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Introduction:  Light-scattering properties are a 
function of the illumination and observation 
conditions, as well as the particle chemistry and 
morphology. The ratio of two images of a scene 
captured at different phase angles α provides a 
quantification of the slope of the phase function, 
and is primarily a function of the surface 
morphology. Phase-ratio images have been used to 
characterize the lunar surface [1] and the regolith 
around lunar landing sites [2-4]. We can see, for 
instance, the tracks of astronauts and even the 
change in surface structure resulting from the 
landing jets of lunar capsules [4]. Particles 
composing the lunar surface are highly charged, 
creating an extremely fluffy regolith. Compaction 
of such a surface would result in significant change 
of the structure. The question is whether phase-ratio 
imaging would be effective at characterizing 
anomalies on surfaces that are not fluffy. The 
terrestrial surface is quite compact and can serve as 
a testing ground.  

Results and Discussion: We took images at 
White Sands National Monument at different 
illumination (Fig. 1) and observation (Fig. 2) 
geometries [5]. The images contained human and 
animal tracks. We processed full intensity, phase-
ratio, color-ratio, and cross-polarization images 
(Fig. 1). We find that the tracks were enhanced in 
the phase-ratio images. The tracks were nearly 
invisible in the color-ratio and cross-polarization 
images. 

Because the terrain was extremely uniform and 
there were few markers, co-registration of the 
images using the rubber-sheet algorithm was 
difficult. We were only able to calculate the phase-
ratio image of a portion of one dune when we took 
images with different observation geometries (Fig. 
2). Within this image, we were able to see the 
enhanced tracks of darkling beetles (white tracks), 
suggesting that the phase-ratio technique can be a 
valuable tool even on regolith that is not fluffy.  

Conclusion: We tested several different image-
processing techniques to determine their effect at 
enhancing the external influences on compact sur-
faces. Such influences were invisible in color-ratio 
and cross-polarization-ratio images. These effects 
were visible in phase-ratio images. 
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Fig. 1.  Processed images showing (a) the full intensity image 
as recorded in blue light; (b) Phase-ratio image created from 
images captured with different incident angles; (c) Color-
ratio images; and (d) cross-polarization ratios in blue light. 

 
Fig. 2. Phase-ratio image produced from images of different 
observation angle. 

  


