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Abstract

Human-Computer Interaction (HCI) researchers have
been working on the development of new interaction
techniques. As an alternative to touch based computer
interfaces, HCI research has investigated eye gaze as a
means of interaction. It is proposed that eye gaze can
offer direct means of interaction, since it avoids the
involvement of a hardware mouse, hand gestures or
finger touch. This paper endeavors to demonstrate a low-
cost real-time computer vision based eye gaze tracking
algorithm developed for HCI applications.

Introduction

Researchers are working to develop innovative and
efficient interaction techniques for computer users, e.g.
Human-Computer Interaction (HCl). One alternative to
touch-based interaction is eye gaze tracking [1]. Human
eye movements carry a significant amount of information,
especially as related to the person’s point of interest. This
information can be extracted and manipulated for use in
applications such as HCI. If the computing device can
detect eye gaze of the interacting person, little further
intervention is required to interact with the machine. The
mouse pointer automatically follows the person’s point of
interest. An eye gaze tracking based HCl technique could
speed up the interaction processes.
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Researchers have been working on conducting studies
about eye gaze tracking and developing systems capable of
eye gaze based interaction. Many companies have
developed proprietary solutions and have made them
available in the market; but these solutions offer limited
usability, involve complex hardware, do not provide user-
friendly human-computer interaction, and are very costly;
which make them out of reach for domestic users.

GazePointer investigates the potential of eye gaze in HCI
applications. A computer vision based tracking algorithm
was developed using eye gaze that can provide low-cost,
real-time human-computer interaction. The idea behind
GazePointer was to develop an interface that can enhance
user experience of interaction. A person’s point of gaze
was tracked using a webcam system and controlled mouse
pointer movements accordingly. This paper reports related
literature, overviews the system and its implications,
describes the Eye Gaze Tracking algorithm, and discusses
experimental results and future research.

Literature Review

Several research studies have been conducted on eye gaze
tracking technique; applying various approaches to
achieve gaze tracking. An eye gaze tracking approach
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based on Electro-Oculography (EOG) takes advantage of
the electrostatic field that exists around eyes and varies
with eye-ball movements. These minor variations can be
captured by placing electrodes around eyes. The
technigue becomes cumbersome due to usage of
electrodes and is not suited well for everyday usage. Such
an application is presented in [2], and a detailed review of
EOG based techniques is demonstrated in [3].

Contact lens tracking based techniques have been
developed and offer satisfying performance but they are
uncomfortable and invasive. A lens based tracking
technique is discussed in [4]. Head-mounted eye gaze
tracking techniques are also proposed, but they are not
friendly for general purpose use. Head-mounted tracking
approaches have been explored in [5, 6].

Video-based techniques can also be applied for eye gaze
tracking, but computing devices with low processing
capacities restricted video-based solutions. Advent of
machines with high processing power has made it possible
to provide real-time interaction using video-based
techniques. Various video-based tracking approaches has
been proposed recently. Purkinje Image Tracking [7] and
Corneal Reflections [8] are examples of such systems. This
paper presents a low-cost, real-time interaction technique
using computer vision algorithms.

System Description and Significance

This research work attempts to address the very complex
problem of eye gaze tracking, using basic and simplified
algorithms, in order to make it low-cost, user-friendly and
real-time. The problem statement of the study was
defined as “design and implement a simplified technique
using computer vision algorithms to provide low-cost and
real-time human-computer interaction based on eye gaze
tracking that will only require a computing device and a
web-cam”. This study also suggests that eye gaze has the
potential of offering an efficient means of interaction and
could be especially useful for handicapped people.

The approach could have wide applications; eye gaze
tracking has potential applications ranging from home
appliances control to aviation, from neurosciences to
intelligent tutoring systems, and from Psychology to
advertising. The proposed technique offers non-invasive
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gaze-tracking and uses a software only approach. The
proposed system requires only a computing device and
makes use of built-in web-cam which captures image
frames. Images are processed through GazePointer and
provide smooth, real-time interaction after detecting point
of gaze.

