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ABSTRACT. Quer the course of decades, researchers and companies have developed diff-
erent types of tools to enable human interaction with computers. One such tool, the
eye-tracking device, has the potential to be wutilized in all daily life applications. FEven
though there are numerous eye-tracking units in the market, they are rarely used in day-
to-day life. In this study, we present the potential of utilizing an eye-tracking device and
its interface as a navigation controller of Google Maps, a popular navigation system.
Our goal is to translate eye-gaze movement into joystick-like movement. We compare
the performance of the eye-gaze tracking system and the joystick in several short tasks,
finding little difference. The study also shows that it does not require extensive training
for a beginner user to control the eye-gaze system smoothly.
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1. Imtroduction. Human-computer interaction is a field that encompasses the research
and development of technologies that support interaction between humans and computers.
A simple example of human-computer interaction is the use of a keyboard to enter text
information into a computer. Various devices such as the mouse and the microphone,
have been developed to enable humans to interact with computers. Researchers have also
been encouraged to develop tools that may help people with limited mobility interact
with computers [1-12].

Although many devices such as the mouse, keyboard, and joystick have proven useful,
all of them require control by hand, and people with disabilities may find it difficult
to use them. Alternative control schemes are required to address this challenge. For
example, Microsoft released the Xbox Adaptive Controller in September 2018 to help
people with disabilities play games on desktop and console platforms [5]. This controller
can be connected to different types of keys and analog sticks, enabling users to assemble
and customize a comfortable controller. As another example, Tobii released a display-
mounted eye-tracking device as an add-on to enhance the game experience [13]. The Tobii
eye-tracking device provides additional control methods in several games. Although both
devices potentially aid people with disabilities, healthy users can also utilize them.

In this study, we propose a system that allows us to interact with computers with-
out using hands, i.e., eye-tracking devices. We also discuss the potential applicability of
this system to everyday life. Eye-tracking devices have been widely researched and are
commercially available in the market. We categorize eye-tracking devices into two groups:

e Screen-based mounted eye-tracking devices;
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e Wearable eye-tracking devices.

Although the eye-gaze detection methods and the types of sensors utilized in the devices
can be divided into several more categories [14-16], we focused on the device location
because it has a direct effect on the device’s applicability. More specifically, screen-based
devices require the user to sit in front of a screen, whereas wearable devices have a wider
range of applications. Because the interaction provided by wearable eye-tracking devices
is not limited to one screen, such devices do not restrict the user’s position.

A screen-based mounted eye-tracking device is mounted and calibrated with a display
screen. There are several types of screen-based eye-tracking devices [16]. Based on the
eye-tracking sensor, there are two major types of desktop-display mounted eye-tracking
devices. One type of sensor is an infrared camera that obtains the reflection of the user’s
pupil as an eye-gaze signal [7]. The other type of sensor is a visible light camera that detects
the user’s face, allowing the system to crop the user’s eye image and obtain their pupil
positions [12]. Alternatively, this system detects the user’s head angle to predict their gaze
position [2,17]. Another implementation applies the eye-gaze tracking interface to mobile
devices [8]. Screen-based mounted eye-tracking is useful; however, it has disadvantages.
For example, a screen-based mounted eye-tracking device can only be utilized on a targeted
display screen. In addition, the user’s position and distance to the screen may affect the
accuracy of the eye tracker [11,18].

In wearable eye-tracking devices, an eye-tracking sensor is placed close to the user’s
eye. One benefit of such a design is that the head movement of the user does not affect
the input. Furthermore, this design can be utilized in an open-world manner that is not
restricted to a single screen. Several studies have been conducted on wearable eye-tracking
devices [3,4,6], and ready-to-use products with wearable eye trackers [19,20] are available
commercially. However, these devices present several challenges. For example, wearable
eye-tracking devices are currently expensive [21]. Furthermore, for day-to-day applica-
tions, wearable eye-gaze interface systems are intended for long-period use. Based on
several reports, there is no evidence that infrared LEDs pose any hazard to the eye dur-
ing a short period of exposure. However, questions remain regarding whether continuous
exposure to an infrared LED may cause eye deterioration over time [2,22,23]. The lack
of applications that support eye-gaze tracking devices is also a challenge. Currently, the
eye-gaze tracking system is deemed only as an inessential device that supplements the
user experience.

