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Abstract
In recent years, there has been an increased interest and effort to
augment traditional human-computer interfaces like the keyboard
and mouse with intelligent interfaces that allow users to interact
with the computer more naturally and effectively. Such systems
are particularly important for elderly and physically challenged
persons. In this work the primary goal is to develop a computer
vision system that make computers to perceptive a user’s natural
communicative signals such as voluntary eye blinks and
interpretation of blink patterns for communication between man
and machine. The traditional human-computer interfaces demand
good manual agility and refined motor control, which may be
absent or unpredictable for people with certain disabilities. Here
it is proposed robust, accurate algorithms to detect eyes and
measure the duration of blinks, and interpret them in real time to
control a nonintrusive human-computer interface. The complete
system is divided into two primary major modules. The first one
will detect voluntary eye blink and second module will trigger an
onscreen soft agent which will interpret the blink into proper
mouse movement and different mouse actions. This is a very low
cost and robust system works only with any standard web camera
connected to a PC.

Keywords: Eye blink detection, screen agent, Assistive
technology, computer interface.

1. INTRODUCTION
Directly connected to the brain, the eyes are the last part of
our body we lose control of. For some persons, such as
those suffered from a brain-stem stroke, neuro motor
disability or any accident the eyes provide the only means
of communication with the world. The eye blinks for such

persons are used to make their own vocabulary. But
continuous monitoring and understanding the meaning of
those blinks are very difficult for human. At the recent
advances in computer hardware and computer vision, in
particular, in motion and change detection, offers a new
paradigm for detecting blinks based on live observations of
the person’s face. More over presently there has been an
increased interest and effort to supplement traditional
human-computer interfaces like the keyboard and mouse
with intelligent interfaces that allow users to interact with
the computer in more naturally and effectively, these are
particularly important for elderly and physically
challenged persons.
In this work the primary goal is to develop a computer
vision system that make computers to perceptive a user’s
natural communicative signals such as voluntary eye
blinks and interpretation of blink patterns for
communication between man and machine. The traditional
human-computer interfaces demand good manual agility
and refined motor control, which may be absent or
unpredictable for people with certain disabilities. Here it is
proposed robust, accurate algorithms to detect eyes and
measure the duration of blinks and interpret them in real
time to control a nonintrusive human-computer interface.
“Blink Sense” is a module of the system that uses methods
that employ visual information about the motion of eyelids
during a blink and the changing appearance of the eye
throughout a blink in order to detect the blink event and
duration. “Single Key Omni directional Pointing and
command System (SKOPS)” an onscreen intelligent
pointer navigation tool that works on binary switching
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triggered by eye blink (“Blink Sense”) and interprets the
sequence of blinks to move courser and execute intended
mouse command at desired location.
Both systems are designed to initialize themselves
automatically and adjust for changes in the user’s position
in depth, i.e., the user’s distance to the camera and
computer screen. Both systems are user independent, i.e.
they provide a general scheme for interpreting any user’s
blink motion.

2. Fundamentals

3. Problem
approach:

Formulation

in

algorithmic

The algorithm used by the system for detecting and
analysing blinks is initialized automatically, dependent
only upon the inevitability of the involuntary blinking of
the user. Motion analysis techniques are used in this stage,
followed by online creation of a template of the open eye to
be used for the subsequent tracking and template matching
that is carried out at each frame. A flow chart depicting
the main stages of the system is shown

In order to build a detecting system for eye blinks which
will use non-invasive eye movements originating from the
eyes, it's crucial to understand the eye structure and the
pater nob biological source of the movement which will be
measured by the system. Understanding these signals and
their nature will help to design a suitable system that will
function properly and will simplify its use.

2.1 Eye structure
Vision is one of our most valued senses and during the
course of each day our eyes are constantly moving.
Attached to the globe of the eye, there are three
antagonistic muscle pairs, which relax and contract in
order to induce eye movement. These pairs of muscles are
responsible for horizontal, vertical and torsional
(clockwise and counter clockwise) movement.

There are two key steps in implementation of the object
tracking system:
• Detection of interesting moving objects,
• Tracking of such objects from frame to frame,
A. Frame Differencing
The system first analyses the images, being grabbed by the
camera, for detection of any moving object. The Frame
Differencing algorithm is used for this purpose, which
gives as output the position of the moving object in the
image. This information is then used to extract a square
image template (of fixed size) from that region of the
image. The
templates are generated as and when the appearance of the
object changes significantly.

2.1.1 Eye signals:
Two specific categories exist which can be used to classify
the four different types of conjugate eye movements:
1. Reflex eye movements - These provide stabilization of
eye position in space during head movement.
2. Voluntary eye movements - These are conscious eye
movements involved in the redirection of the line of sight
in order to pursue a moving target (pursuit movement) or
to focus on a new target of interest.

