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Photoclinometric techniques can process in a highly
automatic manner the wealth of orbital images retrived
by NASA missions and generate high-resolution exten-
sive coverage digital elevation models (DEM) that are
extremely detailed and relevant, even when compared to
the most advanced stereo reconstruction techniques. In
essence this increase in resolution is possible because the
photoclinometric technique extracts the elevation infor-
mation from image metadata and local pixel information
rather than from correspondences between image blocks
in the stereo pairs. The highly accurate and increased
resolution maps are used in planetary science, mission
operations, rover navigation and localization.

Introduction

Photoclinometric reconstruction (or shape from shading
reconstruction) of the imagery attempts to estimate the
parameters of the image formation model that include
surface albedo and elevation. Each pixel of the orbital
images is formed by a combination of many factors, in-
cluding albedo, terrain slope, exposure time, shadowing,
and viewing and illumination angles.

Image Formation, Modeling and Reconstruction

The shape-from-shading problem is formulated as find-
ing a set of 3D points that minimize the cost function
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where k is the number of images, i and j are the row
and column number respectively, I is the image, Aij is
the albedo corresponding to pixel ij and M is the set
of pixels remaining after the binary shadow mask. The
reflectance model Rij is given by
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where

L(α) = 1 +Aα+Bα2 + Cα3. (3)

and α is the phase angle measured in degrees, A, B, C a
set of goven coefficients, e and i are the emission and
incidence angles respectively. The optimal set of 3D

points Mij are estimated using the iterative Gauss New-
ton method for the cost function Q described in Equa-
tion 1. Given a 3D point Mij corresponding to pixel ij,
at consecutive iterations its 3D position is re-estimated
according to one of the following rules
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where mij is a corection factor estimated iteratively
through Gauss Newton algorithm. Equation 4 cor-
responds to a parametrization along the height in a
DEM representation while Equation 5 corresponnds to a
parametrization along the rays vij from the optical center
of the image (O) through each pixel at location ij in the
image. The increment ∆mij is the solution to the normal
equations:

e = B∆mij (6)

where

e = JT r

B = JTJ

and r is the residual vector and J the Jacobian matrix as
described next. Let the image be arranged row-wise in a
vector such that l = i ×W + j where W is the image
width. Then the residual vector and Jacobian matrix can
be written as
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where Fl = AijRijT .

Experimental Results
A set of preliminary tests for the above mentioned are il-
lustrated for Apollo Metric Camera (AMC) images. Fig-
ure 1 illustrates a 200 × 200 pixel region of the AMC
image from Apollo 15 landing site scanned at 10m per
pixel. Figures 2 and 3 illustrate the hillshaded shape from
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Figure 1: Original cropped image.

shading reconstruction using the Gauss Newton solution
described by Equations 5 and 4 on the image shown in
Figure 1 respectively. Figure 4 illustrates the hillshaded

Figure 2: Hillshaded reconstruction using the Gauss
Newton optimization technique for camera parametriza-
tion.

reconstruction of the complete AMC image of the Apollo
landing site.

Figure 3: Hillshaded reconstruction using the
Gauss Newton optimization technique for elevation
parametrization.

Figure 4: Hillshaded reconstruction using the
Gauss Newton optimization technique for elevation
parametrization of the Apollo 15 landing site.
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