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Abstract 

 

 This research project is carried out to determine some of the basic human 

motion detection algorithm that had been founded or developed or even researched 

previously. This thesis report would bring a presentation of these algorithms for 

researchers to get a basic idea of performing an algorithm for human motion 

detection systems. The main algorithm being discussed here are those implementing 

image subtraction methods and foreground-background segmentation approach. The 

thesis report also is aimed to give readers a main idea of the architecture of a human 

motion detection system in applications. This report is also written with the purpose 

of documenting the design and development of a prototype human motion detection 

system. Here, we presented some basic ways to perform a human motion detection 

algorithm and also a new way to consider for background updating using spatial 

information instead of temporal. The experiments carried out to evaluate the 

performance of the prototype system is attempted and its results being recorded in 

this paper as well. As a conclusion, this paper is aimed to researchers interested to 

research on the basic idea of human motion detection algorithm using image 

subtraction and foreground-background segmentation techniques. 
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Chapter 1: INTRODUCTION 

 

 In this chapter, we would just briefly look into the introduction of the project 

requirements needed for it and its purpose and aim. Also, a simple development plan 

for the prototype system which was drafted out is being presented here in this 

chapter. An overview of the system initially planned to be developed is also being 

presented here. 

 

1.1 Purpose and Objective 

As proposed earlier, this project is to be linked with another project to come 

up with the final system called Human Motion Detection System. This project 

would be focused on the Video Motion Detection module where we would perform 

research on the techniques and methodology to detect motion and to develop a 

module for a technique that we prefer to use in this project. This module would 

record down motion and pass it into the next module that would be on object 

classification where it classify human and non-human object. Thus, this project is to 

come up with a solution that detects motion effectively and record it down with one 

or more objects that are moving and causing motions. 

 

The purpose of this project is to help new researchers learn and further 

research on their topic of interest, which in this case is the human motion detection 

system. The question to be addressed here in this module is, given a sequence of 

images, how do we detect motion or track a moving object? The project is to mainly 

answer this particular question addressed by providing a prototype to emulate or 

prove the algorithms or techniques that are available to perform motion detection by 

an input of images in a number of frames. 

 

1.2 Motivation 

 Motion Detection of human has a very wide area of applications. Thomas 

and Erik [18] classified them into three major areas which are surveillance, control 

and analysis. Milan, Vaclav and Roger [16] separate three types of motion-related 

problems into motion detection which is usually used for security purposes, motion 

object detection and location which is linked to the 14th chapter discussed by 

Ramesh, Rangachar and Brian [7] where they further separate the category into 4 
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possibilities of set ups being (SCSO, SCMO, MCSO and MCMO) and finally, the 

third group is related to derivation of 3D object properties. The application for this 

field of research is clearly seen here as being very wide and broad. This research 

would thus focus on mainly the 2nd type of motion-related problems discussed by 

Milan, Vaclav and Roger [16] whereby not only detecting motion is sufficient, 

further steps are taken to obtain the object that causes the motion and using an 

recognition engine instead of just image-matching as suggested in Milan, Vaclav 

and Roger [16] to classify the object to check whether if it is a human or not.  

With this, therefore, this project is not fixed to only the first application area 

discussed by Thomas and Erik [18]. It can also be applied to applications in control 

areas or analysis areas where human motion is to be classified to distinguish them 

from other objects that cause motion. However, in this paper, we would mainly 

focus on the application of the algorithm in surveillance systems only as this would 

be a basis for human motion detection. Only some enhancement or addition needs to 

be added if the algorithm discussed were to be ported into other applications such as 

those in control application areas. For example providing inputs to Virtual reality or 

Augmented reality applications, we need to have extra recognition of the notified 

human motion returned by the algorithms discussed here. As for the classification as 

presented by Ramesh, Rangachar and Brian [7], the project’s focus would be based 

on the SCMO class meaning static camera, moving objects. The reason is simply 

because of cost factors since we only have one camera and for simplicity of the 

algorithm with the assumption of a stationary camera being used. 

 

1.3 Description 

Human Motion Detection System can be used in surveillance and security 

systems. The system that this project came up with will be useful for security in a 

fixed restriction area. Therefore, the background of the targeted area is assumed to 

be non-moving and considerations of sudden change in lightings are ignored as well. 

However, the considerations of other factors are taken into consideration. Basically, 

the initial plan was to use a technique called image segmentation to abstract the 

foreground image from the source image obtained and later processed to filter out 

noises or small images disturbance. To perform this, we would use Open Source 

Computer Vision Libraries [19] from Intel to obtain contours from the foreground 

image subtracted. We will map these contours’ pixels with the original images’ to 



3 

send raw data into the other module of the project performed by our partner on 

classifying the image frame obtained on whether it’s a human motion or not. His 

module would return a percentage of recognition rates on whether the motion 

belongs to human or not. Based on a level on acceptable percentage that it is sure 

it’s a human motion, the program would detects and displays the motion with a 

bounding box on the human which is in a different colour to other moving objects 

that caused motion as well since all moving objects are bounded by the rectangles. 

The program will record down the scene when the motion event occurs. 

 

1.4 Resources and Requirements 

Basically, the project is going to use a method described by David Moore’s 

final thesis on “A real-world system for Human Motion Detection and Tracking” [1] 

from California Institute of Technology. Mainly, this module requires functions and 

algorithms written in the Intel’s open CV library. In the hardware’s perspectives, we 

had used a webcam for testing purposes with specifications up to 30 frames per 

second and support up to 600x800 screen sizes. However, the project had only 

implemented 300x200 of resolution. The reason behind is because of speed 

performance issues and also limitation by the Intel OpenCV [19] libraries’ 

rectangles drawing functions which did not draws well with larger resolution. This 

however maybe be only a problem in the version implemented here which is 

beta3.1. 

 

1.5 Prototype Development Plan 

 The first initial step for the research project obviously would be to come up 

with a prototype program to demonstrate some algorithms that we had researched 

and maybe to come up also with some algorithms or methodology of our own. To 

come up with a prototype program, we have to of course draft out a development 

plan. First we draw out the brief assumption of the block diagram for our prototype 

program; 
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Project Block Diagram 

 

 

 

 

 

 

 

 

 

 
  

 

Figure 1: Overview of the initially planned project’s system. 

 

Then, next we had to draft a time schedule to be prepared to start work on 

this project. The initial time schedule was set to be as follow; 

Project Plan 

Semesters Months Works to be done 

1st long 

semester 

June 2004 Come up with proposal and search for related 

articles on motion detection. 

 July 2004 Continue reading related articles to further 

understand the topic of the project. 

 August 2004 Summarise information gathered. 

Prepare 1st part of the thesis (Introduction & 

Literature Review). 

 September 

2004 to 

October 2004 

Start to draft out development plan. 

Start to develop the project. 

Image 
Acquisition 

Image Segmentation

Background Subtraction

Background Update 

Model 
Generator

Foreground 
Abstraction Object 

Classification
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Short 

semester 

break 

November 

2004 to 

January 2005 

Continue to develop the project. 

Constantly update supervisor on development 

progress. 

2nd long 

semester 

February 

2005 

Continue to develop or implement techniques 

researched into the project. If managed to complete, 

start to embed together with teammates’ module. 

 March 2005 Prepare for writing the rest of the thesis remaining. 

 April 2005 Prepare for presentation of project. 

Table 1: Plan for the development of the project. 

 

 After the main preparation, we had to start to come up with a simple 

structure for this part in this project which focuses mainly on the motion detection 

module. The structure for this part of the project is basically separated into 6 tasks as 

follows: 

 

Task 

Number 

Task Description 

1 Search for research papers or journals for reference. Any papers, 

research thesis, journals, survey reports, etc. regarding motion 

detection we would collect them to assist the writings in the 

literature review & the short survey report. 

2 Prepare a short survey report to allow our supervisor to get a clear 

picture of how far our understanding is for the topic. 

3 Start the development in the prototype & record down our 

development report as we progresses. 

4 Prepares a content structure for this thesis report to allow our 

supervisor to get a brief idea of what we’re going to write in this 

thesis. 

5 Prepares the final thesis report & start the experiment to test the 

algorithms’ performances after implementation with the 

recognition engine or object classification part of the project. 

6 Finally, record down the results and finish up the thesis report. 

Table 2: Plan for the development of the motion detection module.



 

 

 

 

 

 

 

 

 

 

 

 

Chapter 2: Literature Review 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



6 

Chapter 2: LITERATURE REVIEW 

 

 In this chapter, we will look at several motion detection techniques and 

methodologies that have been researched and implemented by other researchers. For 

further understanding on their methods and techniques, refer to the reference page at 

the end of this thesis report to search for the papers or text or even websites 

published. 

