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Abstract

Orthogonal transforms, such as Fourier transform, Karhunen-Loéve transform, Harr
transform, and Hadamard transform, have recently been applied in communication and
in pattern recognition for image processing and feature extraction. Since the Hadamard
matrix is a matrix of elements plus and minus one, only real number additions and
subtractions will be sufficient to calculate the coefficients of the Hadamard transform.
That makes an order of magnituge speed advantage compared with the complex number
Fourier transform.

In this paper a new type of Hadamard transform circuit is presented. With analog
circuitry and serial input and output signals, only two summing amplifiers and one
differential amplifier are required. Serial data are converted to parallel data and are
distributed to the appropriate adder through analog switches controled by Walsh-Fune-
tion-like clocks. One of the sums is subtracted from the other to yield the Hadamard
transform coefficients.
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INPUT 1.02 0.50 0.00 —0.50 —1.00 (V)

X1 2.90 142 0.005 —1.40 —280 (V)

X2 0.035 0.010 0.005 —0.005 —0.060 (V)

X3 0.040 0.015 0.015 0.005 —0.055 (V)

X4 0.035 0.010 0.005 —0.005 —0.055 (V)

X5 0.015 —0.005 —0.010 —0.015 —0.065 (V)

X6 0.030 0.010 —0.005 -{0,005 -0.060 (V)

X7 0.040 0.020 0.015 0.005 —0.050 (V)

X8 0.035 0.015 0.010 0.005 —0.050 (V)
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