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We have developed a novel, three-di-
mension-television camera (the

Axi-Vision Camera) that can capture
depth images simultaneously with the col-
or image. The Axi-Vision Camera captures
depth images by combining an intensity-
modulated illuminator with the ultrafast
shutter of a CCD camera.1-3 The system
was originally developed for the standard
definition TV format (with 378,000 pix-
els), but quite recently 4,5 a version was de-
veloped for the high-definition TV format
(with 920,000 pixels).

Although various depth-mapping tech-
niques exist (examples are the use of time
of flight, triangulation or moiré patterns),
they generally require either two-dimen-
sional mechanical scanning of a laser beam
or sophisticated data processing, and it is
difficult to complete the operation fast
enough for real-time TV images. The Axi-
Vision Camera can map the depth image
in more than 920,000 pixels at a frame rate
of 29.97 Hz with the output format of a
high-definition TV video signal.

A triangular intensity-modulated in-
frared light source was used to illuminate
the scene. At any particular time during
the ascending cycle of modulation, fore-
ground objects are illuminated by a higher
light intensity than background objects
because of the finite travel time of the light
from the source to the objects. Conversely,
at any particular time during the descend-
ing cycle of modulation, foreground ob-
jects are illuminated by a lower light inten-
sity than background objects. This phe-
nomenon is enhanced if the modulation
rate is high (108 W/s). A CCD camera with
an ultrafast shutter speed of 2 ns can cap-
ture such a phenomenon.

By taking the intensity ratio between
the images obtained during the ascending
cycle of illumination with those taken dur-
ing descending illumination, the effects of
the reflectivity of the objects as well as the
divergence of the illumination intensity
due to the distance can be eliminated from
the distance information. A resolution of

1.7 cm was obtained with an object posi-
tioned 2 m from the camera.

The Axi-Vision Camera selectively ex-
tracts the images of objects at a specific
depth and replaces them with other im-
ages in real time. Figures 1(a) and 1(b)
show examples of the elimination of the
image of a bystander in the background of
a recording scene, and Figs. 1(c) and 1(d)
show examples of replacement of the
background by prerecorded scenery.

The usefulness of the Axi-Vision Cam-
era is not limited to the creation of a so-
phisticated virtual studio. It also has the
potential to play an important role in the
future development of three-dimension
TV broadcasting systems because the Axi-
Vision Camera provides both the longitu-
dinal and the lateral information that is so
essential for three-dimensional imaging.
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Figure 1. Removal and substitution of objects by
means of the Axi-Vision Camera: (a) a frog with a
bystander in the background, (b) the bystander re-
moved, (c) selected image, (d) amalgamated image.
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