 

2.1 Introduction to a Motion Detection Algorithm  

The most popular way to implement motion detection algorithm is by 

implementing the image segmentation and image subtraction techniques of 

computer vision [8]. Most of the algorithm first segments the foreground moving 

objects from the background image. To do this, they would have to take a sequence 

of images with no motion by default to initialize the background image. This 

background image would be updated subsequently to provide a real-time 

environment where changes to the background are taken into considerations. For 

example, when a moving object stopped, it would then be a part of the background 

image. Clearly, the foreground objects can be acquired by using simple arithmetic 

using image subtraction. The result of the subtraction techniques where pixels 

belonging to the current image are subtracted by the corresponding pixels in the 

background image or vice versa would obtain the foreground moving objects. After 

obtaining the foreground objects, the focus for region of interest is set to these 

foreground objects instead of the whole image. Therefore further image processing 

is performed only on these regions of interest. One of the important steps here is to 

extract important features of the moving objects to recognize the object. However, 

recognizing the object is beyond this research topic as this module of the project is 

to provide the objects and the inputs to the object classification engine. 

 

2.2 Image Segmentation & Image Subtraction 

 As mentioned, the first step of a motion detection algorithm would be the 

foreground-background segmentation step. To segment out the foreground from 

background there’s a lot of techniques available. Ming and Tim [5] presented a way 

to improve the usual image subtraction techniques which only uses the pixels 

intensity values by adding also the colour illumination invariance into the algorithm. 
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As a result, their work can also be implemented effectively on motion detection 

areas where the illumination changes rapidly.  

 

As said above, a motion detection algorithm begins with the segmentation 

part where foreground or moving objects are segmented from the background. The 

simplest way to implement this is to take an image as background and take the 

frames obtained at the time t, denoted by I(t) to compare with the background image 

denoted by B. Here using simple arithmetic calculations, we can segment out the 

objects simply by using image subtraction technique of computer vision meaning for 

each pixels in I(t), take the pixel value denoted by P[I(t)] and subtract it with the 

corresponding pixels at the same position on the background image denoted as P[B]. 

In mathematical equation it is written as; 

 

P[F(t)]=P[I(t)] – P[B]                                                                 (1) 

 

Where F refers to the foreground or resulted image after the computation at time t. 

The consideration of this most basic algorithm is based on a static background 

meaning no changes are made to the background. The background is assumed to be 

static and never changed even a little bit. The illumination of light and other changes 

which normally would take place as changes to the background is totally omitted in 

this algorithm. Thus, a better defined algorithm should be implemented to improve 

this problem and take these considerations into account. In image subtraction, the 

term subtraction gives meaning of given two images A and B, either A subtracts B 

or B subtracts A which may lead to a non-desirable result. Thus, usually we used an 

absolute subtraction technique where the result of A subtracts B and B subtracts A 

are basically the same. Ramesh, Rangachar and Brian [7] identify the image 

subtraction process by calling it difference pictures. The considerations discussed 

were identified by them as positive difference pictures, negative difference pictures 

and absolute difference pictures respectively. An important technique was 

introduced to segment objects using motion. Since the result of an absolute 

subtraction technique gives both the difference of the current frame and the 

background, an edge detection method is applied to the current frame and the result 

of subtraction and the result of the edge detection is combined using the AND 

operator. This represents a technique which combines the spatial and temporal 
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gradients provided by Ramesh, Rangachar and Brian [7]. Also an accumulative 

difference picture technique was used to give more robust change detection. This 

technique can be implemented in the process of updating the background image 

which will be discussed later. 

 

2.3 Moving Edge Detection 

 Implementing edge detectors helps in obtaining a clearer picture of the 

moving objects. Ramesh, Rangachar and Brian [7] & Milan, Vaclav, Roger [16] 

both stated in their text that using edge detectors combining with the different 

pictures will give a better result for motion detection by helping to overcome several 

limitations. There are many edge detectors algorithms being introduced in the image 

processing field. Mostly all text on image processing does cover the topics on edge 

detection. Examples of these image processing texts are [7], [8], [16] & [17]. There 

are also many online references such as [6] which describe convolution techniques 

which may be applied to edge detection algorithms as well. Ramesh, Rangachar and 

Brian [7] identified 3 steps in edge detection algorithms which are: 

• Filtering 

• Enhancement 

• Detection 

“Many edge detectors have been developed in the last two decades.” quoted from 

[7]. Some first derivatives operator masks used for edge detectors are Roberts 

operator, Sobel operator, Prewitt operator. Others use second derivatives operator 

masks such as Laplacian operator. Some uses Gaussian edge detection methods, a 

popular known method which uses it is the Canny edge detector. 

 

2.4 Motion Detection Approaches 

 There are many approaches taken by researchers to perform motion 

detection. Here we would discuss two among them, the first being the conventional 

background modelling method which updates the background based on statistical 

data approach which will be discussed in 2.4.1. The second would be a method 

identified by IBM research group consists of Ying-Li Tian and Arun Hampapur [13] 

which will be discussed in 2.4.2. 
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2.4.1 Background modelling 

 Background does not always stay the same. Thus to improve the most basic 

algorithm discussed in the previous topic, we make B into a 1D space. For example, 

let t2 denotes the time that a background is updated. An updating function denoted 

by Fn[B(t2)] refers to the function to update the background image B at time t2. 

Therefore, after performing the initial calculation, the foreground is now extracted 

from this new background denoted by B(t2). Thus changing the equation (1) into; 

 

 P[F(t)]=P[I(t)] - P[B(t2)]                                                            (2) 

 

Where B(t2)=Fn[B] meaning B(t2) is calculated by an updating function that is 

performed on the previous background. One way is by using data collected from the 

frames and performs some calculation on the background image. One example is to 

take or record down all the pixels of all the frames before time t2. After that, simply 

sums them up and calculate the average value and update the background B to get a 

new background B(t2) with this average value. However, there have been many 

ways to update the background.  

 

Ramesh, Rangachar and Brian [7]’s accumulative difference picture is 

another way to perform background updating algorithms. The advantage of their 

method is that there function such as Fn[B] discussed above can be done in every 

frames as they use an accumulative function to determine the result of the 

subtraction. Milan, Vaclav, Roger [16] also presented a similar accumulation 

different picture technique denoted as “cumulative different image” in their text. 

Ming and Tim [5] used a Gaussian mixture model based on the RGB colour space 

for maintaining a background for motion detection. Their work is effective when 

applied to outdoor motion detection systems where it is fast in response to 

illumination changes for example illumination changes arising from moving clouds. 

Moore [1] also implemented a Gaussian model for maintaining a background for 

motion detection. According to his writings, the Gaussian models update can be 

based on either the K-Means or Expectation Maximization (EM) algorithms. In 

Ming and Tim [5] paper, they chose to implement the EM algorithm. 
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After the foreground objects have been segmented, they are separated or 

identified using some algorithm to detect these regions. One of the ways is by using 

the region identification algorithm [7], [8] of computer vision where each separated 

objects are labelled differently to be able to distinguish them. Of course, some image 

pre-processing [7], [8] would have to be applied before the labelling process is done. 

Either a threshold function can be used to obtain a binary image to be labelled or 

edge detection with the convolution [6] operators can be chosen to find these objects 

in the foreground image and separate them. Some noise filtering functions may also 

be used to remove noise from the foreground images before proceeding to obtaining 

a binary image and labelling the objects. 

 

2.4.2 Salient Robust Motion Detection 

 The claim of Ying-Li Tian and Arun Hampapur [13] is that most motion 

detection approaches requires hundreds of images without moving objects to learn a 

background model. Thus, the accumulative difference pictures as suggested by 

Ramesh, Rangachar and Brian [7] would be an exception. The three major 

drawbacks of adaptive background subtraction that were identified were : 

• It makes no allowances for stationary objects in the scene that start to move. 

• It needs hundreds of images to learn the background model. 

• It cannot handle quick image variations and large distracting motion. 

Ying-Li Tian and Arun Hampapur [13] had identified previously developed 

salient motion detection methods by other researchers that were similar to theirs. In 

their method, they combine temporal difference imaging and temporal filtered 

optical flow. Their assumption was that the object with salient motion moves 

approximately consistent in a direction within a given time period. The calculation 

presented for the temporal difference is somewhat similar to the accumulative 

difference pictures’ calculation presented by Ramesh, Rangachar and Brian [7]. 

They implemented the Lucas and Kanade method for calculating the optical flows. 

A temporal filter is then applied to the results obtained from the algorithm of optical 

flows calculations. Combining the y-component and x- component together with the 

temporal difference image, they obtain the salient object. They have also identified 

some weaknesses for their algorithm in their paper which are: 
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• An object that moves in different direction such as moving in a zigzag 

cannot be detected because their assumption of the object moving in a 

consistent direction was contradicted. 

• If the object stops a while, the algorithm would lose track of it, however if it 

begins to move again, it can be redetected. 

 

2.5 Feature Extraction 

After having all the moving objects labelled and segmented, the next step is 

to understand what the object is or in other words, to recognize them. In some cases, 

we may want to classify them accordingly. However, the classification engine is 

dependent on the application where the human motion detection system is applied 

at. 

