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ABSTRACT

A recent work explicitly models the discontinuous motion
estimation problem in the frequency domain and the mo-
tion parameters are estimated using a harmonic retrieval
approach [1, 2]. The vertical and horizontal components of
the motion are estimated from the locations of peak points
of respective periodogram analysis and they are matched
using a procedure proposed in [1]. In this work, we present
a more eÆcient method for the motion parameter match-
ing task, which eliminates the problems of the matching
method described in [1]. The method described in this pa-
per is based on �tting planes to the 3-D frequency domain
data using the fuzzy c-planes clustering approach [3, 4]. The
method is successfully tested on di�erent video sequences.

1. INTRODUCTION

Motion estimation is an important problem in video pro-
cessing that is utilized in applications such as video coding,
object-based video manipulation, object based segmenta-
tion and dynamic scene analysis. Many studies have been
carried out in an e�ort to estimate the motion of the objects
in a scene [5, 6, 7, 8, 2, 9]. There are a number of approaches
based on the correlation methods [5, 7] and the optical 
ow
constraint [5, 6, 7]. These methods generally use regular-
ization techniques assuming the smoothness of the motion
�eld in order to obtain a unique solution. This smoothness
assumption has an unwanted side e�ect of oversmoothing
the motion discontinuities.

In a recent work [1, 2], the discontinuous motion estima-
tion problem is handled in a harmonic retrieval framework.
In this approach, the motion discontinuities are explicitly
modeled and the velocity estimation is independent of the
shape of the moving object and the density of motion dis-
continuities. The moving objects are assumed to have dif-
ferent translational motion parameters and the motion is
assumed to be time-invariant in a short time interval. In
order to �nd the motion parameters, �rst, horizontal and
vertical parameter sets along with their corresponding sums
are estimated from the peak locations of a periodogram
analysis [1]. A parameter matching approach follows this
step which is prone to errors. In this work, we present a
more robust method for estimation of the motion param-
eters, which uses the 3-D frequency domain data and �ts
planes to them via the fuzzy c-planes clustering method
[3, 4]. This approach has been indicated in [1] as future
work but no results are given.
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In Section 2, the theoretical background for modeling
the motion estimation problem in the frequency domain [1]
is introduced. In Section 3, the motion parameter estima-
tion method using the fuzzy c-planes clustering approach is
presented. In Section 4, the experimental results are pre-
sented and compared with the matching method of [1]. In
Section 5, concluding remarks are given.

2. THEORETICAL BACKGROUND

In this section, the multiple discontinuous motion modeling
approach described in [1] is brie
y summarized.

Assuming there existsN objects (partitions) in the scene,
(including the background) the image sequence is repre-
sented by [1]:

f(x; y; t) =

NX

l=1

fvl(x� ult; y � vlt) + e(x; y; t) (1)

where,

fvl(x�ult; y�vlt) =

NX

l=1

fIl(x�ult; y�vlt) �wl0(x�ult; y�vlt)

(2)
is the sum of shifted ideal image of object l (fIl), multiplied
by its corresponding average support window over T frames
( �wl0) [1], and (ul; vl) denotes the velocity parameters of
object l. The term

e(x; y; t) =

NX

l=1

fIl(x� ult; y � vlt)dl(x; y; t) (3)

denotes the error, which is the sum of shifted ideal image
of object l (fIl) times the di�erence between the average
support of object l over T frames and the support at time
t (dl). The 2-D Fourier transform of (1) gives:

F (wx; wy; t) =

NX

l=1

Fvl(wx; wy)e
�j(wxul+wyvl)t+E(wx; wy; t):

(4)
If we �x (wx; wy), F (wx; wy; t) is a 1-D signal consisting of
N harmonics in noise where the lth frequency of the har-
monic is

wl = �wxul � wyvl; l = 1; : : : ; N: (5)

For a speci�c (wx; wy) pair, the periodogram of F (wx; wy; t)
is given by:

