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Abstract: The aim of this study is to develop a Robust and reliable object tracking is an efficient way to
improve security services. The proposed object tracking system uses concepts of frame differencing and
template matching. The frame differencing is used frame-by-frame to detect a moving object in an efficient
manner. The moving object detected by frame differencing is tracked by employing an efficient and robust
Template Matching algorithm. The templates used for matching purpose are generated dynamically which
ensures that the change in orientation and position of object does not hinder the tracking system. This system
is highly cost effective and can be used as a surveillance tool in various applications.
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INTRODUCTION

The Object tracking in real-time environment is a
difficult task in different computer vision applications
(Kettnaker and Zabih, 1999; Collins et al., 2001;
Greiffenhagen et al., 2001). Object tracking consists of
estimation of trajectory of moving objects in the sequence
of frames generated from a video. Automation of the
computer object tracking is a difficult task. The dynamics
of multiple parameters changes representing features and
motion of the objects and temporary partial or full
occlusion of the tracked objects have to be considered
(Hanna, 2011). This monograph presents the development
of object tracking algorithms, methods and systems and
also the state of the art of object tracking methods and
also the new trends in this proposed system.

Tracking objects can be complex (Yilmaz et al.,
2006) due to

C Loss of information caused by projection of the 3D
world on a 2D image

C Noise in images
C Complex object motion
C Non rigid or articulated nature of objects (Richard et

al., 2004)
C Partial and full object occlusions, complex object

shapes
C Scene illumination changes

C Real-time processing requirements
C Change in illumination
C Shadows of moving object

This problem of object tracking can be made simple
by imposing constraints on the motion and appearance of
the object to be tracked. Unlike (Richard et al., 2004;
Fieguth and Tterzopoulos, 1997), the current system does
not require any color information to track an object.
Neither there is a constraint for the appearance of the
object, which means if the object is little brighter than the
background will not affect the output.

The advancement in the computer technologies and
the availability of high-quality and inexpensive video
cameras leads to great interest in the automated object
tracking algorithms. The implementation of object
tracking system is based on following key concepts:

C Detection of interested moving objects in a frame
C Such objects are tracked from frame to frame
C Analysis of object tracks to recognize their behavior

and trajectory of object can be estimated

Frame differencing: Frame Differencing is a technique
where the computer checks the difference between two
video frames. If the pixels have changed there apparently
was something changing in the image (consider frame).
The Frame Differencing Algorithm (Jain and Nagel, 1979;
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Haritaoglu et al., 2000) is used for this purpose, which
gives the position of object as output. This extracted
position is then used to extract a rectangular image
template (size is dynamic depending upon the dimension
of object) from that region of the image (frame). The
sequence of templates is generated as object changes its
position.

Template matching: The generated templates from each
frame are passed on to the tracking module, which starts
tracking the object with an input reference template. The
module uses template-matching (Richard et al., 2004;
Comaniciu et al., 2003) to search for the input template in
the scene grabbed by the camera. A new template is
generated if the object is lost while tracking due to change
in its appearance and used further. Generations of such
templates are dynamic which helps to track the object in
a robust manner.

The main objective of this study is to provide a better
and enhanced method to find the moving objects in the
continuous video frame as well as to track them
dynamically using template matching of the desired
object. The proposed method is effective in reducing the
number of false alarms that may be triggered by a number
of reasons such as bad weather or other natural calamity.

Algorithm: The following section contains the analysis
and explanation of algorithm used for detection and
tracking an interested moving object. The following
subsections in this category are:

Object detection using frame differencing: The task to
identify moving objects in a video sequence is critical and
fundamental for a general object tracking system. For this
approach Frame Differencing technique (Jain and Nagel,
1979) is applied to the consecutive frames, which
identifies all the moving objects in consecutive frames.

This basic technique employs the image subtraction
operator (Rafael and Richard, 2002), which takes two
images (or frames) as input and produces the output. This
output is simply a third image produced after subtracting
the second image pixel values from the first image pixel
values. This subtraction is in a single pass. The general
operation performed for this purpose is given by:

DIFF[i ,j] = I1[i, j] – I3[i, j]

DIFF[i, j] represents the difference image of two frames.