 

 Here we would describe one of the ways to provide inputs into the 

classification engine. Many features can be used as inputs into the classification 

engine depending on how we would like to distinguish the objects that are moving in 

the area of interest. In this research in particular, we would like to distinguish human 

from other moving objects. To achieve this, Song, Goncalves, Feng and Perona [2], 

[3] have used a probabilistic structure to model a human body. Using point tracking 

algorithm, they can pose estimation on the human motion to distinguish them from 

other moving objects. Their work refers to Johansson’s [9] stimuli where each joint 

of the body is shown as a moving dot which is the basis of the point tracking 

algorithm. Moore [1] stated in his writings that there are many methods of tracking 

the moving dots or points. According to him, the Kanade-Lucas-Tomasi algorithm 

stands out for its simplicity but however suffers several flaws. Thus, Moore [1] had 

implemented a derivation technique based on the work of Birchfield [10]. An 

improvement work had also been carried out by Zivkovic and van der Heijden [11] 

where they suggested a way to improve on the standard Kanade-Lucas-Tomasi 

algorithm. In their papers, they focus on the initial selection of the features points 

and suggest a method to improve the selection process to reduce detection errors. 

 

 Thus, to perform a point tracking algorithm, a motion detection algorithm 

would have to first initialize the feature points on the segmented foreground objects 
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and track their movements using either the Kanade-Lucas-Tomasi algorithm [11] or 

using a derivation of the Kanade-Lucas-Tomasi algorithm as researched by 

Birchfield [10]. After tracking the movements of these points, their position and 

velocity of their movements resulting from the tracking algorithm would be used to 

map them with the model structure of human body as presented by Song, Goncalves, 

Feng and Perona [2], [3]. Therefore, the probability of how close a moving object is 

a human being is returned. A simple classification can therefore be achieved using 

this point tracking algorithm.  

 

 Some research have also been carried out on tracking algorithms such as 

Andrew and Kentaro [15] had presented a tracking method using probabilistic 

metric space in their papers. Their method has several valuable properties such that 

it provides alternatives to standard learning methods by allowing the use of metrics 

that are not embedded by vector space. It also uses a noise model that is learnt from 

training data. Lastly, it needs no assumption of probabilistic pixel wise 

independence. 

 

 Some works have also been carried out on recognizing human motion 

without using any feature extraction. Pallbo [12] have used a neural model to detect 

motions by using each pixel in an image as a node input in the neural network. 

 

 The recognition and classification part of the system is beyond the scope of 

work and the partner in this project would survey on that however. Thus, these are 

techniques that we had managed to come across with. There are however, many 

techniques available which are not discussed in this paper. 

 

2.6 Motion Detection End Product Applications 

 Mike and Barry [14] have presented an example of motion detection end 

product applications configurations. They have identified three modes of 

configuration for their system. The first discussed was passive motion detection, 

where motion events and video are recorded into a device and at some point later 

reviewed by a Control Center. This is suitable for applications whereby no action 

needs to be taken as a result of a motion detection event but video is required before, 

during and after an event. Another type was where the Control Center operator 
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wishes to see what caused the motion detection event immediately. The third type of 

configuration discussed was for scenarios where what happens after the event is 

important, and in this situation, the system is configured so that video is recorded 

only when a motion detection event had occurred. This reduces the required storage 

requirements. Motion detection and recorded videos can then be viewed at a later 

time. 

 

 There are also many other applications of human motion detection systems 

as suggested by Thomas and Erik [18]. Instead of security surveillance systems, it 

may also be applied in the control areas of application such as providing input to 

virtual reality engines or augmented reality engines. In those areas, gesture 

recognition would be an added value to the algorithm of human motion detection 

and tracking. Thomas and Erik [18] have also suggested the analysis areas of 

application where motion detection is used for clinical studies or to help athletes 

understand their movements and improve their performance. 

 

 No matter what areas of application the motion detection is used for, the 

main architecture of a motion detection system is basically shown as below: 

 

Figure 2: A block diagram of an end product motion detection application. 

 

As shown above, an image or image sequence is captured and processed. 

Then, it would be applied to the motion detection algorithm which returns the 

moving objects that causes the motion events. Next, the gesture or pose of the 

moving objects is estimated and tracking is performed. Finally, the recognition is 

performed and output actions being triggered. 

 

This research project however only covers the motion detection algorithm 

combined with a simple recognition engine applied using artificial neural network. 
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To be specific, this part of the project is only focused on the motion detection 

algorithm. Thus, in the next chapter we would give an overview design of the 

project and the techniques and methodology which we had implemented after the 

research had been finished carried out.
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Chapter 3: PROTOTYPE SYSTEM DESIGN & ARCHITECTURE 

 

 In this chapter, we will look into the design of the methods and techniques 

implemented in the final prototype system. Diagrams of the architecture of motion 

detection algorithms are being presented here in this chapter as well. 

 

3.1 System Overview 

            √ 
Human presence 

CAM Image 
Acquisition 

Motion 
Detection 
Algorithm 

Recognition 
Engine 

Outcome and 
Actions 
Performing 

Record video  

Activate alarm  
 

Figure 3: Overview of a basic motion detection application system. 

 

As shown in figure 3, the basic human motion detection would have an alarm 

system integrated. However, the development of the prototype system did not 

include the alarm interfaces. Since there’s no hardware for the research team to test, 

the program would only go as far as recording the video where motion events 

occurred in a scene. Thus, to get a clearer picture of the system developed, figure 4 

is shown below:  

algo 1 

Signal ‘yes’ 

CAM Image 
Acquisition 

Motion 
Detection 
Algorithm 

Streaming Video Consecutive Frames 

Recognition 
Engine Record video  

Extracted Images 

Outcome and 
Actions 
Performing 

If human detected, 
signal ‘yes’ else ‘no’ 

algo 2 

 
Figure 4: Overview of the prototype human motion detection application system. 
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 As shown, there are two outputs given by the motion detection module. This 

means that there are two algorithms being implemented which are namely spatial 

update and temporal update + edge detection whose output were respectively 

denoted in figure 4 as algo1 and algo2. In this paper, we would focus on describing 

the development of the motion detection algorithm section of the prototype system 

and also the image acquisition section. With this, thus, we come up with figure 5 

which shows in detail how the prototype was designed and built. 

Threshold 

1st frame

2nd frame

Subtracted 
result 

avi 

Image 
Acquisition 

cam 
Image 
Subtraction 

Image 
Processing 

Binary Image 
Processing 

Contour 
Finding 

Erode&Dilate

Bounding 
Rectangle 
Calculations 

Found Contour

Area Mapping 

Recognition engine Output & 
Actions 

 
Figure 5: An overview of the motion detection algorithm implemented. 

 

Although the diagram have shown most of the processes for the prototype 

system, there is another important component that runs in a separated sequence to 

the processes as shown in figure 5. The background updating model is an important 

issue for motion detection algorithm. Since we’ve implemented two distinct 
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algorithms for the background updating module, this report would separate the 

discussion for these two algorithms’ background updating models. 

 

3.2 Image Acquisition 

 The system developed here, can capture sequence of images both from real-

time video from a camera or from a recorded sequence in “.avi” format. This is 

mostly an initial step for most motion detection algorithms. Images of resolution 

300x200 have been set to be captured. No matter what settings of cameras property, 

our prototype system will only use 300x200 resolutions for its calculations. Since 

we had used a camera capable of displaying more than 300x200 image resolutions 

then we assume that there should be no problem for other cameras with the same or 

even better specifications to run our prototype program. The reason for this is 

because of the limitation by the rectangle drawing functions provided by Intel 

OpenCV [19] as stated in chapter1. Also some performance issues on speed were the 

cause of us developing this project in such resolution specification. 

 

3.3 Image Segmentation & Image Subtraction 

• Image subtraction 

 

Here two subsequent images are compared and processed using arithmetic 

operation of subtraction to subtract the pixels’ value in the images. We’d 

implemented an absolute subtraction technique thus there’s no difference in 

choosing which image to subtract with which, since both would result in the 

same resulting image. Since usually colour images are used, the algorithm 

implemented considers the colour data of the images. The technique first 

separates the images to three planes or channels. Then it performs the arithmetic 

subtraction to each planes or channels. After that, the results are combined back 

again to form a colour image. Thus, as shown in figure 5, the result of 

subtraction is in an invert colour format. The reason for the inversion is simply 

because a subtraction of the pixels values was performed. 
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• Image processing 

 

The next step would be to perform some image processing operations on the 

result obtained from the previous step. The two branch coming out from this 

module as shown in figure 5 is because of two images were produced from 

different image processing techniques for different purposes from this stage of 

the process. The first is the result obtained from a threshold function. This result 

is further used for recognition purposes as it filters the human body shapes better 

then the other output. An adaptive threshold function is implemented here. The 

method is known as Otsu threshold. The other output from this stage is the 

eroded and dilated image. This function simply removes small peace of noises 

that maybe caused by camera signal noise or small pixel changes. The function 

increases the filled section of an image and then decreases it leading small 

portions being removed. The reason for using this instead of threshold for 

contour is because to draw the bounding box we want a bigger region so that we 

do not lose out any body parts on the rectangle drawn. This is only implemented 

for the 2nd algorithm; the temporal update + edge detection background update 

algorithm. The reason is simply because the 2nd algorithm doesn’t return enough 

information to be threshold by otsu threshold function thus, instead of using otsu 

threshold, dilate and erode is being implemented. 

