Towards direct motion and shape parameter
recovery from image sequences
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Introduction

Objectives:

Recover 3-D surface shape from image seguences.
Avoid ambiguous intermediate step of optical flow.
Emulate a biologically plausible architecture.

Construct robust shape and motion detectors with
minimum of expensive training.

Findings:

3-D surface shape locally computed from image pairs, in
the form of dense Time to Collision measurements.

Closed-form optimal solution to represent image motion.
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Contributions

General encoding of correspondence, H.
Representation of appearance changes without model.

Representation of parameter ranges in VVoronoi cell.

Method to determine observability and identifiability of
model parameters.

Direct synthesis of optimal detectors of H from H itself.

Structure from Motion as a recognition problem.

Correspondenceless, appearance-based Structure
from Motion.
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Correspondence matrix

Image formation by image
mapping M (specific shape and
motion) can be encoded by
Correspondence Matrix H.

Given observed | and I', want to
recognise best fit H.
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Example: 1-D Translation of +4 pixels

32 pixels 'y 1oy

Transiation: Gnn‘inndnﬂm Matrix

Tranakten
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18 20
Imege Coordimta 2

September 25, 2003 ~ Towards direct motion and shape parameter recovery from image sequences Slide 5




Optimal receptive fields by SVD

The Singular Value Decomposition of H produces
receptive field pairs (U, V) to detect the image
deformation H the most efficiently possible.

SVD:
H Uu » v!
N x N NXNNXNNXN

Pt

Evidence for this H: similarity between w, w'.
Repeat over set of H: build probability density function.
From PDF, get maximum likelihood and its uncertainty.
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Example: 1-D Scale change with uncertainty

| |
Al6 26

Scale Charge, Modamte Ungartainty: Corespondsnga Matro
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u, Vv, Uz Vi Ug Vg

Scale space determined automatically by N=32 pixels.
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Ensemble of image slits

Two Instants in time
Multiple orientations
Distributed over image

A

/o
)
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Image formation surface model

VP Viewpoints
What does a 1-D slit in an \

Image see of a 3-D world?

List correspondences.

d (or 1)

R=1/K=d/k (or 1/k) O

Slice of 3-D surface
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Which parameters are observable?

All appearance changes encoded in H.

Use PCA and Most Discriminating Features on
Correspondence Matrices.

PCA to reduce dimensionality of the H's.
MDF to compress clusters and spread them apart.
Consider one parameter at a time.

Hold that parameter (e.g. W) fixed, vary the others.

A class is set of correspondence matrices with the same
value of that parameter (e.g. W=-1.0 degrees).
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Wis observable.

Predicts that the appearance change due to W
(translation) can be found independently of all other
parameters.

2-D 3-D

nciple components (after MDF on 100 eigenvectors) for o 3 principle components (after MOF on 100 eigenvectors) for o
T
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dis observable... but not separable.

Predicts that the appearance change due to d (scale
change) can be detected, but not by itself (overlaps).

2-D 3-D

2 principle components (after MDF on 100 eigenvectors) for d 3 principle components (after MDF on 100 eigenvectors) for d
T
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b, h and k are confounded.

Predicts that the appearance change due tob, h and
k (view angle change, surface slope and curvature)
can not be found using this appearance-based
method.
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What does this image formation model give us?

In each locus In the image:

Forward time: Image pair (I,1")
Recover W, d for each slit orientation g
Reverse time: Image pair (I',1)
Recover W, d' for each slit orientation g
Optical flow vector
Weighted sum of the Wover each orientation.
Focus of Expansion (FOE) detector.
Place in image where W=0, W=0 over all orientations.
Time to Collision measurement

Needs only d and d' over all orientations.
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Recovering Optical Flow

/ (weighted over multiple orientations)
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Recovering Focus of Expansion (FOE)

The Focus of Expansion is the projection of the
camera's motion in the image plane.

This point, if it is in the image, Is where W= 0 over all

orientations.
The FOE is an optical flow null.

Most Structure from Motion methods using optical flow

have no TTC information at the FOE without a global
model.

This method recovers a useful TTC at the FOE.

September 25,2003 ~ Towards direct motion and shape parameter recovery from image sequences Slide 17




Synthetic boxes: Focus of expansion

Correct FOE is at image center: (160,120)
Recovered FOE: (160.00,119.50)

...Despite different times to collision near the FOE.
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Recovering Time to Collision (TTC)

The time to collision depends only on d.

Contributions from multiple orientations can be
combined, weighted according to confidence.
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Synthetic boxes: Time to collision
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Natural images: Calibration grid

Note spherical aberration of camera lens.

The image margins seem to approach quicker than
the center.
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Calibration grid: Time to collision

Spherical aberration recovered correctly.

As expected, margins have lower TTC than center.
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Yosemite: Instantaneous optical flow
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Yosemite: Instantaneous focus of expansion

Based on measurement between two image frames.
Maximum Likelihood FOE is at (243.51,112.85).
Collision there In 255.77 units of time.
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Yosemite: Instantaneous time to collision

Based on measurement between two image frames.

Image frame Dense Time to Collision
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Yosemite: Instantaneous time to collision in 3-D
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Conclusion

Future work:

Operators for speed.
Rapid oriented slit computation.
Tracking or integration over time.

Summary:

General encoding of correspondence, H.

Method to determine observability and identifiability of
model parameters.

Direct synthesis of optimal detectors of H from H itself.
Correspondenceless Structure from Motion.

September 25,2003 ~ Towards direct motion and shape parameter recovery from image sequences Slide 27




