
     
 

   
   
   

 
 

Beteckning:________________ 

 
 

Akademin för teknik och miljö 

Vision-based Tracking for Intuitive Interaction on 
Webpages 

Xinze Lin 
June 2010 

Bachelor Thesis, 15 hp, C  
Computer Science 

 
Computer Science program 

Examiner & Supervisor: Goran Milutinovic 
Co-examiner: Julia Åhlén 

 
 



     
 

   
   
   

 
 

 
Vision-based Tracking for Intuitive Interaction on Webpages 

 
 

by 
 

Xinze Lin 
 
 
 

Akademin för teknik och miljö 
Högskolan i Gävle 

 
S-801 76 Gävle, Sweden 

 
Email: 

nfk08xln@student.hig.se 
 
 

Abstract 
 

Vision-based tracking technique provides intuitive experience for users to interact 
with their computers. However, such technique seldom appears on web applications 
that can be widely accessed by average users. The purpose of this paper is to suggest 
a technique that will enable more users to engage in the intuitive interaction on the 
Web. In order to achieve this, a vision based tracking system is built. The tracking 
system can be used by different types of web applications, so that a wide range of 
users can access this technique. 
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1 Introduction 

Mouse devices and keyboards have always been the dominant input devices for 
ordinary computer users along the computer development history. It would be a novel 
experience for users to try some other ways of interaction besides mouse and 
keyboards. During the past decades, different research projects have been conducted 
on vision-based interaction, aiming at providing intuitive human-computer interaction 
(HCI) manner as a possible substitute for mouse-keyboard controlling methods in 
applications. 

1.1 Problem 

Vision-based tracking technique is a way of achieving natural user interface (NUI) [1], 
which brings convenience to users to interact with applications. It has been applied in 
a wide range of application fields, from video game consoles to professional 
filmmaking workshops. However, such technique has rarely appeared on web 
applications for average users due to the requisition of high computing power or 
inconvenient hardware set-ups [2]. 

1.2 Questions at Issue 

In order to allow average users to access to the vision-based interaction technique, this 
paper will answer the following three questions: 

 

•  Is the vision-based interaction technique applicable to web applications? 
•  How can such technique be implemented using average hardware? 
•  Does such technique work well on web applications? 

 
The questions are answered by building a vision-based tracking system and testing it 
with different types of applications that can run on web pages. For more details, the 
system is capable of tracking two fingertips of a bare-hand in 2D camera-space. The 
reason for only tracking two fingers rather than five is to reduce interaction 
complexities. The system uses a single low-cost webcam for capturing video signals 
and extracts 2D positions of the fingertips from the webcam video. By analyzing 
positional and motional states of the two located fingertips in a proper way, the 
tracking system can be used to control different applications as a simple NUI. In order 
to test the usability of the tracking system, two experiments are done. The first 
experiment is to use the tracking system to control a classic video game application 
which was previously controlled by joy-pads or keyboards. Several respondents will 
be asked to play the game to test the reliability of the system. The second experiment 
examines the tracking system being connected to a GUI interface which is widely used 
in applications in different fields. 

1.3 Expected Result 

The vision-based tracking system is expected to have the ability to run on web pages, 
so that it is accessible by most web users. Besides, the system should be acceptable by 
the hardware set-up of average users. The last but not the least, the system should be 
able to work correctly in applications. In short, the system is expected to have the 
quality of high accessibility and acceptable reliability. 
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2 Theoretical Background 

This chapter introduces the related techniques and previous work in the field of vision-
based tracking techniques. 

2.1 Finger Tracking System for Human-computer Interaction 

In the field of computer vision, there exist different types of tracking techniques for 
human-computer interaction. For example, face tracking, eye tracking, hand tracking 
and Finger tracking. Since the hand is the most useful tool on human body and fingers 
can be considered the most precise units on human hands, therefore, finger tracking 
could be the best approach over all those vision-based techniques for the experiments 
in this project.  
 
Finger tracking system is mainly focused on HCI, allowing users to interact with 
virtual data by their finger movements. An integrated finger tracking system is 
consisted of two aspects, the hardware aspect and the software aspect. The hardware 
aspect is concerning what kind of external device is used for capturing user’s real-time 
motion signals. Despite of finger tracking systems being invented and used for more 
than a decade, this kind of system seldom has been adopted in consumer applications 
due to expensive or complex hardware set-ups. Therefore, this paper selects webcam 
to play the role of motion capture device due to its economic advantages: cheap, 
commercial off-the-shelf, and can be found in most of the laptops. Thus, the research 
presented in this paper only focuses on webcam-based tracking techniques. What 
needs to be concerned in the hardware aspect is the technical parameters of the 
webcam such as camera resolution, frame-rate, and other functional features 
depending on the webcam’s driver. The webcam is responsible for capturing analogue 
signals and convert them into digital signals so that they can be analyzed in the 
software aspect. The software aspect, or more precisely, the finger tracking algorithm, 
is to provide spatial positions of the fingers for applications to utilize. In this paper, 
the finger tracking algorithm is aiming at providing 2D position of two fingers for 
applications to do simple interactions such as controlling 2D video games.  
 