 

• Contour finding 

 

The next step is performed on the eroded and dilated image for algorithm 2 and 

the threshold image for algorithm 1 to identify individual contours that are 

present in the image. These contours are displayed with different colours for 

contours considered as separated from one another. Those that share the same 

colour may be considered connected to each other. 

 

• Bounding Rectangle Calculations 

 

Some operations are done in order to remove overlaying boxes or rectangles 

when drawn to the source image. Basically rectangles or boxes that are near and 
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almost crosses one another’s edges would be joined up to form a larger rectangle 

or box. This would help eliminate the problem of only portion of human being 

returned to be recognised. 

 

• Binary Image Processing 

 

On the other path of the process as shown in figure 5, the threshold images 

obtained is then further enhanced to fill in the empty spaces inside the binary 

region which represents the moving object. Basically, an algorithm which scans 

through the vertical lines and filling up each vertical line’s first and last white 

pixels’ region in between is implemented. For example, if in vertical line x=1, let 

the first white pixel be in x=9, and the last be in x=13. Then this algorithm 

would fill up the pixels I(1,10), I(1,11) and I(1,12) where I represents the 

image’s coordinates. Not only the vertical lines are performed but also the 

horizontal lines are performed with the similar task too. After we obtain both the 

resulted images from these two algorithms, we use the AND operator to combine 

both the result to form a better representation of the moving object’s shape. 

 

• Area Mapping 

 

After the bounding rectangles are identified, the position is then mapped to the 

source image and the rectangle being drawn there. Mapping is done for the area 

of the bounding boxes drawn in the source and also the corresponding area in the 

binary processed image. The area from this processed binary images are the ones 

to be used for the recognition engines. This project does not cover the 

recognition engine and the output component. The recognition engine is 

implemented from the work of the partner in this project. 

 

3.4 Background Updating Algorithms 

Here we’ve implemented two algorithms to update the background image 

which is to be used in the image subtraction stage of the motion detection algorithm 

as shown in figure 5. Now we discuss the two algorithms in the following section: 
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3.4.1 Spatial Update 

The first algorithm implemented was designed in such a way where the 

background model is updated based on spatial data instead of temporal data. By 

temporal data here, we refer to the time or frame number of the images in the 

sequence. Thus, since this method uses only spatial data which means the 

background is updated based on some percentage of the pixel change in the 

subtraction result. For example, let A be an image in a sequence or being the current 

frame processed and let B represent the previous background or the initial 

background image. After processing the image subtraction stage of the motion 

detection algorithm, the resulted subtraction image is then considered. The 

percentage of pixel change is then calculated based on the number of nonzero pixels 

belonging to the resulted image from the subtraction process.  

To be exact; 

 

Percentage = number of nonzero pixels in subtraction result image (|A-B|) 

          total resolution of the images A or B or even the result image of (|A-B|) 

 

We had set the threshold for the updating process to 80% meaning the background 

will be set to a completely new image (current frame image) without any 

computations when the value of the percentage calculated with the above formula is 

greater than or equal to 80. With this algorithm, the performance speed is increased 

gradually. The reason is simply because of less computation being done. There’s no 

need for statistical data collection of the temporal information. The assumption 

being made here is that a background would only change if a camera is being 

repositioned or reinitialised. Thus, giving the spatial data which satisfy the condition 

where pixels change is higher than 80%. This method also helps to eliminate the 

need for tracking algorithm since even none moving objects that were not in the 

initial background image will be detected. However, it also suffers several 

drawbacks such as giving more false alarms which is not possible to remove and can 

only be removed by reinitialising a new background image. This algorithm’s details 

implementation and report on how the idea was being initially suggested will be 

discussed in the next chapter which is chapter 4 of this thesis report. 
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3.4.2 Temporal Update + Edge Detection 

As for the second algorithm, we had implemented here a usual motion 

detection approach for updating the background image. Compared to the first 

algorithm, this method uses much more computation steps and thus giving slower 

response or performance. The information that is obtained for the computations are 

from subsequent frames and not only depend on a single subtraction result in fact it 

doesn’t concern any subtraction process results. Basically, it uses a running average 

method written ready by Intel OpenCV [19] group. This method assembles the 

methodology discussed by some text as discussed previously in the previous chapter 

which is chapter 2 on the literature review. The methods described as accumulative 

difference is similar to the method that we present here for the second algorithm on 

the background update model. Basically, all frames are used for computation here 

for a running average image to be produced. A basic running average method is 

defined as the sum of the previous value of a pixel at a certain location with the new 

value taken by the corresponding pixel at the next frame in the image sequence with 

a certain factor of degrading the old pixel value. For example, let A represents an 

image in a sequence or being the current frame processed and let B represents the 

next image or frame in the image sequence. The factor of degrading the old pixel is 

denoted as W. The computation of the running average image R is computed as: 

 

R[x,y] = (1-W) • A[x,y] + W • B[x,y] 

 

As the computation continues, instead of using A[x,y] pixels values, the function 

will replace it with R[x,y] values to form a recurrence equation. And thus making 

the equation formed as: 

 

R[x,y] = (1-W) • R[x,y] + W • B[x,y] 

 

Notice that x and y denotes the location of the certain pixels we’re referring to on 

the computation. Thus all pixels belonging to the images are computed to give a 

resulting running average image of the same size which is used as the background 

image. The background image is therefore formed after a certain period of time and 

is constantly updated based on the frequency set for that period of update. Here we 

implemented a double layered running average meaning we implemented the same 
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formula on a number of resulting images from the running average formula to form 

a new result which is used for our background instead of directly using the resulting 

images to form our background. Therefore, there are two timer macros needed that 

defines the frequency of updating the temporal data obtained from the first layer of 

the running average function that would be used as inputs to the second layer of the 

running average function and also to define the frequency of updating the 

background using the second layer function. In algorithm 2, the moving edge 

concept is also implemented. The reason is simply because the result returned is 

completely different compared to the result obtained by algorithm 1. The perfect 

shape of a human obtained by algorithm 1 is not obtained here. Thus to help 

recognition of a human being detected, using edge would help a lot in distinguishing 

human object and non human ones. The moving edge methodology implemented 

here is different compared to the one describe in the literature review in chapter 2. 

Instead of using the AND operator to combine the edge obtained from the current 

frame and the result of subtraction, the AND operator was not used in fact. The 

implemented moving edge technique only performs a Canny edge operator [6],[7], 

[8], [16] & [17] directly on the resulted image from the subtraction process. The 

detailed implementation of this algorithm will also be further discussed in the next 

chapter. 
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Chapter 4: IMPLEMENTATION 

 

 In this section we discuss about the implementation of the techniques to the 

developed prototype system. Also, we will look into the development phases of the 

prototype system including previous algorithm that were being implemented and 

been ignored or replaced for certain reasons. 

 

4.1 Prototype Implementation using Intel OpenCV Libraries 

 In building the prototype, we’d implemented MFC (Microsoft Foundation 

Classes) libraries for some basic windows functions using some of the win32 APIs 

(Application Programming Interfaces) provided by Microsoft. For the image 

processing side, we’d incorporated the Intel OpenCV libraries [19] to do the 

processes. For the recognition engine, the partner in this project had used some 

Torch libraries [20] for Artificial Neural Network programming. Anyhow, here we 

would discuss some of the important functions that are critical to implement such 

motion detection algorithm discussed in the previous chapter. We refer back to 

figure 5 shown in the previous chapter which is chapter 3. Here, we will thus 

follows the flow of the motion detection algorithm implemented as displayed in the 

figure. 

 

• Image Acquisition 

 

Handling codes are used to distinguish the image capture options. First the 

program checks for input from camera devices. If there’s no camera devices 

attached, then users will be given an option to initialise the “avi” version where 

input will be captured from a recorded video file. The source codes to perform 

these operations are shown below: 
CvCapture* video; 
video=cvCaptureFromCAM(-1); 
 
if(video==NULL) 
{ 
 //avi version here 
 avi=1; 
 video=cvCaptureFromAVI(filename); 
} 
else 
{ 
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 avi=0; 
 Cam camDlg; 
 camDlg.DoModal(); 
} 

 

The codes shown here are simplified to show the flow, however in the real 

system the codes are more complicated as they are integrated together with MFC 

Win32 APIs.  

 

• Image Subtraction 

 

As mentioned, a colour absolute subtraction approach is being implemented. 