It seems to be a simple process but the challenge
occurs is to develop a good frame differencing algorithm
for object detection. These challenges can be of any type
like

C Due to change in illumination the algorithm should
be robust.

C The detection of non-stationary object (like wind,
snow etc.) is to be removed.

To overcome such challenges we need to pre-process
the DIFF[i, j] image. Pre-processing includes some
mathematical morphological operations which results in
an efficient difference image. DIFF[i, j] image is first
converted into a binary image by using binary threshold
and the resultant binary image is processed by
morphological operations.

This proposed algorithm for object detection is to
achieve these challenges and provide a highly efficient
algorithm to maintain such task of object tracking. This
algorithm provides the position of the moving object.

Algorithm for object detection:
Assumption: All previous frames are stored in a memory
buffer and the current frame in video is Fi

C Take ith frame (Fi ) as input.
C Take (i-3)th frame (Fi-3) from the image buffer.

This image buffer is generally a temporary buffer
used to store some of previous frames for future use.

C Now, perform Frame Differencing Operation on the
ith and (i-3)th frame. The resultant image generated is
represented as:

DIFFi = Fi-3 - Fi

In earlier methods, Frame Differencing is to be
performed on ith and (i-1)th frame, which has limitation to
detect slow moving objects. But this proposed method,
the Frame Differencing between ith and (i-3)th frame. This
method removes the limitation to detect slow moving
object, which makes it independent of speed of moving
object and more reliable.

C After the Frame Differencing Operation the Binary
Threshold Operation is performed to convert
difference image into a binary image with some
threshold value and thus the moving object is
identified with some irrelevant non-moving pixels
due to flickering of camera. And some moving pixels
are also there in binary image which corresponds to
wind, dust, illusion etc., All these extra pixels should
be removed in steps of preprocessing. The binary
image (Fbin), in which the pixel corresponding to
moving object is set to 1 and rest is treated as
background which sets to 0.

This threshold technique work as, a brightness
Threshold (T) is chosen with the DIFF[i, j] to which
threshold is to be applied:
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i  fram e

i-3 frame

if DIFF[i, j] >= T then
Fbin[i, j] = 1 //for object 
else
Fbin[i, j] = 0 //for background

This assumes that the interested parts are only light
objects with a dark background. But for dark object
having light background we use:

if DIFF[i, j] <= T then
Fbin = 1 //for object
else
Fbin = 0 //for background

The threshold taken here is not fixed it can vary
according to our perception. The use of threshold T is just
to separate the objects’ pixels from the background. Now,
perform the Iterative Mathematical Morphological
Operation on this binary image Fbin .This is to remove all
the small particles present in it and ensures us that the all
insignificant moving objects are removed. These small
particles may come into account because of trees, winds,
camera swing etc., which are irrelevant to our aim and
should not be treated as moving objects. The resultant
image of morphological operation is represented as Fmor.

C The next operation is to calculate the Center of
Gravity (COG) of the binary objects in image Fmor.
According to the centroid position a fixed sized
rectangular box or a bounding box or perimeter is
made for all the binary objects in ith frame Fi.

C All of the centroid information is stored in a global
array. By using threads and producer-consumer
concept the centroid information of some objects is
transferred to the object tracking module.

C Now, follow same procedure for other frame (starting
from step 1).

Tracking of object using template matching: The
limitation with this tracking module is that all the centroid
information received by motion detection module for
tracking of objects should always be in camera view. The
next operation is to track the only interesting moving
object irrespective of other moving objects. The object
tracker module is used for this purpose, which keep track
of interesting objects over time by locating the position of
moving object in every frame of the video. The proposed
algorithm has flexibility to perform both task, object
detection and to track object instances across frames
simultaneously.

First of all tracking module will generate a template
for all received centroid information and this template is
used for the matching in next upcoming frame. By using
mathematical correlation we match the template in next
upcoming   frame  and  the  centroid  of  matched  area is

Fig. 1: Ith (current) frame Fi, of the continuous video stream

Fig. 2: (i-3)th (previous) frame Fi-3 of the continuous video
stream

appended to make an estimation of trajectory and
meanwhile the template is updated with new matched
region. The coupling of the template matching with the
frame differencing gives the good result for Object
Tracking System. For this purpose multi-threading and
producer consumer concepts are used.
 
