Part ||

Filtering and convolution
Filter banks

Discrete Wavelet Transform
Compression project




Discrete Fourier Transform

Fourier transform 1n the course context
Define pure wave forms




Discrete Fourier Transform

Define Fourier transform

Matrix form




Discrete Fourier Transform

Matrix form can be exploited to obtain
results




DFT for Images




M odification of the cour se

More theoretica and mathematics based

DFT and filtering as a “hook” or atheme
for a second linear algebra

many mathematics topics can be interpreted
IN terms of image processing

simple and Interesting projects can be
undertaken using MATLAB




Thank You for listeningt

Questions???
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