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Abstract

The developments in the area of brain research by analysing brain activity of
individuals have given rise to many useful applications, such as diagnosing
mental disorders more efficiently, treatment of cognitive disorders, and de-
veloping of brain-computer interfaces for treatment, communication and en-
tertainment purposes. However, the development of such applications is hin-
dered by a shortage of easy-to-use and comfortable sensors, as well as a lack
of high-quality brain activity data. In the first part of this paper, a review of
the status of BCI applications is presented followed by a proposal of a frame-
work for developing an intelligent BCI headphone that takes leverages of the
huge amount of data coming from playing video games to let the players ex-
perience a full immersive gaming experience.
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1. Introduction

People have believed for many years that electroencephalographic activity or
other electrophysiological measures of brain function may provide a new non-
contact channel for communicating with the outside world—a brain-computer
interface (BCI). The last fifteen years have seen an enormous increase in the de-
velopment of BCI applications. A brain-computer interface (BCI) is can be de-
fined as any device that detects human brain activity and translates it into digital
commands. It acts as a bridge between the human brain and a computing device,
allowing users to interact with the computing device only with their thoughts,

and this is especially helpful for physically challenged individuals, such as those
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with amyotrophic lateral sclerosis (ALS). Brain-computer interfaces (BCIs) are
being developed not just to aid disabled individuals with motor replacement,
motor rehabilitation, and novel communication options, but also as a form of en-
tertainment and games for healthy users. Electroencephalography (EEG) is the
most used technique for recording electrical brain activity. In the field of com-
munication, examples include P300-based spelling systems [1] and the use of
imagined movement [2] or slow cortical potentials (SCPs) [3] to drive a wheel-
chair.

The first BCI game was devised by Vidal et al. [4] and required the player to
navigate a maze by focusing on regularly flashing fixation points off-screen. In
the intervening period, there has been a significant rise in available computing
power, coupled with a decrease in hardware costs, resulting in a surge of peer-
reviewed research publications on BCIs. Since 2000, a growing number of re-
search institutions have developed BCI games. See Plass-Oude Bos et al. [5] for a
summary of the survey. As EEG headsets grow more inexpensive and BCI tech-
nology becomes more accessible, the use of BCIs in entertainment becomes
more desirable.

A quality game immerses the player in the gaming world, making them feel
the game. BCIs are fundamentally different from conventional input devices such
as a mouse, keyboard, and joystick. A BCI provides the user with a non-contact
input channel for controlling the game. Is this a barrier to the game’s immersion
and sensation of presence? Is a BCI beneficial in a popular contemporary game?
Is experimenting with BCI control enjoyable? This study will aim to solve these
concerns by analysing earlier research on BCI headphones and games, as well as
how to quantify user experience in games using surveys and duration estimates.
Finally, we present a way for incorporating BCI control into the Farcana Game,

as well as our experimental design.

2. Literature Review

2.1. BCI Applications

Companies all around the globe are developing BCI (Brain-Computer Interface)
devices for a variety of purposes. Although BCIs are most frequently linked with
device control and medical applications, an increasing number of researchers are
building BCIs for education, sports, and other industries more familiar to the
general public.

Figure 1 demonstrates top companies in different categories creating life-
changing BCI technology. The number of companies providing non-invasive BCI
has grown in recent years, and huge corporations are purchasing non-invasive
BCI start-ups.

Early BCI applications were targeted at those with limited mobility or com-
munication impairments. Their objective was to supply consumers with more
communication channels. With the rapid development of BCI technology, BCls

may become advantageous in specific situations for users who are conscious of
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Figure 1. BCI landscape 2022.

their health. BCI can be utilized to extract and employ an individual’s cognitive
and emotional state. Through its ability to monitor mental states, the BCI system
can aid in the early detection and prediction of various health issues, including
but not limited to, brain tumors, epilepsy, narcolepsy, and encephalitis resulting
from brain swelling. Additionally, as a cost-effective substitute for expensive di-
agnostic tools such as MRI and CT-SCAN, the BCI system can use EEG to detect
tumors caused by uncontrolled cell growth [6]. [7] [8] focuses on EEG-based
brain tumour detection systems, whereas in [9] the authors have worked on
EEG-based breast cancer identification. Sharanreddy and Kulkarni proposed a
method for identifying EEG irregularities associated with tumours and seizures
in [10].

The brain-computer interface may also be implemented in smart environments,
such as smart homes, workplaces, and automobiles, to enhance the safety, com-
fort, and physiological control of human daily life. It detects the user’s mental
state and adapts the environment accordingly. According to [11], they also an-
ticipate collaboration between Internet of Things (IOT) and BCI technology.

Researchers of BCI have also been interested in marketing. The advantages of
adopting EEG assessment of television advertisements for both commercials and
political campaigns are discussed in [12]. The researchers investigated estima-
tion television advertisement memorization by the viewers, which provides an
alternative technique for judging advertising.

