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Task: Train a dictionary A to sparsely represent the data {y,-]fz |» by approxi-
mating the solution to the problem posed in Equation (12.2).
Initialization: Initialize k = 0, and

e Initialize Dictionary: Build A € R™", either by using random entries,
or using m randomly chosen examples.
e Normalization: Normalize the columns of A .

Main Iteration: Increment k by 1, and apply

e Sparse Coding Stage: Use a pursuit algorithm to approximate the solution
of

X; = argmin |ly; — A(k_l)XII% subject to ||x]lp < ko.
X

obtaining sparse representations X; for I < i < M. These form the matrix
X-
e MOD Dictionary Update Stage: Update the dictionary by the formula

. -1
A = argmin ||Y - AXlF = YXG, (XoXG)) -

e Stopping Rule: If the change in |[Y — AyXll% is small enough, stop.
Otherwise, apply another iteration.

Output: The desired result is A,.
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o2 oo LS VY=Y S jo |, K-SVD 0,650l oS s aslsl o

Task: Train a dictionary A to sparsely represent the data {;.',-];'f ;» Dy approxi-

mating the solution to the problem posed in Equation (12.2).

Initialization: Initialize & = 0, and

¢ Initialize Dictionary: Build A = R™™, either by using random entries,
or using m randomly chosen examples.

¢ Normalization: Normalize the columns of Aq,.

Main Iteration: Increment & by 1, and apply

e  Sparse Coding Stage: Use a pursuit algorithm to approximate the solution
of

X; = arg min ||v; — Ag_ ,1II§ subjectto ||xlly = ko.
X

obtaining sparse representations %; for 1 = i = M. These form the matrix
Xk

¢  K-SVD Dictionary-Update Stage: Use the following procedure to update
the columns of the dictionary and obtain A,: Repeat for jo =1,2.....m
—  Define the group of examples that use the atom aj,,

Q,=lill1<i<M, Xglj.il =0

—  Compute the residual matrix

- % '..r
E; =Y ZJJ.\J-,

FEf

where x/ are the j'th rows in the matrix Xig)-
—  Restrict E;; by choosing only the columns corresponding to £;,, and
obtain Ef .
—  Apply SVD decomposition Ef = UAV'. Update the dictionary atom|
a; = uy, and the representations by 1ij = A1, 1] vy.
e Stopping Rule: If the change in [[Y — .-\{k]xr_k,llf. is small enough, stop.
Otherwise, apply another iteration.

Output: The desired result is A.

[v¥] K-SVD x5S -V =Y s
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Abstract

With ever increasing digital images on personal computers and web servers,
the image classification is considered more than ever. Accordingly in recent
years various features and also classifiers is presented to solve this problem.
Combining various features with the classifier based on neural network is one
of the suggestions that is presented in this thesis. Classification based on
sparse representation is another method that we will discuss here, and
according to the novelty of this approach, we will further focus on it. In this
method, within a large number of basis signals that are much greater than their
dimensions, in general; we select the minimum number of basis to display a
signal. Each basis signal is called an "atom" and set of these atoms is called a
"dictionary". It’s very hard that select the best and lowest atom to represent a
signal. But in recent years, researchers optimized both the speed and accuracy
of this method. Thus, this method quickly found several applications in signal
processing such as compression, image denoising, pattern recognition and
authentication. Before solving a problem using sparse representation, we must
consider two important issues. The first issue is finding an appropriate
dictionary for the data and the second issue is to find an efficient algorithm to
obtain a sparse representation of the signal. In this thesis, we first review a
number of well-known algorithms in face recognition and then represent the
issue of sparse classification, dictionary learning and sparse coding. Next, we
propose a method based on neural network and also will offer a method
inspired by sparse representation. The simulation results show the promising
performance of this methods. For example, One of the methods that are
proposed in this thesis present recognition rate 98.13 % on the ORL database.
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