- 1 -

COMP-644 A Pattern Recognition

Exercise 3

1. Discriminant functions

(a) Consider a two-class problem with prior probabilities one third and two thirds. Let the d measurements be binary-valued, i.e., xi =0,1 for i=1,2,...,d. A decision on an unknown

pattern given as a feature vector X=x1, x2,..., xd is made according to the minimum dis-

tance of X from the mean vector of each class, where the distance is measured with the 1st order Minkowski metric. Prove or disprove that this decision rule is a linear discriminant function.

(b) Discuss the conditions under which the above decision rule is Bayes optimal.

(c) Provide interesting families of probability density functions for (b).

2. Geometric Probability

Consider a convex shape H of perimeter h (in the plane) contained in another convex shape G of perimeter g. Prove that the probability that a random line intersects H, given that it intersects G, is h/g. Your proof should be simple, elegant, creative and intelligent. In other words no cranking-out mechanical calculus proof is allowed.

3. The Bhattacharya Coefficient

(a) Show that the probability of error for a two-class Bayes classifier must satisfy the following inequalities where P(Ci) and p(X/Ci) for i=1,2 denote the a priori probabilities and

class-conditional probability densities, respectively:

P(error) ≤ [P(C1)P(C2)]1/2ρ ≤ ρ /2,

where ρ is the Bhattacharya coefficient given by

ρ = ∫ [p(X/C1)p(X/C2)]1/2 dX.

(b) Prove that for Gaussian p.d.f.’s and some additional assumptions the Bhattacharya coefficient is equivalent to the Mahalanobis distance.