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Abstract Object detection and tracking are the important and more challenging tasks in video sequence and computer
vision applications. Object detection is the procedure of finding the non-stationary entities in the image sequences.
Detection is the first step towards tracking the moving object in the video sequence. The representation of the detected
object is the next important step to track. Tracking is the method of identifying the position of an object in motion in
the video sequence. Difficulties in identifying the dynamic positions is much more challenging task than detecting the
object due to motion of the object, changing appearance patterns of objects and the scene, and most significantly is
handling occlusion of tracked object. Tracking of an object is applied in numerous applications like in, monitoring the
traffic, video indexing, human-computer interaction, Video surveillance, Robot vision, Sports and Simulations. Here we
are going to present a brief review of numerous object detection, object classification and object tracking algorithms
available. Therefore, the goal of this paper is to discuss the problem of object tracking and classify them into different
categories, and identify new trends. In this survey we will discuss about detection and tracking of the object using
Kalman Filter [1] in different applications. Moreover, we discuss the important issues related to occlusion handling

using image features and use of multiple cameras.
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|. INTRODUCTION

Object Object

Video Sequence

Detection Representation

Videos are the sequences of images, which are called
frames, show the frequency fast enough so that human eyes
can perceive the continuity of its contents. It is clear that all
image processing techniques to be applied to individual
frames. Moving object detection is the initial step for the

process of analyzing a video. This is done either in each and
every frame or when the object first appears in the video. A
general algorithm for object detection may be desirable, but
it is extremely difficult to treat properly objects or objects
unfamiliar with significant variations in color, shape and
texture.

Therefore, many practical computer vision systems require
a fixed camera environment, which makes the detection
process more open objects. Objects can be represented [2]
by their shapes and appearances. Object tracking is a
process of monitoring an object’s spatial and temporal
changes during a video sequence, including its presence,
position, size, shape, etc. Object tracking algorithms have
acquired priority due to the availability of highly
sophisticated computers, good quality and inexpensive
cameras. The process of tracking an object which undergo
different phases is shown in the Figure 1.
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Object Tracking

Figure 1: Phases
e Object Detection

Each tracking strategy requires an object detection
component either in each frame in the scene or when the
object initially appears. A typical methodology for object
detection is to utilize data in a video from one frame to next
for further analysis.

e Object Representation

After detection of an object, for further analysis in any
tracking scenario the object can be represented by their
appearances or shape. For example, vehicle, ball, human, or
plane in the air will be represented for tracking in video
sequence using any shape representation of interest.

e Feature Selection For Tracking

In order to track any object in a video sequence feature
selection of the target plays a crucial role. Both object

© 2019, IJREAM All Rights Reserved.



ol

representation and feature selection are related to each other
for example color is used as feature for histogram
representation, for contour or silhouette  based
representation the object edges or boundaries are used as
features. In many tracking approaches the algorithms used
may use combination of more than one feature.

e Object Tracking

Tracking of an object involves many steps before finding
the trajectory of the object, which includes detection,
representation and feature extraction. The main aim of a
tracker is to generate the trajectory of an object being
tracked in a video sequence by finding the position of it in
every frame of the video scene. In tracking approaches the
objects are represented using the shape or appearance
models. The model selection depends on the type of object,
for example, point and geometric shape representation can
be used for tracking of rigid objects in the video sequence.
For non rigid objects, contour or silhouette representations
are more suitable description used for their motion.

The rest of the paper is systematized as follows. Section
Il presents motivation. Section Il presents related work in
which object detection, representation and tracking under
different occlusion conditions is illustrated. Conclusion
about the paper is presented in Section IV.

Il. MOTIVATION

The motivation of this survey paper is to provide an
overview of the most recent trends and of the future
research directions in object tracking and video processing.
Rather than covering all aspects of the domain in detail, this
survey covers issues related to occlusion handling in
tracking objects. Why is occlusion handling so important?
Objects tracking while occlusion gives much information
which is useful in analysis of the object being tracked as
humans cannot directly detect with his own eyes when
occlusion happens. This can be further used in many
applications like sports, entertainment and military aircraft
navigation and targeting.

11l. RELATED WORK

Object detection in the video scene is the fore most step in
tracking of moving object. There are many object
detection methods shown in Figure 2, which is to find the
moving object in every frame during a video scene.

