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ABSTRACT

The design and use of hyperspectral imaging remote sensing systems involve the selection of a large number of
parameters in particular due to the richness of the data. Many of these parameters interrelate in their effect on system
performance. The tasks of optimizing parameter values that one has control over and understanding the impact of those that
are uncontrollable are important in system design and use.

A computational model of relevant system components and parameter values for a hyperspectral remote sensing
system has been developed and used to explore their relative impact on system performance. The hyperspectral remote
sensing system is defined by considering the scene and all contributions to the upwelling radiance, the sensor and all effects
leading to measured data, and the subsequent processing applied to extract the desired information which is then used as the
metric for system performance.

The relative contribution to system performance is studied by defining a nominal configuration for the system and
then perturbing individual parameters and examining the impact on system performance that results from these perturbations.
By considering the effect of parameter values one at a time, the relative impact can be studied. However, since the entire
system is still considered in the analysis, the constraining interrelationships are still present thus providing a more relevant
indication of impact.

Results will be presented for a canonical scenario where an airborne hyperspectral sensor observes a scene where an
unresolved object is arbitrarily located and the performance metric is detection accuracy. Significant effects in system
performance are seen to be attributable to spectral channel sclection and the object spectral characteristics and size, while
factors such as instrument noise and calibration error play relatively minor roles in system performance.
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1. INTRODUCTION

The design of an optical spectroradiometric sensing system for military (or civilian) use requires knowledge of both
hardware characteristics and performance requirements, as well as the interrelationships between these two aspects.
Conventionally, a set of high level performance specifications are drawn up which define the goals of the system in its
ultimate application. For example, an optical imaging system may be required to perform a certain mission from low-earth
orbit with a given error rate. These high level requirements are then translated into engineering requirements on the system
through, in these cases, a fairly straightforward process since they correspond to well-understood requirements on spatial
resolution, signal-to-noise ratio, and dynamic range. The system designers then proceed to configure a design to best meet
these engineering requirements given other constraints such as size, weight, power, and cost.

With the advent of multispectral and hyperspectral sensing systems, the information inherent in the measurements is
tremendous and the relationship between a high-level performance goal and the engineering specifications may not be so
obvious. As an example, consider the goal of detecting man-made material in a natural foliage scene. If the material matches
the background well, there will be a nearly exact match in the spectral and spatial characteristics between it and the
background and a nominal spatial resolution, SNR and dynamic range will not directly translate into a detectability estimate.
Rather, a more sophisticated algorithm using transformations of the spectral data, a priori information, and higher order
statistics will likely be required to achieve this goal. Indeed, characteristics of the processing algorithm become much more
important in characterizing the high-level performance of the system.

1This work was sponsored by the Department of Defense under Air Force Contract F19628-95-C-0002.

0-8194-2209-6/96/$6.00 SPIE Vol. 2821/ 195






