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Introduction: Brain-computer interfaces (BCI) are devices that enable transmission of 

signals outside the nervous system without engaging muscles. One of the fields in which BCI 

can be used is aviation and astronautics. However, the way of assessing the utility of BCIs 

under specific conditions of flight and outer space is controversial. This review aims to 

present the limitations of future use of brain-computer interfaces under extreme 

environmental conditions as well as to indicate the direction for further research that could 

overcome these limitations.  

Methods: Systematic review. 

Results: In the first part, we present basic information on the subject of brain-computer 

interfaces and how they work as well as characterize invasive and noninvasive methods of 

registering brain activity in such devices. Subsequently, we describe the most popular types of 

brain-computer interfaces in terms of their differences regarding the speed of information 

processing, mechanisms and time needed to master their use. Then, we propose the ways in 

which brain-computer systems could be used in aviation and astronautics and describe the 

basic conditions under which they could be used in natural environments. We also analyze the 

influence of extreme environments on the physiological and psychological functioning of 

people. 
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Conclusion: Considering the difficulties in using BCI systems under extreme environmental 

conditions, we propose specific methods and conditions under which studies should be 

performed in order to provide reliable assessments of the utility of brain-computer interfaces 

in aviation and astronautics.   

Keywords: brain-computer interfaces, EEG, extreme environment, psychophysiology, 

ergonomics  

INTRODUCTION  
Brain-computer interfaces (BCI) are systems that transform the activity of the central 

nervous system into actions of external tools that substitute, restore, enhance, supplement or 

improve natural ways of communication of people with the environment without any use of 

neuromuscular and hormonal pathways [72]. 

The steering of a brain-computer interface is based on the principles of 

neurophysiological feedback (neurofeedback, NF). The users learn to control their own 

physiological reactions by observing the changes that are induced in the device that is being 

steered [12]. The activity of the brain can be recorded with different methods of 

neuroimaging. There are methods that detect metabolic changes in the central nervous system 

(CNS) such as functional magnetic resonance (fMRI) [30, 56, 61, 62, 73] or functional near-

infrared spectroscopy (fNIRS) [11, 42,63]. Brain-computer interfaces can also be based on 

devices that detect the bioelectrical activity of the brain. This can be done invasively with the 

use of electrodes implanted directly in the tissue [19, 20] or placed on the cortical surface [32, 

57, 68]. In noninvasive methods such as magnetoencephalography (MEG) [4, 6, 36] or 

electroencephalography (EEG) [23], the physical barrier of the organism is preserved. The 

latter method, i.e. EEG, is used in approximately 60% of all research brain-computer 

interfaces. It is used commonly due to a low cost of use and a good ratio of temporal 

resolution to spatial resolution [23]. 

Over the last 25 years, the interest in creating new brain-computer interfaces has been 

constantly growing [22]. With an expanding interest in this method, the number of its possible 

applications is also growing. Some of the uses of BCIs include hand prostheses [51], 

wheelchairs [21], applications that improve communication [47] and virtual reality [32]. The 

majority of these applications are dedicated to people who have either completely lost their 
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ability to communicate with the environment because of disease [28, 35] or have this ability 

limited to a significant extent [40, 45, 46, 68]. 

Some of the applications of BCIs can also be used by healthy people, for instance, in 

order to steer a car [2], a humanoid robot [3], a drone [29] or an aircraft [17] (Fig. 1). 

However, the speed of information exchange in the fastest available brain-computer interfaces 

ranges only from a few to a dozen bits per minute [44]. The effectiveness of this method is 

therefore significantly lower in comparison to the control with the use of limbs (96-198 bit 

per minute) or eye movements (ca. 60 – 222 bits per minute) [9]. This is insufficient in order 

for BCIs to substitute the contemporary ways of steering vehicles under normal 

environmental conditions.   

 

Figure 1. Diagram showing the processing of signals in a brain-computer interface. The registered single 

(e.g. EEG) is transformed in order to extract changes in frequencies and spatial localization typical for a give 

system. A classification algorithm assigns signal changes to the reactions of the device. Finally, the real-time 

changes in the recordings are transformed into responses of the application or device, for instance, into 

parameters of flight in a flight simulator. The users, by observing the reactions caused by their activity, can 

modify their activity instantly based on the principles of feedback.  

Research on alternative ways of communication with machines without the use of 

muscle control is carried out also in the view of extreme environments in which this type of 

control could be hampered by unfavorable environmental conditions. Such conditions can be 

found during flight [39] or in astronautics [38]. Therefore, there a proposals to use brain-

computer interfaces in the fields of astronautics where the activity of people has always been 

supported by other monitoring and assisting devices. However, it is rarely underscored that 

current BCI systems have a low effectiveness of communication [9]. In the context of the use 

of BCI systems in aviation and astronautics, an important issue, that is often overlooked, is 
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the influence of the environment on physiological and psychological mechanisms. This 

influence can limit the possibility of using specific BCI types in aviation and astronautics 

[15]. Although some attempts to use BCIs to steer drones or simulators have been made [17, 

29], there are serious doubts regarding the fact if the obtained results can be utilized outside 

the laboratory. 

