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Object Detection and Tracking in video using Kalman Filter
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Abstract -Object tracking in a video is the
problem of estimating the positions and other
related information regarding moving objects in
image sequences of video. Object tracking is a
very important task in the field of security
automation surveillance systems in the field of
security automated surveillance systems. For
detecting and tracking the moving objects,
Surveillance system are used. First stage of the
system is detecting the moving objects in the
video. Second stage of the system is tracking the
detected object. In this paper, detection of the
moving object is done by using a simple
background subtraction and tracking of moving
objects is done by using Kalman filter. The
algorithm is applied successfully on standard
video datasets. The videos used here for testing
have been taken at indoor as well as outdoor
environment having moderate to complex
environments. Kalman filter tracks an object by
assuming the initial state and estimating noise
covariance. It provides an efficient method for
calculating the state estimation process. An
experimental result which came from different
moving object video samples shows a very good
result. This filter is intended to be robust without
being programmed with all environment specific
rules.
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I. INTRODUCTION

Object detection and tracking in a video is an active
research topic in computer vision that tries to detect,
recognize and track objects in a sequence of images
in video and also makes an attempt to understand and
describe object behavior in video by replacing the old
traditional methods of monitoring cameras by human
operators. Object detection and tracking in a video is

an important and challenging task in many practical
applications such as surveillance, vehicle navigation
and autonomous robot navigation. Object detection is
nothing but locating objects in the frame of a video
sequence. The availability of high speed computers,
high quality video cameras, and the need for
automated video analysis has lead to a great interest
in object tracking algorithms. Object tracking is
defined as the process of segmenting a desired object
from a running video and keeps track of its motion,
orientation, occlusion etc. in order to extract the
useful information. Difficulties regarding tracking of
objects can arise due to abrupt object motion,
changing appearance of the object and the
environment, non-rigid object structures, object-toobject and object-to-noise occlusions, and camera
motion.
The aim of the project is to detect and track the
moving object in a video using Kalman filter. In
recent times, automatic security surveillance systems
are an active research area due to an increasing
demand for such systems in public places such as
airports, underground stations and mass events. The
main objective of this algorithm is to assist human
operators in analyzing the bulky video data so that
work load becomes less for humans. The goal of the
work in this thesis is: 1) To set up a system for
automatic detection and tracking of moving objects in
a video using stationary camera, which may serve as
a foundation for higher level reasoning tasks and
applications. 2) To make improvements in commonly
used algorithms. At last, the aim of the paper is to
show how to perform detection and motion based
tracking of moving objects in a video by using video
detection algorithm. Therefore, the main objectives
are:
1) To analyze segmentation algorithm to detect the
objects. 2) To analyze some tracking method for
tracking the single objects and multiple objects.
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A simple block diagram representing the object detection
and tracking in video is shown in Figure 1.1

Figure 5.1: Block diagram for object detection for object
detection
Background is a stationary layer located behind all other
layers. Anything that is not background is likely foreground
i.e., moving objects. Background model is initialized by
considering first ‘n’ frames. Here ‘10’ frames are
considered. The background model is developed by
averaging these initial ‘10’ frames. For background
subtraction, thresholding technique is used.
Figure 1.1: Block diagram for object detection & tracking
in video
II. MEDIAN FILTER
Median filter is normally used to reduce impulse
noise in an image. It is a sliding-window spatial filter
which replaces the center value in the respective window
with the median obtained by considering all pixel values in
window. For calculation of median, at first, all the pixel
values of window are sorted in ascending/descending order
& then middle value is taken as median. If the
neighborhood under consideration contains an even no. of
pixels, then the average of the two middle pixel values is
calculated and obtained result is fixed as median value.
Median filter is preferred to mean filter because it preserves
sharp edges while removing noise. The main benefit of
using median filter is that it doesn’t create new unrealistic
values. i.e., median value belongs to one of the pixel value
in neighborhood. Here, a 3x3 median filter is used over the
frames.
IV. THRESHOLD PROCESS
It is an image processing technique for
converting a grayscale or color image to a binary image
based upon a threshold value. The type of threshold used
here is Global Thresholding. If a pixel in the image has an
intensity value lower than the threshold value, then
respective pixel in the resultant image is set to black. In
case if the pixel intensity value is larger than or equal to the
threshold intensity, then the resulting pixel is set to white.
Thus, a binary image or an image with only 2 colors, black
and white is created.

