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Local information in not always enough for efficient motion
analysis. Additive processing is required to get accurate
results. This has been formulated as the aperture problem.
Block matching algorithms are applied between successive
images for motion estimation, assuming conservation of
local intensity distribution. Matching approaches provide
good results when the aperture problem does not exist.
However, in regions when the aperture problem exists, ad-
ditional constraints are required in order to recover the dis-
placement of pixels between consecutive images.
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Recently morphological segmentation and motion analysis
methods [1][2] have been applied to 3-D image sequence
motion analysis. Such methods include four different steps:
a simplification step, a marker or feature extraction step
which detects presence of homogenous regions, a decision
step which defines the contours of regions using a water-
shed algorithm, and a motion modeling one. Mathematical
Morphology is used for segmentation purposes, because it
deals with geometric features, such as size, shape, contrast
or connectivity which can be considered segmentation ori-
ented features. The original image sequences are considered
as functions defined in 3-D space; segmentation is per-
formed in this space and the produced regions are con-
nected components which can be related with moving ob-
jects. This implies a complete knowledge about the position
and shape of every segmented object of the scene in every
time section. The performance of such methods is very good
since they are based on precise estimation of the region
contours; however  they generally require an intensive com-
putational load.
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2.  THE PROPOSED ALGORITHM
 
2.1 Existing Approach
In order to overcome the aperture problem in the above
mentioned approaches, additional constraints are required.
Usually a smoothness constraint can be applied to adjacent
pixels, since these pixels most probably belong to a rigid
object and therefore have similar velocities. Applying a
smoothness constrain uniformly causes the following prob-
lems: Motion boundaries are blurred and velocity is propa-
gated to uniform areas where little information is available.
An approach to overcome the problem is to filter the image
edges and then not allow any smoothing over the edges.
However this does not allow proper computation of optic
flow at intensity edges that are not motion boundaries. Di-
rectional smoothness operators have been proposed to over-
come the above problems.
An alternative approach which does not require any as-
sumptions about the smoothness of the optical flow field, is
based on the underlying geometry of the scene. If we con-
sider a rigid object moving with a translational and a rota-
tional velocity against an observer, then using a projective
transformation we can compute the image velocity at each
point. Assuming that locally points are planar, then if we
know the optical flow at enough points, the equations com-
puting the true velocity can be solved [8]. This approach
has given very good results on synthetic images; however
its performance on real images depends on the high level
image segmentation which is required to avoid considering



neighbouring points, i.e., points that lie on different sur-
faces.

2.2 The Selective Matching Approach
The technique proposed in this paper is similar to matching
based techniques, but provides an advantage over correla-
tion methods by performing non-linear processing using
morphological filters.  The procedure that we use is the :
For each pixel on one image a search is performed to find a
matching pixel in the following image  using an hierarchical
multiresolution approach.  Multiresolution representations
are very effective in analysing the information content of
images. In image processing the above technique is imple-
mented using  subband processing.
Image decomposition is performed with a filter bank of
decimating QMF (quadrature mirror) filters. An appropriate
bank of reconstruction QMF filters guarantee perfect recon-
struction of the original image from its sub-band compo-
nents. The decimating filter bank can successively be used
in the first subband component resulting in a multiresolution
image representation.
The way that the subband images are processed depends on
the particular application. In our case we need a lower
resolution image (e.g. the first subband component) which
concentrates most of the signal energy of the higher resolu-
tion. In this case, we used the perfect reconstruction filter
banks introduced in [8] in order to construct a pyramid for
the image.
Matching is performed going from a coarse to a finer level.
It is assumed that the intensity distribution around a pixel is
kept at the different resolution levels and therefore, a corre-
spondence can be established at all levels. Additionally a
physical constraint is imposed on the maximum displace-
ment that can take place between two successive images,
constraining in this way the search area. The best match in
the search window is considered the one that maximizes a
similarity measure.  The most commonly used measures,
which we also consider, are correlation, sum of squared
differences, mean and variance normalized correlation.
Following the above and depending on the morphology of
the region, the matching algorithm either finds a best match
or several candidates with similar matching measure. In the
first case the displacement vector is accurately computed.
This occurs in distinct regions like corners. The second case
occurs in areas where the intensity gradient vectors are
strongly oriented (near edges). There the true displacement
vector cannot be accurately computed and only the compo-
nent along the normal to the underlying intensity edge can
be identified.
Rank order morphological filters have been used as non
linear filters in order to improve the performance of region
matching approaches. If we consider a discrete argument
signal f(x), x∈ Zv and a finite window W⊆  Zv  with  W =
n points, then the k-th rank order of signal f w.r.t. W
(k=1,2,..., n) RO�(f;W) (x) is defined as the k-th largest
value of f(x+y), y∈ W.  Some special cases seem interesting;
if k=1, then the k-th rank order of a signal is the dilation