A. Detection

Object Detection
'l

L ] L] L] L}
Point Segmentation Background Supervised
Detectors J Modeling Classifiers

Figure 2: Object Detection

e Point Detectors
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In an image the point detectors are used to find the interest
points. In terms of application the interest points are being
used in context of view-based object recognition, image
matching, tracking and motion problems.

e  Segmentation

Another widely used process for detection of an object in
an image or a video sequence is segmentation. The process
is to divide an image into multiple parts or similar regions
which is used to identify relevant information in digital
images using different methods.

e  Background Subtraction

Detection of an object by building a representation of the
scene in a video called the background model and detecting
variations from the model for every frame in video. The
object can be identified in an image region if there is any
significant change from background model. These regions
are used for further processing, this process is called as the
background subtraction.

e  Supervised Learning

Other object detection approach which requires a set of
templates which takes set of examples as learning sets, the
supervised learning methods maps inputs to outputs by
generated function .A standard formulation of supervised
learning is the classification problem where the learner
approximates the behavior of a function by generating an
output in the form of either class label or regression which
is known as classification. The learning examples take
object features and object class associated with it which are
manually defined.

B. Representation

In the process of tracking, an object can be anything of
interest in a video scene for analysis. After detection of
the object, it's representation is employed for tracking in
video scene. This section  will outline the object
representation types shown in below Figure 3.

Object Representation

Primitive Object Articulated |l Skeletal
Geometric Silhouette Shape Models
Shapes and Contour Models

Table 1 shows few algorithms used for suitable applications
for object representation.

Figure 3: Object Representation

Table 1: Object Representation

Type Suitable Algorithms Example
Applications

Centroid [3] Rigid objects, Kalman Object
Sports Filter, tracking
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activities Particle and
Multiple
Hypothesis
Tracking
Multiple Rigid objects, Greedy Object
points [4] Sports Optimal tracking and
activities Assignment | measurement
(GOA),
SVM and
Mean-shift
Rectangular Surveillance, Kalman Object
or Elliptical Non-rigid Filter, KLT identification
patch [5] objects and Eigen and tracking
tracking
Object Detect and CAMShift Object
skeleton [6] track Human and Particle | measurement
body parts and | filter and shape of
human action region
Object Shape Gradient Object
contour and representation | descentand | detection
silhouette[7] | and Particle
Surveillance filtering

C. Object Tracking

Object tracking is mainly defined as estimating the
trajectory of an object as it moves in a image sequences or
in the video scene. For further analysis of the object being
tracked the one can define more information like shape,
area, speed and orientation. The tracking becomes complex
due to few reasons:

-- Noise in videos

-- Speedy and Complex motions of object

-- Partial or Full Occlusions

-- Variation in light effects

-- Complex shapes of object.

Object tracking methods are mainly categorized into three

as shown in Figure4. We briefly introduce the point

tracking method and related work for this category.
Tracking

Figure 4: Object Tracking

e Point Tracking

In point tracking the objects detected in consecutive frames
in the video scene are represented by points at the centroid
of the object, and the association of the points is based on
previous state which takes object motion and position. In
point tracking the methods is categorized mainly into two
types:

-- Deterministic methods

-- Statistical methods

Statistical methods solve the tracking problems by taking
measurement into account during object state estimation
and model the object properties such as position velocity
and acceleration. Point tracking methods can be evaluated
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on the basis of whether they generate correct point
trajectories. Given a ground truth, the performance can be
evaluated by computing precision and recall measures. In
the context of point tracking, precision and recall measures
can be defined as:

.. # of correct correspondences
Precision = , @
# of established correspondences
# of correct correspondences
Recall = 2

# of actual correspondences

correspondences available in the ground truth are the
actual correspondences in equations (1) and (2).
Additionally, a qualitative comparison of object trackers
can be made based on their ability to deal with entries of
new objects and exits of existing objects, handle the
missing observations (occlusion), and provide an optimal
solution to the cost function minimization problem used for
establishing correspondence. One of them is Kalman Filter,
a recursive predictive filter that is based on the use of state
space technique and recursive algorithm. The predict
equations (3), (4) and update equations (5), (6), (7) as
below:

Predict:

X tle-1 = F. X t-1)e-1 T Brug 3)
Pt|t—1 = FtPt—1|t—1FtT + Qt (4)
Update:

X (e = X -1 + K@ — H.X t1e-1) (%)

-1

K, = Ptlt—lH{(HtPtlt—lHZ +R,) (6)
Py = - Kth)Pt|t_1 (7)
where

X : Estimated state.