In summary, we have identified several challenges of eye-tracking devices. First, there
is a lack of applications for the use of eye-tracking devices as a standalone input. Second,
the market price is currently a challenge. However, low-cost development may become an
option with the advancement of technology [16,21]. Third, the screen-mounted tracking
device may have a limited controllable area, although this challenge can be addressed with
the development of wearable devices. Using a wearable device, a wide range of applications
may be developed. However, the effects of long-term use of infrared sensors in a wearable
device on the eye require additional expert evaluation. Therefore, different options can
be considered to reduce the potential health risks.

Although we have addressed several problems in the development of eye-tracking de-
vices, this study addresses their limited applicability. We propose an eye-gaze interface
system to control the popular navigation system, Google Maps. Google Maps is a digital
map service that allows users to view the map of any location worldwide. It also allows
users to experience a virtual tour from a 360° panoramic view. This function can serve as
an entertainment system that allows users to experience a virtual tour. Our contributions
can be described as follows.
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e We present the design of a wearable eye-tracking device. Our design weighs less than
100 grams without the camera attached. The design is also adjustable to increase
user comfort. Our design is comparable in terms of weight to the Tobii Pro Glasses
with a core weight of approximately 76.5 g [19] and Pupil Labs with a core weight
of approximately 22 g [20]. Furthermore, the wearable camera can be manufactured
with a 3D printer, which would extensively lower its cost compared to that of Pupil
Labs [24].

e The general communication between the eye-gaze interface and the machine is a
pinpoint gaze. The pinpoint gaze is a method to map a user’s eye gaze to the screen
or gaze object. However, this method is very dependent on a display screen. We
propose the use of digital input for our eye-gaze tracking system, as described in
Section 3. The digital input is a translation of eye-gaze movement into joystick-like
controls. This alternative control scheme may eliminate the dependency on a screen.
The proposed system can also be used in screen-less applications such as gesture
control.

The rest of the paper is organized as follows. Section 2 describes several related works
to this study. The details of our system and the proposed method to use the eye-gaze
system as a digital input are described in Section 3. Section 4 details our experiments and
discusses the results. At the end of the paper, conclusions from the study and possible
future research directions are described.

2. Related Works. In this section, we describe several studies conducted prior to our
proposal. Studies on the interactions between humans and the computer system through
devices such as camera, mouse, and keyboard mapping to a display screen are examples
that are related to this study.

2.1. Eye-tracking controlled mouse cursor. The eye-gaze interface system has been
used over the years. Most commonly, it is used as a system that can control a mouse
or keyboard device. Different methods have been proposed for such systems. Arai and
Mardiyanto’s work discusses the possibility of using an eye tracker as a pointing device,
and tests the proposed system on an on-screen keyboard to assess typing speed [11]. Arai
and Mardiyanto utilized a screen-based mounted eye-tracking device with a visible light
camera as the sensor, which provides a safe environment for the user. Although the
accuracy of their system was not mentioned, their research successfully implemented an
eye-gaze interface system.

Arai and Mardiyanto’s study points out that the system is rendered unusable once the
user leaves the screen. Furthermore, from our point of view, the distance between a user’s
head and the eye-tracking device should be considered. Inconsistencies in the distance
can affect the system’s control accuracy. The study also mentions that users may be
compelled to leave the screen to recover from head fatigue. Such challenges are common
in screen-based mounted eye-tracking devices.

In a recent study by Zdebskyi et al., a user’s head pose was recognized in order to control
a mouse pointer [2]. Several methods were reviewed in this study to ensure an accurate
test result. The main method described in the study employed a neural network with a set
of trained data consisting of forty-eight face coordinates and two pupil coordinates aligned
with the mouse cursor coordinate. However, the result was not as good as expected, with
an average error of approximately 100 pixels. In our view, such a huge margin of error
makes accurate mouse control become harder. Another problem is that computing power
heavily affects the speed of recognition.
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2.2. Keyboard mapping. Several keyboard buttons are usually provided to control
an application. For example, a game controller utilizes arrow buttons to move the player
around, and several additional key buttons allow the character to perform specific actions.
To fully control such features, Istance et al. mapped the keyboard button onto the screen
[7]. When a user looks at a region on the screen, a button press may be triggered depending
on the button map. The designed system allows the game character to be controlled.

