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Abstract: The paper analyzes the features of the application of the additional computer-human communication channel
within the neuro computer (brain-computer) and oculographic interfaces. The mathematical model of the functioning of this
channel and its influence on the decision making by the user, taking into account the change in the accuracy of the definition
of the user-generated command, depending on the time of the process analysis, is developed. The model is based on the
approach according to which when receiving information about the nature of signal processing by the hardware and software
part of the interface; the user can change his / her state, which influences the further processing of the results. The numerical
modeling for neuro computer and oculografic interfaces was carried out; the values of the time ranges during which the
presentation of the information on the results of the preliminary classification of the user's commands can provide an
improvement in the results of work. The obtained results allow optimizing the use of the developed technologies of the
additional human-computer communication channel in the aspect of increasing the speed of their work.
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1. Introduction and related work

The development of information technology (IT) in combination with the achievements of neuroscience in
the recent decades has led to the emergence of a new type of human-computer interfaces implemented on other
principles of control than a keyboard, joystick, mouse, and similar manipulators. The representatives of such
interfaces include brain-computer interfaces (neuro-computer interfaces - NCI), where device control signals are
recorded directly from the brain as electrical activity, optical phenomena or an MRI response [1, 2], and
oculographic interfaces (Ol), where teams become the direction of sight and / or movement of the pupil [3, 4].
Given the significant potential of these interfaces in terms of speed of their response in response to the user-
generated commands, intuitive controls and recovery options for people with disabilities, there is a large number
of the scientific groups work on this topic.

Nevertheless, the speed of the operation of both oculographic and neuro-computer interfaces is still inferior
in speed, accuracy and ergonomics for existing keyboard and mouse based interfaces. Thus, the search for new
approaches for improving oculographic and neuro computer interfaces and translating their theoretical
capabilities into practical software and hardware solutions became relevant. Currently, several areas of these
works can be noted.

Firstly, it is a search for new physiological phenomena in terms of the detection of brain signals or eye
movements, which can be used as control commands for external devices (computers, self-propelled chassis,
aircraft, etc.), signals about errors in recognition.

Secondly, the development of new methods for processing data from the brain will allow us to extract new
information from existing data or new stable and accurate algorithms for extracting the eyes and pupil of a user
from a video image.

Thirdly, the hybridization of the intellect of a computer and a person with the aim of providing, with
insufficient bandwidth of the human-computer channel, the reaction of the latter, reproducing the characteristic
patterns of the user behavior without its direct commands.

The palliative method for increasing the speed of the above-mentioned interfaces is to change; for example,
their graphic part providing a large data rate due to the optimal arrangement of visual “buttons”. Another option
is the formation of an additional communication channel [4] human computer, through which the user is
informed of the nature of the operation of the NCI and Ol. In particular, these are the results of the current
processing of the user commands. Thus, the user sees how successful or unsuccessful the processing of
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information is about those physiological states that serve as commands. Seeing this, the user gets the opportunity
to change their current physiological state in the desired direction, increasing the accuracy of the interface.
Therefore, it is relevant to simulate the operation of NCI and Ol in the presence of an additional computer-man
communication channel.

The aim of the study is to simulate the operation of NCI and Ol under the conditions of the presence of an
additional computer-man communication channel taking into account various parameters of the accuracy of the
interfaces in terms of recognition of the user commands.

2. Materials and research methods

Consider the model of the operation of NCI and Ol in the presence of an additional computer-man
communication channel. At the first stage, we simulate the situation of the human-computer interface. One of the
parameters of this work will be the probability function of recognition of the user commands by the interface.
Obviously, as the time t increases during which the pattern analyzed as a command is evaluated (for example, the
EEG values, or the position of the pupil); the accuracy of recognizing this command increases. Furthermore, with
continued growth of the team’s accumulation time, the accuracy of its recognition decreases due to objective
physiological reasons which are fatigue and decreased user attention, the need to respond to new events, etc.
However, since this time is long enough, the fact of a decrease in the recognition accuracy can be ignored, so
suppose that the probability of the correct recognition of f pases monotonically changes with time t according to
the law.

eat

fbases = a=py €Y
Po + e
Where p, = fpases (0) — the probability of the correct recognition at the initial moment of time

o.> 0 - is the parameter responsible for the rate of change of the function (the larger «, the greater growth rate
of fhases (t) With increasing t).