F : State transition matrix.

u : Control variables.

B : Control matrix.

P : State variance matrix.

Q : Process variance matrix.
y : Measurement variables.

H : Measurement matrix.

K : Kalman gain.

R : Measurement variance matrix.

Subscripts are as follows: t]t current time period, t-1|t-1
previous time period, and t|t-1are intermediate steps.

The filter estimates the state of a dynamic system, even if
the precise form of the system is unknown. The filter
supports estimations of past, present and future states.
Kalman filter tracks a single object, cannot handle object
entry and exits and handles occlusion and provides optimal
solution. Few of such applications where Kalman filter is
used are as follows:

In [8] proposed a novel real-time 3D hand tracking
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“method in depth space using a 3D depth sensor and using
Kalman filter. Detection of hand candidates using
predefined wave motion and motion clusters, and using
Kalman filter hand locations were tracked.

In [9] a novel approach is proposed to estimate lane for
robust curvature information with Kalman filter. In this
paper the target is lane on a real road environment.

In [10] for human body tracking in video surveillance
system a human skeleton model is proposed. Two
techniques were used to locate eight human body points.
The first, uses gait study to find the ankle and keen points.
To track the remaining body points Kalman filter was used
as second technique.

In [11] proposed an approach which detects a single
object using Median approximation technique in a video
scene. After detection of the object Kalman filter is
combined with Template Matching algorithm used for
tracking the object.

In [12] proposed a model which assigns weight to object
using 2D Gaussian function to increase the observation of
the object and Kalman filter is used to track the object in
the soccer game video scene.

In [13] proposed an approach which combines Field of
View(FOV) lines method and Kalman filter for tracking of
single human moving under multi camera video scene with
a static video background.

In [14] proposed a method using Kalman Filter combined
with Mean Shift for handling real time occlusion situations.
Mean Shift algorithm is used to track using similarity
measure and when it fails in handling occlusion Kalman
filter is employed for tracking the object under occlusion
conditions.

In [15] proposed a model-based approaches for tracking
real-time 3D soccer ball in video sequence captured from
multiple fixed cameras. The Kalman filter is used to filter
merged and noisy objects in image plane as the occlusion
caused by players and the ball.

In [16] proposed a state-space model applied to an
Extended Kalman Filter which is used to estimate and track
the Euler angles and translation parameters of the object in
3D using its 2D image projection.

In [17] proposed content-adaptive progressive occlusion
analysis (CAPOA) algorithm that is used to analyze the
occlusion situation. To rectify target location the occlusion
situation within Region of interest(ROI) using the CAPOA
algorithm and then perform the variant-mask template
matching(VMTM) based on this result VMTM vyields a hew
ROI whose occlusion situation is analyzed by the CAPOA
algorithm again. The final ROI is obtained by template
matching of the result of previous ROI and analyzed again
by CAPOA algorithm to get final template mask. The non-
occluded part of template is updated to Kalman filter.
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In [18] proposed a method for detection and tracking
small objects using background removal by subtraction of
row-mean then the objects are tracked using morphological
filters and by Kalman filter after identification the targets.

In [19] proposed a method for smoothing the trajectory
of an object in video sequence. They used Kalman filter for
reducing the vibrations in trajectory in both vertical and
horizontal directions.

In [20] proposed an algorithm for tracking of objects in
video scene by combining Kalman filter and superpixel
method. Kalman filter is used for occlusion handling and
superpixel method for finding real position of the object in
the video sequences.

In [21] proposed a model for the description and
inference of motion of segmented regions is presented,
using the Kalman filter without requiring a priori
information of the scene. Segmentation of moving objects
is done through the clustering of optical flow vectors for
similarity.

In [22] proposed a method which combines extended
Kalman filter with color information. Spatio-temporal
Gaussian mixture model is used to detect the multiple
objects and for tracking the object under partially occlusion
extended Kalman filter is used and under complete
occlusion color and size were integrated to extended
Kalman filter with past information.