2.2 Related Techniques 

Generally, a vision-based finger tracking technique is a combination sequence of 
image processing and image analysis techniques. Different digital-image based 
algorithms are used to solve different practical problems during the building process 
of the finger tracking system. Therefore, each image processing technique can be 
regarded as a component for forming up the entire finger tracking technique. The 
relation between these components can be illustrated as Figure 1. 

 

 
Figure 1: Overview of the finger tracking technique 
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2.2.1 Colour Segmentation 
In vision-based hand tracking systems, colour segmentation technique is mainly 
focused on tracking colour markers or identifying human skin colour, in order to 
separate foreground objects from the background. The basic approach of colour 
segmentation is to suppress colours that differ from target colours. To explain in detail, 
for each pixel, as long as its colour distance [3] with the target colour is within the 
range of colour tolerance, it will be labelled as its nearest target colour while out-of-
range pixels will be discarded. The way of measuring colour distance is up to what 
colour feature is interested. Generally, the distance can be calculated by sum up the 
arithmetic difference in RGB each channel. An alternative to measure the colour 
distance is to measure it in HSV (Hue, Saturation and Value) colour space [4] which is 
considered as a better approach for reducing the influence of colour diversity. An 
example of colour segmentation is shown in Figure 2. 

 

 
Figure 2: Segmentation of finger colour markers, the left image is the original image, 
the right one is the labelled pixel clusters, the target colour here are red and green. 

 
When tracking colour markers, the marker colours need to be defined as target colours 
in the colour segmentation algorithm. Similarly, when tracking hand skins, the skin 
colour need to be used as target colour. However, unlike predefined colour markers, 
skin colour can be varied from one to another. In normal illuminating conditions, 
natural human skin colour can appear black, white, brown, orange or yellow, but it 
does not appear blue, green, purple and so forth. Therefore, skin colour can be 
segmented by setting proper colour range restrictions in the colour segmentation 
algorithm.  

 
The advantage of colour segmentation is obvious: positions of labelled foreground 
objects can be located without using complex position analysis algorithms. However, 
there is a disadvantage with colour segmentation technique, that is, when background 
image happen to have some pixels within the tolerance range of target colours, those 
pixels will also be taken into account as labelled pixels. Consequently, the finger 
position analysis algorithm will be misled by the unwanted pixel regions.  

2.2.2 Background Subtraction 
Background subtraction is commonly used in vision-based motion detection 
systems[5]. The purpose of this technique is the same as colour segmentation: to 
separate foreground objects from the background. The technique itself is varied from 
application to application. The basic idea is to extract foreground objects by doing 
image subtraction [6] between the foreground image and the background image. The 
higher colour difference between the foreground image and the background image the 
clearer foreground objects can be segmented. An example of this technique can be 
seen in Figure 3. If this technique being applied to a video sequence, foreground 
object can be easily identified, and the geometrical changing such as translation, 
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rotation and scaling of the foreground objects can be tracked in real-time by using 
proper position analysis algorithms.  

 

 
Figure 3: Background subtraction, the image on the right is the foreground objects, it is 
the result of the foreground image(left) subtracted by the background( middle) (source: 

Background Subtraction Picture[5]) 
 
The advantage of using background subtraction is that it avoids using colour markers 
for tracking objects, and it is especially effective for bare-hand tracking. However, this 
technique suffers a similar drawback as colour segmentation, that is, when background 
colour is similar to foreground colour, the colour difference between them is too small 
to tell whether there is a foreground object. What’s worse, when it comes to changing 
the illuminating conditions, the colour difference between the foreground frame and 
the static background frame will be enhanced. As a result, unwanted pixels will be 
identified as foreground objects. This means, the background subtraction requires a 
stable lighting environment when the technique is applied. 
 
Another alternative to background subtraction is frame differencing (FD). The idea is 
to subtract the previous frame by the current frame instead of subtracting the 
background. The advantage of FD is that it is robust to slow changes of lighting 
conditions, but its disadvantage is even greater than its advantage since it only 
segment moving foreground objects so that stationary foreground objects cannot be 
detected. 

2.2.3 Noise Filtering 
Although foreground objects are successfully segmented by the techniques above, the 
image still cannot be used directly for position analysis since “salt and pepper” noise[7] 
exists in the segmented image, and the noise can affect the correctness of the position 
analysis algorithms. For example, when a convex hull [8] algorithm is used to 
encapsulate a hand image as Figure 4a, the random distributed noises will expand the 
actual size of the hand image as Figure 4b, so that the convex hull algorithm cannot 
encapsulate the exact hand image, and this could be a trouble for tracking the correct 
position of the hand. Many position analysis algorithms are sensitive to such noises. 
Therefore, the influence of noises should not be ignored. 
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Figure 4: Influence of the noises on convex hull algorithm 