Thus, we had developed a customised function for this purpose. The source code 

implementing the function is as follows: 
//subfunction for color subtraction 
void cvColorSub(IplImage* img1,IplImage* img2){ 

 int x=0; 
 int y=0; 
 int p1=0,p2=0; 
 CvSize sz; 
 sz.width=COL; 
 sz.height=ROW; 
 IplImage* dst0=0; 
 IplImage* bgdst0=0; 
 IplImage* dst1=cvCreateImage(sz,8,1); 
 IplImage* dst2=cvCreateImage(sz,8,1); 
 IplImage* dst3=cvCreateImage(sz,8,1); 
 IplImage* bgdst1=cvCreateImage(sz,8,1); 
 IplImage* bgdst2=cvCreateImage(sz,8,1); 
 IplImage* bgdst3=cvCreateImage(sz,8,1); 
 //set 1st channel 
 cvSetImageCOI(img1,1); 
 cvSetImageCOI(img2,1); 
 cvCopy(img1,dst1,0); 
 cvCopy(img2,bgdst1,0); 
 //set 2nd channel 
 cvSetImageCOI(img1,2); 
 cvSetImageCOI(img2,2); 
 cvCopy(img1,dst2,0); 
 cvCopy(img2,bgdst2,0); 
 //set 3rd channel 
 cvSetImageCOI(img1,3); 
 cvSetImageCOI(img2,3); 
 cvCopy(img1,dst3,0); 
 cvCopy(img2,bgdst3,0); 
 //reset channel 
 cvSetImageCOI(img1,0); 
 cvSetImageCOI(img2,0); 
 
 //absolute subtraction for 1st channel 
 for(x=0;x<(dst1->width);x++){ 
  for(y=0;y<(dst1->height);y++){ 
   p1=(int)getPixels(x,y,dst1);  
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   p2=(int)getPixels(x,y,bgdst1);   
  if(p1>p2){ 
    setPixels(x,y,dst1)=(uchar)(p1-p2); 
   } 
   else{ 
    setPixels(x,y,dst1)=(uchar)(p2-p1); 
   } 
  } 
 } 
 
 //absolute subtraction for 2nd channel 
 for(x=0;x<(dst2->width);x++){ 
  for(y=0;y<(dst2->height);y++){ 
   p1=(int)getPixels(x,y,dst2);  
   p2=(int)getPixels(x,y,bgdst2); 
   if(p1>p2){ 
    setPixels(x,y,bgdst2)=(uchar)(p1-p2); 
   } 
   else{ 
    setPixels(x,y,bgdst2)=(uchar)(p2-p1); 
   } 
  } 
 } 
 
 //absolute subtraction for 3rd channel 
 for(x=0;x<(dst3->width);x++){ 
  for(y=0;y<(dst3->height);y++){ 
   p1=(int)getPixels(x,y,dst3);  
   p2=(int)getPixels(x,y,bgdst3); 
   if(p1>p2){ 
    setPixels(x,y,bgdst3)=(uchar)(p1-p2); 
   } 
   else{ 
    setPixels(x,y,bgdst3)=(uchar)(p2-p1); 
   } 
  } 
 } 
 
 //combines 3 channels back into the source image 
 cvCvtPlaneToPix(dst1,dst2,dst3,dst0,img1); 
 cvReleaseImage(&dst0); 
 cvReleaseImage(&dst1); 
 cvReleaseImage(&dst2); 
 cvReleaseImage(&dst3); 
 cvReleaseImage(&bgdst0); 
 cvReleaseImage(&bgdst1); 
 cvReleaseImage(&bgdst2); 

 cvReleaseImage(&bgdst3); 

 

} 

 

As shown above, the process is separated into 3 parts, separating the channels, 

performing subtraction for each of them and finally, combining back the results. 

The source codes provided here are edited to help make it readable. Functions 

such as getPixels() and setPixels() needs to be further expanded in actual coding. 
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• Image Processing 

 

As described previously, this section has two distinct kinds of image processing 

techniques being implemented. The adaptive threshold function was performed 

using a function provided by the partner in this project since the purpose was to 

give a better result for the recognition engine and helps improve his feature 

extraction algorithm. To apply a threshold value returned by the function we can 

simply use the cvThreshold(some parameters) function provided by OpenCV 

library [19]. For the other processes, libraries function by OpenCV can be 

implemented directly since they provided Dilate & Erode function in 

cvDilate(some parameters) & cvErode(some paramesters) for algorithm 2. To 

get the actual parameters for these functions one may read the OpenCV’s 

documentation or manual provided once one installed the libraries. In the case of 

algorithm 2, functions such as cvCanny(some parameters) and cvDilate(some 

parameters) is also being implemented for the moving edge concept described in 

the 2nd and 3rd chapters. However, here the moving edges method being 

implemented is different from what was described in the 2nd chapter, thus, the 

function cvAnd(some parameters) were not implemented at all as described in 

the 3rd chapter. Thus, the cvCanny(some parameters) function is performed 

directly on the resulted image of the subtraction after it was being threshold. In 

this case, it uses the image as resulted from the adaptive threshold method 

implemented instead of the dilated and eroded image. 

 

• Contour Finding 

 

Similar to those performed in the previous stage, this section can be 

implemented by using functions provided by OpenCV libraries [19] directly. 

Anyway to show how it was implemented on the prototype system, the source 

codes are shown below: 
storage = cvCreateMemStorage(0); 
if(algo==2) 

 cvFindContours(some parameters); 
else 

 cvFindContours(some parameters); 
cvZero(contourimg); 
//getting the contours rectangles 
for( ; contour != 0; contour = contour->h_next ) 
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 { 
  int color = CV_RGB( rand(), rand(), rand() ); 
  /* replace CV_FILLED with 1 to see the outlines */ 
  if(fabs(cvContourArea(some parameters))>AREA_FILTER){ 
   cvDrawContours(some parameters); 
   //further contour process here 
   CvRect rect=cvBoundingRect( contour, 1 ); 
   vectRect.push_back(rect); 
  } 
 } 

 

As shown above, the source codes prepares data for the next stage by storing 

information of the rectangle in a vector which is implemented by the Standard 

Template Library provided by the C++ language include headers. This 

information is then used for the next stage where the rectangles are bounded and 

the overlaying ones are being removed. The following section describes the 

implementation of the calculations done to do that. 

 

• Bounding Rectangle Calculations 
 

An algorithm was developed to remove overlaying rectangles caused by 

disconnected contours components. The algorithm is performed with the 

following source code section: 
//avoid overlapped rectangle loop 
vector<CvRect>::iterator iter2; 
for(iter=vectRect.begin();iter!=vectRect.end();iter++){ 

for(iter2=iter+1;iter2!=vectRect.end();iter2++){ 
  if((*iter).x+(*iter).width>(*iter2).x+(*iter2).width){ 
   if(condition1){ 
    CvRect tempRect,tempRect2,mrect; 
    tempRect=(*iter); 
    tempRect2=(*iter2); 
    mrect=cvMaxRect( &tempRect,&tempRect2 ); 
    (*iter)=mrect; 
    (*iter2)=mrect; 
   } 
  } 
  else{ 

if(condition2){ 
CvRect tempRect,tempRect2,mrect; 

    tempRect=(*iter); 
    tempRect2=(*iter2); 
    mrect=cvMaxRect( &tempRect,&tempRect2 ); 
    (*iter)=mrect; 
    (*iter2)=mrect; 
   } 
  } 
 } 

} 
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The condition 1 and condition 2 shown above are two lengthy conditions for 

cross over to happen between the overlaying bounding rectangles. One of the 

conditions is used to check whether the right side of one rectangle crosses over 

or is nearby to another rectangle’s left side. The other condition is used to check 

if it is the case of the rectangles being in opposite sides, therefore the condition 

is almost the same except that it considers the rectangles in opposite side. Both 

the condition checks also the vertical cross over that occurs. This algorithm 

helps reduces the problem posted by the 2nd algorithm, Temporal update + edge 

detection of the background updating model where only portion of a human is 

moving. This algorithm helps return the correct bounding box in a more accurate 

manner in case of such events where not only the portion is returned but the 

whole object is returned. However, it does not guarantee to solve this problem 

100%. 

 

• Binary Image Processing 

 

We developed a way to better obtain a shape of a moving object from the 

threshold result of subtraction. The algorithm to do that is performed with the 

following codes: 
//enhance binary image for recognition 
//access horizontally 
if(algo==1){ 

 for(int y=0;y<sz2.height;y++){ 
  int p1st=0,p2nd=0,flag=0; 
  for(int x=0;x<sz2.width;x++){ 
   int p1=(int)getPixels(x,y,mask); 
   if(!flag&&p1!=0){ 
    p1st=x; 
    flag=1; 
   } 
   else if(flag&&p1!=0){ 
    p2nd=x; 
   } 
  } 
  for(int j=p2nd;j>p1st;j--) 

  setPixels(j,y,tempsrc)=(uchar)255; 
 } 
 
 //access vertically 
 for(int x=0;x<sz2.width;x++){ 
  int p1st=0,p2nd=0,flag=0; 
  for(int y=0;y<sz2.height;y++){ 
   int p1=getPixels(x,y,mask); 
   if(!flag&&p1!=0){ 
    p1st=y; 
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    flag=1; 
   } 
   else if(flag&&p1!=0){ 
    p2nd=y; 
   } 
  } 
  for(int j=p2nd;j>p1st;j--) 
   setPixels(x,j,temp)=(uchar)255; 
 } 

} 

 

Notice that only for algorithm 1, Spatial Update of the background updating 

model is using this algorithm. The result obtained by algorithm 2, Temporal 

Update + Edge Detection is not returning a complete shape of the moving object 

instead it returns the edge only which is not suitable to use this algorithm since 

the edge does not bound the exact object’s shape. Also this is not the whole 

story, a AND operator is used to combine the temp & tempsrc image data used 

in the algorithm above in order to get the shape of a moving object without 

noise. It is achieve thus by using cvAnd(some parameters) as described 

previously on implementing moving edge concept in algorithm 2. 

