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Abstract— This paper presents a technique to detect and
track multiple humans in a video sequence. Human detection
is done using Fast Mean Shift approach. Multiple humans in a
video sequence are differentiated on the basis of their color and
appearance. The occlusion issue is also addressed in the paper
and is removed using the particle filtering and appearance
matching techniques. The technique presented for detecting
and tracking are efficient and computationally inexpensive.
Experimental work shows that in case of low image quality
and occlusion, this approach works properly.

I. INTRODUCTION

Human detection and tracking is a critical step in many
computer vision applications such as surveillance, security
systems and human computer interaction etc. In recent times
human detection and tracking in a scene, has gained impetus
and many algorithms have been developed, but the problem
with most of these algorithms is that they are specialized
i.e. they are limited in their scope and hence lack robustness
e.g. in crowded scenes the large number of people close to
each other forms a group which results in partial or complete
occlusion [1] [2]. In such cases human detection and tracking
becomes a complex task e.g. blob detection based algorithms
[1] [2] segment groups as a single object due to the under-
laying connected components labeling. The algorithms using
segmentation on the basis of color only [3] do not provide
good results since color is mostly not a good representative
of individual humans. The algorithms employing silhouette
analysis [2] [4] and stochastic segmentation from binary
images [5] are good for detecting individuals in groups. In
order to find some landmarks such as heads, these approaches
need good motion segmentation quality. Methods based on
the solution space of the possible human configurations [5]
are computationally inefficient.

In this paper we propose a system to detect humans in a
scene and to track their path. This method operates directly
on the difference image obtained through the background
subtraction. The difference image obtained after manipula-
tion is a two dimensional probability distribution function,
where the modes represent high probabilities of human pres-
ence. Fast mean shift approach is used to detect human and
differentiate them from other objects. Tracking of humans is
done using the color and appearance matching technique.
The major issue related to human tracking is occlusion.
Occlusion occurs when more than one human cross each
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other and exactly overlap each other. For occlusion removal
particle filtering [15] is used. Particle filtering is recursive in
nature and it involves two stages i.e. prediction and update.
The flow of the technique developed is given in Fig.1.

II. HUMAN DETECTION

This stage involves Background subtraction and Fast Mean
Shift approach.

A. Background Subtraction

The first step in human detection is the “Background
subtraction” where the foreground image is obtained by
subtracting the current image from a background image. A
background image is the initial frame from the video which
is used to obtain the foreground objects. This background
image is subtracted from each and every frame of the video.
A frame is nothing but a matrix containing mathematical
values. Once the background matrix is subtracted, the re-
sultant matrix is obtained and converted to a binary matrix
having only 1s and 0s. 1s show the possible pixels having
any object whereas Os mean no pixel change. This binary
matrix is achieved after thresholding foreground image. The
Foreground image is obtained as follows.

ForegroundImag = CurrentImag — BackgroundImag (1)

B. Mean Shift

Mean shift is a nonparametric statistical method which
seeks the mode of a density distribution in an iterative
procedure. It is popular and successful method for object
tracking. Mean shift is an iterative process to find out a new
location X' = x + Ax from current location x. Ax and it is
given as
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where M is the number of data points and £ is the size of
the kernel, w(qa;) is the weight of each pixel a;.

C. Fast Mean Shift

Human detection is performed by Fast Mean Shift proce-
dure. The humans are detected by the subtraction of fore-
ground image from the background image. The foreground
image is a two dimensional probability density function
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Fig. 1. Algorithm Flow

where high intensities imply high probability of moving
objects. The number of high intensity peaks increases as
the number of moving objects increases in the scene. Our
aim is to find out individual high intensity peaks in order to
identify humans in the scene. Human size model H(y), W (y)
is used for search. Where H is height and W is width. The
information is obtained through calibration of the scene.

The main steps involved in Mean Shift are the same three

steps as given in [6]

1) The difference image intensity maximum is mapped to
unit intensity and its entire range is scaled proportion-
ally.

2) A sample set of n points X;...X, is defined by locating
local maxima - above a very low threshold 77 - in
the difference image. The final result does not depend
critically on 7;. A very low value just increases the
run time and generates more outliers which can be
eliminated during the mode tracking step.

3) The fast mean shift procedure is applied to the points
of the sample set with a window size of (H(X;),W (X;))
according to the local size model. The mean shift
procedure converges to the nearest mode typically
within 3-4 iterations.

Zeroth and first moments are required for mean shift com-
putation, and zeroth moment is considered as a probability
density sampled at different location of x and y. The proba-
bility density is given as
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Where p(x,y) are the points of convergence and when all
the points are linked together, it forms the center of detected
cluster. The process of linking is similar to [6] by merging
all points in x and y direction which are near than the local
window size (W (y);H(y)). Weighted mean of convergence
points is used to find the center of the cluster.

The above method used for fast mean shift is slow and
computing intensive. The fast variant is given by [7], by
using integral image also known as summed area table [8].

Fast computation of the integral image can be performed in
a single pass [9]. Using the integral image, the area sum
of a rectangular region within the original image can be
efficiently computed by the following step,
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where S0, is the sum of the rectangle starting with x,y
at upper left corner having parameters of width(W) and
height(H) and I (x;y) is the integral image[7]. Mean shift
vectors for a two dimensional probability density can be
obtained by the following equations.
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The mean shift vector (my;my) computation using integral
images and uniform kernel can be defined as
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The above equations use the area sum computed over the
window rectangle by using the integral images and their
zeroth and first moment. This method is faster as it requires
three arithmetic operations and four array accesses while this
is not the case with the previous one, which requires nine
arithmetic operations and twelve array accesses for a single
pass.

