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Abstract. This paper will investigate the fundamentals of the Brain-Computer Interface, 

including various kinds of implantable Neural Probes, materials used to construct neural probes, 

and essential methods to detect crucial electrical and chemical signals from brain structures to 

building well-behaved Brain-Computer Interfaces. Beyond that, this paper will delve deeper into 

the Brain-Computer Interface (BCI) and its application in the modern time game industry and 

look into the future perspectives of BCI for helping underrepresented groups that could not utilize 

traditional input devices.  
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1.  Introduction 

With the growing requirements for building sustainable, flexible, and highly integrated Brain-Computer 

Interfaces(BCI) that could minimize the damage to human physiological functions, great many scholars 

from different areas contributed to the realm of BCI, hoping to get optimal solutions. Starting from the 

primal description of electroencephalographic(EEG) by Hans Berger in 1929, there are callings for 

applications in communication between the human brain to act on the environment without the normal 

intermediate substances of human nerves and muscles [1]. The early blueprints find its presence not until 

the late 1970s, when Advanced Research Projects Agency(APRA) became growingly interested in the 

technologies that could provide a more immersive and efficient communication between human brain 

and electronic devices [1]. Shifting from the early era of conceptions, nowadays, researchers in the realm 

focuses more on the technologies that could lower down the invasiveness and overall reliability to 

achieve high-level communications, during which, neural probes that are made of biochemical signal 

sensitive transistors or chemical signal receivers are of vital importance [2]. On the other hand, modern 

game industry has already been critized for its long-year ignorance of underrepresented groups and their 

fallacious design that could not met the requirement of most people with severe body conditions that 

might hinder them from enjoying those video games available on the market.  Therefore, this article will 

first introduce some fundamental BCI concepts, electro-chemical foundations, microfabrication 

methods, and more advanced neural probes that could detect more sensitive and minor signals from the 

brain area. Then, this paper will delve deeper into the application of above-mentioned techniques and 

the attempt to utilize them in the games that facilitate the disabled group. 
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2.  Fundamentals of BCI 

BCI is established on the basis of human nerval system, and its electrochemical signal transmission 

paradigm. This section will investigate the fundamentals of BCI: the human nerval system activities, 

and electrical signals that can be captured which are generated mostly by two main sources.  

There are two major electrical potentials that can be recorded through various neural interfaces. First 

discovered in 1949, action potential was rigorously defined by Kandel, Schwartz and Jessell as the rapid 

sequence of changes in the voltage across the cell membrane [3]. The rapid rise in potential and the 

phenomenon of depolarization is a “globally” connected event which is primarily initiated by the 

opening of sodium ion channels within the plasma layer(membrane). To regain the equilibrium of ion 

level across the membrane, an ATP-driven pump(Na/K-ATPase) will propel the movement of sodium 

ions out of the cell and potassium ions into the cell [4]. As for field potentials, they are the averaged 

spatiotemporal summation of neural activities in large brain areas [5]. More specifically, Field Potentials 

can be decomposed into three subcategories in terms of signal type, namely the electroencephalography 

(EEG) signals, electrocorticography (ECoG) signals, and local field potentials (LFP).  
To narrow down the scope of discussion, it is helpful to limit the topic within EEG, whose discovery could be 

traced back to 100 years ago. In general, EEG is a method to record an electrogram of the continuous electrical 

activity of the brain. It has been proven that EEG could be utilized to delegate the postsynaptic potentials of 

pyramidal neurons in the neocortex and allocortex [6]. Voltage fluctuations measured by the EEG bio-amplifier 

and electrodes allow the evaluation of normal brain activity including the posterior dominant rhythm. More 

importantly, EEG could detect abnormal electrical discharges, which in turn is widely applied in modern-day 

epilepsy detection [7]. Beyond that, EEG has been utilized in the game industry almost since the date it was 

invented. Due to its high resolution and instantaneousness, it has been widely used to record human brain signals, 

which are later encoded and decoded to transfer important bidirectional instructions. The next part of this paper 

will pay a closer look at the fundamentals of the Neural Probes and investigate the types of Neural Probes that are 

specifically favored by the EEG. 

3.  Fundamentals of neural probes and EEG 

Neural probes are microstructures that connect human neural structures with outside electronics (Hajj 

Hassan et al., 2008). Neural Probes are one of the most crucial hardware pillars of modern-day BCI 

technology, and it has already positively affected the overall comprehension of biological neural 

networks. However, due to the challenges related to non-standardized fabrication and unconventional 

molding processes, many research teams are severely challenged.  

There are three major types of neural probes: Metal Wire-based Neural Probes, Silicon-based Neural 

Probes,  and Polymer-based Neural Probes. For Metal Wire Based Neural Probes, their electrodes 

typically consist of electrolytically sharpened wires that are “commonly less than 100 𝜇m in diameter” 

and “completely insulated” where only tips are left for recording or simulation purpose [8]. It is 

statistically the most used Neural Probes worldwide, and has tapered structure to enable convenient 

insertion in the brain tissue [9] Moreover, materials ranging from platinum, platinum-iridium, gold, and 

stainless steel are normally used to construct the Metal Wire based Neural Probes.  