B. Dynamic Template Matching
The newly generated template is then passed on to
tracking module, which starts tracking the object taking
the template as
the reference input. The module uses template-matching
to search for the input template in the scene grabbed by the
camera. If the object is lost while tracking (signifying that
the object has changed its appearance) a new template is

generated and used. Since the image templates, being used
for matching, are generated dynamically the process is
called Dynamic Template Matching.
3.1.1 Algorithm for Object(Eye) Detection Module:
1. Grab the ith frame fi
2. Retrieve the (i-3)th frame fi-3 from the image buffer.
The image buffer is an array of image variables which are
used for temporary storage of frames. The array is
programmed to behave as a queue with only three elements
at any given point of execution.
3. Perform Frame Differencing Operation on the ith frame
and the (i-3)th frame where the resultant image is
represented as fr
fr = fi – fi-3…….. (2)
Here it is noticeable that instead of subtracting the ith
frame from the (i-1)th frame we are subtracting the ith
frame from the (i-3)th frame. This has been done taking
into consideration that even slow moving objects should
detected. It has been observed that image subtraction on
consecutive frames detects only fast moving objects
(objects whose position changes noticeably from one frame
to other). Such a method fails to detect slow moving
objects. Therefore to remove this limitation we subtract ith
frame from the (i-3)th frame to ensure a detection which is
independent of speed.
4. Perform the Binary Thresh-holding Operation on fr
separating the pixels corresponding to the moving object
from the background .This operation also nullifies any
inaccuracies introduced due to the camera flickering. The
result of this operation is a binary image, fb , wherein only
those pixels are set as ‘1’ which correspond to the moved
object.
In the thresh-holding technique a parameter called the
brightness threshold (T)
is chosen and applied to the image f[m,n] as follows:
IF f[m,n]≥T fb[m,n]=object=1
ELSE fb[m,n]=background=0
This version of the algorithm assumes that we are
interested in light objects on
a dark background. For dark objects on a light background
we would use:
IF f[m,n]≤ T fb[m,n]=object=1
ELSE fb[m,n]=background=0
While there is no universal procedure for threshold
selection that is guaranteed to work on all images, there
are a variety of alternatives. In our case we are using fixed
threshold (a threshold that is chosen independently of the
image data). As our main objective is to separate the object
pixels from that of the background this approach gives
fairly good results.
5. Perform an Iterative Mathematical Morphological
Erosion Operation on fb to remove really small particles

from the binary image. The result of this step is again a
binary image, fbb. This
step ensures that small insignificant movements in the
background are ignored ensuring better object detection.
6. Calculate the center of gravity (COG) of the binary
image fbb .The result of this operation is a set of two
integers C(cog_x ,cog_y) which determines the position of
the moving object in the given scene.
The COG is calculated by:
cog_x =cog_y + x …..(3a)
cog_y = cog_y + y ….(3b)
Total = Total + 1 ……(3c)
for each pixel where x, y is the current pixel location. The
resulting COG is then divided by the Total value:
cog_x = cog_x/Total ….(3d)
cog_y = cog_y/Total…. (3e) to result in the final x, y
location of the COG.
7. Transfer the positional information C(cog_x ,cog_y) to
the object tracking module.
8. Store the frame fi in the image buffer and discard the
frame fi-3
9. Increment i by 1
10. Goto (Step 1)
3.1.2 Algorithm for the Eye Tracking Module:
1 Get the positional information C(cog_x ,cog_y) of the
object from the Object Detection Module.
2 Generate a image template Ti by extracting a square
image from the last frame grabbed by the camera. The
template is extracted in the form of a square whose image
coordinates are given by
-Top, Left corner: (cog_x - 100, cog_y - 100)
-Top, Right corner: (cog_x + 100, cog_y - 100)
-Bottom, Left corner: (cog_x - 100, cog_y + 100)
-Bottom, Right corner: (cog_x + 100, cog_y + 100)
3 Search the generated template Ti in the last frame
grabbed by the camera. This is done by using an efficient
template matching algorithm.
4 IF the template matching is successful
THEN
IF the tracker has NOT detected motion
of the object AND the detector has
THEN goto STEP 1 (get a new
template)
ELSE goto STEP 5 (get the x, y
position)
ELSE goto STEP 1 (get a new template )
5 Obtain the position P(x, y) of the match and pass it on to
the pan-tilt automation module for analysis.
6 Goto STEP 3
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4. Eye Tracking:
The normalized correlation coefficient, also implemented
in the system proposed by Grauman et al., is used to
accomplish the tracking . This measure is computed at
each frame using the following formula:

where f(x, y) is the brightness of the video frame atthe
point (x, y), f(u,v) is the average value of the video frame
in the current search region, t(x, y) is the brightness of the
template image at the point (x, y), and t is the average
value of the template image. The result of this computation
is a correlation score between -1 and 1 that indicates the
similarity between the open eye template and all points in
the search region of the video frame. Scores closer to 0
indicate a low level of similarity, while scores closer to 1
indicate a probable match for the open eye template.

