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ABSTRACT

We describe a computer vision based mouse, which can
control and command the cursor of a computer or a
computerized system using a camera. In order to move the
cursor on the computer screen the user simply moves the
mouse shaped passive device placed on a surface within
the viewing area of the camera. The video generated by
the camera is analyzed using computer vision techniques
and the computer moves the cursor according to mouse
movements. The computer vision based mouse has
regions corresponding to buttons for clicking. To click a
button the user simply covers one of these regions with
his/her finger.

1. INTRODUCTION

Recently, there is interest for alternative flexible and
versatile ways for humans to communicate with
computers. Examples to the alternative communication
systems include touch screens, speech recognition
systems, key systems, and vision based hand gesture and
face expression recognition systems [1]-[7]. In addition,
human-like capabilities such as perception would be a
good feature of systems targeted for man-machine
interaction, a specific gesture or a sign of a hand can be
used as a key to a database system. Vision based methods
provide both conventional and unconventional means for
entering data into computers. Application areas of vision
based text and data entry systems include regular
computers as well as wearable computing in which
flexible and versatile man-machine communication
systems other than the ordinary tools of keyboard and
mouse may be needed. Computer vision based man-
machine communication systems can be developed by
taking advantage of the character recognition systems
developed in document analysis [8]-[10], and image
analysis methods. In [6] we developed a text entry method
for recognizing the characters drawn by hand gestures or
by a pointer captured by a digital camera which is a new
form of data entry into a computer. This system
recognizes unistroke isolated characters which are
successfully used in personal digital assistants in which

people feel easier to write rather than type on a small size
keyboard [11],[12]. In [6] it is assumed that each
character is drawn by a single stroke as an isolated
character. One of the alphabets that has this property is
the Graffiti ™.

In this paper, we describe a computer vision based mouse
which can control and command the cursor of a computer
or a computerized system using a camera. In this system
there is no need to have a cable connection between the
computer and mouse nor a wireless transmitter-receiver
pair as the mouse movements are transferred to the
computer by the camera. The concept of vision based
finger mouse is first proposed by Quek et al. [4] in which
the user controls the cursor by moving his fingers in the
three-dimensional ~ space. In our mouse system the
approach is simpler than [4] in the sense that we place
specific reference points on the mouse and the mouse
moves on a two-dimensional surface. We track the
reference points and the location of the cursor is updated
accordingly. This approach is computationally more
efficient than finding the finger tip in a cluttered
background and tracking it. In addition to the above
features our mouse has well defined regions
corresponding to buttons to implement clicking. To click a
button the user simply covers a button region for some
time by his or her finger or a pointer.

The resulting image processing system can be also used in
mobile communication and computing devices such as
mobile phones, laptop computers, handheld computers,
and PDAs. The advantages of our computer vision based
mouse system compared to earlier systems are the
following:

- The background is controlled by the user. A
mousepad or a white sheet of paper which is clearly
distinguishable from the background can be used.
This simplifies the image analysis process for
extracting the mouse boundaries or to track the
reference point on the mouse.



- Reference marks can be placed on the mouse. These
marks are easier to find and track by the vision
system of the computer.

- Well defined regions corresponding to mouse buttons
can be placed on the mouse. To click a button the
user covers one of these regions momentarily by his
or her finger or pointer.

- There is no need to place an electronic circuit inside
the mouse which is essentially a passive device. The
mouse can be made of any hard material.

In Section 2 the outline of the recognition system is
described.

2. VIDEO ANALYSIS AND RECOGNITION
SYSTEM

The video transmitted by the camera is analyzed image by
image in real time. Let I; be the image at time instant t
extracted from the video generated by the camera. The
main image processing problem that we encouter is to find
the location of the mouse in the image I;. This can be done
in varios ways. In this section we describe three different
methods.

The first method is based on edge detection. In this
method, the edges of the mouse are detected by an edge
detection method. As described in the previous section the
mouse must be clearly distinguishable from the
background or from the mousepad. It is preferable to have
a mousepad which is distinguishable from both the
background and the mouse. In this way it is easier to
detect the edges of the mouse and the mouse pad (if there
is any). Let us assume that I(n, m,) be the pixel
corresponding to one of the corners of the mouse or the
center of an edge of the mouse or the location of a specific
reference mark on the mouse etc. The pixel I(n,, m,) is
obtained by performing edge detection and after some
simple image processing operations such as adaptive
thresholding etc. Whenever the next image I, is available
the same edge detection operation is repeated over the
new image I, and the reference mark is extracted. Let
Ii+1(neq,me 1) be the pixel corresponding to the reference
mark on the mouse. If (n,m;) and (n.;,m) are the same
and the pixel values are close to each other then it is
assumed that the mouse has not moved and the cursor
remains wherever it is on the screen. If (n,m,) and
(ngq,my) are different from each other and the pixel
values are close to each other then the cursor is moved in
the direction of the vector (n,m,) - (ng,me ). The length
of the cursor movement is also proportional to the
difference vector. This can be adjusted by the user and
according to the viewing area of the camera.

If there is no mousepad then the viewing area of the
camera which is the image I; is mapped onto the screen of
the computer. If the reference mark exceeds the viewing
area of the camera then the cursor is frozen at the
corresponding edge of the screen. Whenever the user
moves the mouse back to the viewing area the cursor
becomes active again.