With the growing stability and efficiency of in bulk micromachining techniques, Silicon Based 

Neural Probes are now gradually replacing the role of Metal Wire Based Neural Probes [10] The 

fabrication of silicon based Neural Probes includes deposition of a metal layer on insulated substrate 

and patterning the metal layer to form recording sites, read-out pads for connecting to external circuitry, 

and interconnecting traces between the recording sites and read-out pad [11].  

In the category of Silicon Based Neural Probes, there is one major subcategory of silicon on Insulator 

based Neural Probe. SOI wafers are produced by placing a thin, insulating layer such as silicon oxide 

(SiO2) or glass sandwiched between a thin layer of silicon (device layer) and the silicon substrate 

(handle wafer). There exists many emerging MEMS and CMOS-MEMS process that can be applied to 

pertain the fabrication of Neural Probes with specific features. These features include ultra-long 

reinforced structures, and integrated signal processing capabilities.  

There are studies recently that appeal for the support to replace traditional silicon based Neural 

Probes with polymer material based Neural Probes [12]. The rise of the Silicon based Neural Probes is 
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probably related to the growing dire need for the biocompatible interface between the probe and the 

brain tissue. Different biocompatible polymers are utilized to achieve the goal, such as polymide and 

Parylene-C. For example, Utah electrodes arrays could be used to be coated with polyimide, and 

Parylene-C could be utilized as the insulation layer on silicon probes [13]. 

As a conclusion to this section, we have discussed the basics of three major Neural Probes, and the 

thorough process of their fabrications. Neural Probes are the most fundamental constitution of a BCI 

interface, and they are also of vital importance to Deep Brain Stimulations. The rest of the article will 

look into the Deep Brain Stimulation, and close the discussion from there. 

4.  Games and BCI 

Video Games are a good platform for researchers to get raw data on EEG-based BCIs. As outlined by 

Washburn (2003), games are helpful in the research environment that:  

1. Games act as a stimulus for studying human behavior 

2. Games could be utilized to manuscript data from experiments 

3. Games could be used as instructions 

4. Games could also be set as metrics in the measurement of the performance of participants 

Gaming implementations of BCIs tackle perhaps the greatest challenges of BCI of today. For an 

interface to be proven useful and effective, the interaction must be seamless, and user experience should 

be coronated as the top priority. Since all of the BCI paradigm rely on the user-driven emotions and 

motivation, games are one of the naturally fitted research tools that could be used alongside BCIs. 

According to Marshell et. al. [14], due to the characteristics of high temporal resolution, relatively low 

cost, portability, noninvasiveness and navively guaranteed safety, EEG is most suitable for BCI gaming. 
As most of the games in the current game markets lay in the category of action games [15], understanding how 

well-designed BCI action games work together with the target brains, and generate successful positive feedback 

to its users is crucial to develop and design well-knitted BCI games. To offer accurate measurement that could 

quantify how BCI based games interact with the players, Event-Related Potentials (ERPs) is required, which is 

essentially the electrical potentials that is generated by the brain area, corresponding to to certain events.  For 

example, P300 event related potentials, as one of thoses ERPs, could effectively be evoked in an immersive 

environment. In an experiment conducted by Kerous et. al. [16], triggering stimuli was presented in the form of 

virtual traffic lights, where P300 was detected as reaction to a shifting light. What’s more intriguing is that P300 

can also be harnessed for control even when a person is engaged in a parallel motor task (handling the wheel 

control), which generates muscle artifacts. Therefore, P300 is thought to be related to a higher level attention 

process or an orienting response. However, in most BCI action games that give way to providing ample response 

time for the players, the P300 level is relatively low due to its intentionally perlonged game play to fit in with the 

latency of player reactions.  

The above discussion has elicit the further aspects that are crucial to successful BCI games design: the balance 

between the accuracy and playability. To gain higher accuracy like accurate in-game feedback, the system in most 

BCI games are designed to be lengthy and less responsive. Moreover, to ensure no further factors might influence 

the controls, the visuals of BCI games are often oversimplified. Research shows that the simplicity of the games 

and their control schemes was also affecting most games’ accuracies, leading to significantly better results [17].  

Most BCI games to date have been used for mainly training purposes, or for the purposes of testing a BCI paradigm. 

BCI games need further development, as to employ simplified rule sets while get its players more immersive into 

the game world by elevate the playability of the game. 

5.  Conclusion 

This research write-up examines the basics of BCI, the human body Field Potential and Actional 

Potential that constitutet the theoretical fundamentals of BCIs design and development. After 

researching EEG and looked into various brand new transmitters that could achieve better signal 

transmission and accuracy, we then discuss the necessitity of combing BCI research with modern time 

game-development. With the growing development of Computer Graphics rendering techniques and 

stronger hardware support, modern video games have reached magnificent visual effects, while leaving 

a huge hole of the BCI based games to catch up, whose contents are also educational, meant for training 

purposes and often less enjoyable. The article urge the current industry to look into better way to 
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establish bidirectional communication between disabled video game players, to enhance their enjoyment 

in BCI game play. 
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