From our point of view, the design indicates promising results, although it may lack
consistency. The challenge is located in the key mapped to the screen. The mapped region
depends on the size and resolution of the display monitor. Although this may work well
with a large-display monitor, the accuracy can decrease with screen size regardless of the
type of eye-tracking device.

In a study by Utaminingrum et al., a map of a menu selection was developed in three
different gaze directions [1]. A facial landmark was used to detect a user’s head and
the pupil coordinate. The study answers our earlier concern regarding how the distance
between the eye and the eye-tracker may affect consistency. The horizontal length of
the eye was measured before the user gaze was recognized. This idea made the system
adaptable to any distance. However, the camera’s ability to recognize eye movement would
still be limited by distance. These reasons motivate us to design a wearable eye-tracker.

3. System and Software Design. In this section, we describe our developed system
and the proposed method for implementing the eye-tracking device in an application.
First, we describe the design of eye-tracking glasses. Second, we describe the application
“Google Maps” and its controllable features. Finally, we describe the proposed method
to control Google Maps using the developed eye-gaze interface system.

3.1. Wearable eye-tracker. In Section 2, we have addressed several problems presented
by screen-based mounted eye-tracking devices. Some examples include the limited region
in which a user’s head can be detected, and the possibility of decreased accuracy as a result
of inconsistent distances between the eye-tracking device and the user’s head [11, 18].
These reasons became our motivation to develop a wearable eye-tracking device. We
designed our wearable-eye tracker frame to be as lightweight as possible. Furthermore, we
added support straps to disperse the weight of the system, making it feel more lightweight.

The wearable eye-tracker frame was produced using a 3D printer. Figure 1 shows the
weight of the headband, which is approximately 79 g without the camera attached, and a

(b)

FIGURE 1. (a) Wearable eye-gaze tracking device. Its weight was measured
on a digital scale. (b) Snapshot of a user wearing our wearable eye-tracker.
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snapshot of a user wearing our eye-tracker. The camera holder installed in the headband
is adaptable to any camera shape.

We have also discussed the risk of using an infrared sensor for long-term continuous
use. Therefore, we used a visible light camera for this system. In our previous study, we
evaluated the performance of several cameras [25]. We concluded that our analog camera
is most suitable for our designed system because of the minimal differences in the latency
and performance of the camera under low-light conditions. Figure 2 displays the analog
camera and the analog-to-USB adapter utilized in this research. Table 1 presents the
specifications of the camera and the analog-to-USB adapter.

FIGURE 2. Analog camera and the analog-to-USB adapter used in this study

TABLE 1. Camera specification

Camera YM-3020C
Sensor 1/4" SONY CCD
Resolution 512 x 492 NTSC (29.97 fps)
Analog-to-USB | LANMU USB 2.0 Video Converter
Driver Not required

Prior to this study, our laboratory developed ring-shaped pattern matching for eye-gaze
detection [3,4,6]. We developed a new interface system based on our prior work in the
Python language and an open-source image processing library known as OpenCV [26,27].
The position of the iris is found by matching a ring-shaped template to a captured eye
image. The colored eye image is converted into HSI color space to make it more robust
toward light change. We then process the intensity value and convert it into a black and
white color space using a thresholding method. We use the normalized cross-correlation
to match the converted image to the ring-shaped template [28].

3.2. Google Maps. We chose Google Maps because it is currently one of the most
popular map applications. Google Maps is a service that provides digital maps of the
world. Furthermore, this service provides several features, such as satellite view as well
as both 2D and 3D maps. These features allow the user to locate any place around the
world. Google Maps also functions as a GPS that informs the user of their geographical
location. Moreover, the digital maps also provide a service called Google Street View,
which allows users to experience the scenery surrounding a specific road. Owing to this
combination of features, Google Maps has become our choice.

The Google Maps service is available on both mobile and desktop devices. The mobile
version can be controlled using finger flicks and button touches, whereas the desktop
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version can be controlled using a mouse with provided buttons or keyboard shortcuts.
Important features for Google Maps users are as follows:

e Scroll function,

e Zoom function,

e Select a place, and

e Show Street View images.