 
As a matter of fact, the salt and pepper noise comes from the analogue-to-digital 
converting process of the camera device, and it is inevitable. The only thing that can 
be done to diminish the influence of the noise is to apply noise reduction filter. In the 
field of image processing, the most commonly used noise reduction method is to apply 
median filter [9]. The median filter is a type of order-statistics filter [10] (see Figure 5). 
Its idea is to iterate through all the pixels on the image, and then, for each pixel, it 
sorts itself with its neighbour pixels in a 1D queue, and the middle element of the 
queue will replace this pixel. The reason why a noise is perceived as noise is that, it 
always has a higher intensity than its neighbour pixels. By replacing the noise with the 
median of its neighbours, the noise has a very high chance to be removed. However, in 
many cases, median filter is able to suppress most of the noises, but not enough to 
suppress all the noises. Thus lower-rank order-statistic filter such as minimum 
filter[11] can be used to increase the chance of suppressing noises, but the price is to 
lose more desired pixels on the hand image. This could be a trade-off depending on 
the demand from different position analysis algorithms. 
 

 
Figure 5: An example of 3x3 order-statistic filter 

 

2.2.4 Position Analysis 
So far, the hand image has come to this stage. After noise removal, the image should 
be good enough to represent the actual finger positions. The purpose of the position 
analysis stage is to estimate the locations of fingers from the hand image. To start the 
position analysis, the first step is to make sure what kind of image is being analyzed, 
markered hand image or markerless hand image, because algorithms for markerless 
tracking is quite different from marker-based tracking. In marker-based tracking, the 
pre-processed image only contains the labelled pixels of the fingertips when the 
markerless approach contains the entire hand. By calculating the average position or 
bounding box centre of the pixel clusters, the finger positions can be found.  
 
In contrast with the marker-based approach, the markerless one is more challenging 
since the hand image has a more complicated pixel distribution. There are several 
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kinds of algorithms for detecting fingertips from a hand image. One of the most 
effective algorithms for fingertip detection is shape filtering. Letessier, J. & Bérard, 
F.[12] successfully find the fingertips by using a shape filtering algorithm which they 
called Fast Rejection Filter. The idea behind their Fast Rejection Filter is that, human 
fingertip can be represented by a circle model which is shown in Figure 7a. By using 
this circle model to do template matching on each position of the hand image, the 
matching result can tell if the current searching region of the hand image matches the 
circle model. If unmatched, the image pixel on current position will be “rejected”. By 
rejecting all the unmatched pixels, the rest of the pixels can be analyzed in the same 
way as in marker-based approach to get the finger positions. 
 

 
Figure 7: Fast Rejection Filter, red circles represent matched cases, blue circles are 

examples of unmatched positions, green regions represent reserved pixel clusters     
(Source: Letessier, J. & Bérard, F.[12] ) 

 
The advantage of Fast Rejection Filter is that it can detect fingers in arbitrary 
orientations, and it is especially useful for finger tracking system that involves two or 
more hands. However, the filtering algorithm is an exhaustive template matching 
process over the image space, so it requires an enormous computing power from the 
computer hardware. 
 
Despite there being other advanced fingertip detection techniques, since this project is 
aiming at being acceptable by average hardware, low-cost algorithms should be used 
to finish position analysis task. In this project, a hand contour peak detector is 
proposed to find fingertips. The idea of this algorithm is based on an assumption that 
“In most of the cases, every finger is a peak on the hand contour”. The assumption 
comes from an empirical observation when user’s hand moves over the entire camera 
space. The peak detecting algorithm itself is very simple. As is shown in Figure 8, an 
up-to-down vertical scan-line sweeps the hand contour from one side to the other. 
During the up-to-down scanning process, if a scan-line hits the hand contour, it stops 
at the collision point, and the y position of the collision point will be stored in a 1D 
array at the corresponding x position, then it starts the next vertical scan-line. As is a 
common knowledge that a peak is the highest point among its neighbours, the peak 
can be detected on the fly by checking if an element is a local maximum among its 
neighbour elements in the 1D array. The benefit of this algorithm is avoiding 
exhaustive template matching and even avoiding running through all the pixels on the 
entire image. 
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Figure 8: The scanning process of the peak detector, red lines are trails of the scan-line, 

green region is the hand contour, and blue dots are the located peaks.  
 

After the fingertip positions are found in the position analysis stage, the finger 
tracking system has already accomplished its tasks. The rest of the job is left to state 
analysis algorithms of the applications. 

2.2.5 State Analysis 
The ultimate goal of the finger tracking system is to make applications understanding 
user’s intention by analyzing their real-time finger positions. State analysis phase is 
exactly the process of applications learning user’s intention. The idea of this process is 
to use the finger positions to trigger input states of applications. The process itself is 
application dependent since different applications require different ways of interaction. 
Therefore, this section only presents some state analysis examples that are related to 
this project. 
 
The first example is using collision detection to trigger the input states. As Figure 9 
shows, the position of the index finger and the thumb is located by the position 
analysis algorithm, and they are represented by two small circles. When the circles hit 
each other (Figure 9b), the application can identify the finger state as “close”; when 
the circles are away from each other (Figure 9a), the application can identify the hand 
state as “open”. This algorithm will be very useful when applied to a drag-and-drop 
interface [13] by using “close” state to grab an object and using “open” state to release 
the object. 
 

