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Abstract

In an automated feature-based motion analysis of
multiple frames, correspondence data are usually noisy
and fragmented. We developed a technique that grad-
ually refines the initial noisy correspondence data and
links fragments of a single trajectory using feedback
from 3-D motion estimation. First, 3-D motion pa-
ramelers are estimated using the initial correspon-
dence data. Then, each noisy trajectory is partitioned
into subsets of points each of which conforms to the es-
timated motion. The best set is used as the input to the
next motion estimation. This process is repeated and
the gaps in the refined correspondence data are filled
by guidance from the predicted motion. Test results
for a standard real image sequence are presented.

1 Introduction

Motion analysis is one of the important research
areas in computer vision. Correspondence problem is
a key issue in feature-based motion analysis. Sethi
and Jain [5] suggested a method of establishing the
correspondence over multiple frames, which is based
on the smoothness of motion.

We show that an improvement can be achieved with
an integrated approach, where feature extraction, cor-
respondence and motion analysis are performed in co-
operative manner, exchanging information among the
separate sub systems. This work is in the domain
of feature-based motion analysis and concentrates on
the use of 3-D motion to improve the matching of fea-
tures and the resulting motion and structure estima-
tion. Initial noisy correspondence data are gradually
refined and fragments of a trajectory of a single fea-
ture are linked using feedback from the 3-D motion
estimation.
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After a brief description of the system in section 2,
refinement and linking of noisy correspondence are de-
scribed in section 3. Finally, test results on real image
data are presented, followed by a brief conclusion.

2 Description of Integrated System

The block diagram in figure 1 shows the subsystems
and the feedback of information. The basic features
are regions and corners extracted from the contour of
the regions. Each image in the sequence is segmented
into regions by a recursive splitting technique that uses
the statistics of image attributes [4]. The segmenta-
tion of the current frame is guided by the result of the
previous frame.

Feature matching is done in a hierarchical way to
speed up computation and increase stability. Region
correspondences are first established and corners are
matched along the matched regions. Relaxation-based
symbolic matching [2] is used for both region and cor-
ner matching. 3-D trajectory and structure are esti-
mated with chronogeneous motion analysis [3], which
can handle uniform acceleration with constant trans-
lation and rotation.

3 Refinement and Linking

The main sources of noise in correspondence data
are inconsistent feature extraction and erroneous fea-
ture match. When one or two spurious points cause
a trajectory to be partially faulty, part of such tra-
Jjectories are still usable data for motion estimation.
We developed a method where a trajectory is ana-
lyzed and spurious points are detected by clustering
of points in the trajectory.

The noisy data are continuously refined in the feed-
back loop. First, motion parameters are estimated
using the raw correspondence data. Then, each noisy
trajectory is partitioned into overlapping subsets of
points each of which conforms to the estimated mo-
tion. The best set is selected as the input for the next
motion estimation. This selection process is repeated
3 or 4 times until a set of reliable correspondence is
selected.



Motion Prameter, Depth Map

Figure 1: Overall Block Diagram

After the refinement, each point in a trajectory is
marked as S (Selected) or D (Discarded). Refined
correspondences are extended with the guidance from
predicted motion. For each frame, a window is set
which is centered at the predicted position of the
point. The match strengths of all the corners in the
window with respect to all the S corners in the trajec-
tory are averaged. The best corner is selected as the
one to be linked to the trajectory. Linked correspon-
dences are refined in the same way since new spurious
points may have been added in the linking process.

3.1 Clustering of Points in a Trajectory

Given a motion estimate M, and a trajectory of
points (A B C D), point pairs (A B) and (C D) are
defined to be compatible if C and D can be approxi-
mately obtained by extrapolating (A B) under M, and
vice versa. Partitioning is based on clustering of com-
patible point pairs. Of the clusters with compatibility
above a threshold, the largest set of points is chosen
for the input to the next motion estimation.

3.2 Extrapolation from a Point Pair

Motion analysis produces the depth of each point
feature. This estimated depth is not used in the 3-D
extrapolation since it is obtained for the entire (pos-
sibly noisy) trajectory.

Given 2-D points P;, P; and an estimate of motion
parameters, the 3-D points @Q;, Q; which are projected
onto P;, P; in the image plane are computed as follows.

Let Qi = K;P; and Q; = K; F;.

Then R;;Q; +T;; = Qj, where T} ; and R;; are the
translation vector and rotation matrix from frame i to
J, respectively. Let A = [ R;;Pi| — P; ]. Then,

[ KiK; |'=—(4'4)"A'T;;

If either K; or K is negative, the point pair (P;, P;)

837

is not used. The 3-D position of the point, Qk, at an
arbitrary frame k, is obtained from R; xQ; + T; i

4 Results

The algorithm has been tested for standard sets of
real image sequences. We present the results for the
Rocket Field sequence {1]. Of the 30 frames of the
sequence, we used the first 15 frames.

The initial and final corner correspondences are
shown in figure 2. Figure 2 (a) represents the ini-
tial noisy correspondence, where some of the noisy
trajectories move in random direction. The refined
data are linked and refined again as in figure 2 (b).
The reconstructed trajectories of the objects for which
ground truth is provided are shown in figure 2 (c). The
start/end frame for those matched corners are arbi-
trary and thus the end points of each trajectory may
not point to any physical object on the underlying im-
age, which is the first frame of the sequence.

Figure 3 (a), (b) show the top view of objects with
ground truth, estimated from the initial noisy corre-
spondence and the final correspondence data, respec-
tively. The trajectory of the camera is numbered as -1.
For comparison, the top view computed from ground
truth is shown in figure 3 (c).

5 Conclusion

We presented a feedback approach to improve the
matching of features in the domain of feature-based
motion analysis for multiple frames. We showed that
initial noisy correspondence data are gradually refined
and fragments of a single feature trajectory are linked
using the feedback from 3-D motion estimation. We
have applied this method to real image sequences of
standard data set and showed that the motion and
structure estimation is improved with the improved
correspondence.
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(a) Top view from initial match
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(c) Top view from ground truth

(c) Reconstructed from final match

Figure 3: Reconstructed trajectory and top view of

Figure 2: Improvement of correspondence objects with ground truth.
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