IF (wx; wy;w) =
1

T

�����

T�1X

t=0

F (wx; wy; t)e
�jwt

�����

2

(6)



the peaks of which give the component frequencies w =
�wxul�wyvl, which is a function of the velocity values. In
[1], the peaks of the periodograms of F (wx; 0; t), F (0; wy; t)
and F (wx; wx; t) are determined to estimate the motion pa-
rameter sets in the x and y directions, and the set consisting
of the sum of these two velocity components, respectively.
Then the motion parameter sets in the x and y directions
are paired such that,

N̂X

i=1

(ai + bi � ci)
2 (7)

is minimized where ai,bi and ci are members of the sets
consisting of the motion parameters in the x and y direc-
tions and their sums, respectively [1]. The parameter N̂

which indicates the number of moving objects in the scene
is estimated as the maximum of the number of elements of
the three velocity sets described above.

This approach may give erroneous results in some cases.
For example, if we have three objects in our scene mov-
ing with velocities (u1; v1) = (0; 2), (u2; v2) = (2; 0) and
(u3; v3) = (2; 2), the above matching method of [1] will �nd

the number of moving objects in the scene as N̂ = 2 , since
all the velocity sets will contain 2 elements. In the next
section we propose another method based on fuzzy c-means
clustering that eliminates the need for matching the velocity
components using (7).

3. MOTION PARAMETER ESTIMATION

USING FUZZY C-PLANES CLUSTERING

In this section, we present another approach for simultane-
ous motion parameter estimation and pairing which is based
on the fuzzy c-planes clustering algorithm [3, 4]. This ap-
proach overcomes the diÆculties of the pairing method of
[1].

For each (wx; wy) pair, the corresponding dominant peaks
of the periodogram of (6) are estimated and the 3-D data
are formed as hi = (wxi ; wyi ; wi). Note that since these
3-D points satisfy the equation

wi = �wxiul � wyivl; l 2 f1; : : : ; Ng (8)

they form N planes in 3-D. The plane parameters are the
negatives of the motion parameters. In order to cluster
these 3-D frequency domain points into N planes, we use
the fuzzy c-planes algorithm, the steps of which are given
below:

Let the number of 3-D data points be M .

1. Initialize the membership matrix consisting of ele-
ments uij ; i = 1; : : : ;M; j = 1; : : : ; N: Here, uij de-
note the membership value of data point i to plane
(cluster) j. The initialization is performed such that

0 � uij � 1; 8i; j; (9)

and
NX

j=1

uij = 1; 8i: (10)

2. The cluster centroids are estimated using the equa-
tion,

vj =

PM

i=1
u
q
ijhiPM

i=1
u
q
ij

; j = 1; : : : ; N: (11)

Here, q is a parameter that represents the amount of
fuzziness of the clustering, which is chosen around 2
in our experiments. The larger the q is, the fuzzier
the clustering becomes.

3. Then, the covariance matrix of each class (plane) is
estimated using:

Rj =

PM

i=1
u
q
ij(hi � vj)(hi � vj)

T

PM

i=1
u
q
ij

; j = 1; : : : ; N:

(12)

4. The largest 2 eigenvectors (Vj1 and Vj2) of Rj are
found and the squared distance between the data
point i and plane j is found from:

d
2
ij = khi�vjk

2�

2X

k=1

((hi�vj)
T
Vjk)

2
; 8i; j: (13)

5. The membership values of the data points are up-
dated as:

uij =
(d2ij)

�1

q�1

PN

k=1
(d2ik)

�1

q�1

; i = 1; : : : ;M ; j = 1; : : : ; N:

(14)

6. The steps 2-5 are carried out until the change in the
membership values between two successive iterations
is below a certain error threshold ", i.e.,

kusij � u
s+1
ij k < "; (15)

where s denotes the iteration counter.

