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ABSTRACT

In cases of disease or trauma, individuals may lose the ability to communicate through conventional
means such as speech or typing. Eye movements often remain one of the few active muscle
capabilities for people with neurodegenerative disorders, such as amyotrophic lateral sclerosis
(ALS), or those experiencing paralysis. Additionally, eye movement-based systems can be
beneficial for privacy, security, or convenience when hands-free communication is necessary. This
study aims to control a virtual keyboard using EOG signals, derived from the cornea-retinal standing
potential between the front and back of the eye. Electrodes placed around the eye capture these
signals, enabling text input based on eye movements. The system successfully recorded messages
by detecting the desired letters during periods of sustained gaze. Further improvements could be
achieved by incorporating blinking detection algorithms to refine letter selection and enhance
system accuracy.

Keywords: EOG, ALS, Virtual Keyboard, Recorded Message.

1. Introduction

The eye is an organ that performs visual functions in humans. The eye movements are examined by
using small-amplitude biological signals that occur during the movement of the eyes [1]. The signals
mentioned are called electrooculogram (EOG) which are obtained by recording the potential difference
between the eyes in two separate channels: horizontal and vertical [2]. EOG signals have a frequency
range of 0.1 - 20 Hz and low amplitude values such as 100 - 3500 microvolts in amplitude [1]. Many
studies are using EOG signals. For example, there are studies about the processing of signals received
with electrodes placed around the eye, understanding the state of the eye, and studies in different areas
such as sleep examination with the help of EOG signals, EOG-based eye movement detection and gaze
estimation for an asynchronous virtual keyboard [3]. EOG-based computer control systems have been
developed, such as a novel efficient human-computer interface and an EOG-based virtual keyboard [4].
Other advancements include adaptive virtual keyboards that minimize keystrokes for EOG-based
control [5], continuous eye-writing recognition systems for assistive communication [6], directional eye
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movement detection systems for virtual keyboard controllers [7], and further eye movement detection
algorithms [8]. Additionally, wearable forehead EOG measurement systems have been developed for
practical applications [9].

This study aimed to develop a communication method for individuals with Amyotrophic Lateral
Sclerosis (ALS) and paralysis, as well as for security purposes, using electrooculogram (EOG) signals
to create an EOG-based virtual keyboard. The system operates by employing a typing method that
utilizes specific directions and timings to select individual letters based on the keyboard design. EOG
signals are captured through electrodes placed around the eyes, detecting the electrical activity generated
by eye movements. These signals are then processed and translated into cursor movements on the virtual
keyboard. Users can type by moving their eyes in specific directions, allowing them to select characters
without needing physical input. This innovation not only provides a valuable tool for individuals with
severe motor impairments but also offers potential applications in secure communication systems where
traditional input methods might be compromised.

2. Material And Methods
2.1. Experimental Procedure

In this study the signals were acquired using electrodes placed around the eyes, after that a Measurement
System was used which is KL-730 Biomedical Measurement Training System (Figure 1). It provides a
platform for students to learn how to extract various body signals using bioelectronics sensors [10].

Figure 1: Biomedical Measurement Training System KL-75003 [10].

Measurements were performed in the Biomedical Technologies Research and Application Center
(BIYOTAM) at Sakarya University of Applied Sciences. Figure 2 shows the whole process of the
experiment starting from the capturing EOG signals to the treatment of the signals in the machine, to
the wave form and data and the virtual keyboard till the result which is the recorded message.
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Figure 2: Block Diagram for an EOG Based Keyboard.

Both horizontal and vertical EOGs are measured as voltages using electrodes. For horizontal EOG
measurements, electrodes are placed as close as possible to the canthus of each eye. For vertical EOG
measurements, electrodes are placed just above and below the eye. The reference electrode is placed on
the forehead [11]. For this preliminary measurement, the EOG data was recorded once from a single
volunteer student. Figure 3 shows electrode placements and figure 4 displays disposable electrodes for
the measurements.
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Figure 4: 50mm-Round-Medical-Disposable-Electrode.
2.2.  Acquisition and Processing

Raw signal was acquired and merged with noises coming from various sources, power-line interference,
cables, skin resistance. It also had a very low amplitude (in the range of microvolts), making it too
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difficult to detect the change in the signal. For treating this signal KL- 75003 Electrooculogram module
was used which is seen in Figure 5.

Figure 5: KL-75003 Electrooculogram (EOG) Module.

The Specifications for Electrooculogram EOG Module is a surface electrode and gain with range of
5~3000. Adding an isolation circuit and a band-pass filter with from 0.05~30Hz. Also 2 outputs one for
horizontal signal and one for vertical signal [10]. GUI for KL-75003 is displayed in Figure 6.
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Figure 6: Graphic User Interface Software for KL-75003.

The EOG data was then stored in an Excel file with two columns for horizontal and vertical EOG signals,
with a total of 1501 data points captured. Thirteen rows from our captured data are shown in Table 1.

