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(Shape from Shading using the Hierarchical basis Function

and Multiresolution Images)
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Abstract

In this paper, an algorithm for recovering the 3-D shape from a single shaded image is proposed.
In the proposed algorithm, by using the relation between the height and surface gradient (p, q), a
set of linear equations is derived from the linearized reflectance function, Then the 3-D surface is
recovered by employing the conjugate gradient technique. In order to improve the convergence
speed of the solution, we also employ the hierarchical basis function and multiresolution images in
the algorithm. A method for determining the regularization parameter, which is determined by trial
and error in the conventional approach, is also introduced. In addition, the proposed algorithm
attempts to recover the 3-D surface without requiring the boundary conditions, making it suitable
for a real-time implementation. Simulation results for real image as well as synthetic image are pro-
vided to demonstrate the performance of the proposed algorithm.
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Step 1. Initialization : initialize Zq t0 zero;
Step 2. Multiresolution iteration using hierarchical basis function:
for resolution = coarsest to finest
for A= Amax(resolution) to min(resolution)
Do CG algorithm using hierarchical basis function;
Step 3. Stop;

0:‘7]/‘1 max(resoluuon)y’}' Mnin(resolution)—\% og)?:}'g] 3}]}\}
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CG algorithm using hierarchical basis function :
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B = B/ -y
di z?k—ﬁkdkﬂ:
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Wi = Qdy:
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Zern = Z T endid
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k=k+1;
} while( |z —2c] D 87
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Fig. 6. Images of varing illuminant direction

for recovered Gaussian shape.
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(a) Input Gaussian shape,
(b) Recovered Gaussian shape.
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Fig. 8. Reconstruction errors for the Gaussian image.
(a) Brightness error for 64 x64 Gaussian image,
(b) Smoothness error for 64x64 Gaussian shape,
{c) Height error for 64 x64 Gaussian shape,
(d) Error of surface gradient (p, q) for 64 x64 Gaussian image.
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Table 1. The regularization parameter A and iteration number.
A | whE 22 A | R L ety A | e
0.8 0 0.8 0~111 0.4 0~5 0.2 0~3
0.64 1 0.64 | 112~125 0.32 6 0.16 4
0.51 2 0.51 126 0.26 7 0.13 5
0.41 3~156 0.41 | 127~152 0.21 8 0.1 6
0.33 157 0.33 153 0.16 9~11 0.08 7~52
0.26 158 0.26 154 0.13 12 0.07 53
0.21 159 0.21 | 155~157 0.11 13~70 0.05 54~151
0.17 160 0.17 | 158~306 0.08 71 0.042 152
0.13 | 161~286 0.13 307 0.07 72 0.034 153
0.11 287 0.11 | 308~309 0.05 73~74 (d)
0.08 288 0.08 310 0.043 75 256 % 256 Lena
0.07 289 0.07 | 311~326 0.034 | 75~184
0.06 290 0.06 327 (c)
0.044 291 0.044 328 128 %128 Lena
0.035 292 0.035 329
(a) (b)
64 X 64 Gaussain 64 %64 Lena
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Fig. 12. Brightness and smoothness errors for Lena image.
(a) Brightness error for 64 X64 Lena image,
(b) Smoothness error for 64X 64 Lena shape,
(c) Brightness error for 128 X128 Lena image,
(d) Smoothness error for 128 X 128 Lena shape,
(e) Brightness error for 256X 256 Lena image,
(f) Smoothness error for 256 <256 Lena shape.
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