 
Figure 9: Finger open and finger close, the green circle represents the index finger 

when the red circle represents the thumb.  
 
The second example is to use a virtual panel to trigger the input states of a simple 
video game. The game is about controlling a paddle to move left or right to prevent a 
ball from falling off the playing field. As is shown in Figure 10, the panel can switch 
the moving state of the paddle according to which triggering area the finger lays in. 
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For more action states, the panel can add more triggering area. 
 

  
Figure 10: Virtual panel for controlling simple video game 

 
The third example is to use moving speed of the finger to trigger the input states. The 
moving speed is the spatial distance between current position and previous position, 
and it is a scalar. By setting some intervals, the application can trigger the input state 
by checking if the scalar is in the intervals. 

2.3 Previous work 

Vision-based interaction technique is not a new invention. Many visual interaction 
techniques have already been proposed. One of the most straightforward finger 
tracking methods is to use colour segmentation to track colour markers on fingers as is 
shown in Figure 11. In this example, the system uses red and green colour as target 
colours, other colours which are similar to target colour will be labelled as target 
colour. That is to say, almost all marker pixels will be labelled as target colours. In the 
position analysis stage, by calculating the centre of gravity or centre of bounding box 
from these labelled pixel clusters, finger positions can be found. This is probably the 
simplest technique in the field of vision-based finger tracking.  

 
Figure 11: Colour marker-based finger tracking. 

 
Besides the colour marker approach, there are other different vision-based interaction 
techniques. In Crampton, S. & Betke, M [14], a markerless finger counter is presented 
which is capable of counting user’s fingers from one to five, and then applications 
execute predefined commands according to the finger number. In their algorithm, 
background subtraction is used to segment the hand image so that the system does not 
require any colour markers to identify finger positions. By using Prewitt filter [15] to 
detect edges of the hand image, finger contour in the hand image is extracted. In the 
state analysis process, they define a rectangular region of interest (ROI) to contain the 
finger contour. As they observed human fingers are protruded in radial fashion, they 
convert the finger contour from Cartesian coordinate system to polar coordinate 
system so that fingers in radial space can be counted in Cartesian space by straight 
scan-lines. (See Figure 12) Finally, the application using this finger counter can tell 
which option the user wants to choose. For example, when the user is holding three 
fingers in front the webcam, the application will execute the third option of the option 
menu. 
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Figure 12: From Cartesian to polar coordinates (Source: Crampton, S. & Betke, M [14]) 

 
Their system provides users an easy-to-use interface. However, it cannot fulfil the 
requirement from majority of the interfaces, since most interfaces involve more than 
five input states,  
 
Another visual tracking technique can be found In Manresa, C., Varona, J., Mas, R. 
and Perales, F.J.[16]. In their paper, they present a real-time gesture recognition 
system that can be use to control video games. Their approach is completely different 
from the previous one. The hand image is segmented by the feature of human skin 
colour, and their state analysis is based on matching convex hull of the hand images. 
When the current convex hull is nearly the same as a template in the database, the 
current hand gesture will be classified as the corresponding known gesture and trigger 
the corresponding input state(up, down, left, right etc, see Figure 13). The drawback of 
their system is that it can only have one input state at the same time. In contrast, the 
finger tracking system presented in this paper can handle multiple input states which 
allow the game character to combine the actions. 

 

 
Figure 13: Input state templates (Source: Manresa, C. Varona, J. Mas, R. and Perales, 

F.J.[16]) 
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More advanced techniques can be found in the field of vision-based finger tracking. In 
the project of Malik, S. [17], his finger tracking system is capable of tracking 3D 
position and 2D orientation of the fingers. However, his system requires a stereo-
camera setup to mimic a binocular vision which helps the algorithm to perceive the 
spatial depth of the fingers. The cost and the complexity of a stereo-camera is much 
higher than a single webcam, therefore it leads to a lower chance for average users to 
access to this 3D tracking technique. 

 

3 Method 

3.1 Designing Finger Tracking System 

At the hardware aspect, a low-cost webcam is used for capturing video signals. At the 
software aspect, in order to finish the finger tracking system in a short time period, 
various existing image processing techniques are adopted. For each frame of the video 
stream, background subtraction is used to segment out the hand image, 
thresholding[18] is used to convert the segmented colour image into binary image. 
Then an minimum filter is used to remove salt and pepper noises from the binary hand 
image. Finally, a vertical scan-line sweep the entire binary image from right to left to 
extract two highest peaks along the upper contour of the binary image. These two 
peaks are regarded as the positions of a thumb and an index finger. Application side 
will utilize the property of these two fingers to give corresponding reactions. 

3.2 Test Applications for Evaluating the System 

Two applications will be run on a computer with average hardware set-up. Finger 
tracking technique is used in the applications. The applications will be attempted to 
run on a web-browser.  

