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Abstract— Human tracking in dynamic scenes is an important 

topic of research in the field of computer vision. This paper 

presents a robust algorithm for single and multiple human 

motion detection and tracking in dynamic and complex scenes 

using videos. In this work, Gaussian mixture model (GMM) and 

Kalman Filtering methods are applied to improve human 

detection and tracking performance respectively. The algorithm 

is tested with public datasets like KTH and Weizmann. 

Experimental results show the high performance of the proposed 

method for single and multiple human tracking. 
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I.  INTRODUCTION  

Action recognition constitutes a widely studied field 

and a very active topic in the computer vision research 

community. This is due to the wide set of potential fields 

where the research outcomes can be commercially applied, 

such as surveillance, security, human computer interaction, 

smart houses, helping the elderly/disabled [25] and many other 

applications. Human detection and tracking is the fundamental 

step in behavior analysis of the human. 

 

Tracking is the problem of estimating the positions and 

other relevant information of moving human in video [23]. 

The main difficulties in reliable tracking include 

i. Rapid appearance changes caused by image noise, 

illumination changes, non-rigid motion, and varying poses 

ii. Occlusion 

iii. Cluttered Background 

iv. Interaction between multiple human 

 

In a video, if the dynamics of the moving object is 

known, prediction can be made about the positions of the 

objects in the current frame. This information can be 

combined with the actual image observation to achieve more 

robust results. 

Human tracking is a challenging task in the aspect of 

video surveillance and activity monitoring. Precise, robust and 

real time tracking will improve the human detection, activity 

recognition and analysis, and understanding of high-level 

event detection in a higher level. Tracking is challenging and 

is being studied in the past decade as human activity 

recognition has gained importance. The existing methods of 

tracking can be classified into four broad types: contour-based 

method, region-based method, feature point-based method and 

model based tracking method. 
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Contour based Object tracking involves the tracking 

of the boundary contour of a moving and deforming object in 

a sequence of images. First, the contour of the object is 

obtained in the first frame. Once, a rough contour of the 

desired structure is available on the first image of the 

sequence, the system automatically outlines the contours on 

the subsequent images at video rate [24].  Complexity in the 

problem may arise due to noise in the images, complex object 

motion, complex object shapes and occlusion. Also, active 

contour-based algorithms are highly sensitive to the 

initialization of tracking, making it difficult to start tracking 

automatically 

.  

In region based model, tracking of objects on the 

color distribution of the tracked object. The representation of 

the object is based on the color. Hence, this method is 

computationally efficient. However, its efficiency is degraded 

when several objects move together in the image sequences. It 

is not possible to achieve accurate tracking when multiple 

objects move due to occlusion. Also, in the absence of any 

object shape information, the object tracking is largely 

dependent on the background model used in the extraction of 

the object outlines [2].  

 

In feature point based model, feature points are used to 

describe the objects. There are three basic steps in feature 

point based tracking algorithm.  

i. Recognize and track the object by extracting 

elements.  

ii. Cluster them into higher level features.  

iii. Match the extracted features between images in 

successive frames.  

 

Feature extraction and feature correspondence are the 

important steps of feature based object tracking. The 

challenging problem in feature point based tracking is feature 

correspondence because a feature point in one image may 

have many similar points in another image, and hence results 

in feature correspondence ambiguity [26]. 

 
Model-based tracking algorithms track by matching 

image data to projected object models [27], which are 

produced according to prior knowledge of target. Models are 

usually designed manually or with computerized vision 

techniques. Since model-based rigid object tracking and 

model-based non-rigid object tracking are quite different, only 

non-rigid object tracking (human body tracking) is explained 

here because it is more closely related to people tracking 

concepts. Efficient model-based human body tracking requires 

solving three problems: development of human body models, 

representation of prior information of motion models and 

prediction and search procedures. 

 

In the proposed work, human detection and tracking is 

achieved using Gaussian Mixture model and Kalman filtering 

respectively.  In this proposed method, background modeling 

is the fundamental step. It gives as a reference frame from first 

few frames of video sequences having only background 

objects. Segmentation is employed by subtracting the 

background modeling frame from the frames of video 

sequences. Frame difference is checked with threshold value. 