Table 1: Table for EOG Data

Vertical | Horizontal
1.2 -10.72
1.28 -10.72
1.28 -10.72
1.28 -10.8
1.28 -10.72
1.28 -10.72
1.2 -10.72
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1.28 -10.72
1.2 -10.72
1.2 -10.72
1.2 -10.8

1.28 -10.72

During the measurements, analog filtering was utilized with the device. EOG signal information is
mainly contained in low frequencies. For this reason, a band-pass filter, which combines both high-pass
and low-pass filtering, allowing only a specific range of frequencies between 0.1 and 30 Hz to pass
through, was applied to isolate the frequency band where the EOG signal is most prominent, with a
sample rate of 128 Hz. Then, an average filter was applied to remove some noise components [12]. The
original and filtered EOG signals are displayed in Figure 7.
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Figure 7: Original EOG Data with Filtered EOG Data.
2.3. Assistive Keyboard Design

The virtual keyboard is a 5x5 grid. Cursor movement is determined by comparing EOG signal deviations
against set thresholds: exceeding positive or negative thresholds for horizontal signals shifts the cursor
right or left, while vertical signal thresholds move the cursor up or down. An initial stabilization period
minimizes transient noise by allowing the EOG signals to settle. Real-time position updates are
displayed on the graphical user interface (GUI). When the EOG signals stabilize within a narrow range,
indicating a steady gaze, the character at the current cursor position is selected and added to the output
message. This method ensures reliable text entry by interpreting only significant and deliberate eye
movements, demonstrating the effectiveness of EOG-based input systems. Designed virtual keyboard is
displayed in Figure 8.
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Figure 8: Virtual Keyboard Designed in MATLAB.

Where there another keyboard example that is different starting from the matrix to choosing letters by
double blinking and the red rectangle highlight is created to show the currently selected key [13]. This
variation provides another efficient method for selecting characters using eye movements.

3. Results

The captured EOG data was successfully translated into text messages, demonstrating the system’s
capability to control the virtual keyboard through eye movements. The virtual keyboard responded to
the EOG signals by navigating according to the detected directions, with letters being selected when the
gaze remained fixed longer on specific letters (e.g., U, Y, E, A). This approach was employed to evaluate
the system's effectiveness in different scenarios. Notably, the letter X' was initially missed but
subsequently recorded, which may be attributed to transient or uncontrolled eye movement steps.

As a result of the measurement, a message was successfully recorded based on the selected directions
and the letters on the virtual keyboard model, as depicted in Figure 9.

<=
-l@BCD@ ?
: F G H 1 J

ES

P Q
vrs@v W x@

- >

Figure 9: Virtual Keyboard with the Chosen Directions.

Due to the inherent difficulty in capturing each letter in precise order, some unintended letters appeared
in the message. For instance, the letter X" was initially skipped but subsequently included, likely due to
uncontrolled eye movement during the process. This observation highlights the challenges in achieving
exact letter selection and suggests areas for improving system accuracy. Sample recorded message is
shown in Figure 10.
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Message:
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Figure 10: A Message Recorded by EOG Showing the Wanted Letters Followed by the Chosen Directions.
4. Discussion

The EOG signals captured during this study demonstrated good quality post-filtration, as illustrated in
Figure 7 and summarized in Table 1. The initial results, based on data from a single participant,
underscore the system's potential. However, greater efficacy can be achieved through training in a
specific keyboard layout. This contrasts with the study by Keskinoglu and Aydin, where repeated trials
by the volunteer led to improved control and accuracy in recording specific messages [1].

While our 5x5 grid keyboard is straightforward, it requires enhancements to broaden its functionality,
such as incorporating numbers. This is similar to the approach taken by Teja et al., who used a 5x6 grid
with an additional column for control functions [14]. Other studies, like those by Barbara et al.,
employed standard QWERTY keyboard layouts, organizing various symbols into comprehensive
menus, demonstrating diverse design possibilities for virtual keyboards [3]. Furthermore, integrating
our keyboard with a computer system for varied applications could enhance its utility, as seen in the
work by Donchin et al., where eye movements controlled computer operations [15]. Additional
improvements can be made by focusing on increasing accuracy and speed. This aligns with findings
from studies achieving near-perfect accuracy and typing speeds of up to 10 characters per minute [16].
For instance, Tangsuksant et al. reported an average typing speed of 129.35 seconds per word for the
word "HELLO" [7].

Although our system could capture the letters by employing a method that follows specific directions
and timings to select letters based on the keyboard design, it is evident that further refinements are
needed. Future investigations should focus on optimizing the system for faster eye movements and more
precise control over virtual environments, with the goal of achieving higher accuracy and greater typing
speeds. This will involve additional experiments with multiple volunteers to validate and enhance the
system's performance.
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5. Conclusions

This study focused on developing novel techniques to facilitate communication through speech or typing
by translating EOG signals into messages. The result was a message recorded by EOG, displaying the
desired letters according to the chosen directions. These preliminary results indicate that with repeated
measurements, especially for individuals diagnosed with eye diseases, the system could be significantly
improved.

The success of this work opens new possibilities for enhancing the quality of life for people with
disabilities and improving the robustness of security protocols. The EOG-based virtual keyboard system
offers notable advantages, particularly in providing a non-invasive, cost-effective communication
method for individuals with severe physical disabilities. It enables text input using eye movements,
making it accessible and customizable to individual needs. The system is portable and provides real-
time feedback, enhancing usability. However, the system has drawbacks, including susceptibility to
signal noise and artefacts, which can lead to incorrect inputs. Additionally, the input speed is slower
than traditional methods, and prolonged use may cause eye strain. Despite these challenges, refining the
technology and training protocols can significantly enhance its effectiveness as a communication aid.

Future research could focus on further improving the accuracy and user-friendliness of the system, as
well as exploring additional applications of EOG-based technology.
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