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Abstract: Interacting with real or virtual objects with help of a human eye is gaining popularity. The paper presents a robust
method to detect eyeball movement and how we can use it to move a wheelchair in direction of the line of sight of the user.
Through a web camera, we continuously capture the photographs of either the left or the right eye. Since the target eye is
stationary with respect to the camera, so we can do an accurate and fast detection of any movement detected in the eye region
of the photograph. We can then send this information to the wheelchair connected to the computer through the serial port.
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1. INTRODUCTION

Human computer interaction involving tracking of human
eyes is increasingly becoming popular. Considered as an
important mechanism to provide inputs to the devices, eye
tracking can be really helpful for people with severe
physical disabilities. According to the annual report of the
Ministry of Public Health and Welfare, 0.73 million people
have a motor disability on the legs and the arms. Since
these people find it difficult to move their arms or legs to
drive a wheelchair, so driving it through their eyes becomes
an effective and natural method. By wearing a cap with a
fixed camera mounted on it such that the camera
continuously focuses on their eye, these people can control
the movement of their wheelchair in either direction through
their eyes. Moreover, by simply clicking their eye
for predefined number of seconds, they can stop the
wheelchair at any time. In this paper, I present an effective
method to detect iris movement by estimating the size of
the left and the right portion of the sclera with respect to
the iris.

2. THE IRIS AND THE SCLERA REGION OF
THE EYE

One of the important parts of the eye is the white colored
outer protective coating called Sclera. The iris is the colored
region of the eye bisecting the sclera region at the center.
(Refer to Fig. 1).

When the person is watching an object on his left, the
iris moves to the left portion of the eye such that it covers
the left portion of the left sclera region leaving behind
only the right portion of the sclera region and vice versa
(Fig. 2).

Fig. 1: The Human Eye

Fig. 2: Iris Movement with Different Sclera Regions
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3. DETECTING IRIS MOVEMENT

We detect the current position of the iris with respect to its
central position by calculating its displacement with respect
to the left and the right sclera region. We get a continuous
burst of images (frames) of the left eye or the right eye from
the web camera. We then process these frames and convert
them to pure black and white form (Fig. 3) using the algorithm
CONVERT_BW(IMG) described in Fig. 4. Converting to
pure black and white form helps us in quickly calculating
the number of black and white pixels in the frames.

Fig. 3: Converting the Captured Frames of the Eye to
Pure Black and White

Fig. 4: Converting Image to Black and White

We now have an image that clearly defines the left and
the right sclera regions in terms of either pure black pixels
or pure white pixels. We divide the image into two regions
titled R1 (right sclera region) and R2 (left sclera region) as
shown in Fig. 5.

Since we have clearly defined left and right sclera
regions, we now calculate the number of individual white
pixels in the left sclera region (R2) and the right sclera region
(R1) using the algorithm CAL_SCLERA_PIXELS (IMG)
described in Fig. 6.

Now, to detect movement in the iris with respect to the
left and the right sclera region, we use the algorithm
DETECT_IRIS_MOVE (IMG) as described in the Fig. 7.

Using this approach, we can calculate any number of
saccades between any two given fixations.

Here we define a parameter called “Tolerance” which
is used in our iris movement detection algorithm. Tolerance

Fig. 5: Dividing the Image into Regions R1 and R2, where R1
is the Right Sclera Region as Indicated by the Blue Color and
R2 is the Left Sclera Region as Indicated by the Yellow Color

Fig. 6: Calculating the Number of Pixels of White Color in the
Left and the Right Sclera Region
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means that during fixations (the point of no movement in
the eye), if there are saccades (an eye movement occurring
between fixations), whose values are less than the tolerance
value, then we can ignore them. This means, we are only
interested in calculating the iris movements for which the
difference between the left sclera pixels and right sclera
pixels is greater than the tolerance value.

Tolerance (T) can be defined as shown in Fig. 8.

We send the value of the iris movement (positive/
negative integer) to an external embedded unit via the serial
port of the computer (Fig. 10). This embedded unit is
attached to the motor of the caster wheel of the wheelchair
and can rotate the motor to a given extent in either clockwise
or anticlockwise direction, based on the positive and negative
integer value of the iris movement. This embedded unit is
also attached to the main wheel of the wheelchair and can
stop its corresponding main motor when required. So, this
embedded unit is responsible to utilize the integer value of
the iris movement to rotate or stop the wheelchair.

The embedded unit can be based on any microcontroller,
here we use 8051 microcontroller. We receive continuously,
serial data (integer value of iris movement) from the
computer every 1 millisecond and process it using the “Iris
data” flow shown in Fig. 10. Succeeding this, we invoke a
function, i.e. either rotate a caster wheel or stop the main
wheel based on our processing.

Fig. 7: Detecting the Movement of the Iris with Respect to the
Left and the Right Sclera Region by Calculating the Difference

between Bumber of White Pixels in the Left and the Right
Sclera Region. (Calculating Saccades between Fixations)

Fig. 8: Defining Tolerance (T)

Now, since we know the integer value of the iris
movement, so we can send this information to the wheelchair
through the serial port and control its movement accordingly.
We do it using a custom developed embedded unit.

4. CONTROLLING THE WHEELCHAIR

The direction of a robotic wheelchair is controlled through
a pair of caster wheels. These wheels are located in the front
of the wheelchair and provide direction to the wheelchair
through a motor (Fig. 9).

Fig. 9: Wheelchair Showing Caster Wheels

Fig. 10: Controlling the Motion and Direction of the
Wheelchair through our Embedded Unit
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5. THE BRAKING MECHANISM

To stop a wheelchair, the user has to close his eyes for
2 seconds. We detect closing of eyes from the fact that the
value of both LeftScleraPixels and RightScleraPixels will
be zero. In this case, we send an integer value of “65535” to
the embedded unit. This special value “65535”, tells the
embedded unit to stop the motion of the main wheels of the
wheelchair (Fig. 10) that are being rotated by the main motor.

6. ACCURACY

The accuracy of the iris detection algorithm is directly
dependent on the image captured by the camera. If the eye
being captured is in the viewport of the camera and in the
center of the viewport, the algorithm will give an accurate
value of the movement (if any) detected in the eye. Accuracy
graph showing the deviation from the normal detection
scenario as the target eye location goes away from the center
of the viewport of the camera is shown in Fig. 11.

8. CONCLUSION

In this paper, I have presented a simple yet accurate approach
to detect the eyeball movement. The algorithm is fast and
efficient enough to detect any kind of movement in the
eyeball and can be adjusted to detect movements of specific
intensity. The setup is simple and requires only a web camera
mounted on a cap worn by the user.

I have also presented a simple method to make use of
the eyeball movement to control a wheelchair. For users
having motor disability on their legs and hands, they can
control their wheelchair through their eyes which can be very
helpful to them.

The approach can also be used to control a computer
mouse, in virtual environments to interact with virtual
objects, etc. Eye movement detection is an important form
of human computer interaction and can be utilized to develop
many innovative applications and to interact with the
computers in a more natural way.
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Fig. 11: Accuracy Graph for Iris Detection (Percentage
Detection — Y axis, Location of Eye with Respect to the Center

(C) of the Viewport of the Camera— X axis)

7. CALIBRATION

In case of erroneous iris detection, we need to calibrate our
setup a little. The cap with the mounted camera must be
manually adjusted on the users head such that the users left/
right eye is coming in the viewport of the camera, to be more
specific, in the center of the viewport of the camera. Once
the calibration has been done, we do not need to do it again
for that user.