Meanwhile, features that are mainly used in Google Street View include the following:

e Rotate function,
e Zoom function, and
e Move function.

In the desktop version of both services, each feature can be controlled using a mouse or
keyboard shortcut. However, controlling these features via eye gaze can potentially be a
challenge. As discussed in previous sections, eye-gaze tracking devices may be dependent
on the display screen size. The application tends to maintain its control icon size rather
than enlarging and maintaining the aspect ratio. Some icons were too small to be identified
by the eye-gaze tracking system. To interact with the services using the eye-gaze tracking
system, we introduce a digital input.

3.3. Conversion of eye-gaze input into digital input. In this section, we describe
one of our contributions to address the challenge of a direct mapping system. As we
have previously described, a direct mapping of the eye-tracking system is dependent on
the display screen size. The mapping can be less accurate on a smaller display screen.
As mapping the gaze becomes difficult on a smaller screen, one solution is to translate
the eye-gaze position into a mapped control. Thus, we propose a digital input that can
generate a joystick-like input. Figure 3 illustrates the proposed system. To move the
mouse cursor, the user moves the center of the iris (represented by a white plus mark)
into the desired control zone. The zone is divided by the green lines. We adopted the
minimum bounding box algorithm to determine the position of the green lines [29]. Figure
4 illustrates our idea to implement the minimum bounding box algorithm. We removed
outliers in the data using Equation (1). The value Edge represents the edge boundaries,
which are denoted by the green lines. P represents the user’s eye positions, where P
and o(P) represent the average and standard deviation of the eye positions, respectively.
Most eye-gaze tracking systems are affected by natural head movement, requiring users
to hold their heads still or possibly use a chin-rest [30,31]. Because a chin-rest is not used
in our current system, we add a constant C' to the equation to minimize the error caused
by natural head movement. Before the actual experiment, each user was asked to test the

< iy
T Wy

FIGURE 3. (color online) Illustration of a mapped area in an eye-image
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FIGURE 4. (color online) Ilustration of the minimum bounding box

system to increase familiarity. During the trial, we determined the value of C' that yields
the most stable results to be C' = 20 px. The value refers to the unintentional control
of digital input caused by head movement. Hence, we adopted this value throughout the
experiment.

Edge = P+ (o(P) + C) (1)

During calibration, the user was asked to look around the calibration point located
at the center of the screen. We collected several gaze positions during the process and
determined the minimum bounding box by obtaining the difference between the average
and the standard deviation of the gaze positions.

We propose a combination of mouse control and keyboard shortcuts to control Google
Maps. In Figure 3, blue arrows represent the direction of the cursor movement during
mouse control. When the user gazes at a designated zone, the cursor moves without
stopping until the user gazes at the center zone. The center zone itself does nothing.
The user’s blink is converted into a mouse click, and the user’s long blink is converted
into a double click. Mouse control is mainly utilized to start the application, select an
area or a place on the map, and open the Street View image of the area. In addition,
we provide a keyboard mode that allows the user to translate eye-gaze movement into
keyboard shortcuts. Keyboard shortcuts can be utilized to control Google Maps and
Google Street View.

3.4. User interface of the controller. In the last part of the system and software
design, we describe the control system and connections. We have explained the mouse
control and keyboard modes. To implement these control schemes, we provide a user
interface panel with multiple buttons. We set the default control scheme to mouse cursor
control. The user can use the cursor to select a button to switch to another control
method. Each button was assigned a specific control.

Three buttons are provided. The first is the Map Scroll button, which is utilized to
pan the 2D map in any direction. In Street View, the Map Scroll button can be used to
rotate the view of the map. The second button is the Zoom Mode button, which is used
to enlarge or shrink the image in both the 2D map and Street View. The third button is
a Free-Look button that addresses the Midas touch problem that commonly appears in
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an eye-gaze tracking system [32]. To switch back to the mouse control, the user can blink
for a longer period.

The control panel was connected to an eye-tracking user interface using socket commu-
nication. The eye coordinates and duration of blink data were sent from the eye tracker
to the control panel user interface.

4. Experiment and Discussion. We describe the experimental setup and the results.
The experimental setup describes our plan for validating our system. It comprises a
predetermined task, computer specifications, and a prerequisite before the experiment
begins. The experimental results are then discussed.

