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Figure 2: Illustration of the constraint equations present in a neighbourhood fora
full flow andb line flow.

be the minimal vector between the origin and the constraint plane, see Fig.1 . This
gives theraw normal flow:
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As we are dealing with three dimensional flow, at least three mutually distinct, i.e.
non-parallel, planes are needed to combine the various normal flows in a region
to yield full 3D-flow. If there are three or more linearly independent constraint
equations in the considered neighbourhood the full velocity vector is readily com-
puted by the intersection of the constraint planes as illustrated in Fig.2a. Section4
describes how this can be done in a local neighbourhood by means of a total least
squares technique.

Linear structures such as intersecting planes result in two constraint planes, see
Fig. 2b. The point on the common line closest to the origin gives an appropriate
normal flow called line flow. This line flow lies in the plane perpendicular to the
linear structure. In this case only the motion along the direction of the intersecting
line can not be resolved.

We now proceed to illustrate two example methods, local and global, that can
be used for a full range flow estimation.

4 Local TLS Range Flow

The TLS solution presented here is an extension of thestructure tensoralgorithm
for optical flow estimation.

Assuming constant flow in a region containingn pixel we haven equations (1).
With ~d = [ZX ZY 1 ZT ]T , ~u = [U V W 1]T and the data matrixD = [~d1 . . . ~dn]T ,
the flow estimation in a total least squares sense can be formulated as:

||D~u||2 → min subject to ~uT~u = 1 . (6)
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