3.2.1 Super Mario Test 
Super Mario Bros [19] (see Figure 13) is one of the most famous classic action games 
which requires intensive physical ability from gamers such as hand-eye coordination 
and real-time reaction. Intensive movement is a great challenge to real-time visual 
tracking. Thus, this type of game can be a good application for testing if the finger 
tracking system is robust enough to capture intensive hand movements from gamers. 

 

 
Figure 13: Super Mario Bros, game screen-shot (Source: Super Mario Bros [19]) 

 
To begin this experiment, the finger tracking system is connected to the controlling 
interface of the Super Mario Game. As the next step, 10 random respondents are asked 
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to play this game using the finger tracking system. They are asked to perform a series 
of predefined tasks in the game. By recording the occurred errors during their task 
performance, the usability of the finger tracking system is evaluated. 

3.2.2 Drag-and-drop GUI Test 
“In computer graphical user interfaces, drag-and-drop is the action of (or support for 
the action of) clicking on a virtual object and dragging it to a different location or onto 
another virtual object. In general, it can be used to invoke many kinds of actions, or 
create various types of associations between two abstract objects.”[13] 
The drag-and-drop GUI is a fast and easy-to-use technique for users to perform tasks, 
therefore it is very common in many applications. The drag-and-drop interface can 
show how intuitive interaction could be like when using finger tracking. To begin with 
this experiment, the finger tracking system is connected to a drag-and-drop interface. 
Then 10 random respondents are asked to perform a series of predefined drag-and-
drop tasks. They’re required to drag several specific virtual objects to some specific 
locations. By recording the occurred errors, reliability of the finger tracking system 
can be evaluated. 

4 Realization 

In this chapter, the building process of the finger tracking system and the test 
applications will be described in details as well as the evaluation process. 

4.1 Building the Finger Tracking System 

In this section, the entire building process will be described in details. The flowchart 
of the system is shown in Figure 14. 

 
Figure 14:Flowchart of the finger tracking system 

4.1.1 Hand Segmentation 
First of all, there are three steps needed to be done on the camera inputs as a 
preparation for the hand segmentation process. The first step is to flip the input camera 
image horizontally so as to make the video act like a mirror (Figure 15). 
 

 
Figure 15: Mirrored camera input 

 
The second step is to crop the right half area of the mirrored video image to avoid 
having unwanted moving objects inside the image, especially the body parts of the 
user. The hand of the user is the only thing that is expected to move inside this camera 
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area. An example is shown in Figure 16. 
 

 
Figure 16: Cropped camera area 

 
The last step is to make sure no movable objects are inside the cropped camera area 
then take a snapshot of the scene background and store it in system memory. (Figure 
17) 

 
Figure 17: The stored scene background image 

 
Now that the preparation steps are ready, the hand segmentation process begins. Since 
the system emphasises the accessibility and convenience to web users, the finger 
tracking technique should not get involved with colour markers which increase the set-
up complexity of the system. Thus, bare-hand segmentation is needed, and that is why 
background subtraction is adopted in this stage. As mentioned in section 2.2.2, 
background subtraction calculates an arithmetic difference on RGB channels between 
foreground and background image. The foreground image here refers to the real-time 
updating camera image. The algorithm can be expressed by following pseudo codes: 
 
Set OUTPUT as the result image, OUTPUT(X ,Y) is the pixel of OUTPUT on  X, Y; 
Set FORE as the foreground image; 
Set BACK as the background image; 
For each X, Y position on both images: 
 OUTPUT(X, Y).red    =absolute( FORE(X, Y).red   -BACK(X, Y).red ); 
 OUTPUT(X, Y).green=absolute( FORE(X, Y).green-BACK(X, Y).green ); 

OUTPUT(X, Y).blue  =absolute( FORE(X, Y).blue  -BACK(X, Y).blue ); 
Loop; 
 
The visual effect of this algorithm can be seen in Figure 18. 
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Figure 18: The effect of background subtraction 

 
In order to make the result image more convenient to be analyzed, it needs to be 
converted into a binary image. The converting approach is to apply image 
thresholding. The idea of image thresholding is to reserve or discard pixels according 
to their colour distance [3]. The algorithm can be demonstrated by the following codes: 
 
Set INPUT as the result image from the background subtraction approach; 
Set OUTPUT as the result of this thresholding algorithm; 
Set DIST as colour difference of a pixel; 
Set THRES as the threshold value for deciding what pixels to be discarded. 
For each pixel P in INPUT: 
 DIST=sqrt(P.red^2 + P.green^2 + P.blue^2); 
 If DIST>=THRES: 
         OUTPUT(P.x, P.y)=255; 
 Else: 
         OUTPUT(P.x, P.y)=0; 
Loop; 
 
The result is varied depending on the threshold value. The visual result of the 
algorithm can be seen in Figure 19. 

 
Figure 19: Results of different threshold values, white pixel stands for value 255, black 

pixel stands for value 0. 
 
