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Abstract

In this paper, we present the motion estimation approach based on double difference to detect and track the
moving objects in the sequence of images under the moving camera. The double difference method operates on
the two consecutive difference images with the logical AND operation. It accumulates the information on edge
region and eliminates the information on un-textured region from the sequence images. The candidate regions
for the moving objects are the blocks containing the accumulated information on edge region. The candidate
block region has both objects and background. Therefore, we use gradient feature to remove the background
region. The key points are initialized as the grid point over objects region. The initialized key point is matched
with some frames and determined candidate blocks as objects. The final candidate blocks are grouped by the
clustering algorithm like ISODATA. The region of moving object is detected by XY-projection in the marginal
searching window. That is we match and track the detected object using auto-correlogram. The experimental
results have shown that the proposed algorithm is reliable and can detect and track successfully the moving

objects in the image sequences obtained by the moving camera.
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1 Introduction

The study on the tracking of the moving objects is one
of the most major branch in computer vision and other
several fields. Especially, the tracking of the moving
object under the moving camera is extremely active
field of research in the computer vision. The tracking
algorithm of the moving objects is applied to object
recognition, robotics, surveillance system, and
automatic navigation system. The conventional
approach to track of the moving object is the
difference image [1], optical [2], geometric transform
[3], and camera motion information [4]. The
difference image method has a weak point to apply to
the moving camera. The optical flow method has a
large amount of the data and time to search the
motion vector [5]. The geometric method and the
camera motion information method have some
difficult to extract the unified information from the
background.

Moreover, the several systems mainly deal with the
tracking process given the detected objects. Those
systems need to pre-process that detects the position
of the moving objects before tracking them. That is,
the conventional systems consist of two parts; the
detection and track of the moving objects.

However, our proposed system makes a contribution
to remove this pre-processing and unify two
processes; detection and track.
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Therefore, we present the double difference based
motion estimation algorithm to integrate the detection
and tracking of the moving objects. Using proposed
algorithm, we construct the tracking system of the
moving objects under the environment of a moving
camera. After initial transient states over a few
frames, the proposed system transits the stable state
that can detect and track the moving objects at the
same time. The proposed system can deal with
detection and tracking efficiently of the new object
that appear in a tracking process. Experimental results
have shown that the proposed algorithm is reliable
and can successfully detect and tract the moving
objects in the sequence of images obtained by the
moving camera

2 The Proposed Tracking System
The block diagram of the system is shown in figure 1.

The proposed system converts the spatio-temporal
information on the moving objects to the double
difference image using the intensity information on a
current frame I and a previous I’.

The key point is extracted in the region with maximal
contour feature of the region that occurred motion in
double difference image. The regions extracted key
points are compared with the key points of the
previous frame by block matching. The matched key
points are growing the region of objects via
clustering. Tracking is performed by association of
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the relation the object of previous frame with the
tracking object of the current frame within assigned
regions continuously.
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Figure 1: The proposed tracking system.

2.1 The Double Difference and Contour
Features

The image obtained in the physical environment
contains a lot of the un-textured background like the
sky and a road. The double difference method
operates in three consecutive image frames. This
method is proposed and applied under fixed camera
environment [6, 7]. However we prove that it is
excellent under moving camera in our experiment. It
can use to eliminate the un-textured region like
background and detects the textured region of the
moving objects. The difference image is to subtract
the current frame image with previous frame by pixel
unit. That is, the double difference value is very high
in the region where take place some spatial and
temporal motion. Even though there is an object, if it
hasn’t any motion, the object can’t be detected. The
difference image D is represented by

D:{l if\I—I'|>T’ )

0 otherwise

where T is the threshold value, eg. the mean value of
the difference image. The double difference image is
obtained by the logical AND operation with the two
consecutive difference images. The double difference
D’ is represented by

D’=DND, 2)

where D and D’ are difference images obtained by
current and previous frame, respectively.

