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ABSTRACT

As infrared sensing technology matures and the development of space-based optical sensors
becomes feasible, interest has grown in protecting both ballistic and orbiting objects from detection by
optical sensors. Such sensors may have high spatial resolution and sense in several wavelength bands
simultaneously. This has lead to an increasing interest in the development and analysis of optical decoys
that will prevent identification of high value objects in space.

This paper describes an analytical approach to the parametric analysis of target/decoy
discrimination performance as a function of various controllable object characteristics.

This analysis tool can be used to answer the question, "how distinct in physical characteristics do a
target and decoy have to be before they can be easily discriminated?" Three main characteristics of the
objects are considered in this analysis: temperature, projected area, and rate of rotation. These
characteristics are given assumed models for their statistics and described by a set of parameters including
their first and second order moments.

Based upon the statistical parameters and models for the object characteristics, a set of equations
are derived to compute the mean and covariance of the optical signature as seen by a sensor for the decoy
and target classes. An estimate of the classification performance between the classes is made using a
function of a statistical distance measure. This estimate is used as a performance measure in a parameter
tradeoff analysis during an example decoy concept development process. While a purely analytical
approach such as this lacks the fidelity of a sophisticated simulation model, it is computationally much
simpler and is most appropriately applied during decoy concept development before the application of
more rigorous simulation-based analysis.

1. INTRODUCTION

In the development of an optical decoy concept it is necessary to have a method of predicting
performance based on signature characteristics of the concept. One method is the use of detailed
simulations of the signatures of the target and decoy together with a classification algorithm to compute an
operating characteristic. While this method is generally accurate, it may be too costly and time consuming
to use in parameter tradeoff studies.

An alternative approach is presented here that uses analytic equations to relate target and decoy
physical parameters to their signature characteristics and an estimate of performance. This method allows
parameter tradeoff studies to be performed quickly and used as a guide in selecting parameters to be
evaluated for the more computationally intensive simulation approach.

Figure 1 shows the overall configuration of the situation modeled in this paper. The sensor
observes the object (target or decoy) by receiving radiation emitted by the object as well as the upwelling
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Earth radiation reflected by the object. This configuration most accurately represents the situation of an
infrared sensor observing a target located over night time on the Earth.
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Figure 1. Configuration of sensor observation and contributions to signature.

The object physical parameters that were deemed most relevant to discrimination in this model were
1) temperature, 2) projected area, and 3) rotational motion. These parameters are considered to be random
variables with assumed probability density functions within each class. Other important parameters that
contribute to the optical signature such as surface reflectivity and emissivity were made constant within
each class. The model converts these specified parameters into a distribution of signatures for each object
class and computes an expected probability of error based upon the overlap in the feature space of the two
distributions.

The model is presented and discussed in the rest of this paper as follows. Section 2 presents the
model and its theoretical foundation. Section 3 discusses the use and interpretation of the model results in
the context of a target/decoy discrimination problem. Section 4 presents results of applying this model to
an example scenario and section 5 contains a summary and discussion of the method.

2. MODEL DESCRIPTION
2.1. Model Overview
Figure 2 shows the basic structure of the Analytical Performance Evaluation Model (APEM).
Parameters of the target/decoy classes are specified along with system observational conditions and used to

obtain the first and second order statistics of the optical signatures. From these statistics an estimate of the
probability of error is then made.

156 / SPIE Vol. 1483 Signal and Image Processing Systems Performance Evaluation, Simulation, and Modeling (1991)