If the difference is greater than threshold value, then it 

represents as a foreground pixel and if it is less then it 

represents background pixel. Morphological operations are 

used to remove all unwanted random noise pixels. The next 

step is to track the foreground objects from one frame to 

another in video sequence. For robust tracking, it is important 

to deal with shadows at motion detection and handle the 

occlusion both at segmentation level and at tracking level [1]. 

Tracking is done using recursive filters such as Kalman 

Filtering which uses state space approach.  

 

II. RELATED WORK 

An extensive works on human tracking, have been 

recently published dealing with diverse situations. This section 

reviews some relevant studies in this context, see [5] and [6] 

for surveys. Yilmaz et al. [6] is the first one who introduced a 

taxonomy giving the methods used for human tracking before 

2006. They are distributed in compact groups, presenting 

detailed analysis and comparison; based on three categories: 

Point, kernel, and contour tracking. In [7], the authors 

proposed a framework for tracking that decomposes the 

tracking process in three steps: Tracking, Learning, and 

Detection. In [4], the authors reviewed more than 100 state-of-

the art progress in human tracking. They categorized the 

tracking process in three distinct groups: Online learning 

methods, Integration of context information and Monte Carlo 

sampling. In [5], the authors reviewed existing tracking 

systems for rehabilitation and classify them into three groups: 

Non-visual, visual, and robot aided tracking. They have also 

deduced that, even though the existing systems are effective in 

various situations in rehabilitation, there are some difficulties 

that are not resolved yet, and it is due to complicated 

physiological nature of human being. 

Most of the explored methods use Kalman filter as a main 

basis element for the method's operation. This one is 

commonly used method for prediction and has been proved as 

a robust algorithm in different fields [8]–[9][10][11][12]. In 

[11], the authors developed a human motion tracking system 

based on the extended Kalman Filter for children who need 

rehabilitation. The system estimates the human's position and 

identifies the system users in order to increase the 

effectiveness of the rehabilitation. Similarly, in [13], a real 

time motion-tracking system is presented using micro inertial 

magnetic sensors along with a Kalman Filter. The 

experimental results in [13] show the tracking of an arm 

motion, the system was able to track orientations and positions 

of human segments with accuracy and effectiveness. In [14], 

an adaptive algorithm of Kalman filter for object tracking able 

to track the object in real time has been proposed. Although 

the algorithm succeeded in tracking the moving object 
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successfully in consecutive frames in complex situations, the 

algorithm does not detect the entire person. This is due to the 

fact that they used the dominant color as a feature for 

detecting the moving object. In [15], the authors proposed an 

algorithm based on background subtraction and the Kalman 

filter to track the moving object in dynamic or static 

backgrounds. This algorithm localizes the complete target 

object with precision, which contributes to improving the task 

of monitoring.  

III. PROPOSED METHODLOGY 

The proposed approach involves two major steps: 
Detection of human and Tracking of human. Detection of 
human is done using Gaussian Mixture Model (GMM) and 
tracking of human is done using Kalman Filtering. 

A. Detection of Human using GMM 

Gaussian Mixture Model (GMM) is basically one of the 

most popular techniques to construct the background model 

for segmentation of moving objects from background. GMM 

technique assigns number of Gaussian distributions for each 

pixel to estimate reference frame. If there are no any variations 

in the pixel values then all Gaussian distributions approximate 

the same values. In that case only one distribution is exists and 

the other distributions are not important. However on other 

side, if pixel values are changes continuously then constant 

number of Gaussian is not always sufficient to estimate the 

background model. In that case it is necessary to determine 

approximate number of Gaussian [1].  

The GMM based human detection algorithm is as shown in 

the Figure 1.  

