- 1 -

COMP-644 A Pattern Recognition

Exercise 4

1. Diameter Limited Perceptrons

Prove that a diameter-limited linear Perceptron cannot recognize 4-connected patterns on a square grid.

2. Moment Invariants

For two-dimensional patterns design some non-trivial features that are functions of moments and such that they are invariant to rotations of the patterns. Prove the rotation invariance property of your features.

3. The Gaussian Probability Density Function

(a) Consider a pattern recognition problem where the feature vectors (random variable vectors (X,Y)) in each class are governed by a bivariate Gaussian probability density function. First prove that each feature also obeys a Gaussian p.d.f. (X and Y are each univariate Gaussian). Then prove that if the features (within each class) are uncorrelated they are independent (within each class).

(b) Now we are given that features X and Y each have a univariate Gaussian p.d.f. Prove or disprove that if the features are uncorrelated (within each class) then they are independent (within each class).

4. Making Decisions using Loss Matrices

Assume that for i not equal j, i,j = 1, 2,..., M and for i = 1, 2,..., M.

a) Show that minimizing the Bayes risk is equivalent to maximizing the discriminant func-

tion: .

b) What is the advantage of the above loss matrix over the general one?

c) Is this assumption reasonable? What does it mean in practical terms?

λ_{ij} A_j= λ_{ii} B_{ii}=

g_i X( ) p X C_i( ) [ ] log P C_i( ) A_i B_{ii}–( ) [ ] log + =