 

• Area Mapping 

 

This section is basically implemented by using the cvSetImageROI(some 

parameters) and the cvResetImageROI(some parameters) functions as provided 

by OpenCV [19]. 

 

4.2 Development Report 

We separated the development phase into three phases 

The 1st phase is to be able to come up with a program prototype to successfully 

subtract images and updating the background. The 2nd should be able to successfully 

separate the moving regions into individual objects. The 3rd would be a final 

prototype to show the moving regions in rectangles marked in the source image. 
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4.2.1 Phase 1 Report 

 The first phase of the development report describes the development of the 

first prototype which uses a different technique to update background. This 

technique is later ignored and replace. Anyway, here we discuss about how the 

technique was used and how was it implemented at first. 

 

• Subtraction 

 

There are a few ways to perform pixel intensity subtraction between two images. 

When dealing with colour, either we separate the channels into three planes then 

subtract them separately then combine them back again or we may convert them 

into grayscale images and subtract only once. In this phase we had chosen the 

latter method as it is less computational intensive. However, we had tested using 

a normal subtraction technique using a function cvSub(); as provided by the 

OpenCV libraries [19]. The resulted image doesn’t give a good representation of 

the moving regions. This is because for objects that are darker than the 

background’s pixel intensity, it would not be marked as a moving region since 

the resulted subtraction gives 0 instead of the negative values. To switch these 

negative values into positive ones, we could simply implement an absolute 

subtraction algorithm instead. This algorithm returns both the regions of 

negative and positive results of the subtractions. The result of using this 

algorithm is much more satisfying compared to the previous method. Thus, we 

opted to choose this method for the final prototype in this phase. 

 

• Background Updating 

 

There are many ways to update the background of a motion detection system. 

One of the easiest is to simply take a new background after a fixed time interval. 

However, there are many ways to compute a formula to extract a better 

background. Some uses Gaussians, and for this prototype, we had developed a 

simple average formula at first. The result weren’t very satisfying as the regions 

subtracted do not represent a moving region correctly. Thus, we came up with a 

better formula to calculate the pixels to update the background image in our 
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motion detection system prototype program. The formula takes into 

consideration the previous background’s pixel intensity and the corresponding 

frames that follow after it was generated. It is best to be represented as : 

 

New pixel = ( 2•M + 2•S + Old pixel ) 

(3 + 2•T ) 

 

Where M is the pixel value that occurs the most in the time interval, S being the 

sum of the product of its pixel intensity and its corresponding number of 

occurrence for all frames within the time interval & T being the total number of 

occurrence for all frames within the time interval. 

 

• Noise filtering 

 

In the first phase noise filtering is achieved by performing 2 steps. The first step 

is using Dilate and Erode functions of image pre-processing provided by the 

OpenCV libraries [19]. These functions would reduce a small amount of noise 

that occurs when small unwanted pixels appears in the raw images. The next step 

is by threshold where after subtraction is performed, those pixels in the resulted 

image that has a value smaller then the constant INTENSITY_FILTER would be 

ignored considering them as small changes in the pixel value simply caused by 

camera’s low quality or small lighting changes not changes caused by 

movements which what we desired to obtain. 

 

4.2.2 Phase 2 Report 

The second phase was developed after a test prototype was developed for 

performing finding the contours on a single image. It would be troublesome to trace 

errors and bugs to directly implement it on the prototype program since the program 

captures images in an infinite loop. After successfully finding the separate contours 

in a single image, we implemented the algorithm into the program. However, there 

are still modifications to be done after that. In the second phase, contours can be 

detected meaning moving regions can be separated as individual objects. However, 

the resulted object shapes doesn’t satisfy our recognition engine. Thus, there are 
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changes that need to be performed on the next phase to allow the recognition engine 

to get better results. 

 

• Noise filtering 

 

This phase had added another filtering technique to reduce noise further and 

filter information to be passed to the recognition engine. This time the 

AREA_FILTER is used to only focus on objects or regions that are large enough 

to be suspected as a human moving in the space. Thus the contours found in the 

image that has a small area would be filtered. 

 

4.2.3 Phase 3 Report 

The final prototype has some changes compared to the previous two. As 

mentioned above, a new technique has been used to segment the moving objects to 

be passed to the recognition engine. An extra background image is stored as an 

initial background and is only updated when changes or movements detected is more 

than 80% of the screen area. This is with the assumption that the camera has been 

moved to capture a new area giving a new background. This background is not for 

the purpose of motion detection part however. It is stored in color image format. The 

rectangles drawn on the output image are the contours areas detected with moving 

objects there. To assist the recognition engine’s pre-processing, these rectangles of 

the raw color image is passed to the engine along with the corresponding rectangles 

on the color background image. A color subtraction technique is being used to 

obtained the object from the background then the further process would be to 

threshold the result into binary image and recognize it with a trained multi layer 

perceptrons(MLP) engine. This phase is completed with only showing out the 

desired inputs to the recognition engine. The final prototype would integrate the 

recognition engine and its pre-processing modules altogether. 

 

4.2.4 Motivations for a New Prototype  

Some problems such as small movement caused by humans for example 

movements of fingers or head that doesn’t gives the whole image of a complete 

human body to the recognition engine post questions to the currently developed 

prototype’s efficiency. 
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This problem is generally caused by the subtraction algorithm that allows a 

picture with human be considered as background. When a person appears in the 

image and stays still, he or she would have been considered as a part of the 

background image. There’s not much of technique which can solve this problem but 

the partner in this project, Mr. Alvin Siah had come up with the idea to only update 

the background image once 80% of movement is detected as described in the 3rd 

prototype, the method used to enhance the MLP recognition rate.  

 

This gives us the motivation to try and develop another prototype completely 

based on only this method. No information of the frames is required to be stored to 

update the background. This improves performance of the software’s acceleration. 

 

As a result we had come up with two software system that uses the exactly 

same MFC library interface. However, the algorithm written behind to perform the 

human motion detection is different. Thus, with this we can compare the 

performance of these two algorithms. 

 

4.2.5 Development of New Prototype 

Not much changes needs to be done as the ideas and algorithms are basically 

the same and are already clearly known how to be implemented. Not much time 

needed to complete this prototype. However we continue to do research work on the 

methodologies and techniques used by others for motion detection. We’ve managed 

to find out that in Ying-li Tian and Arun Hampapur, IBM [13] used a running 

average method to calculate for background subtractions. Ramesh, Rangachar and 

Brian [7] presented a method quite similar to those presented in Ying-li Tian and 

Arun Hampapur [13]. Thus, we had a new idea after reading these references to 

improve the performance speed for the 1st prototype. 

 

The equation for the running average method used to replace the initially 

described formula in phase 1 report now is as described previously to be as follows: 

(applied directly from OpenCV’s documentation) 

 

R(x,y)=(1-α)•R(x,y) + α•I(x,y) 
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where I is the current image frame, R being the running average of frame sequence 

and α (alpha) is the weight that regulates update speed (how fast accumulator forgets 

about previous frames). 

 

However, here, we used two running average images for updating the 

background model. Two timers macros have been defined for set the frequency of 

how often or seldom these running average images being updated. In this algorithm, 

the timer macros are used as the time interval which defines the time period for the 

background to be updated periodically. Thus, the algorithm consists of dual layered 

running average images. The source codes shown below perform the update 

function:  

 
myRunningAvg( img0, runave, 0.5); 

if(counter%TIMER1==0) 

myRunningAvg(runave,runave2,0.5); 

if(counter%TIMER2==0) 

 cvCopy(runave2,img1,0); 

 

With the modified old algorithm and a newly identified algorithm which updates the 

background based on spatial information which uses source codes shown below, 

 
if(percentage>=48000) 

 updatebg=1; 

 

(in another portion): 

 
if(updatebg){ 

 cvReleaseImage(&img1); 

 img1=cvCreateImage(sz,8,3); 

 cvFlip(src,img1,0); 

 updatebg=0; 

} 

 

We therefore tried to combine both algorithms into one prototype so that only 1 

executable needs to be presented. Comparing our previous method of calculation to 

using the running average, we find there’s not much difference. Thus, we had 
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chosen to omit the previously developed prototype and only continue on the new 

prototype as the new one have both algorithms implemented on it. 