1) Fast Mean Shift Implementation: In order to implement
Fast Mean Shift Algorithm we used MATLAB [10]. We use
a rectangular window of predefined height (H) and width
(W). H and W are selected such that they represent the
approximate height and width of humans as seen by the
camera. Note that the values of H and W depend on the
position of the camera. This rectangular window slides over
the foreground image starting from the high value pixels. The
center of this window keeps on changing until it converges
to one point. After convergence the center exactly matches
the center of human and the window encloses the human
completely. The process is illustrated in Fig.2.

Fig. 2. Fast Mean Shift Implementation



III. HUMAN TRACKING
A. Appearance Matching

Once the human is detected, the next step is to track them.
Tracking is done by appearance Matching. In this technique
color information is extracted after human detection and then
on the basis of this information the humans are compared.
The comparison is done between current frame and the
previous frame. A threshold value is used to compare two
humans appearing between two successive frames. Appear-
ance Matching technique is implemented in MATLAB [10].
The video camera used in our project produced 15 frames
per second. In order to save the MATLAB computation time
we only compared those humans which were very close to
each other in a given frame. For instance in first frame three
humans at three different locations are detected which are far
from each other. Now in the succeeding frame humans will
only be compared within a certain region of their previous
location so as to save the time which could have otherwise
been wasted in useless comparisons. In order to further
enhance the efficiency of our system we reduced the frame
rate by 50%. The speed was increased without any significant
loss of information.

B. Farticle Filtering

Variable of interest that evolves with time are tracked
by particle filtering [11], typically with a non-Gaussian and
potentially multimodal pdf. Entire pdf in particle filtering is
represented in sample based form. A series of actions are
taken each one modifying the state of variable of interest
according to some model. Multiple copies of variable of
interest are used, each one associated with a weight that
signifies the quality of the specific particle. An estimate
of variable of interest is obtained by weighted sum of
all particles. Particle filtering is composed of two phases;
prediction and update. Prediction phase uses a model in
order to simulate the effects an action has on the set of
particles with apposite noise added. Update phase uses the
information from sensing device and update particle to get
correct estimation of new pdf using Sampling-Importance
Re-sampling (SIR) technique[12][13][14]. This process of
particle filtering is repeated because of the its recursive
nature. The basic idea of Particle filtering is shown in Fig.3.
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Fig. 3. Particle Filtering Process

Particle filters have high impact usage in tracking and
navigation systems due to their ability to estimate future
with high accuracy. In our system, we deploy particle filter
to predict the position of individuals in next frame.

1) Occlusion Removal Using Particle Filtering: Occlu-
sion is removed by the use of particle filtering. Previous
position and priori pdf of the human is inserted in the human
motion model for the prediction of the future position. After
that the original position of the same human is determined
in next frame. Both the predicted values and original values
are compared, importance weights are calculated. Importance
weights are normalized and importance resampling is applied
in order to decrease the effect of erroneous samples and
increase the effect of healthy samples which are closer
to original values from observed frame. The priori pdf is
updated to posteriori pdf after all the evaluation.

IV. RESULTS

The primary purpose of the system was to track single
human in a video scene. The results shows that the system
is equally good for tracking of multiple human beings in
different scenarios. The main issue related to multiple human
tracking is occlusion. Occlusion is successfully removed
using the particle filtering approach. Fig.4 shows scenario
involving single human detection. These frames have only

T
P33

Fig. 4. Human Detection

=
pr

T —— |
=
o ——

one person moving around randomly. After successful de-
tection the path followed by human is also tracked. Human
tracking is shown in Fig.5

Fig. 5. Tracking of human (top view)



The scenario shown in Fig.6 involves two persons moving
randomly. They are tracked and differentiated successfully.
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Fig. 6. Human Detection

The results shows the use of color matching to track two
different humans moving casually in an environment. Paths
followed by two humans are shown in Fig.7
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Fig. 7. Tracking of human (top view)

Fig.8 shows two humans moving in a video and they cross
each other thus introducing occlusion in the frame. Particle
filtering is used to avoid occlusion and results clearly depict
it, as shown in Fig.9.
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Fig. 8.

V. CONCLUSION/ FUTURE ENHANCEMENTS

Humans are detected, tracked and differentiated from each
other on the basis of Fast Mean Shift, Particle Filtering

Fig. 9.

Occlusion Removed

and Appearance Matching. Appearance matching gave us
promising results in the tracking of multiple humans. Particle
filtering tackled occlusion successfully. Real time evaluation
shows improved performance and promising results. This
system can be used for surveillance applications as well as
indoor positioning system. Experimental results shows that
in case of low image quality and reduced frame rate, this
approach works properly.

After human tracking and detection, the task at hand
would be to make the system more efficient in terms of
computational cost and speed. In this research the algorithms
are implemented in MATLAB but computational time taken
by MATLAB makes the processing very slow. Therefore, it
is suggested that the algorithms should be implemented in
a faster environment such as C/C++ so that an embedded
implementation such as DSP processor, can be achieved.
Going a step further the ’Gesture recognition” feature can
be incorporated with the existing system, thus increasing the
overall level of acuity of the system’s senses. Using this new
feature, the human motions can be extracted and various
actions can be differentiated. On the gesture recognition
human carrying out suspicious activities could be tracked
hence making it a better surveillance system.
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