V. OBJECT DETECTION
Block diagram representation of steps for object detection
is shown as,

VI. OBJECT TRACKING USING KALMAN FILTER
Tracking is the process of locating moving
objects over time in each frame of videos. A Kalman filter
is not a filter. It is an optimal estimator i.e. infers
parameters of interest from indirect, inaccurate and
uncertain observations. It process the new measurements as
they arrive regularly i.e. kalman filter is recursive. The
word ‘filter’ is used because it is the process of finding the
‘best estimate’ from noisy data for ‘filtering out’ the noise.
It is an estimate obtained through combining both
prediction and measurement. The Kalman filter consists of
two stages: Time update (prediction) and The
measurements update (correction). The time update
equations projecting forward (in time) the current state and
error co-variance estimates for obtaining the priori
estimates for the next time step [2]. The time Update
equation is called predictor equation. The measurement
update equations incorporates a new measurement into the
a priori estimate to obtain an improved a posterior estimate
[2]. The measurement update is called corrector equation.
In the proposed algorithm, the same number of the Kalman
filter is applied to estimate object's state [1]. Kalman filter
estimates the position, (x, y) of object in the frame for
tracking that object. Kalman filter is configured as follows:
=
+
----------3.1
=

+

----------3.2

A = Transition matrix, which relates the state at time k to
the state at time k+1
H = Measurement matrix, which is to relate the state to
measurement
= state vector containing the terms of interest for the
system at time k i.e. current estimation
= Prior estimation value.
= Gaussian noise with zero mean and the error
covariance ‘Q’
= Gaussian noise with zero mean and the error
covariance ‘R’
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Process of the Kalman filter: There are six step of Kalman
filter process which is given below:
1) Time update of the state estimate
=
+
----------3.3
2) Predicted measurement
=
+

Figure 7.1: Results of video1 for frames 1,10,20,30.

----------3.4

3) Time update of the state error covariance
=
+ ----------3.5
4) Kalman gain
=

(
+ )
----------3.6
A Kalman gain depends on the
accuracy of a measurement. The Kalman gain has high
value for high accuracy of the measurement. Otherwise, the
Kalman gain has relatively low value.
5) Measurement update of the state error covariance
= (1 −
)
----------3.7
6) Measurement update of the state estimate
=
+ ( −
) ----------3.8
After each time and measurement update pair, the process
is continuously repeated with the previous posterior
estimates for projecting or predicting the new priori
estimate values [1] for the tracking purpose.

Figure7.2: Results of video1 for frames 50, 70,100,120.

VII. RESULTS
Here, object tracking operation is carried on three sample
videos.
Video1:- it consists of 120 frames.
Video2:- it consists of 200 frames.
Video3:- it consists of 283 frames.
The different stages of results in executing the
input videos 1 to 3 for different framesare shown in Figures
7.1to 7.6

Figure 7.3: Results of video2 for frames 1, 50, 70, 100.
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In this paper, a visual surveillance system which
is used for detection and tracking of objects in a video has
been presented. Object tracking of any moving object has
been successfully implemented on standard surveillance
datasets using Kalman filter. This algorithm works on
video taken at indoor and also outdoor environment using
static camera under medium as well as complex
background condition. This implemented module can be
applied to any computer vision application for moving
object detection and tracking. There are various
applications in surveillance system such as Intelligent
Transportation System, Traffic Monitoring surveillance
System, understanding of human activity, observation of
people and vehicles within a busy environment, Security in
Shopping Centre or Offices etc. There are different
algorithms for Object Detection. This project presents the
Background Subtraction method for object detection. This
method consists Background Modelling and Local
threshold based Background Subtraction and it gave the
better result and high accuracy rate in tracking object
compared to other existing method due to the usage of
kalman filter for tracking purpose.
Figure 7.4: Results of video2 for frames 120,150,180,200.
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