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ABSTRACT

Quantitative methods to assess or predict the quality of a spectral image continue to be the subject of a number of
current research activities. An accepted methodology would be highly desirable for use in data collection tasking or
data archive searching in ways analogous to the current prediction of panchromatic image quality through the National
Imagery Interpretation Rating Scale (NIIRS) using the General Image Quality Equation (GIQE). A number of
approaches to the estimation of quality of a spectral image have been published, but most capture only the performance
of automated algorithms applied to the spectral data. One recently introduced metric, however, the General Spectral
Utility Metric (GSUM)), provides for a framework to combine the performance from the spectral aspects together with
the spatial aspects. In particular, this framework allows the metric to capture the utility of a spectral image resulting
when the human analyst is included in the process. This is important since nearly all hyperspectral imagery analysis
procedures include an analyst.

To investigate the relationships between candidate spectral metrics and task performance from volunteer human
analysts in conjunction with the automated results, simulated images are generated and processed in a blind test. The
performance achieved by the analysts is then compared to predictions made from various spectral quality metrics to
determine how well the metrics function.

The task selected is one of finding a specific vehicle in a cluttered environment using a detection map produced from
the hyperspectral image along with a panchromatic rendition of the image. Various combinations of spatial resolution,
number of spectral bands, and signal-to-noise ratios are investigated as part of the effort.
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1. INTRODUCTION

The ability to quantitatively assess the quality and utility of a multispectral or hyperspectral image is desirable for many
reasons including instrument comparisons and trade studies, archive image retrieval and tasking of data collections.
However, the notion of the “quality” of a spectral image will depend upon many disparate factors including
characteristics of the scene, the sensor, the algorithms applied, and the desired product. While an image with just a few
bands but high spatial resolution may have high quality judged by someone looking at spatial information, an image
with many bands but moderate spatial resolution may have even higher quality when judged by an analyst looking at
spectral information. It is precisely these tradeoffs that one seeks to quantify in the development of a spectral quality
measure.

A previous publication' reviewed a number of different approaches to the concept of a quantitative quality metric. The
various approaches were described and then compared numerically with automated analysis of airborne hyperspectral
imagery in a target detection application. The results of that study were mixed with no single metric emerging as a clear
winner, although the General Spectral Utility Metric (GSUM) approach? offered a framework that seemed intuitive and
likely to be general. It was also observed that including a term describing the contrast between the target and the
background lead to more consistent results across various targets in the detection application.
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