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Abstract

Two figures of merit for correlation filter designs are introduced in this report. These are Peak-

to-Correlation Energy which characterizes the peak sharpness in the correlation plane and Compromise

Performance Measure which is a tradeoff between Signal-to-Noise R, atio and Peak-to-Correlation Energy.

Algorithms for optimizing these measures using Binary Phase-only Filters are developed and numerical

results are presented. The implementation of these filters in a real-world automatic target recognition

problem is also discussed.

KEYWORDS: Binary Phase Only Filters (BPOFs), Signal-to-Noise ttatio (SNI~), Peak-to-Correlation

Energy (PCE), compromise of PCE ~nd SNR, region of support, Horner light efficiency, peak light

efficiency.



1 Introduction

Classical Matched Filters (CMFs) have been the focus of much research in the area of optical pattern

recognition because it is known that CMFs are optimum in the sense of maximizing the output Signal-

to-Noise Ratio (SNR)1. However, there are some problems associated with these complex valued filters.

¯ CMFs require Spatial Light Modulators (SLMs) capable of encoding complex values (magnitude

and phase).

¯ CMFs may have poor light throughput efficiency.

An alternative to complex filters is the group of partial information filters that include the Phase

Only Filter 2 (POF), Binary Phase Only Filter 3 (BPOF), and Quad Phase Only Filter 4 (QPOF). All 

these filters have unity magnitude. For a POF, only the phase information is retained. A BPOF is a

POF in which only two phase values are present (usually 0 and ~r). BPOF is a binarization of some

combination of the real and imaginary parts of a signal. Thus, BPOF is a real-valued filter. QPOF is

a further extension of BPOF, where the real and imaginary parts of a signal are separately binarized.

POF and QPOF are both complex valued, but their magnitudes are unity, thus eliminating the need for

two SLMs. Also, all of these filters have 100% light throughput efficiency.

The focus in this report will be on Binary Phase Only Filters because they can be conveniently

implemented on Magneto-Optic Spatial Light Modulators5 (MOSLMs). First, however, it is necessary

to discuss some previous research in the design of BPOFs.

1.1 Background

Let s(x) denote a 1-D input signal. (All results can be generalized to 2-D, but for simplicity in

discussion, we will stick to 1-D.) Also let S(u) be the Fourier Transform (FT) of s(x). It has 

shownI that the filter H(u) that maximizes SNR (defined below) in a linear system is the complex

conjugate of the input FT divided by the power spectral density P~(u) of the additive noise in the input

signal.

H(u)=S*(u)/Pn(u). (1)