In this context, in the subsequent parts of this article, we evaluate the possibility to use 

selected BCI systems in aviation and astronautics. We will discuss advantages and 

disadvantages of particular types of brain-computer interfaces that could be used under the 

specific conditions of flight and space journey. We also describe the tests of brain-computer 

interface that have been performed under extreme environmental conditions.  

Main types of brain-computer interfaces  

In order for a given biological signal to be used in brain-computer interfaces, it has to be 

clearly recorded, repeatable and easy to modulate. In the case of the most common EEG-

based interfaces, several such phenomena have been observed [75]. Some of them are passive, 

which means that they represent the brain’s reaction to stimuli. This type of interface is based 

on searching for EEG features that are associated with a given property of the presented 

stimulus, e.g. the frequency of stimulus display. There are also active interfaces that utilize the 

brain’s reaction associated with an intentional action, e.g. an imagined movement or 

performance of arithmetic calculations. Moreover, there are intermediate interfaces that are 

both partially passive and active, and they are referred to as reactive systems. In this case, 

similarly to passive interfaces, the relation between the presented stimulus and its correlate in 

the signal is looked for. It should be stressed that this correlate is produced as a result of 

a cognitive reaction of the users who directs their attention to a particular object. The different 

types of brain-computer interfaces differ in terms of speed of information processing, 

ergonomics and times needed to master control over the interface [44].  

Active BCI 

In recent years, more than a half of publications in the field of brain-computer interfaces 

deals with active interfaces [23]. The majority of them utilizes the so-called sensorimotor 

rhythms (SMR). This is a type of activity that is observed over the areas of the sensorimotor 

cerebral cortex [52]. It is registered in three frequency ranges, μ (8-12 Hz), β (18-30 Hz) and 

γ (30 - 200+ Hz), although the limits of these ranges are determined individually [54]. During 

the performance of a motion as well as during an observed or imagined movement, the power 



 

5 

of SMR signal decreases; this phenomenon is termed event-related desynchronization (ERD) 

[48].  After completion of the movement or during periods of relaxation, an opposing 

phenomenon takes place, and this is referred to as event-related synchronization (ERS) [48]. 

Both ERD and ERS take place during movements of individual fingers, hands, feet or tongue 

[50, 54]. As regards hand movements (real or imagined), ERD/ERS is more pronounced in the 

contralateral electrodes [52]. The difference in ERD/ERS power between ipsilateral and 

contralateral electrodes can be used in brain-computer interfaces and translated, for instance, 

to movements of the cursor on the screen [72]. 

The effectiveness of SMR-BCI-driven control depends on individual predispositions 

and can be influenced by variables such as lack of attention during performance of tasks [13]. 

The task of simulating one’s own movements is difficult for people with a poor ability to 

imagine sensorimotor phenomena [67]. Devices based on sensorimotor waves are 

characterized by moderate effectiveness (~3 signs per minute) and need to be preceded by 

training sessions [70]. At the same time, the process of steering objects by imaging 

movements is natural and therefore the devices can be used long-term [12]. 

Brain-computer interfaces that are based on sensorimotor rhythms have been tested in 

hypergravity (1.8 g) and zero gravity (0 g) during parabolic flights. Therefore, it can be 

supposed that this type of BCI could be used in astronautics [39]. Successful attempts to 

control vertical movements of an aircraft in a flight simulator and to control flight parameters 

of a quadcopter (up/down/right/left) have been made with the use of SMR-BCI [17, 29]. 

Some interesting data on the use of SMR-BCI have been provided by the experiments 

conducted by Vecchiato and co-workers [66]. The participants in those experiments controlled 

a flight simulator with the use of brain-computer interfaces and at the same time they 

performed other tasks that engaged attention and vigilance. Although the effectiveness of 

control fell in comparison to the control condition, the participants were able to steer the 

simulator with an increased cognitive burden.  

Passive BCI 

Passive brain-computer interfaces are characterized by the highest efficacy of 

information transmission (up to 60 – 100 bits per minute), and their advantages include no 

necessity for long-term training and a high resistance to artifacts [44]. Passive BCIs are based 

on the so-called steady state evoked potentials (SSEP). Similar to other event related 

potentials (ERP) that are studied in psychophysiological experiments, SSEPs are EEG 
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patterns that are correlated with particular stimuli or events.  In contrast to ERPs, where 

characteristic positive or negative potential deviations of the EEG signal are looked for, in 

SSEP, the patterns that are correlated with stimuli can be found in specific rhythmic 

oscillations that are similar in frequency to the oscillations of the presented stimulus. In the 

case of SSEP, the stimuli are not single events but rather systematically repeated events with a 

specific interval [12]. An increase in the power of signal within a particular frequency range 

or its derivative (i.e. harmonic or subharmonic frequency) is correlated with the occurrence of 

a stimulus that have been displayed with a similar frequency [1]. 

The stimuli that can be used in SSEP-BCI can have various modalities. Most 

commonly, visual stimuli are used (steady-state visual evoked potentials – SSVEP) [12]. 