Eye Gaze Tracking Algorithm

The GazePointer tracking algorithm is briefly illustrated in
Figure 1. The algorithm has three main components: facial
features extraction, eye features computation, and point
of gaze calculation. The algorithm processes grayscale
images only, therefore, image color space conversion may
be performed, if required. The histogram of grayscale
images is then equalized [9] for contrast normalization. A
face detection technique based on Viola and Jones’ object
detection algorithm [10] is then applied to detect the face
in an acquired image. Eye features are then computed by
Viola and Jones’ object detection algorithm [10] for eye
patch extraction.

Eye patch extraction and face detection require a complex
process involving much computation. In order to make
GazePointer work in real time, initial frames are firstly
down sampled and then face and eye patch co-ordinates
are mapped to the original image after face and eye patch
extraction. This procedure drastically improved the
computational efficiency of the proposed algorithm.

Gaze tracking is a complicated problem, in which a
sufficient number of facial and eyes features must be
computed and fed to the Point of Gaze (PoG) computation
method. After a thorough analysis and study, two most
important features were identified, pupil and eye corners.
The pupil being the focusing and central part of the eye
gives cues about the user’s point of interest. Eye corners
are also important to identify as they give information
about the area of eye being used to trace the Test Area.

The extracted eye patch is further processed before pupil
detection with a smoothing filter. This is done to reduce
false positives for pupil detection. Hough Circle Transform
(HCT) [11] is then applied to detect the pupil. HCT is
applied on a digitized version of the extracted eye patch,
using a canny edge detector [12]. It was observed that the
complete area of eye is not used to trace the Test Area;
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GazePointer: Computer Vision Based Eye Gaze Tracking for Human-Computer Interaction

Figure 1: Overview of GazePointer Algorithm

therefore, a simple calibration technique was developed to s, = TopRightCorner, — BottomRightCorner,

compute that region of eye. @
PoG denotes the user’s point of interest in the Test Area. R, = Wm%

The PoG computation algorithm takes detected features o (5)
and outputs the user’s Point of Gaze in the Test Area with

respect to a reference point. Four corner points were R, = ”’%_

already computed during the calibration stage; a simple b (6)

average of these corner points output ‘Center of Eye’. The P0G computation takes advantage of reference point

Center of Eye”is computed using Equation 1 and Equation ‘Center of Eye’, it computes the displacement of pupil from

2 and it is taken as referen int. . . .
and itis taken as reference point COE and translates these pupil movements in eyes into

COE. - (TopRightCorner, + TopLeﬁCornerxy GazePointer movements in Test Area. PoG translation can
: 2 (1) be performed using Equation 7 and Equation 8.
COE, = (T opRightCorner, +BottoleghtCornery% PoG, = w, ; w R

(2) (7)

Here, COE, and COE, represent x and y co-ordinates of h
. . PoG =—=2"" + R xr
Center of Eye respectively. TopRightCorner,, 7 2 oy (8)
TopRightCorner,, TopLeftCorner, and BottomRightCorner,
form movable region of eyes that trace Test Area. The next Here, PoG, and PoG, denote x and y co-ordinates of PoG; r,
step requires estimation of scaling factor, which would be  and r, represent x and y co-ordinates of pupil displacement
applied to pupil movements in order to translate pupil in eye (from reference point). r, and r, can be calculated by
movements into GazePointer movements in Test Area. It applying Equation 9 and Equation 10.

needs height (heye) and width (wey.) of eye’s area used to
r. = COI, —COE,

trace Test Area, these can be computed using Equation 3 (9)
and Equation 4. X (R,) and Y (R,) co-ordinates of Scaling

r, =COI, —COE,
factor can be computed using Equation 5 and Equation 6. ’ ’ ’ (10)

Here, hycreen aNd Wygreen represent height and width of Test
Area Here COI denotes pupil position. This concept is illustrated in
) Figure 2. A simple four-point calibration mechanism is developed.

