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(six for each of the multispectral pixels in the figure, hundreds for the hyper-
spectral pixels). These are tagged, in this case as clay and fir tree signatures, 
and retained in the library.

A library of such pixels has to be at the proper spectral resolution, but the 
proper resolution varies across the spectral band. Signatures behave quite 
differently in the reflective and emissive bands. Material signatures in the 
reflective region, as noted earlier, tend to exhibit broad features that gener-
ally change very slowly with wavelength. In contrast, the signature can vary 
rapidly with wavelength in the emissive region, and this complex structure 
has to be captured for the library. The trick is to get enough spectral resolu-
tion in each part of the band—but not too much; greater spectral resolution 
than needed adds to the size of the spectral data set but does not add to the 
information content.

Spectral signatures have to be characterized in some way so that they  
can be searched when placed in a library. One method is to use a three- 
step characterization. First, a technique called wavelet analysis is used to 
describe the general shape of the signature. Second, a technique called 
binary encoding provides a coarse measure of the major features embedded 
in the signature. Third, feature analysis captures fine detail about all the 
significant features in the signature, such as position in the spectrum, width, 
depth, and asymmetry.

The results of the signature characterization then are used to group signa-
tures into a hierarchical structure. An unknown spectrum is identified by 
comparing it to a very general class of signatures and then to increasingly 
smaller and more tightly clustered groups of signatures. In this way a large 

database can be traversed to identify the 
spectral signature most similar to the 
unknown spectrum.14

Each pixel in a hyperspectral image 
will have a spectrum like that shown in 
Figure 5-9. A very large amount of data is 
contained in a single pixel, and a massive 
amount of data is contained in a hyper-
spectral image. A hyperspectral image 
can be represented in the form of a three-
dimensional data set called a data cube. 
The top of a data cube is a conventional 
image of a region. The depth dimension 
represents wavelength. An example of a 
data cube is illustrated in Figure 5-10.15 Figure 5-10  A Hyperspectral Data Cube
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