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ABSTRACT

Current image quality approaches are designed to assess the utility of single band images by trained image analysts.
While analysts today are certainly involved in the exploitation of spectral imagery, automated tools are generally used as
aids in the analysis and offer hope in the future of significantly reducing the analysis timeline and analyst work load.
Thus, there is a recognized need for spectral image quality metrics that include the effects of automated algorithms.

Previously, we have reported on candidate approaches for spectral quality metrics in the context of unresolved object
detection.  We have continued these efforts through the use of empirical trade studies in the context of ground cover
terrain classification. HYDICE airborne hyperspectral imagery have been analyzed for the effects on scene classification
accuracy of spatial resolution, signal-to-noise ratio, and number of spectral channels. Various classification algorithms
including Gaussian maximum likelihood, spectral angle mapper, and Euclidean minimum distance have been considered.
Performance metrics included classification accuracy, confusion matrices, and the Kappa coefficient.  An extension of
the previously developed Spectral Quality Equation (SQE) has been developed for the terrain classification application.

As expected, the accuracy of terrain classification shows only modest sensitivity to the parameters considered, except at
the extreme cases of high noise, few bands, and small ground resolution.  However, these results are useful in continuing
to develop the quantitative relationships necessary for characterizing the quality of spectral imagery in various
applications.

Keywords:  Spectral imaging, spectral quality, terrain classification accuracy

1.  INTRODUCTION AND CONTEXT

The ability to quantitatively assess the quality of a multispectral or hyperspectral image is desirable for many reasons
including instrument comparisons and trade studies, image archive 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.

The myriad of applications of spectral imagery and the dependence of perceived quality on the interrelationships of
parameters make the task of assigning a quality measure to spectral imagery very daunting. It is desirable that a spectral
quality measure describe the potential utility of an image in an application of interest. Previously, we have reported on
candidate approaches for spectral quality metrics in the context of unresolved object detection [1] using spectral imaging
sensors operating in the reflective portion of the optical spectrum. In this paper we present a continuation of these efforts
through the use of empirical trade studies in the context of ground cover terrain classification.
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There have been other efforts at assigning a quantitative quality measure to hyperspectral imagery including ones based
on analysts’ interpretation of quality and utility [2] [3], spectral similarity [4], and the relationship of detection and false
alarm probabilities with collection parameters [5]. These efforts offer alternative approaches to this difficult problem and
demonstrate promise in the context of their work.

This paper describes our approach and initial results in developing a candidate spectral quality metric in the context of
terrain classification. Classification accuracy as a quality metric has been used to measure the effects of lossy
compression of spectral imagery [6], [7]. In our work, we study how the accuracy varies as a function of spectral sensor
parameters, and then use those results to explore ideas to develop a quantitative spectral quality metric for that
application.

First, we review our previous discussions of the issues regarding spectral quality and describe a notional concept of a
spectral quality equation and a spectral quality rating scale. We then review the General Image Quality Equation (GIQE)
that was used as a model for the proposed Spectral Quality Equation (SQE).  Parameter tradeoff sensitivities are
investigated using airborne hyperspectral imagery and the results presented.  We conclude with discussions of some
ideas on spectral quality and topics for further research.

2.  SPECTRAL QUALITY PARAMETERS AND NOTIONAL CONCEPT

2.1 Spectral Quality Discussion
The notion of the “quality” of a multispectral or hyperspectral image deserves some discussion, as there is not a
universally accepted definition of the term. In this usage, the dictionary defines quality as “degree or grade of
excellence.” Thus, a spectral quality measure should contain a monotonically increasing scale that represents the degree
of excellence (in some sense) of a spectral image.  The use of a numerical scale to describe the quality is a convenient
way of ordering the values and comparing disparate images. It is intuitive that the higher the numerical value, the higher
the quality.

As mentioned in the Introduction, the degree of excellence, or quality, of an image can depend on the particular use of
the image. A farmer looking for signs of a non-localized disease outbreak in his crops may not be concerned whether the
imagery has 5 or 10 meter spatial resolution, but rather whether it has the spectral resolution and band locations to detect
the impending stress. On the other hand, a military analyst looking for small objects may be more concerned about the
spatial resolution than the spectral content.  Thus one must consider the application when discussing spectral image
quality.

Another aspect of assigning a numerical value for the quality of a spectral image is to distinguish between potential and
actual value.  A spectral image may have the signal-to-noise ratio and spectral resolution to identify a crop type, but there
may be a cloud present over the field of interest in the image.  Thus, while the image has high potential quality, its actual
utility is low for the problem of interest.

In this and our previous work on the topic, we have elected to constrain the investigation to one application at a time
before trying to generalize the findings.  Also, we will use the term quality to describe the potential value of the spectral
image and set aside issues regarding obscuration in a given image.

2.2 Parameters Affecting Spectral Quality
Given the constraints we have adopted in this work, there still remain a large number of parameters of the remote sensing
system that will affect the quality of the imagery.  Table 1 lists a number of these parameters grouped according to their
place in the end-to-end remote sensing system.

While this list is not comprehensive, it still contains many diverse parameters. Again, to make this effort tractable, we
further reduce the parameters studied to the three most likely to affect quality: spatial resolution, spectral resolution, and
signal-to-noise ratio (highlighted in bold in Table 1).
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Table 1. Example parameters affecting spectral image quality in current context. Bold parameters are the focus in this work.

Scene Target of interest (size and spectral complexity)
Background class(es) and their complexity
Atmospheric state
Solar zenith angle

Sensor Spatial resolution and sampling
Spectral resolution and sampling
Spectral region
Signal-to-noise ratio
Calibration accuracy (radiometric and spectral)
Total field of view
View angle

Processing Algorithms Spectral selection and/or feature extraction
Atmospheric compensation
Classification algorithm

2.3 Spectral Quality Notional Concept
Now that we have discussed the definition, context, and parameters affecting spectral quality, let us review the approach
we have pursued with a simple diagram as shown in Figure 1.  Here, we see three axes representing the primary
parameters of a spectral imaging system selected above.  Ground resolved distance (GRD) represents spatial resolution.
Channel spectral bandwidth, or ∆λ, represents spectral resolution.  Noise level is used as a surrogate for signal-to-noise
ratio.
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Figure 1. Notional concept of the Spectral Quality Equation defining a surface of constant quality.

Note that as one moves away from the origin in Figure 1 the values of the parameters increase and lead to a degradation
of the image quality in an intuitive sense.  The notional surface drawn in the figure represents the concept of tradeoffs in
these parameters that lead to a constant quality level.  The surface defines the concept of a spectral quality equation
(SQE), which describes these tradeoffs in quantitative terms. Parameter combinations that lie on the surface described by
the SQE will have equivalent quality.  This concept is extended to an idea of a Spectral Quality Rating Scale (SQRS),
which leads to multiple surfaces at various distances from the origin, with surfaces closer to the origin having a higher
numerical value (greater quality). The tasks that can be accomplished at the various SQRS levels can then be defined
using a qualitative description as with the National Imagery Interpretability Rating Scale (NIIRS) [8] developed for
single band imagery.

3.  REVIEW OF DETECTION SPECTRAL QUALITY EQUATION

As mentioned above, our previous efforts at developing a spectral quality equation were focused on the application of
unresolved object detection with spectral imagery. To this end, we developed some initial spectral quality equations
modeled after the General Image Quality Equation (GIQE) [9].  The GIQE was developed to map single band electro-
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