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Abstract: In an intelligent surveillance system, object tracking provides better sense of security using 
visual information. Hence, the main purpose of this work is to develop an object motion detection system 
that detected the presence of motion in video sequences. The proposed system employed background 
modelling and image differential techniques to isolate the motion objects from its background.
Additionally, morphology processes are performed to enhance the object pixels that have been extracted so 
that a more accurate output image that comprised of the detected object can be determined. Subsequently, 
the plotting method is intentionally developed to denote the object being tracked. Two different approaches 
were utilized namely, edge detection and boundary box. The plotting process will be updated as the object 
moves in the video surrounding. In addition, a Graphical User Interface (GUI) for the system is built to 
facilitate users to apply the developed system and understand its hierarchy. GUI that acted as the 
intermediate medium creates a form of communication between users and the developed object detection 
system. The feasibility and workability of the proposed detection system along with the built GUI is 
demonstrated throughout the experimental results that clearly detect and track the moving objects in the 
video sequences recorded in the outdoor environment.
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INTRODUCTION

The use of vis ion-based camera systems in
surveillance has grown exponentially in recent years 
wherein one of the important tasks is object motion 
tracking. To realize automatic or semi-automatic
surveillance video analysis, low-level motion data must 
be initially extracted by tracking algorithms [1]. There 
have been many algorithms developed to track and 
detect the motion of interest subjects in a video
surrounding; most of them applied the four stages of 
image differencing, thresholding of the difference
image, morphological filtering and connected-
component labelling [2]. 

The main objective of this paper is to describe the 
development process of an object tracking system along 
with its GUI that will provide a communication path to 
the system users. 

MATERIALS AND METHODS

Two major works in this study consist of
developing the object tracking algorithms followed by 
designing of the GUI. Figure 1 illustrated the developed 
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Fig. 1: Flow chart of the object tracking system
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object tracking system based on background
subtraction, motion detection and tracking of object. 

Object detection algorithm based on background
subtraction and morphological processes: The basic 
idea underlying the background subtraction is image 
differentiation between the present frame image which 
contains the subject of interest and the reference images 
[11]. Thus, a set of background image frames will be 
functioned as a reference set of images. In this work, a 
better technique involves the background model as 
mentioned in [5] is applied. These background image 
pixels are represented by three values as below:

• Minimum m(x), intensity values 
• Maximum n(x) intensity values 
• Maximum difference d(x) between consecutive

frames

Next, each of the sequence images from the input 
video that consist of object motion will be processed to 
extract the object silhouette. The previous background 
model is used to segment out the foreground pixels 
from   the  background  scene.  By  taking the minimum 
m(x) and maximum n(x) intensity values and the
maximum difference d(x) between consecutive frames 
that represent the background scene model B(x), pixel x
from image I is classified by following the below
equation:

(I(x) m(x)) kd(x)
0 background 

B(x) (I(x) n(x)) kd(x)
1  foreground     otherwise

 − <
= − < 




(1)

Where k is the Gaussian distributions constant, in 
this case we consider k is ranging from 2 to 5. 

It is well known that thresholding is an important 
aspect in background subtraction procedure and it is 
quite crucial to determine the most suitable threshold 
value. Therefore, morphological processes are applied 
for a more perfect silhouette. Alternatively, morphology
is a broad set of image processing operations that 
process images based on shapes [5]. In this work, we 
applied morphological operations namely dilation and 
erosion. Both of these operations can be manipulated 
using single or combination of specific structuring
elements.

The main purpose of this step is to filter the
presence of noisy pixels in the foreground image.
Subsequently, after the object has been tracked, the 
system will apply one of the plotting methods based on 
users’ choice, namely, edge detection and boundary 
box. The  objective  of  these  methods  is  to denote the 

tracked object and update it according to each of the 
image frames of the input video. 

GUI design and development: A GUI is designed to 
present the developed tracking algorithm in a visual and 
graphical form that will ease users to interact better 
with the system. The actions are performed through 
direct manipulation of the graphical elements such as 
push buttons, radio buttons, list boxers and menus. 
These elements are arranged systematically to ensure 
that its usage is trouble-free and comprehend by the 
potential users. Generally, UI provides input, allowing 
the users to manipulate a system and an output,
permitting the system to produce the effects of the 
users' manipulation. A good UI is one that can present 
the information clearly and effectively. In designing a 
GUI, three main factors are taken into consideration 
namely, usability, simplicity and interactivity [7]. 

Usability is tangible and can be quantified.
Generally, it can be defined as “ease of use”, including 
such measurable attributes as learnability, speed of user 
task performance, user error rates and subjective user 
satisfaction. However, an easy-to-use system that does 
not support its users' needs, in terms of functionality, is 
of little value. Thus, usability has evolved toward the 
concept of “usability in the large”, ease of use, plus 
usefulness.

Simplicity does not mean lack of functionality, in 
fact it denotes a fast initial user learning curve and 
consideration for the number of concepts the user
actually needs to understand. The goal for a good UI 
design should be easy to learn, but with a built-in path 
for higher proficiency. The golden rule of simplicity is 
to design a system with components that will actually 
be used by the user, without any unnecessary elements.