By time, in the future, we will understand the number of discrete readout of a signal registered by one or
another device. At time t; (fig. 1), the user receives information about the result of the signal recognition act after
which the user can change.
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L. Probability trajectorie in the context of additional information for the user about the progres
or NCI.
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ding or staying the same (in other words, at a given moment in time there is a trifurcation of possible user
states). It can be seen from fig.1 that a - an option in which the user changes his / her state at time t; so that he /
she increases the likelihood of the correct recognition of commands, b - leaves his / her state unchanged, ¢ -
changes his / her state at time t; so that increases the likelihood of the correct recognition of commands. The
change in the state will cause the recognition probability may increase - it will be determined by the function f .
(t) (option a), or decrease - there will be a transition to the function f. (t) (option c), or remain unchanged - foases
(t) (option b). Probably, the listed events are equal to p +, p- and po respectively in the case of the correct
recognition at t = t; and p. p_ and p, in case of an incorrect. Note that in the period of time ty, the interface
does not make a final decision regarding the choice of a command generated by the user. The user is only
informed of the current (intermediate) result of the data processing by the interface.
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Further, at time t = t,, a choice is made again. This choice is final - the interface makes a decision as to which
command was generated by the user, and accordingly, which should be executed .A subset of the event space
leading to correct recognition consists of 6 points:

1. foase () p + f + (t2) - correct recognition in t; and in t, after increasing the probability.

2. foase (1) po foase (t2) - correct recognition in ti and in t; without changing.
3. foase (t1) pf (t2) - correct recognition in t; and in t, after reducing the probability.
4. (1 - foase (t1)) p4 f+ (t2) - incorrect recognition at t and correct recognition at t, after increasing the probability.
5 (1 - foase (t1)) po foase (t2) - incorrect recognition at t and correct in t, without change.

6. (1 - foase (1)) L f_ (t2) - incorrect recognition in t and correct in t, after reducing the probability.
We get that the recognition probability increased in comparison with the base case by a factor of Q, where

Q = [fbases (tl)p+f+(t2) + fbases(tl)pofbases (tz) + fbases (tl)pf—(tz) + (1 - fbases (tl))p;—f+ (tz)
+ (1 - fbases(tl))p(’]fbases(tz) + (1 - fbases(tl))p’—f—(tz)]
/fbases (tz) (2)

Convert the resulting expression.

_ fbases(t1)
¢= (m) [p+f+ (tZ)) + pOfbases(tz) + pf_ (tz)
+ (1 _ fbases(tl)

—) [(p-’i-f+ (tz) + p(,)fbases(tz) + P’—f—(tz)] (3)
fbases(tz)

To obtain a convenient analytical estimate of Q, we introduce the assumption which is the transition
probabilities at the trifurcation point do not depend on the result p, =p., p_ = p_and p, = pg, then we obtain.

_f.(t,
Q =po +p+fi(t2) + %s((tz)) %)

Using the condition for maintaining the total probability p + + Po
+ p. =1, we bring Q to the form.
Q =1+ Py f+(t2) - fbases(tz) +p_ f—(tz) - fbases(tz)
fbases (tz) fbases (tz)

The ratio of the probabilities in the new and basic case exceeds unity (i.e., it improves the recognition when
choosing commands by the interface).

P+(f+(t2) = foases(t2)) > p-(f-(t2) = f-(t2))  (6)

Thus, the sufficient evidence has been obtained to determine the applicability of the method. Exceeding after
trifurcation of f. values weighted by p+ should be greater than the excess of the base probability over f. taken
with weight p.. In this case, the new method is more likely to lead to the correct recognition by the interface of a
signal or pattern generated by the user.

