Movement Detection and Tracking Using Video Frames

Josue Hernandez!, Hiroshi Moritaz, Mariko Nakano-Miytakel,
and Hector Perez-Meana'

! National Polytechnic Institute, Av. Santa 1000, 04430 Mexico D. F. Mexico
% The University of Electro-Communications, 182-8585, Tokyo, Japan
mariko@infinitum.com.mx, hmperezm@ipn.mx

Abstract. The use of image processing schemes as part of the security systems
have been increasing, to detect, classify as well as to tract object and human
motion with a high precision. To this end several approaches have been
proposed during the last decades using image processing techniques, because
computer vision let us to manipulated digital image sequences to extract useful
information contained in a video stream. In this paper we present a motion de-
tection algorithm using the movement vectors estimation which are subse-
quently filtered to obtain better information about real motion into a given
scenes. Experimental results show that the accuracy of proposed system.

Keywords: Motion Vectors, Movement Detection, Surveillance System, Sur-
veillance system development.

1 Introduction

The advance of electronic and computer technologies increase the ability to perform
video analysis to extract useful information from a video frames to carry out [1]
motion detection and characterization [2], remote sensing, and pattern recognition,
among others [3]-[5]. Pattern recognition is a research area that has been amply
studied during the last years, it use information contained in video sequences; In
many applications of pattern recognition, approaches with recognition capability are
usually based on a corpus of data which is treated either in a holistic manner or
which is partitioned by application of prior knowledge [5] like shape, velocity,
direction, texture, magnitude, behavior and so on from different kind of objects
around the area of interest.

Several approaches have been proposed to solve the problem of detecting and
tracking motion during the last several years [6]-[16]. Some of them are describe
in the following paragraphs [6]. Reference [7] proposes a motion detection ap-
proach based on the MPEG image compression algorithm in which the estimation
of detection motion and the moving object direction only use the information
contained in the MPEG motion vectors and the DC coefficients of the DCT di-
rectly extracted from the MPEG bit stream of the processed video. Evaluation
results of this method shows that it can handle several situations where moving
objects are present in the scene observed with a mobile camera. However, the
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efficiency of the moving object detection depends on the quality of MPEG motion
vectors [8-12]. This method also has a constraint in the context of contend-based
video browsing and indexing that should be taken into account when the MPEG
encoder is selected. Reference [9] proposed an algorithm that intends to extend
the capabilities to MPEG2 streams, allowing tracking objects selected by a user
throughout the sequence. The way in which the tracking has been realized, is
through exploitation of the motion information already present in the bit stream
and generated by the decoder, another important feature of this scheme is that it is
not necessary to decode the full sequence, if the user wants to access only part of
the video stream [10]. This proposed scheme performs well in assisting the infor-
mation insertion/retrieval process. However, no segmentation or filtering tech-
niques are used for the extraction and tracking of the objects, since it relies exclu-
sively on the motion information already provided by the MPEG encoder. Evalua-
tion results show that the algorithm performs well though it is slightly dependent
on the object shape. Hariharakrishnan et al [8] proposes an algorithm in which the
tracking is achieved by predicting the object boundary using motion vectors, fol-
lowed by contour update, using occlusion/disocclusion detection. An adaptive
block-based approach has been used for estimating motion between consecutive
frames. Here an efficient modulation scheme is used to control the gap between
frames used for object tracking. The algorithm for detecting occlusion proceeds in
two steps. First, covered regions are estimated from the displaced frame differ-
ence. Next these covered regions are classified into actual occlusions and false
alarms using the motion characteristics. Disocclusion detection is also performed
in a similar manner [8].

This paper proposes an algorithm for detection and tracking of movement of ob-
jects and persons based on a video sequence processing. Evaluation results show that
proposed scheme provides a fairly good performance when required to detect relevant
movements and tracking the motion of objects under analysis.

2 Proposed Movement and Tracking Detection System

The proposed system, firstly estimates the motion vectors, using an input video
frames, which are then filtered to reduce distortion due to noise and deficient illumi-
nation. Next using the estimated motion vectors the movement trace is estimated to
determine if it is a relevant or irrelevant motion. Finally if the movement is relevant,
its tracking is carried out until the object left the restricted zone.

2.1 Motion Vector Estimation

The motion estimation is carried out dividing, firstly, the actual image at time, t-1,
into a non-overlapping macro-blocks of 16x16 pixels. Next in the image frame at
time t, the algorithm looks for the region that closely matches the macro-block under
analysis [2]. Taking in account that the time difference in time between two consecu-
tive images in a given frame is relatively small, only is necessary to carry out the
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analysis in a region slightly larger than the given macro-block. Here the distance and
direction that minimizes the criterion given by [5]
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Where C(x+ky+l) is the (k,[)th pixel of macro-block (x,y) of the actual frame and
R(x+i+k.y+j+''s the macro-block in the position (x+i,y+j) in the reference frame,
where —p<i<p y—p<j<p. Then the vector motion magnitude and direction is

obtained from to actual position (x,y) in the actual frame, to the position (x+i,y+j) in
which the MAE (i,j) is minimum. This process is illustrated in Fig. 1.
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Fig. 1. Motion vector estimation process

Several methods have been proposed for motion vector estimation, which are based
on the MAE (Mean Absolute error) minimization (1), all of them providing similar
results although their computational complexity presents important differences.
Among the Hierarchical estimation method presents the less computational complex-
ity and then is one of the most widely used motion vector estimation method. Here to
reduce the computational complexity, the image is decimated by 2 using low pass
filters, reducing in such way the image size. Thus the position (x,y) in the original
image becomes the position (x/2,y/2) in the image corresponding to the first decompo-
sition level. Subsequently a second decomposition level is applied using a low pass
filter, such that the original (x,y) point becomes the point (x/4,y/4) in the second de-
composition level image [5].