The threshold value needs to be carefully chosen since low value leads to noises when 
high value leads to defects. Threshold value in this project is chosen experimentally so 
as to suppress as much as the noises and reserve as much as the hand image. 
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4.1.2 Noise Filtering 
After the binary hand image has been segmented, now it has to face the fact: Shot 
noise [20] exists in every frame of the camera input due to the allowed errors in charge 
coupled device (CCD). It causes salt and pepper noises appear now and then, here and 
there. Since the position analysis algorithm is sensitive to such noises, it is necessary 
to remove these unexpected noises before the binary image being analyzed. Standard 
image processing techniques for removing noises is to use order-statistics filters such 
as median filters which is mentioned in section 2.2.3. However, according to the 
practical use of the median filter, although it suppresses a great portion of the noises, it 
is still not enough to remove all the unwanted noises in the image. Thus, minimum 
filter, which has the strongest noise suppression capability, is adopted instead of the 
median filter. A comparison between median filter and minimum filter can be seen in 
Figure 20.  

 
Figure 20: A comparison between median filter and minimum filter 

 
The drawback of minimum filter is that it makes hand image even thinner which 
enhances the defects of the hand image, but this is affordable since the hand image is 
always thick enough. Two examples of minimum filter are shown in Figure 21. For 
each pixel on the binary image, it fetches the neighbour which has the lowest value to 
replace itself. 
 

 
Figure 21: Two examples of minimum filtering on a pixel. The grey grid is the current 

pixel, and the white grids are its neighbour pixels. 
 

4.1.3 Fingertip Detection  
As mentioned in section 2.2.4, the peak detector is used to accomplish this stage. The 
detector scans through the hand contour and labelled all the pixels that are local 
maximum. The highest two among these pixels are expected to be the positional 
representation of the thumb and the index finger. However, sometimes a peak can 
contain more than one pixel, which can lead to misidentifying the same finger as two 
individual fingers. (See Figure 22) 
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Figure 22: Labelled pixels on the peaks 

 
Hence, in the fingertip detection algorithm, once a pixel on a peak is labeled, it 
suppresses other pixels being labeled on the same peak. Finally, the position of the 
two labeled pixels can pass to the application side. The pixel on the left represents the 
thumb when the pixel on the right represents the index finger. The drawback of this 
algorithm is that, when the thumb and index finger stick together, they will be 
identified as only one finger, and this will lead to a system error. 
 

4.2 Connecting Finger Tracking System to Applications 

Now the position of the thumb and the index finger are identified, how to use them is 
up to the action requisition from the application. Two example of how to connect the 
finger tracking system to applications are presented in this section. 

4.2.1 Connecting to Super Mario Game 
The game application was previously controlled by keyboard or joy-pad buttons to 
trigger the actions of the player. The button layout can be seen in Figure 23. In order 
to use finger tracking to handle player’s actions, the entire list of player’s actions 
should be identified as a first step. The list of the actions is shown in Table 1. 

 
 

 
Figure 23: Button layout for Super Mario Bros 
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Table 1. Actions of the player 

Actions Visualization Action Description for button control 
Idle 

 
When no button is pressed, the player stands 
still and waiting. 

Move Left 
 

Controlled by Left button. The player runs left 
wards, running speed increases when combo the 
Left button with the Attack button. 

Move 
Right  

Controlled by Right button. The player runs 
right wards, running speed increases when 
combo the Right button with Attack button. 

Crouch  Controlled by Down button. Stop moving and 
minimize his size so as to dodge enemy’s 
bullets. 

Jump 
 

Controlled by Jump button. The player jumps 
upwards and then falls down. 

Attack 
   

When player gets his power-up, by pressing the 
Attack button, he will shoot a bullet to wipe out 
the enemies. 

 
The solution for handling action Idle, Move Left, Move Right and Crouch is to use a 
virtual panel which has been briefly introduced in section 2.2.5. The layout of the 
panel can be seen in Figure 24. 
 

 
Figure 24: Layout of the virtual panel, in this picture, the input state Move Right Faster 

is triggered, so the player runs rightwards with a faster speed. 
 

The virtual panel is invisible in actual game-play, and it is always locked on the player 
to have him in the panel centre. With this panel, the player can follow user’s finger, 
and this is much more intuitive compare to the button approach. 
 
So far, there are two actions remaining to be handled. One is the Jump action, the 
other is the Attack action. In this application, the Jump action is handled by the 
vertical motion speed of the index finger. When the finger moves upwards fast enough, 
it triggers the Jump action. Faster moving speed allows the player to jump higher. On 
the other hand, the Attack action is handled by the collision detection between the 
bounding rectangles of both fingers (see Figure 25).  When the rectangles hit each 
other, the Attack action will be triggered for once. 
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Figure 25: Collision detection between the thumb and the index finger, when the thumb 

moves towards the index finger, the player will shoot out a bullet. 
 

Finally, the finger tracking system is connected to the game application. Users can use 
their fingers to experience the intuitive gaming. 

4.2.2 Connecting to Drag-and-drop GUI 
Drag-and-drop interface is usually controlled by mouse pointing device, by pressing or 
releasing the mouse button to switch action state. The action sequence in this interface 
is quite simple since it only involves three actions: 
 
1. Drag: To activate a virtual object by pressing the mouse button. 
2. Move: The activated object follows the mouse cursor persistently. 
3. Drop: Deactivate the active object by releasing the mouse button. 
 
