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STATISTICAL PHOTOCLINOMETRY AND SURFACE TOPOGRAPHY OF 
ATMOSPHERELESS BODIES 

K. Muinonen, K. Lumme, University of Helsinki, Observatory and Astrophysics Laboratory, Tahtitorninmaki, 
00130 Helsinki, Finland, and W. M. Irvine, University of Massachusetts, Five College Radio Astronomy Ob- 
servatory, Amhent, Massachusetts 01003, U. S. A. 

Two statistical photoclinometric methods are introduced for the recovery of information on the small 
scale topography of an atmosphereless body. The methods are applicable if the area under consideration 
does not exhibit dominating features such as hills or craters, but shows variations either in the fraction and 
character of shadowed portions of the area (shadow method) or in the surface brightness (brightness method). 
Both of the methods have been verified through numerical simulations, and a satisfactory agreement between 
the initial and inversed surface statistics has been obtained. In the future, the analysis may be applied to the 
Moon, Phobos (the Soviet Phobos-mission) and asteroids (the Hubble Space Telescope and asteroid flybys). 
A more detailed description of the methods is soon to be published elsewhere (1). 

Stochastic Surface Geometry. The surface height variations are assumed to obey multivariate normal 
statistics, which has been found reasonable for the landing sites of Apollo 11 and 12 (2). The stochastic surface 
geometry is thereby theoretically fully determined when the standard deviation a and the autocorrelation 
function C, of the surface heights are known (3). The Gaussian autocorrelation function C, = exp(-r2/212), 
where r stands for the horizontal distance between two surface points and 1 is the correlation length, is by 
far the most commonly used autocorrelation function. In that case, the standard deviation of slopes reads 
p = u/l and the multivariate normal surface with the Gaussian autocorrelation function is determined when 
two of the parameters a, 1 or p are known. However, autocorrelation functions for real natural surfaces 
may differ considerably from the Gaussian shape so that great care is needed in the autocorrelation function 
analysis. The numerical generation of a piece of a multivariate normal surface was found essential for the 
verification of the statistical methods. A l O O x l O O  portion of such a Gaussian surface with a = 1 = 2 and 
p = 1 is shown in Fig. 1. 

Fig. 1. A 100x100 piece of multivariate normal surface with a = 1 = 2 and 
p = 1. The heights have been scaled for better display of the surface. 

Shadow Method. In order to inverse the surface statistics from an observed shadow distribution we have 
derived both the probability that a single point on the surface is illuminated regardless of its height and 
the probability that two points on the surface with a fixed relative horizontal location are illuminated also 
regardless of their heights. By calculating the corresponding probabilities from the observations we are able 
to compare the theoretical and observed quantities which leads to the determination of the surface statistics. 
Naturally, the shadow method works only when a considerable fraction of the area is clearly in shadow. The 
numerical verifications have been utilized for the multivariate normal surface shown in Fig. 1. for two angles 
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of incidence, namely L = 45' and L = 60'. The shadow distribution for the latter case is shown in Fig. 2. For 
L = 45O, we were able to recover p, 1 and a with the accuracy of the order of 10%. For L = 60°, the shadow 
method worked better because of the increased amount of shadowed areas and the statistical parameters were 
inversed with the accuracy of the order of 5%. 

100 
SHADOWS ON THE SURFACE 

Fig. 2. Shadows on the surface shown in Fig. 1. The angles of incidence and 
observation are 60' and OO. 

Brightness Method. The observed brightness variations can be utilized to recover the surface statistics 
when the scattering characteristics of the surface are known. We have assumed that the scattering medium 
is homogeneous and that the scattering law is known from other contexts. In order to inverse the surface 
statistics fiom the observed brightness variations, we have derived theoretical expressions for the mean 
brightness and its standard deviation and for the correlation between the brightnesses of two points on the 
surface with a fixed relative horizontal location. Again, by calculating the corresponding characteristics from 
the observations we are able to determine the surface statistics. The brightness method can be applied when 
the amount of shadowed areas is small. It has also been numerically verified for the multivariate normal 
surface shown in Fig. 1. and for a Lommel-Seeliger scattering law. For L = lo0 and L = 20°, the statistical 
parameters were recovered with the accuracy of the order of 10% or better. For L = 30°, the method failed 
because of the increase in shadow fraction. 

Conclusions. The recently developed shadow and brightness methods for the inversion of the surface 
statistics have been briefly described. The preliminary numerical simulations show that the methods lead to 
a satisfactory recovery of the statistical parameters without any major computational problems. Thus, we 
may recommend the methods for such future studies where the detailed reconstruction of the surface is not 
necessarily needed. 
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