Brain-computer interfaces

Origins

Brain-computer interfaces have their origins in Hans Berger's seminal work in electrophysiology on brain waves in 1920. However, it was not until the 1960s that direct communication between a brain and a computer was demonstrated. Edmond Dewan trained volunteers to control certain brainwaves in order to manage a light or send Morse code messages by "thinking" (Dewan 1967). If the power of these brainwaves, measured by an electroencephalograph (EEG), increases or decreases, then the computer understands that the subject wishes to turn the light switch on or off or to generate or not generate a Morse code pulse. A year later, he collaborated with the artist Alvin Lucier, who created a musical performance by making live percussion sounds through his brain activity. At the same time, Joseph Kamiya pioneered neurofeedback, demonstrating that it was possible to regulate one's own brain activity with visual, auditory or tactile stimuli and, in turn, improve cognitive performance. In 1973, Jacques Vidal introduced the term brain computer interface (BCI), which remains to designate all types of direct communication between a machine and a user, passing only through brain activity, the latter being measured and analyzed by the system.

Recent developments in the field of neurophysiological sensors, artificial intelligence and embedded computing have led to a renewed interest in BCI. These neurotechnologies are now expanding in the clinical field (assistive technologies, motor rehabilitation, etc.), in gaming to enhance the gamer's experience and are invading the general public through applications for well-being (meditation experience, sleep improvement). Having become less intrusive, they also offer interesting perspectives for neuroergonomics, through the study of the brain "at work" in the field [START_REF] Dehais | A neuroergonomics approach to mental workload, engagement and human performance[END_REF]. They promote new forms of interaction and promise to improve human performance and its coupling with the machine. Basically, all invasive (i.e. implanted electrodes) and noninvasive brain imaging techniques, such as EEG or even near-infrared spectroscopy, can be used to implement BCI that can be either "active" or "passive" [START_REF] Clerc | Les Interfaces cerveau-ordinateur. 1 : Fondements et méthodes/Les Interfaces cerveau-ordinateur. 2 : Technologie et applications[END_REF].

Active brain-computer interfaces: controling and acting on your environment

Active BCIs allow a user to interact with an artifact (the cursor of a mouse, for example) by generating a "mental command" that will be interpreted by an algorithm. These BCIs were first developed to provide people with motor disabilities with the ability to control effectors, such as a wheelchair, or to communicate by displaying letters on a screen. At present, BCIs do not "decode" intentions or read an individual's mind. Generally, the user must train himself to consciously produce "simple" and "clear" brain signals, for example by relaxing, concentrating or performing mental motor imagery (e.g. imagining a hand movement), in order to induce the right command. In parallel, the machine learns to recognize the said commands, during a calibration phase, from examples of brain signals from the BCI user. Once this human-machine co-learning is achieved, it is possible to interact with a system (a robot, an airplane) to direct it mentally. However, current systems are far from perfect and regularly misunderstand the recognized mental commands. Therefore, they cannot necessarily be used for critical control applications. Another so-called "reactive" approach is to small checkerboards at a certain frequency (e.g. 6 Hz) on a screen. If the subject focuses on the checkerboard at 6 Hz, then their brain response, measured with the EEG, will increase in that specific frequency and the BCI will be able to decode that attention is being paid to it [START_REF] Allison | BCI demographics: How many (and what kinds of) people can use an SSVEP BCI?[END_REF]. Thus, by placing four checkerboards with different frequencies, for example at the top, bottom, right and left of a screen, the user can respectively focus his attention on them to make a robot move forward, backward, turn right or left. The advantage of this technique is that it considerably reduces, or even avoids, the need for a calibration and learning phase. However, the flickering of the stimuli induces eye fatigue in the user and a risk of photosensitive epileptic episodes. In addition, these devices require the user's full visual attention, which is no longer available for anything else, for example, to pay attention to the environment.

Passive brain-computer interfaces: towards "implicit" interaction

In the case of passive BCIs, the goal is no longer to voluntarily control an effector but to use brain activity to enrich the human-machine interaction in an implicit way [START_REF] Zander | Towards passive brain-computer interfaces: applying brain-computer interface technology to human-machine systems in general[END_REF]). The challenge is to infer mental states of an operator, such as his level of mental load, fatigue, stress, in order to dynamically adapt the interaction and maintain an optimal engagement. The idea is then to adapt either the interface (e.g., changing the modality of an alarm to make it more salient), or the sharing of task and authority between the human and the systems, or the operator through different stimulation techniques [START_REF] Dehais | A neuroergonomics approach to mental workload, engagement and human performance[END_REF]. Recent demonstrations of such passive BCIs have been made in real operational conditions to infer the state of human operators such as aircraft pilots. Finally, a last use of passive BCIs, particularly interesting for ergonomics, is the objective evaluation of interfaces and user experience. These BCIs can provide real-time indications to objectively quantify the mental effort, cognitive fatigue or emotional dimensions related to the use of an object or an interface. Many manufacturers in the transportation, video game and social network industries are investing in this approach to ensure increased comfort and safety.

Brain-computer interfaces: challenges

BCI is a promising area of research for many usability applications. However, several challenges remain to be addressed to improve their usability. First of all, BCI requires the wearing of solid electrodes whose discomfort limits their use over a long period of time. The development of new hardware (for example, the use of conductive fabrics) may provide a first step towards a solution, but the design of more ergonomic headset must be considered. Secondly, most BCIs require a calibration phase where the user is required to produce specific commands at specific times so that the algorithm can learn to recognize them. This step can sometimes be long, tedious and must generally be done for each new use. New machine learning algorithms have been developed to increase the accuracy of the classification and reduce the time of the calibration phase. A complementary approach is that of open science (i.e. sharing data on the Internet) to create a large database of neurophysiologic data and train the algorithms on more examples. Beyond this formal work, the improvement of the BCI-user relationship seems to be an avenue too often overlooked by designers. Works [START_REF] Allison | BCI demographics: How many (and what kinds of) people can use an SSVEP BCI?[END_REF][START_REF] Jeunet | Apprentissage utilisateur dans les interfaces cerveau-ordinateur[END_REF] have shown that many individual factors can explain success or failure in mastering a BCI. For example, during the calibration and training phase, the user has little information about their performance (especially when it is poor) and the feedback provided to them is usually low-informative and unimodal (i.e. visual). Training tasks are too often repetitive and directed, and do not adapt to the user. This work recommends building a user model that could predict the user's performance according to his profile (personality, skills, etc.) and use it to customize the design of the BCI and the training of the user to control it. Indeed, controlling a BCI is a skill that should be learned, just like learning to ride a bike. At present, however, researchers do not yet know how to make this learning process effective and useful. Finally, the questions of acceptance of these technologies in a professional setting and the ethical issues associated with them must also lead to a great deal of field research. Thus, ergonomics is a discipline that can not only contribute greatly to the improvement of BCIs, but can also benefit in return from these devices to better understand the relationship between performance, brain and technological environment.