4. EXPERIMENTAL RESULTS

The proposed method is �rst tested on a synthetically gen-
erated sequence, which contains three moving blocks on
a stationary background. A few frames of this sequence
are shown in Figure 1. The velocity vectors for the three
blocks are (u1; v1) = (�2;�2), (u2; v2) = (�2; 0), (u3; v3) =
(0;�2) in the northwest direction. The theoretical motion
planes in the 3-D frequency domain is shown in Figure 2.
The top plane corresponds to the parameters (u1; v1) =
(�2;�2), and the other planes correspond to the parame-
ters (u2; v2) = (�2; 0), and (u3; v3) = (0;�2). In Figure 3,
several periodogram plots are given for di�erent pairs. Note
that the three peaks are clearly visible in Figure 3(a) and
Figure 3(b) whereas only two peaks exist when wx = wy

and wy is close to zero as shown in Figure 3(c) and Figure
3(d). The 3-D data extracted from the peak locations of the
periodograms are shown in Figure 4. The estimated veloci-
ties are close to the true values as tabulated in Table 1 and
as demonstrated in Figure 5. Using fuzzy c-planes cluster-
ing, the velocities of the three moving objects are correctly
estimated whereas, this is not possible with the matching
approach of [1] as discussed in Section 2.

We also tested the plane-�tting approach on the 'Taxi
in garden' sequence which is shown in Figure 6. In this
sequence, the white taxi moves with a horizontal velocity
of 3 and a vertical velocity of -1 in the north-east direction.
As a preprocessing step, we applied histogram equalization
in order to enhance the contrast. Although the background
is cluttered, the plane �tting approach was able to estimate
the velocity vectors as (2.9948,-0.98736).



Original vectors Estimated vectors

(u1; v1) = (�2;�2) (û3; v̂3) = (�2:018;�2:018)
(u2; v2) = (�2; 0) (û1; v̂1) = (�2:060;�0:071)
(u3; v3) = (0;�2) (û2; v̂2) = (0:009;�2:044)

Table 1: The original and estimated velocity values of syn-
thetic sequence containing three moving blocks.

Original vectors Estimated vectors

(u1; v1) = (2:7; 0:45) (û1; v̂1) = (2:971; 0:618)
(u2; v2) = (�2:65;�0:35) (û2; v̂2) = (�2:243;�0:334)

Table 2: The original and estimated velocity values of the
'Hamburg Taxi' sequence.

Finally, we used the Taxi sequence which is shown in
Figure 7 for testing the proposed approach. The true ve-
locity values are determined by hand [1]. As seen in Table 2,
the estimated values are quite close to the actual velocities.

5. CONCLUSIONS

In this work we presented an alternative approach for the
pairing and the motion parameter estimation problem of
[1]. The presented method is based on �tting planes to
the 3-D data in the frequency domain using fuzzy c-planes
algorithm. This approach eliminates the problems in the
velocity parameter pairing stage of [1].
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Figure 1: Several frames of the synthetic sequence contain-
ing three moving blocks.
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Figure 2: The theoretical motion planes for the synthetic
sequence containing three moving blocks.
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Figure 3: The periodogram plots for (a)(wx; wy) =
(0:13; 0:51), (b)(wx; wy) = (0:13; 0:70), (c)(wx; wy) =
(0:51; 0:51), (d)(wx; wy) = (0:51; 0:06)

0.2
0.4

0.6
0.8

1
1.2

0.2
0.4

0.6
0.8

1
1.2

0.5

1

1.5

2

2.5

3

3.5

4

4.5

w
x

Clustered data points

w
y

w

Figure 4: The data points obtained from the peak points of
the periodogram for the synthetic sequence. The symbols
'o', '*' and '+' represent data points belonging to di�erent
planes estimated by the fuzzy c-planes clustering algorithm.
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Figure 5: The motion planes estimated using the clustered
data shown in Figure 4.
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Figure 6: Several frames of the 'Taxi in garden' sequence.

Figure 7: The 1st (left) and the 20th (right) frames of the
'Hamburg Taxi' sequence.


