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Abstract
Human–Computer Interaction (HCI) uses of the interfaces 
between people (users) and computers. In this paper, I have tried 
to control the mouse cursor movement and clicks events (Left 
& Right click) of the computer mouse using finger motion and 
gestures. Finger gestures were acquired using a camera based on 
skin detection algorithm with different angle detected images. This 
method mainly focuses on the use of Web-Camera to create a cost 
effective virtual mouse using webcam with image processing.
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I. Introduction
The GUI on Personal Computers (PCs) is quite developed, well 
defined and provide an efficient interface for a user to interact 
with the computers and access the various applications with the 
help of mice etc. In the present day scenario most of the mobile 
phones are using touch screen technology to interact with the 
user. But this technology is still not cheap to be used in desktop 
and laptops. Our objective was to create a cost-effective virtual 
mouse system using Web-Camera to interact with the computer 
in a more user friendly manner with image processing.

II. Introduction of the system
In my work, I have tried to control mouse cursor movement and 
clicks actions using a camera based. Here a real time video has been 
captured using a Web-Camera and captured image of the finger 
using skin detection algorithm. Individual image of the video are 
separately processed. The processing technology involves noise 
remove technique and detect different angle image. When angle of 
the finger detected then system perform various operations to track 
the cursor and perform control actions. No additional hardware 
is required by the system other than the standard webcam which 
is provided in every laptop computer.

III. Methodology
The stage in the proposed methodology is shown above: 

Real time video acquisition

Filtered RGB image

HSV image Y Cb Cr image

Skin Detected Binary image

Captured RGB image

Calculate extreme point and centroid

Calculate angle at centroid point

Angle>110° 
Perform left click

Angle<80°
Perform Right 

click

110°<Angle>80°
Perform mouse 

movement

Fig. 1: Process Methodology

IV. Image Acquisition
An image is analyzed as it is clicked. Then the user is given tools 
to discard that it considered noise .The image acquisition is done 
using a digital camera or web-camera. For the system to work 
we need a sensor to detect the finger movement of the user .The 
web-cam of the computer is used to as a sensor. The webcam 
capture the real time video at a fixed frame rate and resolution 
which is determined by the hardware of camera. The frame rate 
and resolution can be changed in the system if required. 

Computer Webcam is used to capture the Real Time Video• 
Video is divided into Image frames based on the FPS (Frames • 
per second) of the camera
Processing of individual Frames• 

Here the input image got is an RGB image.

V. Process 

A. RGB Image
RGB is one of the formats of color images. Here the input image 
is represented with three matrices of sizes regarding the image 
format. The three matrices in each image corresponds to the colors 
red, green and blue and also says that of how much of each of 
these colors a certain pixel should use.
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Fig. 2: RGB Image

B. Filtering
The purpose of filtering is to smooth the image. This is done to 
reduce noise and improve the visual quality of the image. Often, 
smoothing is referred to as filtering. Here filtering is carried out 
by median filter since it is very useful in detecting edges.

Fig. 3: Filtered Image

C. HSV Image
Hue, Saturation, Value or HSV is a color model that describes colors 
(hue or tint) in terms of their shade (saturation or amount of gray) 
and their brightness (value or luminance) which is use to detect 
the skin color image.

Fig. 4: HSV Image

D. YCbCr Image
Y is the luminance component and CB and CR are the blue-
difference and red-difference chroma components. It is also use 
to detect skin in detect the skin color image.

Fig. 5: YCbCr Image

E. Binary Image
A Binary Image is a digital image which has two assigned pixel 
values. Typically the two colors used for a binary image are black 
and white. The rgb filtered image of the finger converted into 
binary image this means that each pixel is stored as a single bit 
(0 or 1). Thus the resultant image obtained is a monochromatic 
image consisting of only black and white colors. The conversion of 
binary is required because MATLAB can only find the properties 
of a monochromatic image. And then the outlined image got by 
binary image.

Fig. 6: Binary Image

Fig. 7: Outlined Image
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V.6. Finding Extreme point Centroid of the image and plotting: 
For the user to control the mouse pointer it is necessary to determine 
a point whose coordinates can be sent to the cursor. With these 
coordinates, the system can control the cursor movement. An 
inbuilt function in MATLAB is used to find the centroid and 
extreme point of the detected region. The output of function is a 
matrix consisting of the X(horizontal) and Y (vertical) coordinates 
of the centroid. These coordinates change with time as the object 
moves across the screen.

Centroid and extreme point of the image is detected.• 
Its co-ordinates are located and stored in a variable.• 

Fig. 8: Extreme Point on Binary Image

Fig. 9: Centroid Point on Binary Image

F. Calculate Angle at the Centroid Point
After find centroid and extreme point, calculate the angle at centroid 
point with two extreme point using three point formulas:

Angle = acosd ((x12^2 + x13^2 - x23^2)/(2 * x12* x13)).

There is no in built function in MATLAB which can directly 
access the mouse drivers of the computer. But MATLAB code 
supports integration with other language like C, C++,and  
JAVA. so it is preferred over the others. Since java is a machine 
independent language so it is preferred over the others. A java 
object is created and it is linked with the mouse drivers. Based 
on the detection of angle the system performs the movement and 
clicking operation.

VI. Performing Movement and Clicking Actions
The control actions of the mouse are performed by controlling the 
flags associated with the mouse buttons. JAVA is used to access 

these flags. The user has to perform finger gestures in order to 
create the control actions. 
Movement and Clicking action is based on simultaneous detection 
of different angle at centroid point:
If  
        Angle>110 degree - Perform Left click
      110<Angle>80 - Perform Mouse movement      
       Angle<80 - Perform Right click

Fig. 10: Perform Mouse Operation

VII. Problems
Since the system is based on image capture through a webcam, 
it is dependent on illumination to a certain extent. The system 
might run slower on certain computers with low computational 
capabilities because it involves a lot of complex calculations in a 
very small amount of time. However a standard pc or laptop has 
the required computational power or optimum performance of 
the system. Another fact is that if the resolution of the camera is 
too high then the system might run slow .However this problem 
can be solved by reducing the resolution of the image by making 
changes in the system.

VIII. Conclusion
In this paper, a virtual mouse application has been developed and 
implemented using a webcam. The system has been implemented 
in MATLAB environment using MATLAB Image Processing 
Toolbox. This technology has wide applications in the fields 
of augmented reality, computer graphics, computer gaming, 
prosthetics, and biomedical instrumentation. This technology can 
be used to help patients who don’t have control of their limbs. In 
case of computer graphics and gaming this technology has been 
applied in modern gaming consoles to create interactive games 
where a person’s motions are tracked and interpreted as commands. 
Most of the applications require additional hardware which is 
often very costly. Our motive was to create this technology in the 
cheapest possible way and also to create it under a standardized 
operating system. 
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