)

From (6), it follows that the model shows the possibility of increasing the speed of interfaces only provided
that a+> apasestbases, Where tpase Shows the time of measuring the probability of the recognition of commands based
on the baseline functions. It is in this case that is possible to improve the probability of the recognition by the
interface of the user commands when changing its state at time t;.

3.
4. The results of the study and their discussion numerical simulation of the work of the nci in the
presence of an additional communication channel computer man

Consider the situations that arise during the work of NCI, depending on the time t;; they need to provide
certain probabilities of transition from fuases (t2) to f. (t1) or to f + (t1). To get closer to the real indicators of the
operation of the interfaces, we will take a discrete time in 0.1 sec. Thus, for an NCI recognizing 6 commands, the
values of the function according to (1) will be po = 0.167, apase from 0.02 to 0.2 (fig. 2a). For Ol, which has the
best parameters for the speed of work and recognition of teams for 6 teams, we accept po = 0.167, apases from
0.08 to 0.9 (fig. 2b). Consider the condition a +> apases thases @S applied to NCI. Obviously, we have two time
limits. On the one hand, the user needs some time to realize the human computer being transmitted through the
channel. On the other hand, if a change in the state of the user occurs after too long; then, there will be a situation
in which the function f + (t), even having a significantly higher growth rate, will still be inferior in function to the
functions fuases (t), making it; thus, fundamentally impossible improves the performance of NCI. Consider
possible ranges of applicability of the parameter « + provided that the parameters apases and t1 change (fig. 3). We
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draw attention to the fact that the time threshold of stimulus awareness is in the region of 100 ms [5]. Obviously,
if at time t; the information about the current decision on the choice of commands by the software-hardware part
of the interface is visualized for the user, then to the data in figure 3, it is necessary to take into account another ~
100 ms for the process of the user recognition of the received data. We add an additional condition according to
which at any point from t; to t; foases <f + (t1).
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Fig.2a. Probability range under investigation, depending on time for NCI.
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Fig.2b. Probability range under investigation, depending on time for Ol.

Therefore, from fig. 3, it follows that below the indicated curves the condition & +> apases thases IS Satisfied, so;
for example, for apases = 0.02 and o + = 0.6, the user must change his / her state, knowing the data of the
preliminary work earlier than three seconds after the start of the work of the NCI on the processing of a new
teams. Given the stimulus recognition time, it is clear that the interface must inform the user about the pre-
selection via a graphical channel earlier than 2.9 seconds. From fig. 3, it follows that starting from opases = 0.13
the function of improving recognition of the user signals having a + = 0.4 can no longer be effective in any
period of time. The practical value is represented not so much by the parameters o as by the probability values of
accurate recognition of the patterns of the brain activity of the user to determine the possible time ranges for the
presentation of the preliminary data of the NCI. For this, the parameter p (0.8) was introduced in fig. 3 as a
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reflecting time during which fuases (t) provides an 80% probability of recognizing the pattern of the user's brain
activity for a given a. The results are interpreted as follows. If it is empirically obtained that; for example, after 3
seconds of processing patterns of the brain activity of the user, there is 80% accuracy in recognizing the
commands generated by him / her; despite of the fact that this result will be less for shorter periods of time, and
longer for longer ones; then, anases = 0.1 can be taken as a model parameter. It is obvious that if the user is able to
change his / her “mental” state in such a way as to increase the likelihood recognition of commands; then, the
information on preliminary results of work programmatically.

Fig.3. The dependence between the recognition function parameter NCI teams for 6 variants of o pases and
time of adoption pre-solution by an interface previously; it is necessary to inform the user about the results of
thepreliminary classification of his / her condition by the software and hardware part of the NCI.