If there is a mousepad then the edges of the mousepad are
mapped onto the screen of the computer. In the normal
mode of operation the north edge of the mousepad is
assumed to correspond to the upper edge of the screen. If
the reference point of the mouse leaves the mousepad the
cursor is frozen at the corresponding edge of the screen.
Whenever the reference point of the mouse enters the
mousepad the cursor becomes active again. The use of a
texture-free unicolor mousepad distinguishable from the
background increases the robustness of the system. Once
the edges of the mousepad is detected then the image
processing operations can be carried out inside the region
corresponding to the mousepad.

In ordinary mouse devices there are buttons for clicking to
mark certain regions on the screen. In the computer vision
based mouse there are specific regions corresponding to
mouse buttons. To click a button the user covers a region
by his or her finger or a pointer for some time
corresponding to a button. The edges of these button
regions are also detected during image analysis. If a
change is detected inside one of these regions it is
assumed that it is assumed that it is pressed.

The second method for mouse detection and tracking
method that we describe is based on color analysis. In this
approach a small reference mark which has a different
color from the mouse, the mousepad and the background
is placed on the mouse. This mark is known by the
computer a priori. This mark is used as the reference point
of the mouse. Whenever the mouse is moved by the user
the location of the reference point changes. The detection
of the reference point can be carried out by adaptive
thresholding. By tracking the reference point the cursor is
moved by the computer as described above. This color
coding approach is easier and more robust then the edge
detection method as the viewing area of the camera is
more or less known by the image analysis system.

Similarly the mouse buttons can be color coded, too. For
example the left mouse button may be a green region and
the right mouse button may be a blue region etc.
Whenever the green regions is covered by a finger or a
pointer momentarily it is assumed that the left mouse
button is clicked. The user should not cover the reference
point and the regions corresponding to mouse buttons
during the normal mode of operation.



The third detection and tracking approach is based on
motion analysis. In this case two consecutive images I
and I, are processed together. The difference image I;-I;
contains only the moving regions in the viewing area of
the camera (assuming that the camera is fixed) [13]. If the
reference point is fixed it does not appear on the
difference image. If it moves it appears on the difference
image and the cursor is updated accordingly.

3. IMPLEMENTATION DETAILS

We implemented the color coding method to realize the
computer vision based mouse. Our setup is composed of
only an ordinary mouse not connected to computer with a
cable, and an USB web camera which produces 176 pixel
by 144 pixel color images at 13.3 frames per second. To
convert the ordinary mouse into a vision based mouse, we
made the following modifications and used it on a
controlled background consisting of a white sheet of

paper:

= Reference Mark

In our implementation, the reference mark is a
blue region (different than the color of the
mouse and background) placed on a safe position
on the mouse so that the user cannot cover it
while using the mouse. We placed the blue mark
in the middle of top-end of the mouse as shown
in Figure 1(a).

= Mouse Buttons
The mouse buttons are also color-coded. They
are colored in green. The region Gl (G2) in
Figure 1 corresponds to the left (right) mouse
button.  The left and right mouse button
assignments are made based on their computed
locations with respect to the reference mark.

= Background
To distinguish the mouse from the background,
we placed the mouse on a white sheet of paper.

We assume that the color-coded regions produce local
maxima in normalized green and blue channels of the
video, respectively. The normalization of the channels as
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where i, j addresses a pixel in the image;

are necessary to avoid the high values of the green and
blue channels of the controlled background (white). After
determining the maximum color values for the normalized
blue and green channels, the threshold value for the green
channel is determined as 90 per cent of the maximum
normalized green level.

The vision-based mouse operates according to the steps
below:

Step 1: Initialization phase

e Analyze all pixels in the window and find the
maximum of the normalized green and blue channels.

e Determine the position of the reference mark as the
pixel with maximum normalized blue level.

e Compute the areas of the color-coded mouse buttons
as the number of pixels of the button above the
calculated threshold value for the green channel.

Step 2: Using the vision-based mouse

e Find the new position of the reference mark as the
pixel with the maximum normalized blue level in the
next frame and update the mouse cursor position
accordingly.

o Compute the areas of the color coded mouse buttons
and decide whether a button is clicked by checking if
more than 75 % of the original area of the button is
covered.

Step 3: Keeping track of the illumination changes in the

environment

e Recalculate the threshold value of the green channel
by computing the 90 percent of the present value of
the maximum of the normalized green channel.

e Goto Step 2.

The mouse cursor position is set according to the new
position of reference mark by using the ratio between
camera window size and actual screen resolution. A
sample image of a case in which the user covers 75% of a
region corresponding to click action is shown in Figure
1(b).
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Figure 1. (a) A sample image of the mouse showing the
color-coded regions, (b) A sample image captured when
the user covers the left mouse button.



4. CONCLUSION

In this paper a computer vision based mouse system is
developed. To move the cursor on the computer screen
the user simply moves the mouse shaped passive device
placed on a surface within the viewing area of the camera.
The mouse has well defined regions for buttons. To click
a button the user simply covers the corresponding region
with his or her finger.

The CV based mouse is implemented in real-time in an
ordinary PC having a camera. In order to achieve a real-
time working prototype the image analysis problem is
simplified by defining a colored reference mark for
tracking. Similarly, the mouse buttons are also color
coded to simplify the clicking problem.
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