There are also steady-state somatosensory evoked potentials (SSSEP) that are induced by 

touch [41] as well as auditory steady-state evoked potentials (ASSEP) induced by sounds 

[24]. 

Despite the obvious advantages of SSEP-BCI, they require constant focusing of 

attention of the proper stimulus, which can cause exhaustion of the user and limit the time of a 

single BCI session [43]. Moreover, the relatively unnatural way of presenting the stimuli (in 

the case of SSVEP it involves a high-frequency flashing) can increase the risk of an epileptic 

seizure [1]. Although an SSVEP-BCI has been tested in flight simulators in a horizontal plane 

[38], there are no data on the effectiveness of this technology under extreme conditions, e.g. 

in hypergravity or zero gravity.  

Reactive BCI 

Reactive interfaces combine the features of both active and passive interfaces, as they 

use changes in the P300 component depending on focusing of attention on the presented 

stimuli. The P300 wave is a component with a positive deviation that can be seen 250-750 ms 

after stimulus presentation. It is best seen in the electrodes located in the central-parietal areas 

[60]. The presence of P300 wave is associated with the fact of anticipating a stimulus (visual, 

auditory, sensory) or with directing attention towards a new element in a set of known 

elements [12]. The tasks that can elicit the P300 wave require the user to direct attention 

towards the target stimulus and to ignore the remaining elements that can be described as 

noise. 
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The brain-computer interfaces based on the P300 component are characterized by the 

following features – a high validity (up to 95% of correct assignments), high speed of 

transmitting information (20 – 25 sign per minute) [44] and requirement of prior training [60].  

There are, however, serious limitations of P300-based BCIs. Because ERP components have 

a small voltage, they are difficult to extract from signal noise [34]. Therefore, it is necessary 

to repeat the procedure many times in order to identify the relevant changes in EEG 

recordings. Moreover, reactive, P300-based BCIs are influenced by user-dependent factors 

such as the ability to sustain attention and direct vision in specific directions. Both of these 

abilities decline with time [5]. The P300 wave can also be influenced by gradual habituation 

during a long session with the device, and this makes the placement of subsequent stimuli 

more and more difficult [60]. P300-based BCIs can be additionally influenced by other ERPs 

that are detected simultaneously [1].  Although the P300 component has long been regarded 

as a correlate of attentional processes that can be monitored during flight [27], there are no 

experimental data on the use of P300-based BCIs in such conditions.  

Potential applications of BCI in aviation and astronautics  

Coffey and co-workers [10] name three areas in which BCIs can be used in astronautics. 

These are as follows: (I) modification of interactions between the user and the device that is 

being steered; (II) objective measurement of ergonomics and utility of designed systems; (III) 

gathering of data on functioning of the user during various tasks performed under extreme 

conditions. For instance, the engagement of the user's attentional processes could be evaluated 

during the performance of difficult procedures in outer space. Data on neuronal correlates of 

attentional processes, such as the P300 component, could provide an additional safety control 

that could reduce the risk of mistakes associated with exhaustion or cognitive burden.  

A list of requirements for BCI systems to be used under extreme condition, such as 

microgravity, was put forward by De Negueruel and co-workers [15]. First, a brain-computer 

interface used under extreme conditions should be based on a noninvasive method of 

registering brain activity, as performing tasks under such conditions is associated with an 

increased health risk for the user. Second, BCI systems should be relatively reliable, as repairs 

or exchange of elements cannot be carried out under extreme conditions. Third, obviously, 

BCIs should be characterized by a high effectiveness and sensitivity of the applied solutions. 

The authors also emphasize the ease of use as a decisive property, because the potential users 

cannot count on external help, and the tasks performed by them will take place in 
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environments that limit their movements. Moreover, the directions of research that could 

enable the use of BCIs under extreme condition have also been proposed [37]. According to 

the author's, an emphasis should be put on the following areas – ability of a constant 

synchronization of the interface with the state of the user, searching for markers of higher 

cognitive and emotion functions, improvement of spatial resolution, methods of displaying 

feedback information and device ergonomics. 

The usefulness of BCI systems used under extreme condition should also be evaluated 

in terms of the potential factors that could interfere with their function. This applies especially 

to the changes in the physiological and psychological state of users that are seen during flight 

and space journey. 

Physiological and psychological functioning in hypergravity and modified gravity  

In the fields of medicine, aviation and astronautics psychology, a number of factors that 

influence the physical and psychological function of people during flights and space journeys 

have long been identified [65, 14, 31, 64]. The most common factors include hypergravity, 

acceleration, changes in gravity, noise, changes of body orientation in space, time pressure 

and changes of atmospheric pressure. They result in physical and psychological symptoms 

such as stress, decreased concentration of attention, disorientation, cognitive overload, 

disturbance of circadian rhythms, disorders of the vestibulum and difficulties in movement 

control. Some of the above-mentioned factors can influence the effectiveness of selected types 

of brain-computer interfaces that could be used in aviation and astronautics [37, 10, 15]. 

Therefore, studies that investigate the mechanisms associated with particular BCI types used 

during real or simulated flights or space journeys provide the most useful data. 