f W⊕
�

; if k=n then the operation equals the erosion f

with W and if k=(n+1) /2 and n is odd then it becomes the
median filter med(f;W).
In the proposed approach we have used as a similarity
measure the  sum of RO� (f;W) (x)  where f(x) is the abso-
lute difference of pixel intensities between the two images,
W is the matching  window and k lies in the range (1+l, n-
m);  n is the number of elements of W, while  l and m de-
pend on the size of  W and the amount of noise in the im-
age.
Rank order operators are non linear, translation invariant
and increasing. Using rank order filters optical flow estima-
tion is improved under noise, occlusion disclosure and mo-
tion boundaries. The underlying principle is that this tech-
nique can match any pattern that has moved provided that
this pattern is partially visible. Therefore, we can signifi-
cantly increase the size of the matching window without
degrading performance, due to the fact that part of the win-
dow has moved and part of it has not.
Motion edges are usually intensity edges too. Although in-
tensity edges provide good estimates of motion, in this case
arises a problem that only part of the matching window has
moved. In the case that the background is dull, the problem
is eliminated. However, in general, this causes problems in
estimating optical flow and as a result motion edges are
blurred. Additionally, if we increase the size of the match-
ing window in order to improve our confidence the error
due to this problem becomes more significant. Therefore,
the similarity measure used in other region matching tech-
niques is not suitable.

3.  EXPERIMENTS
Experiments have been conducted on synthetic and real
images. Synthetic images have been generated by overlay-
ing a pattern over a background image. A robotic system
has been used for real life images. The robotic system pro-
vides accurate control over its motion, and therefore, en-
ables us to derive accurate results.
The robotic system has nine degrees of freedom and con-
sists of a six axes puma type robot and three external trans-
lational axes forming a Cartesian coordinate system along
which the base of the puma type robot can be translated.
The system is installed in a ship repair yard where the
lighting conditions are not controlled and are far from ideal
(figures1, 2). In the case presented here, the robot performs
translational motion at a constant speed and the camera is
placed ten meters away from the robotic arm.  The compari-
son is done with the region matching approach, using the
sum of square differences as a measure of similarity.
In the first example a part of the image of the robotic system
is provided to the two algorithms.  There is not any motion
between the successive images. However we have added
noise on both images which leads to errors in motion esti-
mation which should have been zero at all points (figures
5,6).  We have added two types of noise i) gaussian and ii)
noise which causes some pixels to turn to white or black.
In the second example the algorithms are applied on two
successive images of the moving robotic system.  There we
have examined  different sizes of matching windows.  How-



ever due to limited space only one comparison is given
(figure 3,5).
In the third example we have used a combination of  the two
algorithms. At first we find  the contours of the objects in
the original frame using morphological methods, we process
the picture  8x8 blockwise and we use the above described
similarity measures depending on the existence of a contour
in each block. We have examined different criteria for test-
ing the existence of contours in the blocks. In the first case,
using blocks of  8x8 pixels we examine if a contour of more
than 4 pixels exists in the block. In this case we perform the
selective matching approach , otherwise the similarity
measure is the sum of absolute differences. So in 370 blocks
of the picture the similarity measure is the sum of RO�(f;W)
(x) and in the rest 910 is the sum of absolute differences. In
the second case where existence of  contour  requires more
than 8/64 pixels, the number of blocks is 144  and 1136
respectively, while in  the third case where the existence of
contour is more than 16/64 pixels the blocks are 11 and
1269.  Motion vectors derived from the second case are
shown in figure 7.

4. CONCLUSIONS
Experiments have shown that the proposed approach pro-
vides more accurate results compared to other region
matching approaches. Rank-order filters provide non linear
processing resulting in better response of the algorithm un-
der noise. Additionally, the optimum level is achieved when
larger windows are used; this effect increases the matching
confidence, as we overcome the aperture problem. How-
ever, the proposed algorithm is computationally more inten-
sive than correlation matching approach and requires addi-
tional tuning. So in the third experiment we used a combi-
nation of the two algorithms and   we have taken better re-
sults. In regions where there are not long contours we use as

similarity  measure the sum of absolute differences which  is
computationally less intensive. This method gives accurate
results in less time compared to approach where the simi-
larity measure is the sum of RO�(f;W) (x) for the total
number of blocks.
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