CMSC 828D HOMEWORK 9/15 FALL 2000

Emailed November 9, 2000
Due back November 15, 2000

Homework 10
Shape from Shading

1. A sphere of Lambertian materid of radius R lies on the ground.

A camerawith itsimage plane a a distance D above the center of the sphere.looks down on the
sphere. Itsopticd axisis vertica and passes through the center of the sphere.

We assume that orthographic projection is agood approximation of the imaging process, so that
apoint (X, y, z) of the scene (in camera coordinates) is projected to apixd (X, y) of the image.
Theimage of the sphere judt fitsin a 256x256 image produced by the camera

The sun illuminates the sphere. The sun is at an eevation of 45 degree above the ground, and at
an azimuth of 45 degrees with respect to the x axis of the camera. The patch of sphere that faces
the suniswhitein theimage.

a Write the function z = f(x,y) that represents the half of the sphere that is visble from the
camera.

b. Write the 3 coordinates of aunit norma to the sphere surface for a point of the sphere seen at
apixd (x, y).

c. Write aMatlab function that givesthe gray level due to the sun illumination on the Lambertian
surface of the sphere for each point of the sphere seen at apixd (X, y).

d. Write a Matlab function that generates the image of the sphere and a black background. Print
the image.

2. Now aface made of plaster with Lambertian reflecting properties is placed on the ground.

The image seen by the cameraiis shown at
http://um acs. und. edu/ ~ramani / cnsc828d/ FACE. j peg.

Thesunisa a 45 degree azimuth and 45 degree elevation so that the left part of the forehead of
the faceisilluminated (depending on the frame of reference you select, this may be the same
orientation asin problem 1 or a different orientation).

a Trandform theimage into agray level image. The brightest point on the mask is assumed to
face the sun. Because of the imaging process and the albedo of the mask’s materid, this point is
not white. Compute the proportionality constant due to these factors. Rescale the gray levels so
that this point becomes white. Print the image.

b. Assume that the face is symmetrica with respect to aplane P pardld to the opticd axis of the
camera. This plane cuts the face along a curve C. This curve is seen from the camera as image
column x = 68. The normalsto the face dong curve C are contained in plane P and have an x
coordinate equa to zero. Show that there are generdly 2 possible unit normals for each gray
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levels dong curve C. Write aMatlab function that computes the coordinates of the unit normas
asafunction of thegray level of apixd dong curve C.

¢. Find alocation aong curve C where the surface patch faces the cameraand is close to the tip
of the nose. From this point, compute the z coordinate of the next pixdl, usng among the two
possible orientations of the normd the orientation that causes the smalest change of orientation
Proceeding from pixe to pixel, reconstruct the profile of the face dong curve C. Draw this
profile from the edge of the face a the forehead (taken as origin of a(y, z) coordinate system for
the curve C) to the edge a the chin.

Note: this recongruction is quditative, one of the problems being that we don't know the correct
orientation of the light source. Y ou may want to try orientations different from the 45 degree
orientation proposed above.