Solution for handling these three actions is to use finger collision detection as is 
shown in Figure 26. The Drag action is triggered by the case when the thumb and the 
index finger hit each other as is shown in Figure 26b. The Drop action is triggered by 
the separation of the two fingers (Figure 26a). As is shown in Figure 26c, the cursor 
position can be emulated by position of the blue circle which is the midpoint of the 
thumb and the index finger. 

 
Figure 26: Emulating mouse pointing device by fingers. 

 
In the end, both test applications are finished, the rest of the works is to evaluate these 
two applications. 

4.3 Evaluation of the Applications 

In this paper, two experiments are conducted for evaluating the finger tracking system. 
Each experiment is done by doing predefined action sequence. Errors will be recorded 
during the test, and 10 users will be asked to test both applications. Before the test, the 
users will be given a short tutorial on how to interact with the applications. The test 
environment will be a computer that with average hardware settings. The applications 
will be run on a web-browser. 
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4.3.1 The Super Mario Test 
The test sequence for the Super Mario application is presented in Table2, the sequence 
is a series of the most frequent events in actual game-play. The users are asked to 
perform the 6 tasks in the table. The purpose of the test is to check if the finger 
tracking system can handle common events of the game. 

 
Table 2. Test sequence of the Super Mario game for each user. 

Task Visualization Description of the task 
Crouch Figure 27a Control the player to perform crouch action. 

Keep the player crouching for 5 seconds, and 
then stand up. Then crouch another 5 seconds. 
If other actions like attack, jump and move are 
triggered during the task, the task will be 
marked as failed, otherwise passed. 

Move Left 
and Right 

Figure 27b Control the player to move from point A to 
point B, and then move back to point A.  If 
other actions like attack, jump and crouch are 
triggered during the task, the task will be 
marked as failed. 

Jump and 
Hit 

Figure 27c Control the player to jump upwards to hit the 
block above him. If other undesired blocks are 
hit by the player, the task will be marked as 
failed. 

Jump over 
Pitfall 

Figure 27d Control the player to jump over the pit. If the 
player falls into the pit, the task will be marked 
as failed. 

Precise 
Landing 

Figure 27e Control the player to jump on a small block, 
and then control him to jump to another higher 
one. If the player falls to the ground during the 
jump, the task will be marked as failed. 

Jump and 
Shoot 

Figure 27f   Control the player to jump in the air, before he 
lands on the ground, control him to shoot two 
bullets. If more or less than two bullets are shot 
during the jump, the task will be marked as 
failed. 

 

 
Figure 27: Test sequence for the game application  
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By getting the statistics of the passed users from each task, the reliability of the system 
on game applications can be shown. 

4.3.2 Drag-and-drop GUI Test 
The layout of the drag-and-drop GUI application can be seen in Figure 28a. Each 
green square is a movable object that waits to be dragged by the users. The users are 
asked to perform 10 tasks that are shown in Table 3. The tasks are similar with each 
other, each of them is to drag a specific object and drop the object on a target area. At 
the beginning of each task, the object layout will be set as Figure 28a. During the task, 
if the user drags the wrong object or drops the object on the wrong area, the task will 
be marked as failed. In each task, the drag action and the drop action are only allowed 
to be performed once. 

 
Figure 28: Test sequence for the game application 

 
Table 3. Test sequence of the drag-and-drop interface for each user. 

Task Description of the task 
1 Drag object5 to Area A as Figure 28b shows.  
2 Drag object1 to Area B 
3 Drag object7 to Area A 
4 Drag object9 to Area A 
5 Drag object3 to Area B 
6 Drag object4 to Area A 
7 Drag object6 to Area B 
8 Drag object2 to Area A 
9 Drag object8 to Area B 

10 Drag object5 to Area A 
 

By getting the statistics of the passed tasks, the reliability of the system on GUI 
interactions can be shown. 

5 Result 

The applications have been run on a laptop computer with a Core2 2.2GHz CPU. The 
video capture device was the integrated webcam of the laptop that provides 640x480 
image resolution at a frame-rate of 30Hz, but in order to minimize the CPU burden, 
320x240 at 25Hz was used instead in the applications. For more detail, the 
applications were implemented in Flash Player 10, which is a common plug-in among 
web-browsers. The browser used for this test was Microsoft Internet Explorer 6. 
Applications were successfully run on the web pages. The entire test was done in a 
computer room with stable lighting conditions. A white wall was used as the 
background of the camera inputs. 
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The test result of the game application is shown in Table 4.  
Table 4. Errors in the Super Mario test, empty grid stands for passed. 

  
1 

 
2 

 
3 

 
4 

 
5 

 
6 

 
7 

 
8 

 
9 

 
10 

 
Crouch 

          

Move Left 
and Right 

          

Jump and 
Hit 

  Fail  Fail     Fail 

Jump over 
Pitfall 

          

Precise 
Landing 

  Fail   Fail     

Jump and 
Shoot 

Fail  Fail Fail     Fail Fail 

 
The correctness of each test event can be seen in Figure 29. 