Neurofeedback is a possible method for enhancing cognitive function by res-
ponding to human brain activity. In the educational system, EEG signals can be
used to determine the quality of the studied knowledge. The establishment of
individualized communication with each student depends on the result response
[13]. In [14], emotional intelligence based on EEG was utilized to reduce the
tension related to sporting events. Using functional Magnetic Resonance Imag-
ing (fMRI) neurofeedback, [15] discusses BCI technology for self-regulation and
skill improvement using functional Magnetic Resonance Imaging (fMRI) neu-
rofeedback.

Non-medical Brain-computer interface are commonly used in entertainment
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and gaming. In this form of BCI, physiological processes like brain signals, heart-
beat, and facial emotions are utilized. A game which helicopters are designed to
fly to any location in 2D or 3D virtual environment is discussed in [16]. In [17],
Tan and Nijholt reported a brain game designed to reduce participants’ stress
levels. Due to the fact that players can only move the ball by relaxing, calm play-
ers are more likely to win; thus, they would learn to manage their stress while
being entertained.

Biometric, knowledge-based, and object-based authentications are applied in
security systems. In this industry, there are several applications, such as the de-
tection of signal distortions via EEG and eye movement, the identification of
odd behaviour, and the detection of suspicious objects [18]. In a scenario where
several participants are seeing a recording of a suspicious occurrence, EEG and
precise eye movement are the only methods capable of identifying potential tar-
gets [18]. As part of intelligent navigation systems, a number of researches have
examined the authenticity of EEG data generated by driving behaviour. [19] [20]
uses an elementary driving simulator with mental tasked state to verify a driver’s

identity on demand.

2.2. BCI Games

Multiple research groups have developed BCI games, typically as proofs of con-
cept or to assess the utilization of mental processes in an online service. Brainbal,
created by Hjelm et al [21] [22], is a well-known BCI game that has impacted a
large number of researches. The objective of the game is the player to get more
relaxed than the opponent. Consequently, two players seek to be more tranquil,
making it a contradictory and entertaining game. This research uses the ratio of
frontal alpha to beta waves as a measure of relaxation.

Pineda ef al [23] designed a BCI for a first-person shooter in three dimen-
sions. The keyboard regulated forward and reverse motion, whereas alpha levels
in the motor cortex governed left and right turns. Due of the study’s emphasis
on participants’ ability to learn to adjust their alpha/mu levels over many weeks,
only four individuals participated. They observed that maintaining control over
mu activity was straightforward.

Giirkok ef al. [24] observed that while some mental tasks for BCI games are
appropriate, they may not be the optimal choice as the main mode of interac-
tion. Instead of focusing just on bit rates and accuracy, Plass-Oude Bos et al.
took a user-cantered approach and found that the ease of doing a particular
mental task is also a crucial factor [25].

A BCI game in the virtual environment is a growing field. One of the prob-
lems faced in the virtual environments is the restriction of a player’s locomotion
constrained by the natural environment. To overcome this hurdle Yasar imple-
mented a BCI game in a virtual environment where the player is instantly tele-
ported to an intended location using brain signals. To extract the features in
time, frequency and time-frequency domain the brain signals were decomposed

into alpha, beta and gamma bands. Results from binary classification in the fre-
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quency domain with Alpha band gave the highest performance. A study done by
Halim I. Baqapuri et al [26] has investigated the application of BCI gaming in
virtual environment for neurofeedback training. A first-person shooter game
was developed where the movement speed of the character was controlled by
brain activity in a supplementary motor region of interest. The aim of the study
was to evaluate the feasibility of BCI in creating an immersive Virtual Environ-
ment for neurofeedback training.

I M Vega et al. [27] developed a serios game called PROEZA with the aim of
training players to control a hand prosthesis. Emotiv Epoc+ headband was used
to capture the brain signals with Unity video game engine for developing the
game. A protocol for validating a player’s skill in controlling the hand prosthesis
was presented and tests were carried out on 2 players. The results show the pro-
tocol to be an acceptable method for evaluating the player’s ability to control the
BCI system.

Gabriel Alves M.V et al [28] conducted a controlled experiment for evaluat-
ing the performance and player experience of both competitive and collaborative
matches in a multiplayer BCI game. Quantitative and qualitative data were ga-
thered to evaluate the interaction of individuals with the BCI platform and other
players. There was determined to be no statistically significant difference in per-
formance between the two groups or between multiplayer and single-player
modes. There was no statistically significant difference between the groups, de-
spite the fact that the group playing competitively reported higher overall ratings
for gaming experience. There were substantial connections between perfor-
mance and good features of gaming experience for both forms, and multiplayer
matches were much shorter than single-player matches, but this difference could
not be attributable to the style of interaction alone.