 

4.3 The Final Prototype System 

 Finally, the developed prototype had implemented both algorithms. The 

prototype is separated into two modules. The first is using direct capture of images 

from camera. The latter, accepts “.avi” files. When a source for image sequence to 

be obtained is set, a dialog will be prompted. Details instruction is given on the 

options to be selected. Users are expected to click on two buttons, each button to 

prompt out 3 windows namely “Output”, “BG” and “Segments”. The two buttons 

are to initialize the algorithm whether to initialize algorithm 1 or algorithm 2. After 

the windows have been prompted out, users are instructed to press on the keyboard 

as responses. By pressing 1 – a real-time video with motions area marked will be 

displayed at the “Output” window. Respectively, pressing “2” for displaying only 

the moving regions. Also, pressing 3 for displaying the moving object's contour. The 

same button which started the algorithm is to be pressed to stop the algorithm.  

 

 As for the “.avi” version, a confirmation box to confirm whether users would 

like to run the version if a camera is not mounted would be prompted out. If a 

camera is mounted this version would not be able to run at all. After the 

confirmation is done, the open file dialog is displayed. User may select other file 

extensions to open if the format is not supported an error message will be displayed 

and the source for images cannot be set, thus, the dialog described above would not 

show. However, if an supported “.avi” format have been renamed into a wrong 

extension, only a warning would be displayed to let user know that it is not an avi 

extension, the prototype would continue to run it if the file is supported. Even if the 

file is an “.avi” type, some CODEC are not supported by Intel OpenCV beta3.1 [19] 

thus, an error will be prompted. For running an “.avi” file, when the sequence of 

images finishes, users are instructed to press any key on the keyboard to terminate 

the algorithm. 
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Chapter 5: EXPERIMENTS & RESULTS 

 

 This chapter presents the description of how the motion detection algorithm 

implemented is being tested for performance and what are the results that are 

returned in the actual implementation and also what are the expected results to be 

obtained given the resulted images that were to be passed to the recognition engine. 

 

5.1 Experiments Description 

 There are many approaches to test the performance of a motion detection 

system. Here in this chapter we will present one of the ways to test the prototype 

system developed. Since in this report we focus on the motion detection module, we 

will present a method to test the performance of the motion detection algorithm as a 

start, after that, we will take into consideration the performance of the prototype 

implemented with the recognition engine as well. Therefore, we segment this 

chapter into two parts. The first would test the performance of how many motion 

events caused by human are correctly detected with the algorithm and the latter 

would test the performance of how accurately these events are recognised as human. 

 

 To test the performance of how many motion events caused by human are 

correctly detected, we count the number of frames that a rectangle is correctly drawn 

to return a region of interest where the whole body of the human is included in that 

region. We consider the ratio of this number that we counted with the total number 

of frames included in the sequence of images passed in which has a human causing 

the motion events. This method however is only suitable to be used to test algorithm 

2, since algorithm 1 would never lose track of the human even though they remain 

static or not moving in other words. Even though algorithm 1 guarantees the region 

of the rectangle drawn covers the human, however it is very much dependent on the 

threshold result of the subtracted image. Thus, we may use the same technique to 

test the performance as well. Therefore, for testing purposes we had used a few 

video clips in the form of “.avi” file format system. We consider the effectiveness of 

the bounding rectangles in three forms, Full Bound-which means the whole human 

body must be wrapped, Sufficient Bound-which means the bounded area is good 

enough to let the recognition engine to recognise meaning it covers the necessary 

areas. 
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5.2 Expected Results 

 First, we consider a clip taken where a human is walking carrying a 

backpack. Appendix A (page 1-12) & Appendix B(page 13-22) shows the filtered 

sequence of images with human present in it and causing motion events. Thus, we 

count the number of images included there. Then we count those images that have a 

clear bounding rectangle in red colour which bounds the whole human object. 

Algorithm Full bound Sufficient bound Total frames 

considered 

1) spatial update 0 45 45 

2) temporal 

update + edge 

detection 

16 44 45 

Table 3: Expected results for first experiment dataset. 

 

For the second experiment data set, we consider a few alternatives of ways that 

human may move. 

Algorithm Full bound Sufficient bound Total frames 

considered 

1) spatial update 0 38 38 

2) temporal 

update + edge 

detection 

25 38 38 

Table 4: Expected results for second experiment dataset. 

 

In this dataset however, algorithm 2 returns many over bounded rectangles which 

may lead to trouble in recognition engine. The reason is because the recognition 

engine does not consider objects moving in left or right thus, the over bounded 

rectangles which caused the object to be in either left or right of the region to be 

considered may leads to misrecognition.  

 

This experiment only consider if a recognition engine is to use the raw 

images’ regions to recognise the humans. However in the actual case, the binary 

processed image is used for the feature extraction algorithm and the multi layer 
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perceptrons developed by the partner in the project. Thus, it would be better to give 

the expected results by considering the images that were to be passed to the 

recognition engine actually. Therefore, we choose 26 of the frames that were to be 

passed into the recognition engine from the 1st experiment dataset here, 

                 
T T T T T T T F F F F F F F F F 

          
T T T T T F F T T T 

Figure 6: Expected results for spatial update with 1st dataset. 

 

Where T denotes it is recognised as human and F denotes it is recognised as 

nonhuman. (Applies for figure 7, 8 and 9 as well) 

 

Thus, the expected results for algorithm 1, Spatial Update are:  

Identifiable frames = 15 (by human vision) 

Percentage = (15 / 26) • 100% = 57.69% 

 

For the other algorithm, 

                 
T F T T T T T T T T F F F F T T 

          
F F T T T T T F T T 

Figure 7: Expected results for temporal update + edge detection with 1st dataset. 

 

Thus, the expected results for algorithm 2, Temporal Update + Edge Detection are:  

Identifiable frames = 18 (by human vision) 

Percentage = (18 / 26) • 100% = 69.23% 
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Now, we choose 50 of the frames that were to be passed into the recognition engine 

from the 2nd experiment dataset here, 

                 
F T T F T F F F T T T T T T T T 

                 
T T T T T T F F F T T T T T T T 

                 
F F F F F F F F F F F F F F F F 

  
T T 

Figure 8: Expected results for spatial update with 2nd dataset. 

 

Thus, the expected results for algorithm 1, Spatial Update are:  

Identifiable frames = 26 (by human vision) 

Percentage = (26 / 50) • 100% = 52% 

 

For the other algorithm, 

                 
F F F F F F F F F F F F F F F F 

                 
T F T F F F T T T T T T T T T T 

 

 



40 
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F F 

Figure 9: Expected results for temporal update + edge detection with 2nd dataset. 

 

Thus, the expected results for algorithm 2, Temporal Update + Edge Detection are:  

Identifiable frames = 26 (by human vision) 

Percentage = (26 / 50) • 100% = 52% 

 

5.3 Actual Results 

 Here, we compare the actual performance of the system with the expected 

results. Identifiable frames here are referring to number of frames recognised as 

human. A recognition filter is used where only a frame that is recognised by the 

engine to be more than 90% sure that it is human would be considered as an 

identifiable frame for algorithm 1, spatial update method. This filter is implemented 

similarly to direct threshold method, meaning only pictures giving more than 90% 

that it is human would be actually considered as humans. The reason for this is 

because we found out that the recognition engine initially results too many false 

positives (nonhuman object recognised as humans). Besides this, a temporal 

recognition filter is also implemented at the final prototype system to filter out false 

positives which gives a green rectangle but a non human object bounded in it where 

it should have been a red rectangle instead. The temporal filter works by only 

marking green rectangles for positive frames (frames recognised as humans) after in 

a sequence of frames, there exist more than 12 frames that have positive results. This 

method is also implemented for algorithm 1, spatial update only. The reason why 

these filters are only implemented for algorithm 1, spatial update is because the 

recognition engines used for both algorithms are different. The algorithm 2, 

temporal update + edge detection’s recognition engine results less false positive by 

nature but however gives more false negatives (human objects recognised as 
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nonhumans) instead. That is why we remove both filters for the 2nd algorithm’s 

recognition engine. Here, we compare the results obtained by the two algorithms by 

considering the number of identifiable frames (frames recognised as humans), the 

percentage of these frames out of the total number of frames, the number of false 

positives obtained and false negatives and the performance computing the error rates 

by taking the total of false positives and false negatives divided by the total number 

of frames. Some researchers prefer to add a higher weight to the number of false 

positive in computing the performance because the critical factor is not to give a 

false alarm in case of a nonhuman object’s movement occurs. A failed detection of 

human is instead not so critical because in the following frames the recognition may 

have detected the subject also. In short, a false negative is not as critical as a false 

positive simply because the alarm is activated once a human is recognised or the 

video is recorded once a green rectangle is detected. However, here we ignore the 

weights since it is application based to determine the desired weights’ values to be 

used as computation for performance evaluation. For the purpose of this prototype 

developed we simply just sum up the number of false positives and false negatives. 