An active BCI based on sensorimotor rhythms within the μ and β frequency ranges has 

been tested in experiments similar to natural conditions. [53]. In an experiment carried out 

during a parabolic flight, it was observed that the amplitude of waves in the β range decreases 

during microgravity and increases in hypergravity [59]. An increase in the power of waves of 

the 10 Hz frequency (the μ range of 8 – 12 Hz) was also observed during decreased gravity 

[7]. Therefore, the changes in environmental conditions can modify SMR waves in a way 

similar to the ERD/ERS phenomenon during an imagined movement. Being in microgravity 

for a long time can also influence the activity of structures engaged in motor control. In a case 

study of an astronaut who returned from space after 169 days, during which time he lived in 

microgravity, it was shown that the functional connectivity (studied by fMRI) between 
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cerebellum and motor areas, engaged also in the modulation of sensorimotor waves, was 

decreased [16].  Functional resonance imaging experiments have also shown that, after being 

exposed to microgravity, other structures related to initiation of movements, motor 

coordination and kinesthetic perception had decreased activities [14].  Moreover, it has been 

shown that people who experience microgravity have difficulties in planning goal-directed 

movements [64], and the process of imaging such movements is utilized by SMR-BCIs [43]. 

This is an argument against the use of this type of brain-computer interfaces under extreme 

conditions. 

In the case of reactive and passive BCI systems that use the P300 components and 

steady-state potentials, attentional processes and working memory influence the effectiveness 

of device control [25, 57]. Lia and co-workers [31] observed a decreased activation of the 

anterior cingulate cortex (ACC) after microgravity stimulation. ACC is associated with 

shifting and directing of attention. In another experiment with reduced gravity, such working 

memory deficits were not noted [73]. However, the decrease in cognitive function (including 

working memory) during flights can be related to stress that is difficult to recreate under 

laboratory conditions [73]. At the same time, the characteristics of the P300 potential are 

similar when it is induced during microgravity and normal gravity [26]. There are no studies 

on the steady-state potentials under conditions of modified gravity or under other extreme 

environmental conditions such as increased g-force. The usefulness of reactive and passive 

BCI systems is therefore still to be investigated.  

CONCLUSIONS  
 In view of the above-mentioned articles and experiments, there are BCI systems that 

fulfill the largest number of usefulness criteria that decide on their employment in aviation 

and astronautics [15] (Fig. 2). 



 

10 

 

Figure 2. Comparison of contemporary techniques of brain activity registration used in brain-computer 

interfaces. Properties of BCI systems that are relevant in extreme environmental conditions have been taken into 

account.  

Among the methods of neuroimaging that are used in BCI, the noninvasive ones include 

EEG, MEG, fNIRS, and fMRI. However, only EEG and fNIRS are mobile enough to be used 

outside the laboratory. Both of these technologies are relatively reliable but are susceptible to 

artifacts induced by the user and the environment. With respects to EEG, artifacts are induced 

by muscle activity, eye movements and electric devices [34]. NIRS is based on the emission 

and detection of infrared light that goes through brain tissue and therefore it is resistant to 

changes of the electric field. However, NIRS measurements can be affected by other sources 

of light or metabolic processes other than brain activity. With the use of fNIRS, the changes in 

motor cortex activity during an imagined movement (similarly to SMR-BCI systems) as well 

as in frontal cortex during engagement of higher cognitive processes have been measured 

[62]. This method seems to be superior to EEG as regards monitoring of the state of the user; 

in this case, the communication with and steering of individual devices can be analogous to 

active BCIs, i.e. in a relatively free, cognitively absorbing way that requires prior training 

[63]. The criterion of effectiveness is met currently only by passive and reactive systems that 

use noninvasive electroencephalography [44, 60].  The postulated ease of use points towards 

passive and reactive systems, as they require from the user the least amount of learning. 

Moreover, in the case of EEG, the so-called “dry” electrodes that can be easily applied [55] 

and a possibility of wireless transmission [80] are emphasized. 
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A significant obstacle in verifying if brain-computer interfaces can be used in aviation 

and astronautics is the way in which experimental studies are performed in this field. The only 

kind of BCI that have been tested in hyper- and microgravity is an active interface based on 

sensorimotor wave modulation by an imagined movement [39]. At the same time, it is known 

that active BCIs require the largest amount of cognitive engagement on the side of the user, 

and they have a relatively low effectiveness of transmitting information [70]. Currently, it is 

hard to imagine that such interfaces could be used to control real vehicles outside the 

laboratory [29] or outside flight simulators [17]. BCIs based on passive (SSVEP) and reactive 

(P300) solutions have not been tested directly in experimental studies, although these BCIs 

have the greatest effectiveness and resistance to artifacts [44, 60]. They can also (P300) 

provide information on cognitive function during performance of tasks related to flight 

control; this can potentially increase the range of possible applications. 

Data on the functioning of the nervous system and on the changes in EEG signal under 

the conditions of flight or space journey are gathered primarily in the laboratory. Although the 

changes in head position can imitate changes in gravity [60], it is difficult to model other 

physiological and psychological determinants that are relevant for BCI functioning. 