We extract the region of moving objects through
double difference method. The extracted regions
contain both objects and background region.
Therefore, it has to eliminate the region with the edge
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of a background, and to select the region with the
edge of objects. For this, the contour feature of the
objects is calculated in the moving region where
extracted from double difference image method. After
masking the current image with the moving region
obtained from double difference method, the contour
feature is calculated within the region where the
motion is occurred. The contour feature is calculated
from image F that is masked current image with
double difference image [8]. The contour feature is
represented by

F! FF,
G = lF F Fz} :| ) (3)
Xty y

using the gradient feature with intensity of masked
image F. In every pixel which motion is detected via
the double difference method in current frame, G
value is calculated. That is, the pixels ordered by
maximal contour feature are selected as contour
feature points because the greater minimum
eigenvalue are the more strong contour features. The
minimum eigenvalue is

A =min{A|det(G — AI)=0}. 4)

As in order of the contour features, i.e. in order of A,
larger A is used as the contour features.

2.2 The Key points Detection and
Classification

The key points are initiated to the grid point that has
an fixed length in the image coordinate as shown in
the figure 2. The searching window of W x W size is
established on the initial key points. If the searching
window has contour features more than threshold
number, it is registered as a key point block. If not,
the window is removed from key point.

|

W

]

Y Grid point

Figure 2: Set the initial key points.

The registered key point blocks determine the
matching point in current frame using block matching
with a registered blocks in previous frame [9]. As the
index of a matching between two blocks, sum of the
absolutely difference (SAD), sum of the squared
difference (SSD) and normalized cross-correlation
coefficient (NCC) are generally used. The NCC offers
the most exact result among them, but it has large
amount of computation. So, the SAD is used as the
index of a matching because it has less mount of
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computation than others, and it is convenient to make
up with hardware.

The matching process using SAD is searching that
matching point that has minimum absolute error by
comparing the key point in current frame with the
matched point in previous frame. The matching point
in current frame calculated as matching point with
previous frame is a (x;,);) that obtained by

argmm Zl(x +u,y,

(u,v)eWxiv

©))

where WxW is a searching window, (x’,y”) is matched
point in previous frame, (x,y;) is the key point in
current frame that is central in the searching region.

To track the moving object with a moving camera, the
tracked object should have a small displacement and
the background will move extremely in the image
coordinates. That is, in matching process with SAD,
the distance d; is length over two points between (x;,);)
and (x’,y’). When d; is smaller then threshold value
T,, the block is considered as a object region. If not,
the block can be considered as a background.

Therefore, the key points in current frame is classified
as two categories; the region of an object and a
background. If the region of an object is classified as
a background in previous frame, it is necessary that
this region is saved until next frame, because it can be
classified as the region of an object in next frame. In
case of classification as a background consecutively
with two frames, it is removed perfectly among key
points.

The operating form of the matched points and key
points are classified with six cases, and it is shown in
the figure 3.
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Matched Points candid. |1—> New Key Points |
Delete /

Figure 3: The matching and classifying operation.
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When the tracked points in previous frame are
mismatched, they are classified as a background
region. In the next frame, the block matching is
operated again. If block matching is continuously
failed twice, that block is removed away because it is
considered as a vanished object.

2.3 Clustering and Object Detection

The detected points as a moving object is classified
some small groups via clustering algorithm. The
typical models of the clustering algorithm are the
simple cluster searching algorithm, the min-max
distance algorithm, the k-means algorithm, the
ISODATA algorithm and the LVQ algorithm etc. In
this paper, we use the ISODATA algorithm to cluster
images.

The region of the moving object is detected using
each matched points that grouped by clustering
algorithm because those points are in the moving
objects. To detect the region of the moving objects,
the searching window is set with some margin in the
rectangular region surrounding the last shell of the
clustered points. To extract exactly the region of the
moving objects in searching window, the XY-
projection is operated what horizontal and vertical
edges is accumulated to each direction in the
searching window [10]. The edge profile projected
horizontal and vertical direction is checked from each
border. If any point is larger than threshold value,
there is determined an edge of a moving objects.
Thus, the two points obtained from association of a
XY-projection make up with the smallest rectangular
region contained moving objects. The information of
a moving object is extracted in that rectangular region
from input image.

