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ISOLATION OF COMPOSITIONAL VARIANCE FROM 
VIKING LANDER MULTISPECTRAL IMAGES 

Milton 0. Smith and John 6. Adams 
Department of Geological Sciences, University of Washington, Seattle, WA 981 85 

Our objective is to compare Viking Lander and Viking Orbiter multispectral images with 
telescopic spectra and with laboratory reference spectra, and to understand the spectral variations 
in terms of surface composition and texture. Lander images show strong contrasts owing to 
shadows and shading. It is difficult to specify spectrally similar materials within a scene because of 
the variations in lighting geometry; this difficulty is compounded when comparing scenes taken by 
different cameras and by the two Landers over periods of several years because of uncertainties in 
instrument calibration and in atmospheric effects. 

We have now analyzed three scenes from each of the Lander sites using a spectral mixing 
model ( I) ,  and have isolated the portion of the spectral variation due to composition, as opposed to 
effects arising from instrumental differences between cameras, temporal drift in camera electronics, 
instrumental noise, shadelshadow, spectral phase effects, atmosphere and illumination geometry. 
We examined one scene from each Lander site that was repeated two years later under identical 
lighting conditions, to test for temporal changes. Only areas of the surface of Mars were analyzed. 
Regions of sky and Lander apparatus were omitted. 

At both Lander sites and at all time periods the multispectral data fit a linear mixture model 
consisting of the same three spectral endmembers, soil, rock and shade (1) in varying proportions. 
This analysis considers the fractions of each endmember in each pixel, the fit of the model to the 
data, and also yields the gains and offsets for each bandpass of each image (Fig. 1). The gains and 
offsets are the respective multiplicative and additive factors that convert image DN's to total 
hemispherical reflectance. 

The gains and offsets include multiple factors: instrumental, atmospheric, and illumination 
intensity. The gains (Fig. la) show nominal differences of ~5 O/O. The offsets (Fig. 1 b) were 
negligible (c= .O1 reflectance ). The pattern of offsets suggests that they arise from the 
instrumentation. Atmospherically caused offsets would be expected to change as a function of 
wavelength. A similar argument also applies to variations in gains. Gains for images taken by 
different cameras near the same time are equal in magnitude to the gain differences measured for 
images taken by the same camera over a period of two years. 

The instrumental noise was computed as that component of the variance not explained by the 
spectral reference endmembers soil, rock and shade. While it is possible that the noise component 
also may include more than the three endmembers in the model, the spatial distribution of the noise 
in each image was either random or line oriented. In the Lander 1 image (12A1681028) the noise 
was especially high, but the spatial patterns were not related to contextual features of the Martian 
surface. 

The spectral variance attributable to surface composition (Fig. 2b) was computed by 
determining that portion of the total variance arising from soil and rock reference endmembers such 
that there was no shade or shadow component to the image. The fractions of soil, rock and shade 
were resealed, omitting shade, and the reflectance from each pixel was computed from these 
rescaled fractions. The spectral variance due to shade/shadowlphase (Fig. 2a) was computed by 
subtracting the variance due to composition and instrumental noise from the total image variance. 
The spectral phase component of the image variance was spectrally flat so that it could not be 
separated from the shade and shadow variance. 

Although the mean fraction of rock and soil for the Lander 1 and 2 sites is similar (Fig. 2c), 
compositional changes are evident over time in both the mean fraction (Fig. 2c) and the spectral 
variance due to composition (Fig. 2b). For the Lander 1 site we find a significant reduction in the 
spectral variance due to composition over a two year period with almost no change in the fraction of 
soil (Fig. 2c). In contrast, the Lander 2 site indicates an increase in compositional variance and in the 
mean fraction of soil. 
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Lander cameras. The graphs are organized so that each 
line is the gain or offset for a single bandpass for each of 
the six Lander images. 
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Figure 2. The spectral standard deviation of shade (a) 
and composition of soil-rock (b), and the mean soil 

fraction (c) in four Lander images indicate significant 
changes in the abundance and distribution of soil over 
time and at the two sites. The Lander 1 images (2 &3) 
indicate a decrease in the soil-rock spectral variation 
with only almost no change in the mean soil fraction 
over a two year period. In contrast, Lander 2 images (5 
& 6) indicate nearly a 10% increase in the fraction of 
soil and an increase in the rock-soil variance. The 

2 3 5 6 spectral variance attributable to shadelshadow/ 
lmage No. phase at the two sites increased over the two years. 
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Figure 1. The gains and offsets for the six Viking Lander 
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Key to image nos. of Fig. 1 and Fig. 2: 1) 11 A1471026; 2) 12A1681028; 3) 12H1961615 4) 21A1901023 
5) 22A1871023; 6) 22G1071526. Images nos. 1 - 3 are from Lander 1 while nos. 4 - 6 are Lander 2. 
An elasped time of nearly two years exist between image nos. 2 and 3 and nos. 5 and 6. 
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