 

 

 

 

 

 

 

 

 

 

Figure 1: GMM based Human detection algorithm 

 

A Gaussian mixture model is a probabilistic model that 
assumes all the data points are generated from a mixture of a 
finite number of Gaussian distributions with unknown 
parameters. The main objective of using Gaussian Mixture 
Model is to obtain accurate segmentation of the target image. 

i. Background Modeling 

 

The first step in Gaussian mixture model is background 

modeling. The Gaussians are identified and using this, 

background model is identified. In the mixture of Gaussians 

model, parameters of a pixel are modeled as a mixture of 

Gaussians. Pixel values that do not fit the background 

distributions are considered foreground. Each pixel of the 

background is modeled by a separate mixture of ‗K‘ Gaussians 

as,  

  ),,(* ,,
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i
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     ………..(1) 

where, K is the number of Gaussians (K= 3 to 5). Xt is the 
present pixel value vector ωi,t is the estimate of the weight of 
the i

th
 Gaussian in the mixture at time t, µi,t and Σ i,t are the 

mean value and covariance matrix of the i
th

 Gaussian in the 
time instant ‗t‘ respectively. 

 

ii.Estimation of parameters of K-Gaussian Distribution 

 

The parameters of K- Gaussian Distribution are Mean, 

Variance and Weight which are to be estimated. The weights 

and means are initialized to 0. Variances are set to a larger 

value ‗V0'. At every time instant ‗t‘, every new pixel value 

‗Xt‘ is checked with that of the existing ‗K‘ Gaussian 

distributions, until a match is found. A match is defined as a 

pixel value ‗Xt‘ inside 2.5 standard deviations of a 

distribution. The 'μ' and 'Σ' parameters of the unmatched 

Gaussian distributions remain the same, and the parameters of 

Gaussian ‗Gi‘ in the mixture that matches 'Xt' is updated [3]. 

 

a. iii. Classification of foreground and background 

 

After the parameters of each pixel model are updated, 

the Gaussians which are most likely to be produced by 

background processes are determined. First, the Gaussians are 

ordered by the value of ω, so the most likely background 

distributions will remain on top and the less probable transient 

background distributions will move towards the bottom and 

eventually be replaced by new distributions [22]. Then, the 

first 'B' distributions are chosen as the background model and 

expressed as shown in equation. 

 

)(minarg TB b                     ……. (2) 

 

where ‗T‘ is a threshold (0.5 < T < 1), the first 'B' 

components of the sorted mixture Gaussians are responsible 

for the background [4]. If the pixel 'Xt' is best modeled by one 

of the background components (the pixel value 'Xt' matches 

one of the 'B' distributions), it is marked as background, and 

otherwise it is classified as foreground. 

Input Video 

Background Modelling 

Calculate parameters of Gaussian: 

Mean, Variance and Weight 

Find Gaussian distribution 

Classify Foreground and Background  

Detection of Human  
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B. Tracking using Kalman Filtering 

Kalman filer is an estimator that predicts and corrects the 

states of wide range of linear processes. Kalman filter 

algorithm belongs to state space approach class of tracking 

algorithm. It can solve the tracking problems based on the 

state space equation and the measurement equation. The two 

steps for tracking the object using Kalman filter are prediction 

and correction. In prediction step, current time state estimate is 

measured from previous time step. This estimate is also 

known as a priori state estimate. It does not require any 

measurement values. Kalman filter estimates the position, 

velocity and acceleration of the object in each frame of 

sequence. It gives accurate result when there should not be any 

large variation in the speed of moving target. It can operate by 

taking linear model and Gaussian noise for better results with 

minimum mean square error. It is a recursive estimator means 

that while estimating the current state it requires previous state 

and its current measurements. These two are sufficient to 

estimate the current state. Kalman filter averages the 

prediction of system state with new measurement by using 

weighted average phenomenon so as to get more accurate 

estimated values. The Kalman Filtering process is as shown in 

Figure 2. 
 

 

 

 

 

 

 

Figure 2: Kalman Filtering Process 

Intuitively, Kalman filter takes the current state of the 

system, and makes a prediction based on the current state and 

current uncertainty of the measurements, and make a 

prediction for the next state of the system with an uncertainty. 