In case of implementing the algorithm to an end product application system, then we 

may want to consider the desired weights to be multiplied with the number of false 

positives and respectively the number of false negatives as well. For the first 

experiment data, the actual results obtained after implementing the recognition 

engine are as follows: 

 

Algorithm Identifiable 

frames 

Percentage False 

positives 

False 

negatives 

Performance 

1)Spatial 

Update 

24 (24/26) • 

100% = 

92.3% 

9 0 (9+0) / 50 = 

0.35 error rate 

2)Temporal 

Update + 

Edge 

Detection 

23 (23/26) • 

100% = 

88.46% 

6 1 (6+1) / 26 = 

0.27 error rate 

Table 5: Actual results for recognition running first experiment dataset. 
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 As for the second experiment data, the actual results obtained after 

implementing the recognition engine are as follows: 

 

Algorithm Identifiable 

frames 

Percentage False 

positives 

False 

negatives 

Performance 

1)Spatial 

Update 

38 (38/50) • 

100% = 

76% 

12 0 (12+0) / 50 = 

0.24 error rate 

2)Temporal 

Update + 

Edge 

Detection 

27 (27/50) • 

100% = 

54% 

5 4 (5+4) / 50 = 

0.18 error rate 

Table 6: Actual results for recognition running second experiment dataset. 

 

 Even though after referring to the results, the number of false positives 

seemed to be quite high. This is because at the expected result, we human expect 

that the engine might fail to recognise certain frame as human and thus we label it as 

negative frames with (F) instead of (T) for positives frames. The frame is also 

actually resulted by human movements and thus this does not become a problem for 

the implementation of the system. Thus, overall we still can conclude that the 

prototype system and the recognition engine can be sufficient enough to be further 

implemented into a human motion detection system. 
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Chapter 6: CONCLUSION 

 

 The final chapter would comments on the results obtained and discuss the 

several advantages and drawbacks for the algorithms implemented and compared. 

Here, we will also look into future works that can be carried out to further research 

in this area or this topic. 

 

6.1 Conclusion on the Project 

As a conclusion, both algorithms have their pros and cons. The final decision 

on which algorithm is to be chosen to be implemented in the application software 

system depends on the requirements of the application system. If it is for example a 

security surveillance system or such, the presence of a human there is much more 

important compared to the detection of motion or movements. If this is the case, 

then the latter human motion detection prototype system’s algorithm developed is 

much more suitable to be implemented. However, on the other hand, if a hand 

gesture recognition software or such is to be developed, the motion or movement’s 

importance exceeds the presence of a hand or object in the video sequence. Then, 

the previous and original human motion detection prototype system’s algorithm 

developed is favoured. 

 

The drawbacks of algorithm1, spatial update which uses spatial data to 

update background is as follows: 

• Small movements or changes in background such as a jerking screen is not 

sufficient to update the background however is causing a lot of noise to be 

detected and spoiling the recognition performance. In this case, many false 

alarms of rectangles are being drawn. 

• When a non-perfect subtraction result is obtained, the algorithm of binary image 

processing to enhance the image will result in a worse representation of a human 

shape. 

• The aspect of the percentage value to be set for the background update is 

difficult since the ratio of having high updates rates and low updates rates can be 

both causing problem to the algorithm. When high update rates, the human will 

have a higher possibility of being in the background image thus giving an extra 
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human as movement since he had left his initial position. In the contrary, having 

low update rates gives many noises to the result caused by small changes in the 

real-world background scene. 

• It requires very high illumination to be able to detect movements in the 

subtraction stage since information is being threshold by the Otsu function. 

 

However there are several advantages for this algorithm also which are: 

• It eliminates the tracking algorithm since even human presence which is non-

moving can also be detected. 

• A perfect shape of the object is obtained if conditions are satisfied where the 

subtraction would return a great result. 

 

Now we discussed about the drawbacks of algorithm 2, temporal update + edge 

detection where the background is updated periodically, 

• A non moving human is not being detected. 

• Only portion of moving body parts are returned. (partially solved by using 

bounding rectangle calculations) 

• Fails to get a perfect shape of the object since the subtraction results gives both 

background and current frame’s difference pixels resulting in an object with 

shadows. The distance of the object and its shadow cast by the background is 

very much dependent on the speed of the computer or processor implementing 

the system and also the speed of the camera’s capture measured in frames per 

second. 

• The region may return human shapes being focused in the left side, centre or 

right side simply because the obtained result of the region is through different 

processes from the result of obtaining the bounding region. 

 

The advantages of this algorithm are: 

• Using moving edges, more detailed information of the object is gained. 

• Solves the jerking cameras problem in algorithm 1. 

• Makes sure an updated background is being used unlike algorithm 1 which may 

be possible to be using an outdated background as its subtraction process’ base. 
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6.2 Future works 

 Here, we had presented a research on some image processing techniques 

implemented for motion detection algorithms and also some of the methodology and 

approaches of implementing a motion detection algorithm itself. The review 

includes research on a basic end-product implementation of a motion detection 

application. We had presented some ways for implementing the approaches 

researched and also shared some ideas for alternatives ways to implement the 

motion detection algorithm. An implementation and system design of a prototype 

system developed for testing purposes is reviewed in this report as well. 

 

 There are still many areas which can be further researched from this point 

onwards. For example, the techniques introduced may be enhanced to suit some 

problem specific applications or some domain specific applications. Also the 

techniques may be further enhanced by implementing more useful methods and 

algorithms such as those involving with tracking the object which causes the motion 

events such as those using optical flows or also known as image flows. Here, human 

motions are being detected. However, future works may also want to recognise the 

pose or gesture of the human body registered by the algorithm implemented here in 

the prototype system. 
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APPENDIX A 

Samples for Experiment of a Human Carrying a Bag (for algorithm 1) 



Appendix page 2 



Appendix page 3 



Appendix page 4 



Appendix page 5 



Appendix page 6 

 
 

 

 

 

 

 

 

 

 

 

 



Appendix page 7 

Samples for Experiment of a Human Carrying a Bag (for algorithm 2) 



Appendix page 8 



Appendix page 9 



Appendix page 10 



Appendix page 11 



Appendix page 12 

 
 

 

 

 

 

 

 

 

 

 

 



Appendix page 13 

APPENDIX B 

Samples for Experiment of Various Human Movements (for algorithm 1)  
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Samples for Experiment of Various Human Movements (for algorithm 2) 
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APPENDIX C 

Prototype User Manual and Specification 

 

The prototype is developed based on Intel OpenCV libraries functions. Therefore, to 

be safe, the two dynamic library links, “cv.dll” and “highgui.dll” shall be place at 

the same folder as the executable of the prototype system. To display the splash 

image on the output window when it is activated, “logo.bmp” is advised to be placed 

at the same folder as the executables as well. The recognition file “algo1.net” and 

“algo2.net” shall be place also in the same folder as the executables to avoid errors 

during recognition. 

 

To assist set up, all necessary files are included in the zipped folder “Human Motion 

Detection.zip”. After all the files are extracted all users need to do is just running the 

“Human Motion Detection.exe” file.  

 

To be able to run the camera version, users are advised to ensure that there’s a 

camera plugged into the computer running the program. If there’s no camera 

plugged in, then the program would ask users whether they would like to proceed to 

the “.avi” version of the software. An open file dialog box is prompted to enable 

users to select an “avi” file to be used for the prototype system software. Users may 

opt to select files that have been named with wrong extensions. However, there’s 

error handling codes to check files that are not supported by the software. The 

reason for the unsupported formats is because of the limitation of the Intel OpenCV 

libraries format supporting. Thus, any “.avi” that is supported by the libraries can be 

used for this prototype system software.  

 

After initialising the source for image acquisition, a window is prompted with 

instruction for users to follow. Two buttons are provided to users for them to select 

between running the 1st algorithm, “Spatial Update” or the 2nd algorithm, “Temporal 

Update + Edge Detection”. Three sub windows are shown after users made their 

selection. To start running the output, users need to select an output style by pressing 

“1”, “2” or “3” for the output window. Users may minimise, maximise, moves the 

window while it is running. Users may press “p” to pause the video or “r” to record 

it manually. However pressing “r” only works for the camera version. For camera 
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version, if there’s human motion being detected, it would initialise a record function 

that would record down human motion into some “.avi” files in the folder of the 

“.exe”. When there’s no presence of human motion within a period of time, then the 

record function is stopped. When there’s again human motion presence it would be 

reinitialised again and the video is now recorded to another “.avi” files numbered 

accordingly after the previous file recorded. 

 

The system runs video in 300 x 200 pixels resolution. Resizing the output window 

does not increase the image resolution but only increase the image size. Video 

settings of cameras such as web cams other than its resolution settings would take 

effect in this system. Thus, it may cause the detection algorithm to behave 

unpredictably.  
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APPENDIX D 

Prototype System Interface Design Examples 

 
Appendix D diagram 1: Initial interface. 

 

 
Appendix D diagram 2: No camera plugged error message. 

 

 
Appendix D diagram 3: Warning message for incorrect extension. 
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Appendix D diagram 4: Error message for unsupported file types. 

 

 
Appendix D diagram 5: Message prompts for user response. 

 

 
Appendix D diagram 6: Error message for unsupported AVI’s CODEC. 
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Appendix D diagram 7: Initial run-time screen before user selects output type. 

 

 
Appendix D diagram 8: Run-time screen after user select “1” for algorithm 1, 

spatial update algorithm. 
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Appendix D diagram 9: Run-time screen after user select “1” for algorithm 2, 

temporal update + edge detection algorithm. 

 