4.1. Experiment setup. Two experiments were performed. The first experiment was
conducted to validate the proposed system with several short tasks. The basic control
of the system was evaluated by comparing completion times. We compared the duration
to complete each task between the eye-gaze tracking device and the joystick-keyboard
combination. The second experiment was conducted to assess the user experience. Five
healthy subjects were asked to test our system, and the required time for each trial was
evaluated. Each subject filled out the agreement form required for the experiment. After
the experiment, we gathered participants’ opinions through a questionnaire.

In the first experiment, we evaluated our system by comparing the results of our eye-
gaze tracking controller with those of a keyboard and a joystick. We evaluated the time
required to complete each task. Each task was performed five times to verify the results.
The tasks performed in the evaluation were as follows:

Task 1: Move mouse cursor from Point A to Point B,
Task 2: Rotate right in 360°,

Task 3: Rotate left in 360°,

Task 4: Move forward 5 steps, and

Task 5: Move backward 5 steps.

For the first task, each user was required to move the mouse cursor from Point A to
Point B on a 2D map. We decided that Points A and B were set at train stations, as
illustrated in Figure 5. The rotation tasks (Tasks 2 and 3) and forward-backward motion
tasks (Tasks 4 and 5) were set to start from the front gate of the Kumamoto University
North Campus. The starting point of the rotation task was set with the right side of
the gate as the center point. Figure 6 illustrates the starting point of the rotation task.
The user was asked to rotate the screen 360° and return to the starting point. Using a
similar scene in Google Street View, the forward motion task begins at the front gate
facing forward, and involves a movement of five steps. The backward motion task begins
from the front gate facing backward and involves a backward movement of five steps.

In the second experiment, each user was given the task of navigating Google Maps, from
opening the application to closing Google Street View. Before the experiment began, all
users watched a video simulation of the task. Figure 7 illustrates the flow of the task
given to each user. The flow of the task is explained as follows.

e Step 1: The user moves the cursor and opens the Google Maps Application. We
purposely enlarged the cursor and changed its color so that the user could easily
locate it.

e Step 2: The user zooms in on Kumamoto University South Campus five times. The
user can instantly zoom in on an area marked by a red box using a double click.

e Step 3: The user moves the cursor and clicks the area around the first intersection
from the Kumamoto University South Campus. The clicked area is displayed as a
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FIGURE 5. Moving cursor task. The box on the left indicates Point A at
the Kami-Kumamoto Station. The box on the right indicates Point B at
the Tatsudaguchi Station. The user was asked to move the mouse cursor
from Point A to Point B. Map data source: Google Maps.

FIGURE 6. Starting point for the rotating task is marked in the red box.
The Street View image was taken by the authors.

small icon marked by a red circle. The user then opens the Street View panoramic
image of the area by clicking the image marked in the red circle.

e Step 4: The user navigates Google Street View by clicking the Map Scroll button.
The control panel is automatically hidden in Street View. The user is asked to
perform a short virtual tour from the intersection area to the front of the 100th
anniversary of the engineering faculty building, as illustrated by the green line. Once
the virtual tour is completed, the user returns to the 2D map view by closing their
eyes for a longer period. The control panel reappears once the user returns to the
2D map.

Each user was asked to sit comfortably with the computer placed approximately 60 cm
from the user. Compared to the standard pinpoint eye-gaze tracking system, our system
does not require a minimum distance for optimal control. However, we set up a minimum
distance due to health and safety concerns. Each user was asked to complete the task five
times. We evaluated our developed system by measuring the required time for each user
to complete the given task, as well as each user’s answers to the questionnaire. All users
completed the actual experiment on an HP ProBook 640 G4 (CPU: Intel Core i7 8550U
1.8 GHz, GPU: None, Memory: 16 GB, OS: Windows 10, Display: 15.6").
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4.2. Experiment result. In the first experiment, we measured the time taken to com-
plete each short task. Fach task was conducted five times for validation purposes. Each
subject that participated in the experiment had a different background. Subjects 1 and
4 were complete beginners with no knowledge or experience. Subject 2 was familiar with
the eye-gaze tracking system, but had never used it. Subject 3 had personal experience
with eye-tracking systems. Subject 5 was both knowledgeable and experienced in other
eye-gaze tracking systems. Each user was first asked to control the mouse cursor using a
joystick, and then using our eye-tracking system. The remaining tasks were performed to
compare the keyboard and our eye-tracking system on Google Street View.