In designing a UI, interactivity factor is another 
important thing that should be deemed. An interactive 
and attractive appearance of the UI will provide users a 
comfortable feeling for further use of the system. It 
should react the way users expect the system to
respond. The style of interaction offered by a UI is the 
dialog employed for communicate between the human 
and computer. The most common manner of interaction 
are menu, instructions language, WIMP (window, icon, 
menu, pointing device), form-filling, questions along 
with answers dialog, 3D interface and direct
manipulation. Each of these dialog types has their own 
structures and standard parameters. For example, direct 
manipulation is a type of interaction style that allows 
users to interact with objects by manipulating
representation of objects presented by the UI. Users 
will normally select the objects presented on the screen 
using a pointer device. Moreover, a system that offers 
error  prevention  and  error message can be categorized 
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as an interactive system from the perspective of users’ 
error handling.

RESULTS AND DISCUSSION

In this work, recorded video scenes consist of 
various human movements are utilized to examine the 
developed object tracking algorithm. Video sequences 
are recorded using one static camera placed at a
distance approximately between six to ten meters. The 
objects of interest which is specifically human in our 
study;  will  move  in  the  grey region as indicated in 
Fig. 3. The detected human identified on the original 
frame images is tracked using either the edge detection 
or boundary box method. 

Sample results and the ability of the developed 
algorithms to track and detect object of interest in video 
scenes are as illustrated in Fig. 4. The object is traced 
using either one of the plotting method and will be 
updated according to their movements in the particular 
video input. Additionally, the algorithm can also be 
applied to detect fast actions such as jumping and 
running. Moreover, it performed well for tracking
object movement in circular view as depicted in the 
first two columns in Fig. 4.

Besides that, another major work accomplished
was  designing  and  developing  the GUI (graphical 
user interfaces) for the tracking system. It is
accomplished using GUIDE, the MATLAB GUI
development  environment  that  provides  a  set  of 
tools for creating GUI.

Fig. 2: The bounding box plotting on the original RGB 
image
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Fig. 3: Camera placement for the input recorder video 
system

(i)

(ii)

(iii)

(iv)

Fig. 4: Sample results of tracking algorithm (i) original RGB image (ii) foreground object tracking with the presence 
of noisy pixels (iii) binarized image (iv) tracking outcome using edge detection method (first two columns) 
and boundary box technique (third and forth column)
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Fig. 5: A file-browsing window

Table 1: Sample of m-code for input files selection

% --- Executes on button press in pushbutton8.
function pushbutton8_Callback(hObject, eventdata, handles)
% hObject handle to pushbutton8 (see GCBO)
% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)
err.message = 0;
[FileName,PathName] = uigetfile('*.avi','Pilihan Video');
cd(PathName);
h = waitbar(0,'Sila Tunggu Sebentar...');
try
 VideoInfo = aviinfo(FileName);
 waitbar(1/3)
 handles.BilFrame = VideoInfo.NumFrames;
handles.mov = aviread(FileName);

 waitbar(2/3)
catch
 err = lasterror;
end
if err.message ~= 0
 close(h)
 errordlg('Sila pilih video jenis.avi sahaja.','Error');
 return
end

GUI is a communication tool that linked the users 
to the system, creating a path of interaction between 
each other. Appropriate graphical panels are selected 
and positioned aptly for users to explore and utilize the 

system. Additionally, we also emphasized the interface 
delivery method for better and interactive system
design and to attract users to communicate with the 
system through the GUI. For example, colour and
pattern selection is one of the major characteristic that 
must be considered in a GUI design. There are six main 
push buttons provided on the GUI named search,
process, pause, continue, about and exit. Each of this 
buttons has its own functions and executes specific 
processes when activated by the user. For instance, the 
search button is created to help users browsing for the 
video file that will be the input file of the developed 
tracking system. It is performed using the MATLAB 
function uigetfile that will pop up a file browsing 
window. Figure 5 illustrates the GUI display when the 
users hit the search button.

After choosing a specific input file, the system will 
subsequently read it and set to process that particular 
file according to the user’s next action. The m-code
written for this specific button is shown in Table 1. 

Another important push button is the process
button. It is developed to execute the object tracking
system subsequent to video input file uploaded by the 
user. At this state, the GUI manipulates the tracking 
algorithms that have already been developed separately. 
Four output are displayed namely the original video 
file, background subtraction, noise removal and output 
video. All these axis graph display depicted the results 
of the tracking algorithm in a video surrounding and 
proven to track the motion object in that video images 
successfully. As the analysis process is being run, two 
other  push  buttons  that  are  utilized are the pause and 
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Fig. 6: A preliminary design of an object tracking GUI layout
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Fig. 7: The GUI display for object tracking system

Table 2: Partial code for set up of push buttons
function pushbutton2_Callback(hObject, eventdata, handles)
% hObject handle to pushbutton2 (see GCBO)
% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)
uiwait;

% --- Executes on button press in pushbutton3.
function pushbutton3_Callback(hObject, eventdata, handles)
% hObject handle to pushbutton3 (see GCBO)
% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)
uiresume

continue button. These two buttons will request for the 
uiwait and uiresume  instruction function, respectively, 
as shown in Table 2.

Further, we have also applied a listbox graphical
panel in our GUI design. This element is developed to 
provide options for the plotting method. Users can 
select either the edge detection method or bounding box 
method. Additionally, a percentage meter showing the 
analysis progress is provided at the right bottom of the 
GUI layout. An exit push button is also placed if the 
users wish to quit from the programme. Figure 6
depicted the preliminary design of the GUI layout
whilst Fig. 7 illustrated a sample of the GUI display 
with the tracked object being analyzed.
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CONCLUSION

In conclusion, the ability of both techniques
namely the edge detection and boundary box methods 
for tracking objects in video sequences has been tested. 
The functionality of the built GUI has also been
demonstrated and confirmed. These approaches can be 
applied for pedestrian detection, monitoring of human
action, human activity recognition and smart
surveillance system. 
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