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Introduction:  The modeling of radiative transfer 

in particulate materials has the objective to determine 
both composition and structure characteristics of 
planetary surfaces. There are several scattering theo-
ries used to model the reflectance spectra of particulate 
surfaces. We focus here on the Hapke photometric 
model [1]. The determination of Hapke parameters 
from laboratory [2] or orbital multi-angular observa-
tions is an inverse problem for which the best fit has 
been often proposed as a likely solution. We demon-
strate that this inverse problem is ill-posed and that the 
solutions can be widelely scatttered in the Hapke pa-
rametric space. Thus, we propose a new direct ap-
proach to assess the ability and make recommenda-
tions for present and future missions (e.g., HRSC/Mars 
Express, AMIE/Smart-1, CRISM) in order to produce 
the best observations for the determination of the 
photometric functions of planetary surfaces. The first 
objective is to provide a tool to discuss the optimal set 
of observations to derived the photometric parameters 
for one given instrument. The second objective is to 
evaluate how the measurement accuracy affects the 
level of accuracy at which Hapke parameters can be 
determined for one given set of observations.  

 
Direct approach: The 6-dimension Hapke para-

metric space is defined by ω (single scattering albedo), 
b and c (Henyey-Greenstein function), θ (roughness 
parameter), B0 (balance factor single and multiple scat-
ter) and h (parameter related to regolith packing den-
sity). The problem is reduced in this first study to a 4-
dimensional one, fixing B0 = 1.0 and h = 0.1. An ill-
posed inverse problem in a 4-dimensional space will 
be ill-posed as well in the full parametric space.  The 
space is described using 504 points distributed to cover 
the range of physical values for each parameter. The 
resolution for b, c and ω is 0.02 and the resolution for 
θ is 0.8°. We defined F(ω,b,c,θ) as the maximum of 
the deviations between the observed reflectances and 
those given by the Hapke photometric function. The 
minimum of F is usually searched in inverse modeling 
while we present here a complete study of this function 
for the whole Hapke parametric space.  

Reprensation of F.  F is projected in 6 planes de-
fined by two parameters, says x and y. The two re-
maining parameters are noted u and v. The value of the 
local minimum of F at each point (x, y) in the plane (u, 
v) is represented using a color coded plot in each (x, y) 

frame. We make two identical color plots for the plane 
(x, y) and use them to draw isolines of the values of 
the parameter u or v for which the local minima of F 
occur. 12 graphs are thus used to describe F (Fig. 1). 
The existence or absence of one well-defined mini-
mum can be established readily from these graphs.   

Dependence on data accuracy.  Once it has been 
demonstrated that a unique minimum of the function F 
exists,  one of the strong point of this approach is to 
assess the level of data accuracy required to determine 
the Hapke parameters for a given set of observations. 
The following expression is used for the error on sin-
gle scattering albedo determination: 

  22
ωωω δσ +=∆  

where σω is the standard deviation estimated from the 
set of solutions modeling the measurements within a 
given level of data accuracy and δω is the resolution of 
the simulation (0.02 for ω, b and c, and 0.8° for θ ). 
Simialar expressions are used for the other parameters.  
 

 Example of Simulations: The simulations pre-
sented below use values for ω=0.7, b=0.7 c=0.3 and  
θ=20°. A reference simulation has 33 conditions of 
observations, with phase angles regularly distributed 
from 10° to 140° in the principal plane and an inci-
dence angle equal to 60°. The Hapke parameters are 
well constrainted for this set of observations, and any 
inverse approach should converge toward the unique 
minimum (see Fig. 1). 

 

 
Figure 1. One of the 12 graphs for the representation 
of the function F (roughness parameter versus sigle 
scattreing albedo,  isolines  for b).  
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A reflectance accuracy better than 0.04 is necessary to 
find the minimum as seen from the curve inflexion in 
Figure 2.  For a data accuracy of 0.01, the uncertainty 
for c and ω is 0.01, 0.03 for b and the roughness pa-
rameter could be estimated with an uncertainty of 5°.  
 

 
Figure 2. Estimation of the uncertainty of the Hapke 
parameters as a function of the data uncertainty.  
 

 
Figure 3. Representation of the function F illustrating 
the existence of local minima for an incidence angle of 
60° but for phase angles greater than 60° only. Top: 
Roughness parameter versus single scattering albedo, 
isolines correspond to b values. Bottom: b versus c, 
isolines correspond to single scattering albedo.  
 

Conclusions: Various simulations have been 
achieved to assess the influence of  phase angle range,  
incidence angle and  photometric properties of the ma-
terial itself (Fig. 3 and Fig. 4) and will be presented. 
Situations with local minima are commonly found and 
are expected in past and present sets of observations.  

 

 
Figure 4. Uncertainties using a set of observation with 
phase angles > 60°. The determination of w and θ 
requires a raisonnable data accuracy while b and c 
remains mostly unconstrained.  
 

Some of the conclusions mentioned below have 
been already mentioned in the literature. We use a sys-
tematic approach to demonstrate these aspects and 
assess the possibility of inverting the multi-angular 
observations in terms of photometric functions. (1) 
The single scattering albedo is the easiest parameter to 
constrain, but the accuracy on ω increases with the 
number of observations. (2) High incidence angle ob-
servations are necessary for the determination of the 
roughness parameter, and the lost of high phase angles 
is critical for an accurate determination. (3) Having 
low and high phase angles is essential for the determi-
nation of b and c.  More investigation is required to 
assess how varying the material properties and the 
opposition effect parameters affect these conclusions. 
This approach should serve as a diagnostic tool for the 
determination of photometric parameters from labora-
tory and orbital measurements (e.g., inversion using 
HRSC data requiring the use of 4 orbits [3]).  
AMIE/Smart-1 or CRISM should cover a wide range 
of phase angle at incidence angle greater than 40°-50° 
to determine local scattering properties of the Lunar 
and Martian surface respectively [4]. We recommend 
to simulate each situation before the acquisition using 
this kind of direct approach to assess the ability to de-
termine the photometric functions from a limited set of 
multi-angular observations.   
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