Table 2 compares the completion times between keyboard /joystick (Kb/J) control and
our eye-tracking system. Based on the results presented in Table 2, the eye-gaze tracking
system is generally slower than Kb/J. Although these results were expected, several ratios
between Kb/J and our eye-tracking system were close. In Task 1, the average ratio of
completion time between Kb/J and our eye-tracking system was only 1 : 1.15. The result
suggests that any user can move the cursor using an eye-tracking system as easily as via
Kb/J. In the rotation tasks (Tasks 2 and 3), our eye-tracking system exhibited completion

TABLE 2. Ratio of completion time between keyboard-joystick and our eye-
tracking system

Average Time Kb/J : Eye (ratio)

Tasks Subject 1 | Subject 2 | Subject 3 | Subject 4 | Subject 5 Average ratio
Task 1| 1:1.04 1:1.14 1:1.13 1:1.09 1:1.36 1:1.15
Task 2| 1:3.43 1:3.30 1:3.58 1:3.24 1:3.87 1:3.48
Task 3| 1:3.37 1:3.19 1:3.54 1:3.86 1:4.48 1:3.69
Task 4| 1:1.04 1:0.72 1:1.43 1:0.94 1:1.61 1:1.15
Task 5| 1:1.07 1:0.87 1:1.65 1:1.12 1:1.32 1:1.21
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times that are three times Kb/J. Although users were able to skillfully stop rotation with
high precision at 360° using a Kb/J, it was not easy to stop at 360° with high precision
using eye-gaze control at the same rotation speed. To overcome this problem, we reduced
the rotation speed to increase the precision. In the moving tasks (Tasks 4 and 5), the
average ratios between our eye-tracking system and Kb/J were close. Subject 2 and
Subject 4 completed the task faster using eye-gaze rather than the keyboard. This result
can be explained by the fact that there were few cases where the Google Street View page
had a slow response that increased the loading time.

Figure 8 shows the corresponding completion time of each user using our eye-gaze
tracking system in five trials. The difference in completion time between users is small.
In the highlight of Tasks 4 and 5, although Subjects 2 and 4 completed the task faster using
our eye-gaze, the graph shows that their completion time is not significantly different from
other users. The overall results indicate an improvement from the initial trial followed
by a stable completion time. In general, Subject 1 exhibits the best results compared
to all other subjects despite being a complete beginner. However, the graph in Figure
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FIGURE 8. (color online) Time required to complete each short task in the
first experiment using our eye-gaze tracking system
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8 indicates that there is minimal difference among the subjects. Based on the research
results by Istance et al., it is difficult to expect an eye-gaze tracking system to perform
as well as joysticks and keyboards [7]. Nevertheless, our research results show a tolerable
difference, which indicates our eye-gaze system’s potential.

In the second experiment, we evaluated each user’s ability to control the system in
longer-duration tasks. The experiment was divided into three timeslots. In each timeslot,
each user was asked to complete the task five times. A short break was taken between
timeslots. Fifteen completion times were recorded for each user. Figure 9 illustrates the
average time of the five trials in three timeslots from each subject. In the first timeslot,
three beginner users (Subjects 1, 2, and 4) have average times longer than those of expe-
rienced users (Subjects 3 and 5). Subject 4 averaged more than 300 seconds to complete
the task. In the second timeslot, the performance of the three beginner users improved
from the first trial. Subject 2 and Subject 4 completed the task approximately 50% faster
than they did in the first timeslot on average. In the third timeslot, all users were able
to complete the task with an average of under 200 s.

