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Shape Reconstruction from Shading
by Evolution of Equal Height Contours
for Diffuse Non-Lambertian Reflectance

TAKAYUKI OKATANI' and KOICHIRO DEGUCHIt

The problem of recovering shape from shading is formulated as solving the first order partial
differential equation. Besides the classical method of the characteristic equation, a group of
methods that computes the solution by tracking its equal hight contour has been proposed.
But all of them assumed the Lambertian reflectance. This paper extends the methods to
general diffuse reflectance that is not necessarily Lambertian. We show a condition that the
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reflectance map should satisfy so that the methods can be used.
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Fig.1 For each type of singular points, behaviour of the

characteristic curves around that point is different.
A convex point, a concave point, and a saddle point
are a source (a), a sink (b), and a point where two
curves flow in and two curves flow out (c), respec-
tively.
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Fig.2 The normal to an equal height contour n and the
surface normal m are on the same plane, and the
gradient of the surface « is determined by the im-
age brightness.
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Fig.3 Projections of level contours of u(z, y) onto
the image plane.
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Fig.4 Given a 3D curve that belongs to a surface, the nor-

mal of the surface at each point of the curve must
be perpendicular to the tangent to that curve.
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Fig.5 For the unique evolution of the level contours, it

must hold in the gradient space that for any line
passing through (po, qo), the number of its intersec-
tions with each contour of R(p, q) must be less than
three.
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Fig.6 Surface shape used for experiments of shape

reconstruction and its contour map.
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Fig.7 Result of shape reconstruction from an image synthesized using Rg.
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Fig.8 Result of shape reconstruction from an image synthesized assuming

Lambertian reflectance.
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Fig.9 Error of shape reconstruction. R and Lambertian
case.
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