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a 

c 

FIGURE 1.6. (a) shows an aerial image of buildings. (b) shows its initial 
segmentation using the techniques just described. 

b 

FIGURE 1.7. (a) shows the segmentation 
after one iteration of merging the regions 
of the segmentation of (b). (b) shows the 
resulting segmentation after two iterations. 
(c) shows the resulting segmentation after 
five iterations. 
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FIGURE 1.11. Shaded images of 
the cylinder of Figure 1.9. 

Analytical Results for the Cylinder 
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When the light direction is from azimuth 0°, elevation 90°, analytical 
results indicate a ridge parallel to the axis of the cylinder and running 
along the center of the top half as shown in Figure 1.13. When the light 
direction is from azimuth 0° and elevation 30°, the ridge appears as in 
Figure 1.13. When the light direction is from azimuth 45° and elevation 
45°, the ridge appears as in Figure 1.13. In all three cases, the remaining 
points of the cylinder are hillsides. 

FIGURE 1.12. Shaded images of 
the sphere of Figure 1.10. 



42 SHAPIRO AND HARALICK 

Analytical Results for the Sphere 

When the light source is directly above the center of the sphere, the 
gradient magnitude is zero at (0, 0); therefore, a peak is located at the 
center of the sphere. The gradient magnitude is positive and the first­
directional derivative in the direction w2 is zero at the remaining points 
of the sphere. It follows from our analytical results that ridges locate at 
these points. 

When the light direction is (0, \13/2, -112), a peak is found at (0, 
V3r/2). At the remaining points, 

V/.w 1 = 0 when (x2 + y2) = V3!2y(r2 - x2 - y2) 112 and 

VI.w2 = 0 when x = 0. 

Therefore, there are ridges when either one of these two equations is 
satisfied and hillsides otherwise. 

Similarly, a peak is found at (r/2, r/2) when the light direction is (l/2, 
1/2, -l/Y2). Ridges can be located at places where either 

v'2(x2 + y2) = (x + y)(r2 - x2 - y2)112 or 

x = y is satisfied. 

At the remaining points, hillsides are the correct categories. Figure 1.14 
shows the topographic labels for the illuminated spheres. 

Experimental Results 

Experimentally, we are working in the GIPSY (General Image Pro­
cessing System) environment. There currently exist GIPSY commands to 

FIGURE 1.13. The analytically de­
rived topographic labeling of the 
cylinder. 
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FIGURE 1.14. The analytically de­
rived topographic labeling of the 
sphere. 
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construct three-dimensional surfaces, to produce images of these sur­
faces from various viewpoints and light directions, to fit these images 
with either cubic polynomials, splines, or discrete cosines, and to calcu­
late the topographic labelings. Figures 1.15 and 1.16 show experimental 
results for the cylinder and sphere using cubic polynomial surface fit­
ting. Experimental results show very good correspondence with the ana­
lytical results, except for the sphere when the light direction is (0, 0, -1). 
In this case, when points are labeled ridge and have neighboring points in 
a direction orthogonal to the gradient that are also labeled ridge, our 
software reclassifies these ridge continuums as hillsides. 

FIGURE 1.15. The experimental 
results for the cylinder. 
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FIGURE 1.16. The experimental 
results for the sphere. 

SHAPIRO AND HARALICK 

In addition to the images of the two simple surfaces, a synthetic image 
of a more complex surface was also used in testing. The surface is com­
posed of cylindrical and spherical surface patches. Figure 1.17 shows the 
image of the surface when illuminated from azimuth 45° and elevation 
45°. Figure 1.18 illustrates the topographic labels that resulted from the 
experimental method. Most of the resulting topographic labels are lo­
cated at places where they are predicted by the analytical method. 

Our results show that the most informative features found in the 
images of the cylinder and sphere are ridges and peaks. While the ridges 
found in the cylinder images are intuitive, the ellipse-like ridges found in 
the sphere images are unexpected. Although most ridge points found in 
the sphere images are weak ridges, experimental results show that these 
ridges are detectable. These ellipse-like ridges will be a definite clue to 

FIGURE 1.17. Gray-tone image of the 
synthetic object illumi 1ated from azi­
muth 45° and elevat' >n 45°. 
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FIGURE 1.18. The topographic la­
beling of the synthetic object image. 
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three-dimensional surface identifications. Once the shape of the three­
dimensional surface is hypothesized as cylindrical or spherical, informa­
tion such as the direction of the light source and the cylinder/sphere 
radius may also be estimated by examining the topographic labels. 

SUMMARY 

The facet model for image processing estimates the underlying surface 
of a gray-tone intensity image and uses this estimate in processing the 
image. The facet model has been used in edge detection, several kinds of 
segmentation algorithms, and to construct the topographic primal sketch 
of the image. The topographic primal sketch, a pixel classification 
scheme, has been used to aid in the estimation of three-dimensional 
shape from two-dimensional views of shaded objects. In all of these 
different algorithms, the facet model has been shown to be a robust 
model for understanding and processing images. 
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