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Cylindrical Shape from Contour and Shading without
Knowledge of Lighting Conditions or Surface Albedo*

MinorU Asapal and Takavukr Nakamurat

This paper presents an algorithm for reconstructing the shape of a cylindrical object
from contour and shading without knowing the surface albedo of the object or the lighting
conditions of the scene. Input image is segmented into spherical, cylindrical, or planar sur-
faces by analyzing local shading. The cylindrical surface is characterized with a direction
of generating lines determined from spatial derivatives in the image. The brightest gener-
ating line has strong constraints on both the shading analysis on the cylindrical surface
and a simplification of the equation which represents the relation between the contour
shape and shading. Although there remains one degree of freedom between the surface
normal of the base plane and the slant angle of the generating line, we can uniquely re-
cover the cylindrical shape from this solution. Experimental results for both synthetic and
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real images are shown.
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Fig. 2 Geometrical relationships of cylindrical
shape between the two coordinate systems.
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Table 1 Experimental results for synthesized images.

Correct Estimated Relative Errors (%) S(a,B)/n | Errors (°)
o®) | w®) [T} | @ ] & B | l=tlx 100 [ 228 x 100 | N — Ny
0 70 -2.0 1-0.63 | -1.97 | -0.59 1.5 6.3 7.4%x10e-6 0.4
30 70 -2.92 | -0.80 | -2.70 | -0.79 7.5 1.25 1.3x10e-5 0.5
30 60 70 -4.40 | -0.69 | -4.03 | -0.52 8.4 24.6 2.3%10e-6 2.6
0 60 -2.0 | -1.0 | -1.94 | -0.98 3.0 2.0 2.5%10e-5 0.4
0 50 -2.0 |-1.45-1.81|-1.31 9.5 9.7 1.4x10e-5 0.8
0 70 -1.41 1-0.36 | -1.36 | -0.30 3.5 16.7 1.0x10e-5 1.1
30 70 -1.83 | -0.42 | -1.60 | -0.40 12.6 4.8 2.3x10e-5 0.8
45 60 70 -2.07 | -0.27 | -1.86 | -0.28 10.1 3.7 7.0%10e-6 0.9
0 60 -1.41 1-0.58 | -1.35 | -0.49 4.3 15.5 5.1x10e-6 14
0 50 -1.41 | -0.84 | -1.36 | -0.77 3.5 8.3 1.9x10e-7 0.8
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Table 2 Experimental results for real images.

Object Estimated | S(a,8)/n
& B
right cylinder | -1.22 | -0.05 | 9.3x10e-6
slant cylinder | -1.61 | -0.32 | 3.3x10e-6
slant banana | -1.92 | <0.93 | 1.3x10e-6

H 3 AHEGICET AHERT (RIFISHER)
Fig. 3 The results for synthesized images
(the good result).

X6 HEBICHT AHEEL (EEWE A OEMNR)
Fig. 6 The right cylinder with perpendicularly
cut section.

B4 ARESICHT AR (BOER
Fig. 4 The results for synthesized images
(the bad result).

K7 EEGICETAHRT Flookiis o)
Fig. 7 The right cylinder with diagonally cut
section,

B 8 EEBICHT SRR FOOKHZRD/YF )
(EH RIS FEAITHIE)

Bl 5 ARERICHTAHEET CEENSHER Fig. 8 The banana with diagonally cut section
Fig. 5 The results for synthesized images (the base contour was iterately extracted).

(the moderate result).
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