Figure 10 illustrates a trend of the time required to complete all fifteen trials for each
user. Subjects 1, 2, and 4 had difficulties completing the given task in the first timeslot.
Subjects 1 and 2 exhibited rapid improvement by the fifth trial in the first timeslot.
By contrast, Subjects 3 and 5 had a better completion time in the first timeslot, which
shows the users’ experience. Subject 3, who was an experienced user, had the shortest

~&- Subject 1 =@ Subject 2 Subject 3
== Subject4 == Subject5
400
=
- 300
o1}
o
L 200
E:
(8]
£ 100
'_
0
Timeslot 1 Timeslot 2 Timeslot 3
Timeslots

FIGURE 9. (color online) Average time of the second experiment in each timeslot
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FIGURE 10. (color online) Time required to complete the second experiment
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completion time in all timeslots. In the third timeslot, the small deviation indicates a
more stable control and sense of familiarity with the system. The decrease in the deviation
of the required time can also be seen as the number of trials increases, indicating the users’
improving control skills. Considering the trend of the required time, there were occasional
spikes in the completion time. The cause of these spikes is the pop-up feature on the 2D
maps that indicates the summary of a building when the mouse cursor is hovering around
it. Figure 11 illustrates the cause of occasional spikes in the second experiment for Subject
4, in the second trial of the second timeslot. This obstacle requires a quick decision by
the user to move the cursor outside of the pop-up area and wait until the pop-up is closed
in a relatively short time. From the results, we can conclude that beginner users do not
require much time to get accustomed to our system.
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FIGURE 11. Target point is hidden behind the pop-up modal window of
a building. The pop-up modal window indicates when the mouse cursor
dwells around the building for a certain amount of time. Map data source:
Google Maps.

Two recorded samples of Subject 1 from the first and second trials were taken, and
the trajectories were analyzed. Figure 12 illustrates the trajectory of the mouse cursor
controlled using our eye-tracking system. The image illustrates the trajectory of a mouse
during Step 2, the zoom task. To be able to zoom into an area, the user is required to
move the cursor to the top of the area and use a long blink to double click. However, in a
few cases, the mouse cursor may dwell over a building with a name, causing the building
information to pop up in a modal window. This window blocked the view, and the user
was unable to zoom into the area. This challenge forces the user to move the cursor
outside the window and wait for the window to close. This explanation is supported by
a comparison of the trajectory between the blue and green lines. As illustrated in the
image, the blue line has more detours before the zoom task.

After the trials were completed, we asked each subject to confirm any additional features
in the system, such as the zoom function using the Zoom Mode button and free-look mode
using the Free-Look button. The Zoom Mode button was prepared if any user wanted to
enlarge or shrink the view of the map. The Free-Look button was prepared to solve the
Midas touch problem, which is common in eye-camera research [32]. A questionnaire was
prepared to collect the subjects’ impressions of our developed system. Table 3 lists the
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FIGURE 12. (color online) The trajectory of the mouse cursor. The blue
line indicates the trajectory of the mouse cursor when a pop-up window
appears. The green line indicates the trajectory of smooth control.

TABLE 3. Result of the questionnaire

Point to be reviewed Score
Headband feels heavy? 3.8
Camera interferes with visibility? | 3.6
Easy to move mouse pointer? 2.8
Easy to switch mode? 3.2
Easy to navigate through maps? 3.0

questions asked of each user, as well as the average score. The scoring for the questionnaire
utilized a five-point system. A score of 1 represents the worst result, while a score of 5
represents the best result. Although the results in Table 3 display scores that are only
slightly above average, our system was well-received by the test subjects. In particular,
the design of the wearable devices was light, and did not strain the users.

We have received several comments regarding our developed system. Two of the sub-
jects mentioned that they could not locate the cursor position while moving their eyes.
This challenge may be addressed by using a larger display for future development. In
addition, a center marker may be a good idea to help the user keep track of the center of
the screen. Subjects 1 and 5 admitted that they blinked involuntarily, which caused un-
intended mouse clicks. This challenge can be addressed easily by adjusting the blink-time
threshold for user preferences.

5. Conclusion. Google Maps is a popular navigation system that provides maps and
panoramic views of areas worldwide. This service can be both informative for navigation,
and entertaining as a form of virtual tourism. In this study, we introduced the possibility
of controlling Google Maps solely using an eye-gaze interface system. Considering the
time required to complete tasks and the stability provided in the discussion, the eye-gaze
tracking system has shown potential uses that are yet to be unlocked. A rapid reduction in
completion time by the beginner users indicates that our system was easy to use. Based
on the questionnaire results, our proposed headband design for wearable eye-tracking
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devices was relatively well-accepted. Nonetheless, we must improve our software system
to improve user experience.
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