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Photometric stereo is difficult because real-world scenes show a variety of
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reflectance distribution functions (BRDFs). As a result, most of the previω
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ous uncalibrated (i.e., when light sources are unknown) methods assume a
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simple Lambertian reflectance, and solve surface normals up to the GenerElevation
alized Bas-Relief (GBR) ambiguity [1]. The GBR ambiguity can be further
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resolved by using various properties observed in real-world BRDFs, such as
(a) Local coord. sys.
(b) View-centered coord. sys.
symmetries [6] and diffuse maxima [2].
Some recent methods [3, 5] were proposed without assuming a Lam- Figure 1: (a) Standard BRDF parameterization; (b) in a view-centered cobertian BRDF. However, they still face a challenge as far as elevation angle ordinate system, we examine the surface normals having the same azimuth
recovery goes: they must assume that the light sources cover the whole angle as a light source, and observe the constrained half-vector symmetry.
sphere uniformly or else the surface normals’ elevation angle accuracies
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drop significantly. In this paper, we exploit surface reflectance properties
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to meet this remaining challenge. In particular, our contributions include:
1) a derivation of constrained half-vector symmetry; 2) an algorithm to determine the elevation angles of surface normals by using this symmetry; 3)
light source estimation in the case of general isotopic reflectances.
A BRDF measures the ratio of the reflected radiance from a surface
patch. It is a function f (ω in , ω out ) of incoming and outgoing light directions
in a local coordinate system. By introducing the half vector [4], which is the
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bisector of ω in and ω out , a BRDF can be parameterized as f (θh , φh , θd , φd ),
as illustrated in Fig. 1 (a). It produces pixel values by
I = f (θh , φh , θd , φd )(nT s),
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where n is the surface normal and s is the point light source.
Let us examine a special case of isotropic reflectance wherein a set of
surface normals {n} with different elevation angles share the same azimuth
angle with a light source s in the view-centered coordinate system, as shown
in Fig. 1 (b). This results in a fixed θd and also φd = 0 or π/2 in the conventional BRDF parameterization in Fig. 1 (a). Consequently, this simplifies
the isotropic BRDF function to either fθd ,φd =0 (θh ) or fθd ,φd =π/2 (θh ). If one
further assumes reciprocity of ω in and ω out , the two representations can be Figure 2: Representative results for synthetic 3D surfaces. Two out of the
unified to be fθd ,φd =0 (θh ), which represents a 1D slice from the original ten test materials are shown in the first column.
BRDF, as shown in Fig. 1 (b). Since fθd ,φd =0 (θh ) is symmetric about the
half-vector (i.e., θh = 0), it leads to the following observation.
light sources. However, our technique differs from [7] in that it supports
Observation 1 By assuming isotropy and reciprocity, if the elevation an- more general isotropic reflectances and also resolves their remaining rotagles of the surface normals and the light source are correctly measured, the tion/flip ambiguity. Finally, our method achieves average estimation errors
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BRDF data computed from the observations in Fig. 1 (b) should be distribut- of 5.89 for surface normal and 7.43 for light sources on the MERL dataset.
Examples
of
surface
normal
recovery
are shown in Fig. 2.
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