W, = TopLeftCorner, — TopRightCorner, It is used to estimate the region of eye being used to trace the

(3)

‘Test Area’. It suggests the user to gaze at all corners of Test
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Figure 2: Point of Gaze Projection

Area’ one by one, for an arbitrary amount of time. Achieved
information is further used in PoG calculation algorithm, as
described earlier.

Experiment Results

Two experiments have been designed to test the developed
algorithms. The first test uses the algorithm in a live real-world
environment and the second test uses a simulated environment.
Experiments testing was performed on Intel® Core i3 HP Probook
4530s, it has a built-in web-cam with 720p resolution which was
used as the image capturing device.

Experiment 1: GazePointer GUI

Experiment 1 is designed for real-world environment testing of
the proposed algorithms. In order to compute accuracy, achieved
results are recorded into a video file and later all recorded
frames are manually analyzed. If face and eye patch are detected
in a frame, rectangular boxes are drawn around detected face
and eye patch by system. If the iris and pupil are found, circles
are drawn around them by system. During analysis of recorded
frames, the detection is considered correct it if the drawn
rectangle or circle appears within a distance of 1 pixel from the
exact location. Otherwise, it is considered incorrect.

The achieved result for a frame is presented in Figure 3. Detailed

Figure 3: Experiment 1
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accuracy results of experiment 1 are given in Table 1. The
87%
Experimentl results are being reported on 228 frames. There are

algorithm  resulted in accuracy for experimentl.
a few limitations for this experiment, it was only tested for
frontal faces and with a single person facing the web-cam. The
distance between a user’s eyes and interface was not more than
75 cm. The system was tested in good lighting environment and

did not allow head movements or use of glasses.

Fxtracted Features Accuracy
Face Cetectian 100%

Eye I'alch Exlraclion 100%
Pupil Detaction 87%

Table 1: Experiment 1 Accuracy Results

Time efficiency results for experiment 1 are given in Table 2.
Overall processing time for each frame is being reported to be 31
-43 ms, which provides interaction at rate of 23 fps.

kxtracted Features  Processing lime (ms
Face Detection 13-15

Cye Patch Dxtraction  10-15

Pupil Deleclion e-10

PoG Computation 23

Table 2: Experiment 1 Efficiency Results

Experiment 2: Test Bench

A test bench was designed to test developed algorithms in
ideal scenarios. Artificial eyes were used in this
experiment. These artificial eyes are computer drawings;
one drawing contains an eye patch without an iris and
other contains an iris. A computer program was setup to
simulate eye movements based on eye movements of
actual users . The achieved results for a frame are
demonstrated in Figure 4. Experiment 2 results show that
system accuracy remains 100% for simulated
environment, results are given in Table 3.
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Extracted Features | Accuracy
Pupil Detection 100%
PoG Computation | 100%

Table 3: Experiment 2 Accuracy Results

Table 4 presents processing time for all modules in
experiment 2. Achieved results show that system takes 8-
13 ms per frames.

Processing Time (ms)
6-10

2-3

Extracted Features
Pupil Detection
I'oG Camputation

Table 4: Experiment 2 Efficiency Results

Conclusion and Future Research Directions

This paper presents a low-cost, real implementation of an
eye gaze tracking algorithm for HCI. Eye gaze tracking has
applications in several fields. The approach applies simple
and classical computer vision algorithms and
demonstrated the feasibility of the approach.

The system was limited by lighting, equipment, and user
variation, e.g. posture and glasses. The performance
deteriorated in poor lighting conditions. The GazePointer
size was also large, since the web-cam was low resolution.
This can be improved with enhancement in web-cam
resolution and Test Area size. Image pre-processing
procedures can also be employed to improve performance
in poor lighting environments. Head-posture descriptor
can also be included to allow head movements. Gaze
estimation can also improve system performance and
particle filers can be applied to achieve gaze estimation.
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Figure 4: Experiment 2
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