Experiments performed during parabolic flights seem to a relatively good solution [39], but 

experiments carried out, for instance, in centrifuges are lacking. Despite the costs and 

difficulties in performing such experiments, only ecologically valid studies could verify to 

what degree current brain-computer interfaces could assist the user under demanding 

environmental conditions. 

AUTHORS’ DECLARATION: 

Study Design: Dariusz Zapała, Marta Jaśkiewicz, Marta Ratomska, Piotr Francuz Data 

Collection: Dariusz Zapała, Marta Jaśkiewicz, Marta Ratomska Funds Collection: Dariusz 

Zapała. The Authors declare that there is no conflict of interest. 

REFERENCES 

1. Allison B Z, Faller J, Neuper C. BCIs that use steady-state visual evoked potentials or 

slow cortical potentials. In: Wolpaw J R, i Wolpaw E W, ed. Brain-Computer Interfaces: 

Principles and Practice. Nowy Jork: Oxford University Press. 2012:241 - 249 . 



 

12 

2. Bi L, He T, Fan X, A driver-vehicle interface based on ERD/ERS potentials and alpha 

rhythm. Systems, Man and Cybernetics (SMC), IEEE International Conference on; 2014 

Oct 5-8; USA; San Diego. IEEE, 2014. 

3. Bell CJ, Shenoy P, Chalodhorn R, Rao RP.  Control of a humanoid robot by a noninvasive 

brain–computer interface in humans. J Neural Eng 2008, 5(2): 214. 

4. Broetz D, Braun C, Weber C, Soekadar SR, Caria A, Birbaumer N. Combination of Brain-

Computer Interface Training and Goal-Directed Physical Therapy in Chronic Stroke: 

A Case Report. Neurorehab Neural Repair 2010, 24(7): 674�679. 

5. Brunner C, Allison BZ, Krusienski DJ, Kaiser V, Müller-Putz GR, Pfurtscheller G, Neuper 

C.  Improved signal processing approaches in an offline simulation of a hybrid Brain-

Computer Interface. J Neurosci Methods 2010, 188(1): 165�173. 

6. Buch E, Weber C, Cohen LG, Braun C, Dimyan MA, Ard T, Merllinger J, Caria A, 

Soekadar S, Fourkas A, Birbaumer N.  Think to move: a neuromagnetic Brain-Computer 

Interface (BCI) system for chronic stroke. Stroke 2008; 39(3): 910-917. 

7. Chern G, Cebolla M, Petieu M, Bengoetxa A, Palmer-Solr E, Leroy A,  Dan B.  Adaptive 

Changes of Rhythmic Eeg Oscillations in Space. Int Review Neurobiol 2009;  39(3): 

910�917. 

8. Chi YM, Wang YT, Wang Y, Maier C, Jung TP,  Cauwenberghs G. Dry and noncontact 

EEG sensors for mobile brain–computer interfaces. IEEE Trans Neural Systems Rehab 

Eng 2012; 20(2): 228-235.   

9. Cler MJ, Nieto-Castanon A, Guenther FH, Stepp CE. Surface electromyographic control 

of speech synthesis. Engineering in Medicine and Biology Society (EMBC), 2014 36th 

Annual International Conference of the IEEE; 2014 Aug 26-30; Chicago, USA. 

10. Coffey EB, Brouwer AM, Wilschut ES, van Erp JB. Brain–machine interfaces in space: 

using spontaneous rather than intentionally generated brain signals. Acta Astronautica 

2010; 67(1): 1-11. 

11. Coyle S, Ward T, Markham C, McDarby G. On the suitability of nearinfrared (NIR) 

systems for next-generation brain-computer interfaces. Physiol Meas 2004; 25(4): 815–

822. 

12. Cudo A, Zabielska E, Zapała D.  Interfejsy mózg-komputer oparte o techniki 

elektroencefalograficzne. In: Gorbaniuk O, Kostrubiec-Wojtachnio B, Musiał D, 

Wiechetek M, ed.  Studia z Psychologii w KUL. Lublin: Wydawnictwo KUL; 2012: 18, 

95-216. 



 

13 

13. Curran EA, Stokes MJ. Learning to control brain activity: a review of the production and 

control of EEG components for driving brain-computer interface (BCI) systems. Brain 

Cog 2003; 51(3): 326�336. 

14. De la Torre G.. Cognitive Neuroscience in Space. Life 2014; 4(3): 281–294. 

15. De Negueruela C, Broschart M, Menon C, Del R Millán J. Brain-computer interfaces for 

space applications. Person Ubiq Comp 2011; 15(5): 527–537. 

16. Demertzi A, Van Ombergen A, Tomilovskaya E, Jeurissen B, Pechenkova E, Di Perri, C, 

Litvinova L, Amico E, Rumshiskaya, Rukavishnikov I, Sijbers J, Sinitsyn V, 

Kozlovskaya I B, Sunaert S,  Parizel P M, Van de Heyning P H, Laureys S, Wuyts F. L. 

Cortical reorganization in an astronaut’s brain after long-duration spaceflight. Brain Struc 

Funct 2015, 221(5): 2873–2876. 

