Multi-view Tensors
Richard Hartley,
GE-CRD, Schenectady, NY.
The last few years have seen considerable interest in a the analysis and application of multilinear relations
between corresponding features in images taken with a perspective camera. Given a point in space seen in
two images, the image points satisfy an epipolar constraint expressed by the fundamental matrix. This is a
3 × 3 matrix F that satisﬁes the equation
x Fx = 0
where x and x are any two corresponding points (expressed as homogeneous 3-vectors) in the two images.
One way of expressing this is that the point x matching a point x in the ﬁrst image lies on a line Fx, known
as the epipolar line.
More recently, similar relationships have been discovered between corresponding points and lines in three
and four views. The trifocal tensor relates points and lines in three views. The most basic relationship
involves a point in one image and two corresponding lines in the other images.
xi lj lk Tijk = 0
in which repeated indices imply summation over the range 1 . . . 3. The geometric meaning of this relationship
involves the common intersection of four planes, corresponding to the back-projection of lines in the image.
The fundamental matrix, as well as a 4-view quadrifocal tensor may be similarly derived.
L

l

//

C

x
l

//

/

C
C/

Figure 1: The intersection of 4-planes implies that the determinant constructed from the 4-vectors representing the planes must vanish. This gives rise to a linear relationship involving image coordinates, encapsulated
in the trifocal tensor.
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Applications of the multilinear tensors.

The multiview tensors, particularly the fundamental matrix and the trifocal tensor have found many applications in 3D scene reconstruction and construction of synthetic images. For instance, the trifocal tensor
has found eﬀective use in
• Robust point and line and curve matching between images.
• Reconstruction of projective and Euclidean representations of a viewed scene [2]
• Synthesis of images seen from diﬀerent viewpoints [3]
• Self-calibration of a moving camera ([1])
• Independent motion detection ([4]).

Figure 2: Correspondences between succeeding frames of a video sequence. Corner matching based on
correlation alone gives many false matches (left). Retaining only matches satisfying the trifocal constraint
across three views removes false matches (right).
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