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Abstract

The multiple view geometry in space-time can rep-
resent multiple view geometry in the case where non-
rigid arbitrary motions are viewed from multiple trans-
lational cameras. However, it requires many corre-
sponding points and is sensitive to the image noise. In
this paper, we investigate mutual projections of cam-
eras in four-dimensional space, and show it enables us
to reduce the number of corresponding points required
for computing the multiple view geometry in space-
time. Surprisingly, we no longer need any correspond-
ing points for computing the multiple view geometry in
space-time, if all the cameras are projected to the other
cameras mutually for two time intervals. We also show
that the stability of the computation of multiple view ge-
ometry in space-time is drastically improved by consid-
ering the mutual projections of cameras.

1 Introduction

Over the past two decades there has been a signif-
icant development in the understanding and modeling
of the geometry of multiple views in computer vision,
which is very important for describing the relationship
between images taken from multiple cameras and for
recovering 3D geometry from images. Based on the
classical analysis on multiple views [2], multiple view
geometries under more general point-camera configura-
tions have been studied in recent years [3, 7, 1, 5, 8, 6].

Wolf et al. [8] and Wan et al. [6] showed that by
considering the projections in higher dimensional space
such as a 4D space-time, the multiple view geometry
for dynamic configurations can be derived, in which
a single multifocal tensor describes camera motions as
well as camera positions and orientations. These multi-
ple view geometries are very useful for recovering non-
rigid object motions from moving cameras, and for gen-
erating arbitrary views of dynamic scenes. However,
one disadvantage of such generalized multiple view ge-
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ometry in higher dimensional space is that it requires
more corresponding points than the classical multiple
view geometry. For example, 26 corresponding points
are required for computing trifocal tensors in [8], and
13 corresponding points are required for computing tri-
focal tensors in [6]. They are also more sensitive to the
image noise than the classical one. For the real use of
these generalized multiple view geometries, it is impor-
tant to cope with these problems.

Recently, it has been shown that if some cameras are
projected to the other cameras, the multiple view ge-
ometry can be computed more stably from less corre-
sponding points [4]. In this method, the real projec-
tions of cameras in images are used as epipoles. This is
called mutual projections of cameras. However, the ex-
isting mutual projection method is only applicable to the
classical multiple view geometry, in which all the cam-
eras are assumed to be static, and epipoles are single
points in images. Whereas the multiple view geometry
in space-time describes the relationship between images
viewed from multiple translational cameras [6]. In this
case, a set of epipoles derived from a translational cam-
era is no longer a single point but a line. We call it an
“epipole line”. Note, the epipole line is different from
an epipolar line.

In this paper, we investigate mutual projections of
cameras in four-dimensional space, and show that these
epipole lines enable us to reduce the number of cor-
responding points required for computing the multi-
ple view geometry in space-time. Surprisingly, we no
longer need any corresponding points for computing the
multiple view geometry in space-time, if all the cam-
eras are projected to the other cameras mutually for two
time intervals. We also show that the stability of the
computation of multiple view geometry in space-time
is drastically improved by using the epipole lines under
mutual projections.









(d) recovery result

(c) image of camera 3

Figure 2. Real image experiment 1. Im-
ages (a), (b) and (c) show epipole lines
and image motions of a single point
viewed from camera 1, 2 and 3. The
black points on epipole lines in each im-
age are used for computing the trifocal
tensor. These three cameras are translat-
ing with different speeds and in different
directions. The white curve in (d) shows
image motions in camera 3 computed by
the extended trifocal tensor, and the black
curve shows the real image motions.

tion method, and the white points show that from 13
point method. As we can see, with less or even no cor-
responding points, the mutual projection method can
derive more stable trifocal tensors than the 13 point
method.

5. Conclusions

In this paper, we investigated mutual projections of
cameras in four-dimensional space, and showed it en-
ables us to reduce the number of corresponding points
required for computing the multiple view geometry in
space-time. For example, if we have three cameras, then
we can consider three types of mutual projections. If we
have one epipole pair at 3 different time, we need 6 cor-
responding points. If we have two epipole pairs, we at
least require 2 corresponding points. If we have three
epipole pairs at 2 different time respectively, we do not
need any corresponding point to figure out the trifo-
cal tensor. That means arbitrary image motions tracked
by moving cameras can be recovered even if they are
coplanar or collinear, as long as we have the projections
of cameras. The method was implemented and tested
by using real image sequences. The stability of trifocal
tensors extracted by using mutual projections of cam-
eras was compared with that of the 13 point method,
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Figure 3. Real image experiment 2.
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Figure 4. Stability evaluation.

and the advantage of the proposed method was shown.
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