17. Fricke T, Zander TO, Gramann K, Holzapfel F. First Pilot-in-the-loop Experiments on 

Brain Control of Horizontal Aircraft Motion. Deutscher Luft- und Raumfahrtkongress; 

2014 Sep 6-18; Augsburg, Germany. 

18. Graimann B, Allison B, Pfurtscheller G.  Brain-computer interfaces: A gentle 

introduction. In: Graimann B, Allison B, Pfurtscheller G, ed. Brain-Computer Interfaces. 

Berlin: Springer; 2010: 1-27. 

19. Hochberg LR, Bacher D, Jarosiewicz B, Masse N Y, Simeral JD, Vogel J, Haddadin S, Liu 

J, Cash SS, van der Smagt P, Donoghue JP. Reach and grasp by people with tetraplegia 

using a neurally controlled robotic arm. Nature 2012; 485(7398): 372�375. 

20. Hochberg LR, Serruya MD, Friehs GM, Mukand JA, Saleh M, Caplan AH, Branner A, 

Chen D, Penn RD, Donoghue JP. Neuronal ensemble control of prosthetic devices by 

a human with tetraplegia. Nature 2006; 442(7099): 164�171. 

21. Huang D, Qian K, Fei DY, Jia W, Chen X, Bai O. Electroencephalography (EEG)-based 

brain-computer interface (BCI): A 2-D virtual wheelchair control based on event-related 

desynchronization/ synchronization and state control. IEEE Trans Neural Systems Rehab 

Eng 2012; 20(3), 379�388.  

22. Huggins JE, Wolpaw JR. Papers from the Fifth International Brain-Computer Interface 

Meeting. J Neural Eng 2014; 11(3): 030301. 

23. Hwang, HJ, Kim S, Choi S, Im CH.  EEG-Based Brain-Computer Interfaces: A Thorough 

Literature Survey. Inter J Human-Comp Interact 2013; 29(12): 814�826. 



 

14 

24. Kim DW, Hwang HJ, Lim JH, Lee YH, Jung KY, Im CH. Classification of selective 

attention to auditory stimuli: toward vision-free brain-computer interfacing. J Neurosci 

Meth 2011, 197(1): 180�185. 

25. Kelly SP, Lalor EC, Reilly RB, Foxe JJ. Visual spatial attention tracking using high-

density SSVEP data for independent brain-computer communication. IEEE Trans Neural 

Systems Rehab Eng 2005; 13(2), 172�178. 

26. Komada, Y, Mizuno K, Mishima K, Sato H, Inoue Y, Tanaka H, Shirakawa, S. ( Effects of 

acute simulated microgravity on nocturnal sleep, daytime vigilance, and psychomotor 

performance: comparison of horizontal and 6 head-down bed rest. Perceptual and motor 

skills 2006, 103(2), 307-317.  

27. Kramer AF, Sirevaag EJ, Braune R. A psychophysiological assessment of operator 

workload during simulated flight missions. J Hum Factors Ergon Soc 1987; 29(2): 145-

160.  

28. Kübler A, Nijboer F, Mellinger J, Vaughan T M, Pawelzik H, Schalk G McFarland DJ, 

Birbaumer N, Wolpaw JR.. Patients with ALS can use sensorimotor rhythms to operate 

a brain-computer interface. Neurology 2005; 64(10): 1775�1777. 

29. LaFleur K, Cassady K, Doud A, Shades K, Rogin E, He B. Quadcopter control in three-

dimensional space using a noninvasive motor imagery-based brain–computer interface. 

J Neu Eng 2013; 10(4): 046003. 

30. Lee JH, Ryu J, Jolesz FA, Cho ZH, Yoo SS. Brain–machine interface via realtime fMRI: 

preliminary study on thought-controlled robotic arm. Neurosci Lett 2009; 450(1): 1�6. 

31. Liao Y, Zhang J, Huang Z, Xi Y, Zhang Q, Zhu T, Liu X.  Altered Baseline Brain Activity 

with 72 h of Simulated Microgravity - Initial Evidence from Resting State fMRI. PLoS 

ONE 2012; 7(12): 1–6. 

32. Leeb R, Lee F, Keinrath C, Scherer R, Bischof H, Pfurtscheller G. (2007). Braincomputer 

communication: motivation, aim, and impact of exploring a virtual apartment. IEEE 

Trans Neural Systems Rehab Eng 2007; 15(4), 473�482.  

33. Leuthardt EC, Schalk G, Wolpaw JR, Ojemann JG, Moran DW.  A braincomputer interface 

using electrocorticographic signals in humans. J Neural Eng 2004; 1(2): 63�71. 

34. Luck SJ. An introduction to the event-related potential technique. Boston: MIT press; 

2014. 

35. Marchetti M, Priftis K. Brain-computer interfaces in amyotrophic lateral sclerosis: 

A metanalysis. Clin Neurophys 2015; 126(6): 1255�1263. 



 

15 

36. Mellinger J, Schalk G, Braun C, Preissl H, Rosenstiel W, Birbaumer N, Kübler A. An 

MEG-based brain-computer interface (BCI). Neuroimage 2007; 36(3): 581�593. 