 
Figure 29: Correctness of each test events 

 
In the test of the game application, the events “Crouch”, “Move Left and Right”, and 
“Jump over Pitfall” were perfectly performed by each user. Errors mainly occurred in 
the events “Jump and Shoot” and “Jump and Hit”.  
 
On the other hand, the test result of the drag-and-drop interface can be seen in Table 4.  
Table 4. Errors in the drag-and-drop GUI test, empty grid stands for passed. 

  
1 

 
2 

 
3 

 
4 

 
5 

 
6 

 
7 

 
8 

 
9 

 
10 

1    Fail       
2           
3           
4           
5          Fail 
6           
7           
8           
9           

10           

User 
Task 

User 
Task 
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In the test of drag-and-drop GUI, there were a total of two errors. The first error 
occurred in task1 when performed by user4. The second error was in task5 while 
user10 was performing the task. As an overall result, 98% of the tasks were 
successfully performed in the drag-and-drop GUI test.  
 

The results presented here can help us answer the questions that were starting point 
of this project.   
o Regarding the question whether or not the vision-based interaction technique 

is applicable to web applications:  
▪ Both finger tracking applications were implemented in the browser 

plug-in Flash Player 10, and the browser was Microsoft Internet 
Explorer 6. It shows that the web development techniques of today 
make it possible to create well functioning applications using vision-
based interaction. 

o      How can such technique be implemented using average hardware?  
▪    The test environment was a laptop computer with an integrated webcam. 

This shows that the technique has a possibility of being implemented by 
today’s prevalent computer setups. 

o      Does such technique work well on web applications?  
▪  In the test of the game application, the events “Crouch”, “Move Left 

and Right”,and “Jump over Pitfall” were perfectly performed by every 
user. Errors mainly occurred in the events “Jump and Shoot” and
“Jump and Hit”. In the drag-and-drop GUI test, 98% of the tasks were 
successfully performed. The evaluation result indicates that such 
technique has a chance to perfectly handle some specific tasks on web 
applications. 

6 Discussion 

The applications were successfully run on the web pages since they were implemented 
in the Flash Player plug-in which is widely supported by most of the web browsers. 
Besides, the applications worked perfectly on the laptop computer, and the hardware 
set-up of the laptop is exactly at average users’ level. 
 
In the Super Mario test, the tasks “Crouch”, “Move Left and Right” and “Jump over 
Pitfall” were passed with 100% correctness since the tasks do not require precise 
finger movements. On the contrary, in the tasks “Jump and Hit” and “Precise 
Landing”, due to the tasks require users to perform accurate control, the correctness of 
the tasks is somehow depending on user’s skill. The task “Jump and Shoot” was the 
one with the lowest correctness. The task involves two actions, “Jump” and then 
“Attack”. The reason for the errors is that sometimes the users naturally changed their 
hand orientation when they trigger the action “Jump”. Since the algorithm in this 
project cannot deal with arbitrary orientation of the hand, therefore, the finger tracking 
system cannot correctly identify the index finger and the thumb when they wanted to 
trigger the “Attack” action. In short, the Super Mario test has shown a certain degree 
of the system’s usability on handling common events in game applications. 
 
As for the drag-and-drop GUI test, the occurred errors were due to wrong gestures of 
the users. Sometimes users will naturally stick their thumb and index finger together to 
drag an object, and this will lead to both fingers being identified as one single finger 
so that the collision detection between the fingers being cancelled. Consequently, the 
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objects were no longer following users’ finger. However, with the correctness of 98%, 
the drag-and-drop GUI test really shows a great availability of the finger tracking 
system for doing intuitive interaction on web pages. 
 
The experiment result indicates that the vision-based tracking technique is applicable 
on web pages as is expected in the beginning of this project. Although the technique 
has only been tested on Flash Player, the result should be convincing since Flash 
Player is widely supported by most of the web browsers, and all the web users can 
easily access Flash web applications. Thus, vision-based tracking technique is truly 
applicable on web pages. 
 
The experiment result also confirms the expectation that the tracking technique is 
applicable on average hardware set-ups. However, in order to make the result more 
convincing, it is better to test the finger tracking applications with more different 
computers and webcams to enhance the external validity of the result. 
 
The result of the two test applications has shown that the vision-based tracking 
technique works well on web applications. However, since the evaluation only involve 
game application and GUI application, it will be useful to test the tracking system with 
more different types of web applications. The test methods of the game application 
and the GUI application in this project should be acceptable since there are no 
standard methods for evaluating such applications.  
 

7 Conclusion 

In the future, this project will be improved by adopting other existing vision-based 
tracking techniques. Robustness and reliability of the system will be emphasised 
during the improvement. Other tracking techniques such as head tracking and eye 
tracking will be integrated to enrich the ways of intuitive interactions. The technique 
will be used in more and more web applications, so that more and more users can 
access to the intuitive web applications.  
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