Although there have been great achievements in applying BCI for entertain-
ment such as gaming there are certain limitations to be noted such as lower
transfer rate, cost and encumberment of materials and also lack of game design
and graphics. For example, the number of frames per second is a major concern
for BCI games [29].

2.3. User Experience

Witmer et al [30] assert that sensing presence necessitates both participation
and immersion. Witmer ef a/. created a presence questionnaire addressing these
criteria for use in virtual environments. Now, games may be as immersive as
virtual environments. A successful game captivates the player with its aesthetics,
intriguing characters, and creative plot. Users can then have a sense of immer-
sion in the game’s mood or universe [31].

Distracting factors, such as audio-visual stimuli that are contradictory with
the virtual world or unusual or dysfunctional interfaces, might interfere with the
feeling of presence. User experience evaluation is crucial to the success of BCI
games at the intersection of these games, which try to give the optimal circums-

tances for a sensation of high presence [32]. Van de Laar et al [33] sought to
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evaluate a BCI game with a questionnaire based on IJsselsteijn ef al [34]’s game
experience questionnaire (GEQ) with specific questions about the BCI’s functio-
nality. Van de Laar ef al [35] offered a summary of the several approaches availa-

ble to researchers for analyzing BCI games and when they should be utilized.

3. The Framework for Intelligent BCI Headphone

As seen in Figure 2, the BCI system consists of the following elements: signal
capture, pre-processing, feature extraction, classification, and application inter-
face [36]. The structure of the BCI is a closed loop and consists of five elements.
The phrases are “Control paradigm”, “Measurement”, “Processing”, “Predic-
tion”, and “Application”. Through these five steps, the BCI interprets the user’s
intent or mental state and uses this data to control the program. This closed loop
between the user and the program is maintained until the system is shut down,
with the four modules serving as their interface [37].

Control paradigm: BCI uses a “control paradigm” for which the user is re-
sponsible. The user may concentrate on a certain object or imagine a body part
movement to generate brain signals that include the user’s intention. In our BCI
system, the user’s intentional efforts are not required; instead, the system will
detect the user’s mental or emotional states automatically [37].

Measurement. Invasive and non-invasive methods can be used to acquire
brain signals; in our intelligent BCI headphone we use EEG method for signal
acquisition.

Processing: The measured brain signals are processed to optimize the sig-
nal-to-noise ratio and select target characteristics. In this stage, several tech-
niques such as spectral and spatial filtering are used to eliminate artifacts and
extract important information. The specified target characteristics are sent into

classification or regression modules [37].

BCIHEADPHONE

Signal Processing

Classification
(detection)

preprocessing Feature extraction

t !

[ Signal acquisition ] [Application interface]

@ Feedback FARCANA
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Figure 2. Proposed Framework for BCI headphone.
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Prediction: This step evaluates the user’s mental states and level of emotion.
Classifiers such as threshold, linear discriminant analysis, support vector ma-
chine, and artificial neural network are commonly used for prediction [37]. The
BCI headphone will be used by thousands of players to play the Farcana Game,
hence a massive amount of data will be available to train a machine learning
model for prediction. We keep this trained model in a cloud and allow BCI
headphones to access the model for prediction. Meanwhile, in the cloud, the
model is updated using new data as more and more data is acquired.

Application: Once the user’s mental state or level of emotion is determined in
the prediction step, the output is employed [37] to bring different changes to the
game environment or to give feedback to the player: for example, depending on
the players level of emotion the Farcana Game sounds will be changed accor-
dingly to make the player have a very deep immersive gaming experience, or to
take into account the health of the players, depending on the mental state of the
player the game will advise the player to take a rest and come back, if the player
doesn’t stop the player will be disconnected after the current game event and will
be allowed to play after a certain time. The player can learn to control alpha le-
vels to become professional at playing the game.

The proposed framework for BCI headphones will bring the players a com-
fortable head gear to get immerse into the game environment and also autono-
mously helps the player have a deep immersive gameplay experience at the same

time keeping track of the players health.

4. Conclusion

The anatomy of the human brain is incredibly intricate. Brain signals indicate
the user’s goals as well as the brain’s controlling behaviour or the effect of in-
formation obtained from other bodily parts such as the senses or organs. BCI is a
useful technology that permits communication between the human brain and
computers or other electronic devices. BCI applications have inspired and at-
tracted scientists from all around the world. In this study, we sought to deter-
mine if BCI control can add value to a current video game. This study offers a li-
terature overview of BCI systems, with a focus on wearable BCI and BCI games.
The literature regarding BCI applications, BCI games, and BCI user experience
has been evaluated. Finally, we presented a framework for BCI headphones that
integrates wearable BCI systems with BCI games to create a more immersive and

healthy gaming experience.
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