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Determining Optic Flow At A Single Scale From Phase Shifts G“ Ami

Rather than compute the gradient of the filtered, downsampled image, (e.g., by re-filtering the \ g md’%

same image shifted by single pixels,) 1 wanted to see if the change in phase angle of the filtered

images could be used as a shortcut to estimating the gradient. [
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I calculated the impulse response I;'/i (x,y) for each of the 6 filters used at a single spatial scale i

(Fig. 1). Ttook the moment of their Fourier transfozm to determine an “average” spatial frequency
for each filter: .
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Successive images were compared by taking the difference in phase angle A¢ of the filter
responses. This difference in phase angle is taken to be due to movement.

i, x+m,y)

Consider what happens when we shift the function f(x,y)=¢

i[ﬂ)xx-%—m}.y—(cuxvx +o,v, )]

fx-voy-v)=¢
so the phase difference A¢ = —v-w. The phase difference A¢ is interpreted to be the scalar
product of a movement v onto the vector wh = [&7 b a) ] This leads to a system of 6 equations
and 2 unknowns given by:
A =-w'-v V. (*)
We solve for v in a least-squares fashion by taking the pseudo-inverse of w:

v=-—wCAg

-1
where w® = (WTW) w'

The advantage of this method is over the gradient-based technique that the pseudo-inverse of w
only needs to be taken once. The algorithm thus far is entirely feed-forward and its only
nonlinearity lies in the calculation of A¢ which uses the arctangent.

The disadvantage to this method is that the filters themselves are sensitive over almost an octave of
spatial frequencies; consequently, the assumption made above in (*) may be poor. It is hoped that
the refinement scheme presented below will help to compensate for this source of error.

Error in the fit can be taken as a heuristic for how confident the optic flow estimate 1s.
E =|wv+Ad|

This will be a useful heuristic for algorithms that use the optic flow information to perform another
calculation such as ego-motion or scene segmentation.



Refinement Scheme

I implemented a coarse-to-fine refinement scheme to The refinement scheme starts at the Jargest
scale and computes initial estimates for flow. Such an initial, coarse estimate is shown in Figure 2.
The refinement scheme is similar to Bemard’s, in which the responses of each successively finer \

set of filters are motion-compensated using the present motion estimate, to match corresponding

areas. The motion compensation is only to the nearest sample on the grid, so that we can avoid the ; Z;
somewhat tricky problem of interpolating the filter responses. The filtered phase difference

between images is modified to account for this motion compensation. Solving the motion /
constraint refines the estimated flow to the next level of accuracy. \JA

Figures 3, 4, 5, 6, 7, and 8 show the coarse-to-fine refinement in action on a sequence of two
photographs.

Tests ﬁ%ﬁ"wh&fﬁ G gwl@, .

I generated artificial test images using 1/f noise which exhibited Fourier motion in overlapping
blocks. At small flow rates (average 1 px displacement) the algorithm performs very well, with
some noise. (Fig. 9). At 5-pixel displacements, there are more noticeable errors near the
boundaries of motion, but the output is still qualitatively correct (Fig. 10). This general trend
continues; at 20-pixel displacements, the edge affects are larger, but regions of uniform motion are
still discernible (Fig. 11). This algorithm has an ability to perform over a wide range of spatial
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Comparison of Performance on a Standard Image Sequence

The algorithm was tested on the Yosemite image sequence. The average angular error (as defined
by Bernard) was 14.9°. This is slightly more than twice the error of published algorithms such as

Magarey & Kingsbury or Bernard’s.
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I have outlined the construction of an O(N) scheme for determining optic flow that is relatively
robust and performs well under a wide range of displacements. It uses the phase difference
between successive images filtered by Gabor-like discrete wavelets to estimate motion in a coarse-
to-fine refinement scheme. The accuracy is not as good as contemporary algorithms; however, the
scheme as presently implemented leaves room for features such as smoothness constraints and
subsumable interpolation that are typical of contemporary algorithms. Additional features are likely
to improve the performance of this scheme further.

Conclusion
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