37. Menon C, de Negueruela C, Millán JDR, Tonet O, Carpi F, Broschart M, Ferrez P, 

Buttfield A, Dario P, Citi L, Laschi C, Tombini M, Sepulveda F, Poli R, Palaniappan R, 

Tecchio F,  Middendorf M, McMillan G, Calhoun G, Jones KS. Brain-computer interfaces 

based on the steady-state visual-evoked response. IEEE Tran Rehabil Engi 2000; 8(2): 

211-214. 

38. Middendorf M, McMillan G, Calhoun G, Jones K. S.  Brain-computer interfaces based on 

the steady-state visual-evoked response. IEEE Tran Rehabil Engi 2000; 8(2): 211-214. 

39. Millán JDR, Ferrez PW, Seidl T.  Validation of brain–machine interfaces during parabolic 

flight. Inter Rev Neurobiol 2009; 86: 189-197. 

40. Müller-Putz  GR,  Daly  I,  Kaiser  V.  Motor  imagery-induced  EEG  patterns  in 

individuals  with  spinal  cord  injury  and  their  impact  on  brai-computer  interface 

accuracy. J Neural Eng 2014; 11(3): 035011. 

41. Müller-Putz  GR,  Scherer R,  Neuper  C,  Pfurtscheller  G.  Steady-state somatosensory 

evoked potentials: suitable brain signals for brain-computer interfaces? IEEE Trans 

Neural Systems Rehab Eng 2006; 14(1), 30�37. 

42. Naito M, Michioka Y, Ozawa K, Kiguchi M, Kanazawa T.  A communication means for 

totally locked-in ALS patients based on changes in cerebral blood volume measured with 

near-infrared light. IEICE Tran Inf Systems 2007: 90(7): 1028�1037. 

43. Neuper C, Scherer R, Reiner M, Pfurtscheller G. Imagery of motor actions: Differential 

effects of kinesthetic and visual–motor mode of imagery in single-trial EEG. Cog Brain 

Res 2005; 25(3): 668�677. 

44. Nicolas-Alonso LF, Gomez-Gil J. Brain-computer interfaces, a review.  Sensors 2012; 

12(2): 1211�1279. 

45. Ono T, Shindo K, Kawashima K, Ota N, Ito M, Ota T, Mukaino M, Fujiwara T, Kimura 

A, Liu M, Ushiba J. Brain-computer interface with somatosensory feedback improves 

functional recovery from severe hemiplegia due to chronic stroke. Front Neuroeng 2014; 

19(7): 1�8. 

46. Onose G, Grozea C, Anghelescu A, Daia C, Sinescu CJ, Ciurea AV, Spircu T, Mirea A, 

Andone  I,  Spânu A,  Popescu  C,  Mihăescu AS,  Fazil  S,  Danóczy  M, Popescu  F.   

On  the  feasibility  of  using  motor  imagery  EEG-based  braincomputer interface in 



 

16 

chronic tetraplegics for assistive robotic arm control: a clinical test and long-term post-

trial follow-up. Spinal Cord 2012; 50(8): 599�608. 

47. Perdikis S, Leeb R, Williamson J, Ramsay A, Tavella M, Desideri L, ... Millán J. Clinical 

evaluation of BrainTree, a motor imagery hybrid BCI speller. J Neural Eng 2014; 11(3): 

036003. 

48. Pfurtscheller G. Event-related synchronization (ERS): an electrophysiological correlate of 

cortical areas at rest. Electroencephal Clin Neurophysiol 1992; 83(1): 62�69. 

49. Pfurtscheller G, Aranibar A.  Evaluation of event-related desynchronization (ERD) 

preceding and following voluntary self-paced movement. Electroencephal Clin 

Neurophysiol 1979; 46(2): 138�146. 

50. Pfurtscheller G, Brunner C, Schlögl A, Lopes da Silva FH. (2006). Mu rhythm (de) 

synchronization and EEG single-trial classification of different motor imagery tasks. 

Neuroimage 2006; 31(1): 153�159. 

51. Pfurtscheller G,  Guger  C,  Müller G,  Krausz  G, Neuper C. Brain oscillations control 

hand orthosis in a tetraplegic. Neurosci Lett 2000; 292(3): 211�214. 

52. Pfurtscheller G, Lopes da Silva FH.  Event-related EEG/MEG synchronization and 

desynchronization: basic principles. Clin Neurophysiol 1999; 110(11): 1842�1857. 

53. Pfurtscheller  G,  McFarland DJ.   BCIs  that use sensorimotor rhythms. In:  Wolpaw J R, 

Wolpaw E W, ed. Brain-Computer Interfaces: Principles and Practice. Nowy Jork: Oxford 

University Press; 2012: 227-240. 

54. Pineda JA. The functional significance  of  mu rhythms: translating  “seeing”  and 

“hearing” into “doing”. Brain Res Rev 2005; 50(1): 57�68. 

55. Popescu F, Fazli S, Badower Y, Blankertz B, Müller KR. Single trial classification of 

motor imagination using 6 dry EEG electrodes. PloS one 2007; 2 (7). 

