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Figure 1. (a) Image sequence of rolling coin. (b) Multiple
exposure summary. (c) Layer-by-time summary. (d) Shape-
time summary. (Color-based foreground masks were used
in (c) and (d) to isolate the foreground coins from the back-
ground: in (c) to specify the foreground object and in (d) to
remove the unreliable stereo depth for the featurel ess back-
ground.)

image is constructed to make sense in 3-D. We can see how
the coin occludes itself at other times; these occlusions let
us picture the 3-D relationships between the different spatial
configurations of the coin. To emphasize that the technique
describes shapes over time, we call it “shape-time photog-

raphy”.

1.1 Related effects

In some special cases of natura viewing, we are accus-
tomed to viewing shape-time images. Extrusion processes,
such as sgueezed blobs of toothpaste or shaving cream,
leave a shape-time history of the motion of the extrusion
source. Shape-time photographs have some resemblance
to Duchamp'’s “Nude Descending a Staircase”, the clas-
sic depiction of motion and shape in a static image. The
comic book Nogenon uses drawn shape-time outlinesin its
story [14]. In unpublished independent work, researchers at
Georgia Tech have made graphical displays of data from a
motion-capture system using a shape-time style rendering,
but not using visua input [2].

2 Problem Specification

To make a shape-time photograph, we need to record both
image and depth information. Various technologies can
measure depth everywhere in a scene, including shape-
from-defocus, structured light systems, and stereo. While
stereo range can be less accurate than others, a stereo cam-
eraisquite portable, allowing abroad range of photographic
subjects in different locations. Stereo aso avoids the prob-
lem of registering range and image data, since disparities
are computed from the image data itself. Fig. 2 shows the
stereo camera we used. The beam-splitter system allowed
us to capture left and right images using a single shutter,
assuring temporally synchronized images.

The simplest version of shape-time photography as-
sumes a stationary camera which photographs N time-
frames of stereo image pairs. (Background stabilization
techniques such as [16] might be used to generalize the re-
sults of this paper to non-stationary cameras). At each po-
sition, we need to select for display a pixel from one of the
N frames captured over al times at that position. We can
then generate a single-frame composite, from one camera’'s
viewpoint (left, for our examples), or a composite stereo
image.

Let Ly (¢) and Ry (t) denote the values at the kth pixel at
time frame ¢ recorded in the left and right images, respec-
tively. Let dj(t) be the distance to the surface imaged at the
kth pixel (of the left camera) at frame ¢t. Pixel k of the left
view shape-timeimage, I, issimply

I, = Ly (argmin,dg(t)) 1)