2.4 The Moving Objects Association

It is necessary to inspect that the extracted object in
current frame is the same as tracked objects in
previous frame. If the extracted object in current
frame is associated with tracked any object in
previous frame, the object tracking is performed
continuously. However the tracked object in previous
is not associated with anything in present frame, the
tracked object should be removed. And a new object
is appeared that is not associated with any moving

Table 1 : Operating explanation of the image buffer in the Fig. 3.

current frame

no. Operation Explanation
D Matching The points of the object in previous frame are classified as a objects continuously
(2) | Miss-matching | The matched points in previous frame are classified as a background region in

®) Matching The region of the objects was classified as background and next time it is classified
as a region of objects

@ | Miss-matching | It is removed because of failure of a block matching continuously

® Matching The new key points in current frame are classified as the region of an object

350

Image and Vision Computing NZ




objects in previous, it should be registered and tracked
continuously.

The index of a similarity that is associated with
objects require some conditions. First of all, it must
recognize the object robustly regardless of rotation,
translation, and variable scale change of the objects.
Next, it is robust for the partial occlusion of the
moving objects. The correlogram is known that
satisfy all of these conditions. The correlogram is
used as an index that represent the similarities of
tracked object in previous frame with detected object
in current frame.

The correlogram is a two dimensional probability of
an intensity distribution among pixel that have fixed
distance in the region of an object. The intensity in the
n x n sized region on the object is quantized to m
levels. In given any pixel which has intensity c;,

1_‘5 2 are a pixel numbers that intensity is ¢; apart

from k distance from given pixel. The auto-
correlogram value of (%, ¢;) is

r®
R L (6)

8kxh,

where £, is the histogram of the c; intensity. The total

auto-correlogram is composed of two-dimensional
table with £ x m. The region of the objects obtained in
the current frame and in the previous frame is
converted to auto-correlogram. The object that the
smallest SAD of the auto-correlogram about the
region of the objects in the previous and current frame
is associated each other. That is, the object which has
the smallest value of

=argn mm zk:i[A'(i,j)— An(i,j)]z}a (7

j=1i=0

is associated each other, where A’ is an auto-
correlogram of any object in previous frame, and A,, is
an auto-correlogram of the n-th object in current
frame.

3 The Experimental results

The image used in the experiment is obtained by fixed
camera that is setting up the 2.3m height of the
vehicle and the size of image is 256 x 256 pixels, the
intensity levels of image are 8bit grey. The vehicle
mounted our system is moving forward in the general
road and the sequence of images is acquired by CCD
camera. The acquired images are sampled by Matrox
Meteor- [ /MC Frame Grabber of Matrox Company.

For the real-time tracking system, the required time
within algorithm is less than time interval between
two continuous frames. The average operating time of
the algorithm within this system is 16ms. So, the real-
time operation system can be realized.
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The figure 4 shows detection and tracking processes
of the moving object picture obtained from other
researches. The images show a current image, double
difference image, contour feature image, key point
detected image, clustered image and detected and
tracked image, respectively.

Figure 4: The detection and tracking process.

The experimental result of the moving object that is
entering into the ramp of the highway is shown in the
figure 5. It is shown that the algorithm is reliable
rotational and scale change of the moving objects.

(©) (d)
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Table 2 : Processing Time during Detection of the
Moving Object.

Fig.7(a) | Fig.7(b)| Fig.7(c) | Fig.7(d)

Processing Time
per Frame [ms]

16 15 15 16

(d
Figure 5: The simulations for tracking.

Also the experimental results show that the tracking
of multiple objects in the figure 6.

(b)

(a) (b)

(d)

Figure 7: Some variable images to check up
processing time of the proposed algorithm.

The frame rates are 30. It means that the time interval
between two images is about 33ms. It is proved that
the system is reliable at real time tracking in an
outdoor environment.

(©) (d)

4 Conclusion

In this paper, we have proposed motion estimation
approach based on the double difference to detect the
moving objects in the sequence of images under the
moving camera.

The experimental results have shown that the propose
algorithm is reliable and can detect and track the
moving objects successfully in the image sequences
obtained by the moving camera.

Figure 6: The simulations for tracking of multiple
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