In [23] proposed a approach which uses Scale Invariant
Feature Transform(SIFT) for tracking the objects in the non
occluded frames and when the objects undergo occlusion
Kalman filter is used to track in further frames.

In [24] proposed an adaptive Kalman filter for tracking
of an object. The modifications for the Kalman filter are
done by combination of adaptive estimation, memory
attenuated filtering and maximum likelihood estimation for
state estimation.

In [25] proposed a method for tracking of vehicles under
light and heavy traffic conditions. Gaussian Mixture Model
(GMM) used for detection of vehicle and for tracking of the
vehicles Kalman Filter was used.

In [26] proposed a modified steady-state gain of the
Kalman filter by adding a fractional feedback loop across
the Kalman filter gain. This modification of Kalman gain is
estimated by minimizing the cost function of the filter. This
method was used for tracking of vehicles in a video
sequence.

In [27] proposed a method for target detection using
single-double side constant false alarm rate(SD-CFAR) and
for enhancing the Kalman filter they used Auto Regression
model based on interrupt prediction and multi-track method
to initialize and track the target.

In [28] proposed an on-line targlet framework for
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tracking of pedestrians. The detection of people is
computed based on classifier running on Movement Feature
Space(MFS), the outputs generate trajectories of the people
in the scene and are concatenated by using Kalman filter
approach.

In [29] proposed a neural network based on phase
correlation to recognize the object and Kalman filter to
track the objects in moving plane. And used to distinguish
identical objects based on Kalman filter estimates of the
position and velocity.

In [30] proposed multiple objects tracking using Kalman
filter simultaneously where several objects occlude one
another either partially or fully in dynamic surveillance
environment.

In [31] proposed an algorithm by combining adaptive
least square and Kalman filter for tracking the object under
occlusion. When the object is occluded, the appropriate
fitting curve is selected after smoothing trajectories and to
predict the object location the least square method is used to
fit the object trajectory.

In [32] techniques for generating trajectory of a soccer
ball from soccer game video scene using fixed cameras
were introduced. Image differencing is used for moving ball
detection, for tracking of ball under occlusions Kalman
filter is used in each individual camera.

In [33] proposed an adaptive approach which estimates
3D position of soccer ball in soccer game video sequences
using two camera viewpoints. The Kalman Filter is used to
estimate the 3D position of the soccer ball for the frames
when the ball position cannot be detection in the two
cameras.

In [34] performed experiments which analyzed the
performance of Kalman filter under occlusion by tuning the
parameters. The performance of prediction model of the
object trajectories are shown under different occlusion
conditions.

In [35] proposed a system which is capable of detecting
court region in basketball game videos and player
extraction. The Kalman filter is used to compute player
trajectories and mapped onto court coordinates for
identification of tactics of players performing any offense
while playing.

In [36] proposed a method for detection and tracking of
soccer ball from real soccer video scenes. Tracking and
matching of ball process is employed by Kalman filter for
solving occlusions when occluded by players in the field.
Later 3D ball positions are provided as input in 2D
processing for robust and efficient soccer ball detection and
tracking.

In [37] proposed a trajectory-based ball detection and
tracking algorithm for tennis video scenes. For detection of
the ball it uses the location relation of player and the ball to
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improve the ball candidate. From the ball candidate images
the candidate trajectories are produced using Kalman filter
in three steps: evaluation of each trajectory, identification
of ball trajectory and extending the ball trajectory according
to ball hitting points and player location.

In [38] designed a video processing pipeline in a snooker
video sequence based on the generalized symmetry
transform to estimate the radii and centers of the balls and
segmentation. For tracking the balls they have used linear
Kalman filter, and based on pixel colors in their area have
classified accordingly. Similarly segmentation and
classification is done for the black-white cue ball.

