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Abstract: We present an extension to the widely used speatigle metric, calculating an azimuthal angle
around a reference vector. We demonstrate thatoitiges additional information, thus improving the
classification ability of the spectral angle.
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1. Introduction

The spectral angle[1] is a common metric in spédtnaging. It treats spectra as vectors in a hdghensional
space allowing the scalar product of, and henceutigée between, a test vector and reference vextmr calculated
(see equation 1 where the test spectrynand the reference spectrum,are each considered Bsdimensional
vectors). Smaller angles indicate more similartomec
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This metric is simple and computationally inexpeaso calculate. It is easily understood as aa@gue of a
generalised distance between two points, indeednf@il angles it is approximately equal to the Elgeln distance
between two points[2]. Further, it is intensityl@pendent as all test vectottsskibtend the same angle framas
such illumination changes across an image do fetteahis measurement.

For a given reference vector however, the afigiees not specify a unique test vector, or evenique test
unit-vector. This is clear in two dimensions wh#rere are exactly two test vectors for edclone between the
reference vector and each axis. In three dimessiua vectors lying on the surface of a cone ardbadeference
vector all subtend the same angle, in principléenéinite number of vectors. In a discrete spasethee number of
dimensions increases, the number of degeneratedetsirs also increases, although in more thare tiirmensions
this is very difficult to visualise.

We suggest then that as well as calculating teetsg angle, a set of azimuthal angles shouldlz@smalculated
so as to reduce this degeneracy. In section Zteus the method for this and in section 3 we show this can be
applied to a real dataset.
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2. Method

In a three dimensional space, we have a set obngEf at an angl® from a reference vectoR, forming a cone.
We can rotate the co-ordinate space (X,2z)x’, y', z'), such thatR=Rz’, the projection ofl onto the X'y’ plane is
now a circle. Each member dfcan now be specified by considering the anglestths projection subtends from
the x’ and y’ axes.

In an arbitraryN+1 dimensionsT; = Z?’:f T;j x;, and if we rotate the co-ordinate space suchRk&x’;, then
the projection ofl onto theN dimensional subspace orthogonaRids 7; = Z?’:Z T';; x';. For eachr;, we can now

calculate the set of angleg between the vector and relevant agjig(equation 2).
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3. Application and Discussion

We demonstrate this technique with an example wsipgblicly available multispectral image from Tleiversity
of Eastern Finland[3]. The image in question igible as “Landscape.zip”. The image is a muttisal image
with seven channels of data, and shows a landstagree of a tree against a backdrop of a field. Agobrome
version of the image is shown in figure 1.

We calculated the spectral angle of each pixéhénitnage with respect to a
common reference (a “grey” pixel, i.e. with the samalue in each channel).
We then calculated a histogram of the spectraleanglues and and fitted
Gaussian peaks to the histogram. We then claggfeh pixel by assigning
it to the peak to which it most strongly belongtd result of this is shown
in figure 2. We can see from this image that tredlfivpack, which shows up
most as red, blue and green in the lower portiah@fimage, and the longer
grass in the central third of the image, which shap as predominantly
pink, are clearly distinguished. However, thissslfication assigns the tree
and the areas of shorter grass the same catedaryyétlow areas of the
Figurel — Monochrome landscape image image).
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Figure 2 — Classification of pixels using the Figure 3 — A plot showing spectral Figure 4 —Spatial configuration of pixels fro
spectral angle metric angle (horizontal axis) against the red and green boxes shown on figure 3.
azimuthal angle, (vertical axis)

We then plotted the distribution of spectral aragainst the azimuthal anghe (the angle from th&’, axis), as
shown in figure 3. From this we can see that gtgiven spectral angle, there is a spread of ahial@ngles. The
darker areas on this plot show areas of higherl girasities and so these are the interesting dasegamine
further. The red box on the image highlights onehsarea, the green box highlights pixels withgbme spectral
angle as those in the red box, but a different attial position. Figure 4 shows the pixels in thigigilighted areas
on the spatial image. On this image we can clesadythe pixels in the red box (red areas of tleg@jpcorrespond
well to the areas of shorter grass, and thosesirgtien box correspond well to the leaves of & tr

4. Conclusion

We have presented an extension to the spectrad amgjric in order to address the limits placedhas measure by
the fact that a single angle does not uniquelyifpacspectrum. By applying this technique to al maultispectral

image we have demonstrated that pixels correspgndirdifferent materials which were inseparablespgctral

angle alone can be separated by this azimuthaiqosnetric.
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