Algorithm: Take the centroid coordinates as input from
motion detection module.

C For each pair of centroid, generates a template of size
200X300 and each template is assigned with its own
stored memory which will have its coordinate in all
upcoming frames. Thus giving an estimated
trajectory.

C The template matching is as:

If template is matched in next upcoming frame using
correlation, then
If match = found, then

Co-ordinate positions are saved and the template has
been updated with the match
Else 

Template is discarded considering that object has
been gone out of camera view.

C Trajectory is plotted whenever it is demanded.

EXPERIMENT AND IMPLEMENTATION

The sequence of following images shows the working
and result of object tracking module as described above.
Figure   1  and  2,  are  two  frames  at  ith  and (i-3)th sec,
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Fig. 3: Difference image DIFF [i, j] obtained by difference of
the current and previous frame from continuous video
stream

Fig. 4: Image obtained by applying binary thresholding on
image obtained in Fig. 3 to obtain binary image

Fig. 5: Image obtained by applying morphological operation
(discarding objects with pixels<10) to the binary image

respectively. This sequence of images, taken from a video
shows a number of objects that changes its position with
respect to time. The motion detection module is being
applied to this two frames to obtain the various moving
objects. 

Figure 3 is obtained by differencing the two previous
images viz. Figure 1 and 2. This image contains a lot of
disturbances and noise as being observed. This has to be
removed before applying further processing. This
difference image is converted to binary image using
threshold value, such that unwanted pixels are removed.
The threshold application on the difference image results
to Fig. 4. A series of morphological operations are applied
to this binary image to enhance the desired information
content of the image. 

Figure 5 contains the result obtained after applying
morphological operation for discarding the objects with
number of pixel less than 10. This removes the noisy
content that may have been resulted from slight camera
flickering, atmospheric disturbances. 

Fig. 6: Image obtained by applying morphological operation
(dilation) to the previous image

Fig. 7: Image obtained by applying morphological operation
(erosion) to the previous image

Fig. 8: Moving objects detected with bounding box

Fig. 9: Moving objects detected using approximate boundary

In order to increase the connectivity dilation is
performed. This results in modified movement detection
such that all the pixels related to a single object are
connected together. The result of application of dilation
on the Fig. 6.

To provide detected objects as near to original
dimension, erosion is performed just after dilation. The
result of erosion is shown in Fig. 7. Then centroids are
calculated and stored in memory. For each centroid, a
bounding box is found in the original current frame. And
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Fig. 10: A sample template of object to be tracked

Fig. 11: Result of object tracking module

hence the moving objects are detected as shown in Fig. 8.
Instead of a bounding box, an estimated perimeter can
also  be  found  to  denote  moving  objects  as  shown  in
Fig. 9.

Figure 10 represents a sample template generated by
bounding box from the output of motion detection
module. This template will be used to track the object in
upcoming video frames.

The template has been matched, in Fig. 11 and the
coordinates of centroid of object of interest has been
returned and a bounding box has been shown to highlight
and track the object.

RESULTS

This study, hence presents an effective way to detect
the moving body of interest, discarding the smaller
unwanted objects causing false alarms during
implementation. Further, this study also presents a way to
track an interested object, from a group of moving and
detected object, in the subsequent frames of the
continuous video stream. This method is simple in
implementation and needs very less computational
requirements. However, this method is suitably and
efficiently applicable to darker objects over light
background. For the reverse condition, i.e., for lighter
object over dark background, a slight shift in the position
of the detected object is being observed.

CONCLUSION

Thus motion detection using frame differencing
method provides a better result for the object tracking and
which can be easily applied to a number of fields. Further,
the study also presents a method to keep the track of
movement of object which can be accessed later to
analyze the motion.

RECOMMENDATIONS

The algorithm used here is to track the moving object
in a video. The proposed system will track the object as
long as it can be captured by the stationary camera. But
for future study we can use stepper motor to track objects
even if they are going out of view by adjusting camera
itself. The stepper motor is used to rotate the camera in
the direction of the moving object. This can be useful in
various surveillance applications where the suspected
object is to be tracked as far as possible. And also a
separate sub-module for the objects classified on the basis
of their contrast (lighter or darker) with respect to their
background can be developed in future to improve it’s
effectiveness a lot.
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