5. Blink Detection:

Fig:6.1 Customized Eye image capture tool with LED
illumination control
Web cam Specification: Up To 30 Frames Per Second
Capture. Operating System Windows any OS, Connectivity
through USB .
Till now the program logic and application developed and
experimented using openCV, Visual C++ , Visual Basic
and reports generated with Crystal Report .
Some customized hardware designed for better precision
and ease of operation.

The detection of blinking and the analysis of blink
duration are based solely on observation of the correlation
scores generated by the tracking at the previous step using
the online template of the user’s eye. As the user’s eye
closes during the process of a blink, its similarity to the
open eye template decreases. Likewise, it regains its
similarity to the template as the blink ends and the user’s
eye becomes fully open again. This decrease and increase
in similarity corresponds directly to the correlation scores
returned by the template matching procedure. Close
examination of the correlation scores over time for a
number of different users of the system reveals rather clear
boundaries that allow for the detection of the blinks.

6. Hardware Setup:
The main aim of this project is to develop a system which
is very low cost and free from the complex operation
constrains.
Here in this application web cam used Microsoft VX 1000.
NO other external hardware except any present time desk
top or laptop computers loaded with windows platform is
required.

Fig:6.2 Customized eye profiler and
blink analyses tools

7. Software Sub-system

c.

The prime design of the system is intended to map the
entire pointing device (more precisely mouse) functionality
to a single command ok key stroke.
In a normal use of mouse if we think of pointing on the
screen, we encounter two obvious goals as
i.
In which way and how long to move?
ii.
What to do at the goal point?
Answers of these two questions are conveyed to the system
by different movement of our hand associated to mouse or
any pointing system For example if the mouse pointer is
right bottom corner of the screen and we want to open a
folder “X” at left top cornet, then the pointer is first moved
to that folder to select that and after that necessary clicking
to open it. But for physically challenged persons this
‘movement’ and ‘what to do’ both these need to be
communicated by a single instruction or switch.
This job of multiple movements is simulated with two
mutually exclusive timers to achieve the above mentioned
goals and another timer above them to decide which one
them will be served. These three timers together map all
physical movements and commands of user imitating the
mouse operation.

d.

Command
pointers
Directional
pointers

Anti clockwise
scan progress

e.
f.
g.

Adaptive direction scanning and pointer speed
control panel.
Automatic multiple screen resolution setting
adoption.
Performance monitoring and automatic pointer
speed control.
Interface color and other visual setting
configuration tool.
Best reflex body part and switch selection
assistant tool.

Working principle:
Direction Selection System:

Fig(7.1b)

Fig(7.1c)

Automatic Pointer Speed Control and precision
calibration: Computer output screen is the fourth quadrant
of the two-dimensional projection system. Geometrically to
locate pointer over any intended icon, button or canvas
either of X or Y axis or (X,Y) both together translation is
needed only one time.
Speed=T/ milliseconds
Pointer translation is accompanied by anyone of four basic
actions (clicking, double clicking, dragging or right
clicking). If more than two successive translations occur
with out any action, then probably it means target location
is missed. And as a timer controls the translation of
pointer so this target missing may be due to the speed of
pointer. So as soon as the performance monitoring
function encounters more than one successive translation
cycle it reduces the
pointer reposition speed by increasing ts% of the existing
timerexc delay and this delay persists until next action
occurs. On the occurrence of next action the regular
translation speed (set by user) is restored.

Fig(7.1a): Operational Control panel
The principal software modules in the system and their
functions are:
a. Graphical user interface: This includes control
algorithms to manipulate cursor motion and
decision algorithms to drive the overall interface.
It automatically decides when the user is actually
engaged/disengaged in interacting with the
system.
b. On screen action prompt, like movement direction
or clicking event.

(0,0)

(0,X)
Fig(7.1e): Translation matrix
●( x′, y′)

(Y, 0)
X=X+x′
Y=Y+y′

T=

x′
y′
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8. Conclusion
Detecting eye blink in real time with very low cost
hardware set up and processing the eye blink for mouse or
any pointer control was definitely a challenging task. But
the goal of noninvasive mouse control by eye blink is
successfully accomplished in this We have been able to
implement all the basic systems anticipated. We are
working towards improving the system by adding the
following features and implementing the modifications to:
a. Cross platform support.
b. Button identification technique.
c. Precision drawing and gaming.
d. Mobile and PDA compatible.
e. Wheel chair direction and control.
f. More intelligent scan timer and pointer speed
setting.
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Web Resources
•
•

•

Simtech publications.
http://hsj.com/products.html.
Intel image processing library (ipl).
http://developer.intel.com/software/products/perfli
b/ijl.
Opencv library.
http://sourceforge.net/projects/opencvlibrary
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