In [39] proposed an online multi-object tracking
approach by Kalman filter and Hungarian algorithm. The
moving objects in the video sequence are segmented by
frame difference and labeled those objects by adaptive
labeling method. The labeled objects are tracked using
Kalman filter and association between them is done by
Hungarian algorithm.

e Occlusion Handling

In video object tracking, occlusion happens when a
tracked object is not available in camera sequence to
continue tracking its spatial state while the object is as yet
present at the scene. Occlusion can be classified into three
categories: self occlusion, interobject occlusion, and
occlusion by the background scene. Once in a while,
occlusion happens when one piece of the object occludes
another, this is known as self-occlusion. This situation most
frequently arises while tracking articulated objects. Inter
object occlusion happens in multiple object tracking where
the objects occludes each other. And occlusion by the
background scene structure happens when a structure out of
sight blocks the tracked object. Occlusion handling is an
unavoidable problem in object tracking. The main problem
occurs during and after the occlusion. There may be mainly
two challenges occur while object is under occlusion.
Firstly, when two objects occlude each other in multiple
object tracking video scene, the foreground blob of the
objects will gather together and it will end up testing to
characterize the pixels in the blob to particular object
precisely. Second, the real location of the tracking object is
challenging to decide since the perceivability of the tracked
object end up completely absent or constrained while the
object is under occlusion. After the object occlusion event
ends, particularly the full occlusion, it is hard to decide if
the object is another object appear to the scene or it is the
same object which undergone and returned after occlusion.
This issue becomes more complex particularly when
tracking of multiple objects with features like same color or
texture. The answers for this issue are regularly known as
occlusion recovery techniques. For handling occlusions
issue, different strategies has been proposed. We have
summarized a few state of the art methods based on the
nature of the problem each of the methods tried to solve.
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" In [40] proposed a method for tracking an object in video
sequence using template matching. Using the Mahalanobis
distance and robust error norm for down-weighting outliers
due to partial occlusions by an observation mode. The
shadow and abrupt changes of lighting conditions are
handled by photometric invariants.

In [41] proposed a strategy for tracking multiple objects
and their occlusion behavioral relationship while moving in
a group under occlusion conditions. The method explicitly
defines the occlusion relationships between  multiple
objects and integrated into tracking framework after
deduction of the occlusion relationships. And based on
graph embedding framework the joint state estimation
problem is deduced in multi-object tracking.

In [42] proposed clustering strategy on object candidates,
using spatiotemporal RGB-D video segmentation produced
mask for objects in key-frames through the whole video.
For solve inconsistency under occlusion they used bilateral
representation and scale-invariant feature transform flow.
The proposed method extracts multiple objects and tracks
them without any user input cue.

In [43] proposed a anti-occluding objects tracking with
Dezert-Smarandache  Theory (DSmT) in complex
background based on occlusion judgment prediction under
different occluding conditions and generation of hyper
power sets.

In [44] proposed a novel method to segment and track
multiple when objects are subject to occlusion by
combining  spatial-color  Gaussian ~ mixture  model
(SCGMM) with an energy minimization framework which
uses multi-label graph cut algorithm. When objects doesn't
undergo occlusion, a SCGMM is learned for all such
objects.

In [45] introduced a super-trajectory representation based
semi-supervised video segmentation approach. And
demonstrated that, based on the density peaks based
clustering, compact trajectories were grouped into super-
trajectories. Occlusion and drift are naturally handled by the
trajectory generation method using the probabilistic model
showed in their context.

In [46] an object tracking method is proposed where the
dominant color of the object is extracted from the
segmented target which is selected by the user. A motion
model is constructed to set the system model of adaptive
Kalman filter firstly. The dominant color of the moving
object in HSI color space will be used as feature to detect
the moving object in video sequence. The result of detected
object is supplied back as the measurement of adaptive
Kalman filter and the estimate parameters are adjusted by
occlusion ratio adaptively of adaptive Kalman filter.

1VV. CONCLUSION

In this paper, we present a survey of object detection,
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object representation and object tracking and mainly
focused on object tracking using Kalman filter. We have
discussed different object detection techniques which is the
first step for any object tracking in a video sequence with
their merits and demerits of each. For object representation
we have summarized algorithms in table 1, suitable for
different representations in different object tracking
applications where object differs in each of it. In object
tracking the widely used tracking algorithm is Kalman filter
tracking and we have summarized different works where
Kalman filter and other algorithms combined in few cases
for object tracking. This paper also provides summaries of
occlusion handling while tracking an object in a video
sequence, where the occlusion handling issue is still a
concern. We believe that this article can give a reliable
insight in object tracking under different occlusion
conditions using Kalman filter and will be helpful in this
particular research topic.
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