56. Posse S, Fitzgerald D, Gao K, Habel U, Rosenberg D, Moore GJ, Schneider F.  Real-time 

fMRI of temporolimbic regions detects amygdala activation during singletrial self-

induced sadness. Neuroimage 2003; 18(3): 760�768. 

57. Riccio A, Simione L, Schettini F, Pizzimenti A, Inghilleri M, Belardinelli M.O, Mattia D, 

Cincotti F. Attention and P300-based BCI performance in people with amyotrophic 

lateral sclerosis. Front Hum Neurosci 2012; 7: 732-732.  

58. Schalk G, Miller KJ, Anderson NR, Wilson JA, Smyth MD, Ojemann JG, Moran DW, 

Wolpaw JR, Leuthardt EC. Two-dimensional movement control using 

electrocorticographic signals in humans. J Neural Eng 2008; 5(1): 75�84. 



 

17 

59. Schneider S, Brümmer V, Carnahan H, Dubrowski A, Askew CD, Strüder HK.  What 

happens to the brain in weightlessness? A first approach by EEG tomography. 

NeuroImage 2008; 42(4): 1316–1323. 

60. Sellers EW, Arbel Y, Donchin E. BCIs that use P300 event-realated potentials. In: 

Wolpaw J R, Wolpaw E W, ed. Brain-Computer Interfaces: Principles and Practice. New 

York: Oxford University Press; 2012: 215-226. 

61. Sitaram R, Lee S, Ruiz S, Rana M, Veit R, Birbaumer N.  Real-time support vector  

classification  and  feedback  of  multiple  emotional  brain  states.  Neuroimage 2011; 

56(2): 753�765. 

62. Sitaram R, Lee S, Birbaumer N.  BCIs that use brain metabolic signals. In: Wolpaw J R, 

Wolpaw E W, ed. Brain-Computer Interfaces: Principles and Practice. New York: Oxford 

University Press; 2012: 301-314. 

63. Sitaram R, Zhang H, Guan C, Thulasidas M, Hoshi Y, Ishikawa A, Shimizu K, Birbaumer 

N. Temporal classification of multichannel near-infrared spectroscopy signals of motor 

imagery for developing a brain-computer interface. NeuroImage 2007; 34 (4): 

1416�1427. 

64. Steinberg F, Kalicinski M, Dalecki M, Bock O.  Human Performance in a Realistic 

Instrument-Control Task during Short-Term Microgravity. PloS One 2015; 10(6). 

65. Terelak F J. Zarys psychologii lotniczej. Dęblin: Wyd. Wyższej Oficerskiej Szkoіy 

Lotniczej; 1988. 

66. Vecchiato G, Borghini G, Aricò P, Graziani I, Maglione, AG, Cherubino P, Babiloni F.  

Investigation of the effect of EEG-BCI on the simultaneous execution of flight simulation 

and attentional tasks. Med Biol Eng Comput 2015; 1-11.  

67. Vuckovic A, Osuagwu BA.  Using a motor imagery questionnaire to estimate the 

performance of a Brain-Computer Interface based on object oriented motor imagery. Clin 

Neurophysiol 2013; 124(8): 1586�1595. 

68. Vuckovic A, Pineda JA, LaMarca K, Gupta D, Guger C.  Interaction of BCI with the  

underlying  neurological  conditions  in  patients:  pros  and  cons.  Front Neuroeng 2014; 

42(7): 1�3. 

69. Wilson JA, Felton EA, Garell PC, Schalk G, Williams JC.  ECoG factors underlying 

multimodal control of a brain-computer interface. IEEE Tran Neural Systems Rehabil 

Eng 2006; 14(2): 246�250. 



 

18 

70. Wolpaw JR, Birbaumer N, McFarland DJ, Pfurtscheller G, Vaughan TM. Brain–computer 

interfaces for communication and control. Clin Neurophysiol 2002; 113(6): 767-791. 

71. Wolpaw JR, McFarland DJ, Neat GW, Forneris CA.  An EEG-based brain-computer 

interface for cursor control. Electroencephal Clin Neurophysiol 1991; 78(3): 252�259. 

72. Wolpaw JR, Wolpaw EW. Brain-computer interfaces: something new under the sun. In: 

Wolpaw J R, Wolpaw E W, ed. Brain-Computer Interfaces: Principles and Practice. New 

York: Oxford University Press; 2012: 3-12. 

73. Yoo SS, Fairneny T, Chen NK, Choo SE, Panych LP, Park H, Lee YJ, Jolesz FA.    Brain-

computer  interface  using  fMRI:  spatial  navigation  by  thoughts. Neuroreport 2004; 

15(10): 1591�1595. 

74. Zhao X, Wang Y, Zhou R, Wang L, Tan C.  The influence on individual working memory 

during 15 days −6° head-down bed rest. Acta Astronaut 2011; 69(11-12): 969–974. 

75. Zander TO, Kothe C, Jatzev S, Gaertner M. Enhancing human-computer interaction with 

input from active and passive brain-computer interfaces. In: Tan D S, Nijholt A, ed. 

Brain-computer interfaces. Londyn: Springer; 2010; 181-199. 

 

 