The hardware complex, the user must be informed earlier than 0.9 seconds from the start of processing
patterns of his / her brain activity. Moreover, 0.9 seconds is selected if it is empirically established that in the
new "mental” state [6]; for example, with a significant concentration of attention, the available software and
hardware solutions provide 80% accuracy of recognition of the user commands after 0.4 seconds. Thus, the data
obtained allow using empirical results of work different types of NCI to determine the potential effectiveness of
an additional computer-man communication channel, and; therefore, to assess the need and possibility of
implementing an additional human-computer communication channel as applied to the tasks of the NCI.

5. The numerical simulation of the operation of the oi in conditions availability of an additional
communication channel human computer

Unlike NCI, Ol modeling has its own special the fichus associated with the iterative control process. Indeed,
in the case of an NCI, the information about the preliminary interpretation of certain commands is sent to the
user only once. The second time, the user sees the result of the operation of the software and hardware of the
NCI even when the managed device is executing a command. In the case of Ol, the user sees a cursor mark
corresponding to the position of his / her pupil. Therefore, by changing the direction of the gaze, the user sees the
response of the Ol reaction, and; thereby, it can again within the next iteration modify its behavior. With this
approach for modeling, it is more convenient to use the concept of “chain of commands" [7] of the form.

En+ D) =2EM+2)=28+3) =228t + ).

In other words, if the command & exists and is already executed at the moment of discrete time (n + 1);
therefore, it is possible to execute the command & (n + 2) provided that it exists, and if the command & (n + 2), it
is possible to execute the next command & (n + 3) provided that it exists, etc. However, in contrast to [7], in this
case, the command does not mean a completed “quantum of behavior” [8], but the interpretation of the current
position of the pupil by the hardware-software part of the OI. At the same time, if the cursor marker moves to the
side that the user wants, the command is perceived as successful, otherwise as an error. Thus, fig. 2b shows the
final function of assessing the probability of the correct recognition of the commands when moving the pupil.
We will take into account that in video oculographic interfaces; one of the limiting factors of their speed is the
frame rate recorded by a video camera. As applied to our tasks [3], the frame reading frequency did not exceed
20 Hz, and; therefore, the Ol cannot change the position of the cursor marker with a higher frequency. Using fig.
3, one can obtain the same results as when controlling by means of NCI; however, those ranges of functions f (t)
show a high speed of the oculographic interface exceeding that of NCI (apases™> 0.2 , which gives 80% accuracy
of the command recognition after 0.4 s). The simulation results are presented in table 1.

Tablel. Results of time assessment of presenting to the user of the information on the communication-
personal communication channel.

Olbases p (0,8) o+

25 15
0,9 0,4 — _
0,7 0,5 0,1 —
0,5 0,6 0,2 0,3
0,3 1 0,3 0,25
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0,1 3 1 1

From table 1, it can be seen that at a high classification speed anases™ 0.7; there are no possibilities for using
an additional channel; a computer is a person who informs the user about preliminary data for recognizing
commands by the interface. The high speed of command recognition by the interface eliminates the need for an
additional human-computer information channel. At the same time, relatively low values of apases <0.1 make it
possible in general to use an additional communication channel, and the information will be communicated to the
user for less than 0.3 seconds from the beginning of the recognition of the command by the hardware-software
part of the interface. Thus, the use of an additional channel for Ol, although it has limitations in terms of the time
it takes to present stimuli to the user, it can nevertheless be used for interfaces with a high speed of operation.

6. Conclusions

The paper analyzes the features of using an additional computer-man communication channel within the
framework of the neuro computer (brain-computer) and oculographic interfaces. The mathematical model of the
functioning of this channel and its influence on the decision-making by the user has been developed, taking into
account the change in the accuracy of determining the user-generated command depending on the time of the
process analysis. The numerical modeling for neuro computer and oculographic interfaces was carried out; the
values of time ranges were calculated, during which the presentation of the information on the results of the
preliminary classification of the user commands can provide improved results. The results obtained allow us to
optimize the use of the developed technologies of the additional human-computer communication channel in
terms of increasing the speed of their work.
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