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Abstract

The development of the FHT (fast Hadamard transform) was presented and based on the
derivation by Cooley-Tukey algorithm. Alternately, it can be derived by matrix partitioning or
matrix factorization techniques.

This paper proposes a simple sparse matrix technique by Kronecker product of successive
lower Hadamard matrix. The following shows how the Kronecker product can be mathematically
defined and efficiently implemented using a matrix factorization methods.

1. Introduction

The Hadamard transform has recently been applied in digital communication, the transmission
of digital images, and also in pattern recognition for image processing and feature extraction.
(13053071

The elements of a Hadamard matrix take on values of plus and 'minus 1 only.This leads to
simple implementation with electronic technology and simplifies the analysis by digital computer.

Furthermore, FHT can be used by factoring the Hadamard matrix.[11[2]. This in turn reduces
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the number of required operation and provides a fastel computer implemetation.
This paper introduces a basic Hadamard matrix partition and then sucdessive Kronecker pro-
duct [3114]. The result of this method was easily shown to be the sparse matrix [4][6].

2. Sparse Matrix Representation

It is well known that the matrix factorization method has long been established.[3] Generally,
to achieve ‘In place’ computation, the existing methods require a shuffle right after each opera-
tion has been performed.

In order to apply the FHT directly on the lower Hadamard matrix ([H].) decomposition and

still retain the property by Kronecker product use the following definition.
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and then
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where[]; is the identity matrix of orde 2X2, which leads directly to the fast algorithm.
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Then, letting [H ]y representthe sparse matrix order N(n=log,N), the recursive relationship
is given by the expression:
[HIx=[H],QUILQ..QUIX[ ] Q[H]Ixn, an
log,N—1

=([H1.QUIn,2) ([11.Q[Hlw,s)
The proof of (11) is very simple. Using the algebra of Kronecker product [1][8] we have
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=[H].Q[HIx,. a3

From (12), the right hand side of (13) is just [Hln and the proof is complete.
The proposed method is based on matrix decomposition and ‘fork’ form in Fig. 1.
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Fig. 1. Sparse matrix of FHT by Kronecker product
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The procedure getting the sparse matrix of the FHT can now be summarized as follows;

Step 1: Search the lower order of the Hadamard sparse matrix [H 1,, [1]. and iteration number
(#).

Step 2 : Multiply the Kronecker product by the lower Hadamard Sparse matrix, according to
the iteration number.

Step 3 : In general, multiply Kronecker product [H7,, [I]v,» by [I]s, [H]w,» according to
iteration number.

The simple recursive relationship (11) can now be used to formulate a sparse-matrix decomposi-

tion of [H]wy. Expanding the second term in (11) with successively lower orders of the Hada-

mard matrix results in
k

[H]N:i—ﬂ: ([I]@[H]z@[I]N/zi). . (14)

Each matrix in the product form of (14) is sparse, in the sense that the i-th matrix has only
two non-zero elements, -1 or —1, in each row and column. Thus the transform operation
requires kN operations. For illustration [H s is depicted below according to the decomposition
in (14).
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4. Conclusion

An algorithm for the FHT, using Kronecker product, is developed on matrix decomposition.
Most of the papers published to date, use a sparse matrix of basic [FH], decomposition, but we
showed here lower order of Hadamard [H]; and then have represented them in general form.

Compared with other methods, this seems to be simple, basic, clear, and straightforward.
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