Then, it compares its prediction with the received input and 

corrects itself upon the error. First state for the Kalman filter 

should be defined and then predict the position of a moving 

object based on the current information of the object. For 

simplicity constant velocity model is assumed and the 

dynamics of a moving object in one-dimension can be 

described as follows:  
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1 tt vaTv                          …… (4) 

 

where xt and vt denotes the position and velocity at time t, 

and a denotes the acceleration. So, the dynamics of a moving 

object in one-dimension can be modeled by the position and 

the first derivation of it. Without losing the generality, one-

dimensional case is extended to a 2D object and conclude that 

the dynamics of a two-dimensional object can be described by 

x, y, ẋ , and ẏ . The state Xt is defined with the following 

variables of interest:                   
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where,  

2

11
2

1
aTTxxx ttt  

                          …… (6) 

2

11
2

1
aTTyyy ttt  

                         ……. (7) 

 aTTxx tt  1
                      ……. (8) 

              aTTyy tt  1
                          ……. (9) 

 

 The model used to define state transition is 

formulated as, 

 

              
11   ttt BuAXX                 ……. (10)     

 

where But−1 can be seen as the noise(or external force 

on the acceleration).       
 

The measurement matrix H to detect the position of a 

moving object in general is defined as, 

 

               










0010

0001
H  ……. (11)     

 

Basically, Kalman filter has three noise covariance 

matrices: 

 Dynamic Noise: During transition from one state to 

another, the system can be disturbed by an external 

force and add noise to the system. An external force 

can be modeled as a disturbance to the object 

acceleration. It contributes to the prediction of the 

next error covariance matrix. 

 Measurement Noise: All the measurements are prone 

to noise and this disturbance is defined as the 

Measurement Noise. 

 Covariance of State Variables 

The state variables are assumed to be independent and the 

covariance matrix of state variables is defined as follows. This 

matrix can be also referred as posteriori error covariance 

matrix. 
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 The measurement noises are independent and the 

covariance matrix of V is defined as follows, 
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The covariance matrix of dynamic noise represents 

the disturbance during transition from one state to another. It 

can be written as: 
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 The input vector is defined as, 
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All the required matrices for Kalman Filter are 

defined. The two stages, prediction and correction are 

mathematically defined as follows:  

Prediction stage: 

                             BuAXX tt  1
            ……. (16)     

                            QAASS T

tt  1
            ……. (17) 

Correction stage: 
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where, 

St = Posteriori error covariance matrix 

H = Measurement or Observation matrix 

Q = Covariance Matrix of the process noise 

But−1 = Noise (or external force on the acceleration). 

A = State Transition Matrix 

R = Covariance Matrix of the observation noise 

I = Identity Matrix 

Yt= Input vector 

IV. RESULTS 

The work uses Gaussian Mixture Model (GMM) for 
detection of human and Kalman filter for tracking of human. 
GMM method detects the moving object based on the blob 
size of foreground that has been detected. Kalman filter 
predicts the path of the human.  The algorithm for detection 
and tracking is tested with public datasets such as KTH and 
Weizmann datasets. The algorithm works well for videos 
having single human as well as multiple persons.  The results 
show good accuracy for detection and tracking of human.  

Figure 3 shows the video frame, foreground detection and 
tracking of running activity. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Video frame, Foreground detection and Tracking of running activity. 

 

 
Figure 4 shows the video frame, foreground detection and 

tracking of the jumping activity. 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

   

 

 

      

 

Figure 4: Video frame, Foreground detection and tracking of jumping 
activity. 
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Figure 5 shows the video frame, foreground detection and 
tracking of skipping sideways activity.  

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

Figure 5: Video frame, Foreground detection and tracking of skipping activity 

 

Figure 6 shows the video frame, foreground detection and 
tracking of multiple person video dataset.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: Video frame, Foreground detection and tracking of multiple human 

dataset 

 The algorithm of Gaussian Mixture Model and Kalman 
Filtering works well for single person as well as multiple 
person datasets. 

V. CONCLUSION AND FUTURE WORK 

The detection of human is instigated using Gaussian 

Mixture Model method and the tracking of human is instigated 

Kalman filter method. The consistency of tracking human 

almost reaches 100% and provides good results. 

 

Kalman Filtering algorithm is a non-linear method. The 

use of Kalman filter can be extended through a linearization 

process. This method of extended Kalman Filtering can be 

incorporated for making the tracking method linear. The work 

can be stretched for multiple datasets. In addition to that, the 

future work is in the direction of increasing algorithm 

accuracy with robustness for more challenging situations such 

as dynamic camera and dynamic background.  
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