After the second decomposition level is performed, the motion vector estimation
starts in the second decomposition level, in which the image size is 1/16 of the
original image size, with a macro-block of size 4x4. Assuming that the point (u,,v;)
corresponds to the minimum MAE of the actual macro-block, the search of the mo-
tion vector in the decomposition level 1 is carried out in the macro-blocks of 8x8
whose search start in (x/2+2u,y/2+2v,), with a search range of [-1,1] around the
origin pixel. Finally the motion vector estimation in the level decomposition O is
carried out with macro-blocks of size 16x16, with search starting at point
/(x+2u;,y+2v;) with a search range equal to [-1,1], around the origin pixel. Here
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(uy,vy) corresponds to the minimum MAE at the level decomposition 1. These motion
vectors consist of horizontal and vertical components which are used to estimate the
motion vector magnitude and angle. Finally using these data it is possible to deter-
mine in the movement is relevant or not. Figure 2 illustrate this process.
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Fig. 2. Hierarchical motion vector estimation algorithm

Several times the estimated motion vectors only represent abrupt illumination
changes in the image or small vibrations of the camera used to capture the image
sequence, resulting in wrong movement estimation if these distortions are not cancel
or at least reduced. To this end, the estimated motion vectors are filtered using a one
dimensional median filter as shown in Fig. 3, before the overall movement estimation.
This allows to cancel most motion vectors that no provides useful information, such
as those due to illumination changes, background movement, etc. This process is
shown in Fig. 3.

Because the amount of noisy motion vectors is relatively small in comparison
with the correctly estimated motion vectors, as well due to the fact that the noisy
vectors are continuous ore similar among them, as happen with the actual motion
vectors, the noisy motion vectors can be easily distinguish form the remaining ones.
On the other hand, because the motion vectors are estimated one by one it is not
necessary to create a temporal register, to be use during the filtering process [5].
Thus after the noisy vectors have been eliminated, the information generated by
objects moving in no relevant directions is cancelled, based on the fact that move-
ment direction is different to that of the security zone. This fact allows the pro-
posed algorithm to measure the relevance level, according to their position in the
scene. Thus a motion vector is eliminated if its position does not change after sev-
eral video sequences or if the motion direction is opposite the restricted zone, as
shown in Fig, 4.
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Fig. 3. Motion vectors filtering process
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Fig. 4. Relevant movement detection in the direction of the restricted zone

2.2 Trajectory Estimation

Once the motion vectors have been estimated, it is necessary to estimate other impor-
tant parameters such as: the speed, direction and movement tracking of the moving
object present in the video sequence. To this en firstly it can be used the information
provided by the motion vector to estimate the movement angle to classify the move-
ment in, either, relevant or not relevant. To this end, we can take in account that a
relevant movement is that in which the people enter or intend to enter into the re-
stricted zone. This fact implies that, according with the video camera position, the
motion vectors angles must be between 200 and 340 degrees. This fact takes in ac-
count that a movement in not relevant if it takes place inside the restricted zone, or if
its direction is from inside to outside the restricted zone.

Other important factor that must be consider to obtain an accurate estimation of the
motion vectors is the camera position, because it allows to obtain constant motion
vectors, with similar magnitude during all trajectory, avoiding detection errors. This
fact also allows that a person magnitude may be represented using among 9 to 13
motion vectors. A correct distance also allows adding some divisions to measure the
movement importance and be able to track the position of a given object during a
determined time; as well as to add several counters to determine the number of
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Fig. 5. Tracking ability of proposed algorithm

persons that are generating relevant movements, as well as the direction of these
movements.

2.3 Movement Tracking

Other important issue is the tracking of the generated relevant movement, which
means that not only is important to determine if the movement a relevant move-
ment has been produced, but also to have the ability to track the movement of the
person generating it until the go out of the restricted zone. The min difficulty to
track the object movement using a sequence of successive images is the object
localization in the image sequences, especially when the movement of them is
relatively faster than the images rate. For these reason, the tracking systems usu-
ally uses moving models that intend to predict the variations of the image due to
possible movements present in the object trajectory. Although these methods
provide fairly good results, they may be computationally complex. Thus to re-
duce the computational complexity, the object is divided in NXM non overlap
blocks. Next using the motion vector estimation described above, the movement
of each corner is estimated. Once the motion vectors are obtained, the tracking of
object motion in each frame is obtained as the resultant vector of all individual
motion vectors in such frame. Finally to obtain a smoother trajectory the result-
ing vector in the previous step is filtered using a low pass filter.

3 Evaluation Results

The proposed system was evaluated using computer simulation using a Power Mac
G4, with a data bus speed of 167MHz, a CPU of 1.25GHz ad 1.25GB of RAM mem-
ory. The video sequences used to evaluate the proposed algorithm were previously
recorded with a resolution of 640x480 pixels per image. The obtained results show
that the proposed algorithm is able to accurately detect the relevant movements and
correctly tract the person u object motion.
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Fig. 6. Detection performance of proposed algorithm, here in the fourth and fifth image there
are a relevant movement

Fig. 7. Two persons moving to the restricted zone

4 Conclusions

This paper proposed an automatic movement detection system, using a video se-
quence, based on the motion vector estimation, which are filtered to eliminate the
noisy and distorted vectors, due to illumination variations and background movement.
Proposed algorithm is also to discriminate between relevant and non relevant move-
ments which allows only take in account the movements whose direction is from
outside to inside the restricted zone. Using also a motion vector estimation the algo-
rithm is also able to tract the trajectory of a given person whose movement is from
inside to outside of the restricted zone.
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