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SIGNALS FOR THE TASK OF HUMAN COMMUNICATIVE
FUNCTION RESTORATION
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Summary. The article is devoted to the questions of substantiation the mathematical model of the
electroencephalographic signal, registered from the surface of head near the speech centers of brain, and the
electromyographic signal, registered from the neck surface near the vocal folds, for the problem of indirect
restoration the human communicative function. The possibility of representing these signals in the form of a
stationary random process is analyzed and it is established that such a model is not adequate to the research
problem, in particular, to identify the time moments of emergence the signs of the communicative function
implementation. The mathematical model of electroencephalographic and electromyographic signals in the form
of a piecewise stationary random process, that is adequate to their physical nature and research tasks, is
substantiated.

Key words: communicative function, electroencephalographic signal, electromyographic signal,
mathematical model, piecewise stationary random process.
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Statement of the problem. Taking into account the significant increase in the number
of people with limited or lost communicative function, which is the most important means of
communication, the development of the ways to compensate or restore this function is important
in the field of rehabilitation medicine. Particularly important is the development of the ways of
indirect restoration this function, as this will provide the opportunity for communication for
people with irreversible body disorders that directly implement the communicative function.
The essence of the method of indirect human communicative function restoration by means of
synchronous selection and subsequent processing of biosignals that arise in the process of
realization of this function is described in papers [1 — 3]. Particularly, it is offered [1 — 3] to
perform synchronous selection and processing of electroencephalographic (EEG) signals
registered from the patient's head near the linguistic centers of the brain and electromyographic
(EMG) signals registered from the patient's neck surface near the vocal folds. At the same time,
the methods of such biosignals processing will determine the algorithms of software
functioning for indirect human communicative function restoration. In order to develop EEG
and EMG signals processing methods, it is necessary to justify the choice of their mathematical
model, which should be adequate to the research problem and the physical nature of these
signals. The mathematical model should contain informative features that could identify the
signs of the communicative function implementation process in the structure of the EEG and
EMG signals.

Analysis of available investigations. In the structure of EEG signals, changes in the
electrical activity of the brain are reflected, caused by the need to provide mechanisms for self-
regulation and functioning of all organs and systems of the human body, to implement the
function of adaptation to the variables of external and internal factors that affect the human
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body, etc. [4]. Accordingly, in the structure of EEG signals, electrical responses to the processes
that provide the communicative language function will also be displayed. In this case, the EEG
signal represents the superposition of the potentials of the action of all neurons with varying
degrees of influence on the resulting EEG signal [4, 5]. While carrying out the
electroencephalographic investigations, the vast majority of processing methods are based on
the mathematical model of EEG signals in the form of the stationary random process [4 — 6].
Also, in some cases, the EEG signal is considered as a set of sites that can be conventionally
considered as stationary or, quasi-stationary, and whose length is large enough to produce
statistically valid results [4].

In electromyographic investigations, involving the evaluation of the functional state of
muscles and endings of peripheral nerves, EMG signal is also considered as a stationary random
process [7, 8].

The model in the form of the stationary random process implies the immutability of the
probabilistic characteristics of EEG and EMG signals in time. However, in the structure of these
signals, signs of the communicative function implementation must be manifested, which, in
turn, will change their probabilistic characteristics, and the detection of the time moments of
the appearance of these signs forms the basis of the method of mediated restoration of the
communicative function described in papers [1 — 3].

The objective of thepaper is to substantiate the choice of the mathematical model of
synchronously registered EEG and EMG signals, which would take into account in its structure
the signs of the communicative function implementation, and the methods developed on the
basis of such a model, the processing of these biosignals would enable the identification of
individual components of the speech process (phonemes, words ) to ensure the possibility of
exchanging information among people with body disorders that directly implement the
communicative function.

The results of the investigation. While implementing the communicative function, the
exchange of information between people (communication) is carried out by forming voice
signals, which structure contains the necessary information for transmission. Elementary
constituents of the voice signal transmitting verbal information are phonemes (sounds of the
language), which are combined into words and phrases. In this case, in the process of forming
voice signals in the stream of exhaled air, the signal source (the lungs, vocal folds) generates a
sound signal with characteristic repeatability — the main tone (MT) generated by vocal folds,
which are excited by a quasiperiodic sequence of nerve impulses. The speech apparatus (tongue,
lips, oral cavity, nasal cavity) forms the phonetic structure of the signal. Nerve impulses which,
in the process of words or phrases pronunciation, control the work of the vocal apparatus, are
formed in the speech centers of the brain.

Accordingly, the problem of communicative function restoration is reduced to the task
of detecting and identifying signs of individual phonemes in the structure of EEG and EMG
signals.

The last problem is close to the task of speech recognition — the detection of signs of
individual phonemes in the structure of voice signals and their subsequent
identification [9, 10]. In acoustics, the recognition of individual phonemes in the structure of
voice signals is carried out in response to changes in the shape of the by-pass signal component
(Fig. 1, b) and in terms of the main tone frequency (MTF) in the case of recognition of vowels
and consonant vocalized sounds. MTF is reversed to the MT period (Fig. 1, c), and its value
coincides with the frequency of placing the first maximum of the estimates of the amplitude
spectrum of the voice signal (Fig. 1.g).
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Figure 1. The look of the voice signal (a), the enveloping signal (b), the sampling from the carrier component of
the signal (c) and the evaluation of the amplitude spectrum of the signal (e)

According to the above mentioned, there shoul be the signs of the communicative
function implementation in the structure of EEG and EMG signals such as: in the structure of
EEG signals — signs of the beginning and end of the speech process; in the structure of EMG
signals — signs of MT, by which one can identify vowels as well as consonant vocalized
phonemes. To substantiate the choice of the mathematical model of these signals, the following
assumptions were made: 1) EEG and EMG areas in the state of rest — in the absence of the
broadcasting process for unchanged additional factors (emotional state, position of the patient
in space, eyes closed, external conditions) — will be stationary; areas of EEG and EMG signals
during the implementation of the communicative function will be stationary, but different from
the analogous sites for the rest of the parameters (estimation of mathematical expectation,
dispersion, etc.). The task of revealing the manifestations in the structure of the EEG and EMG
signals signs of the process the communicative function implementation is reduced to the
problem of identifying the characteristic changes for these biosignals characteristic for such
process.

Detection of changes in the properties of EEG and EMG signals is one of the common
problems of the analysis and processing of biomedical information in the field of
neurofunctional research. The jump-like changes in the properties of such signals occurring at
unknown time points can be described as the disorder occurrence in the structure of these
signals [11]. Classical methods for detecting disorder [11] make it possible to detect single
disorder of the random process and obtain the estimate of the maximum probability of the jump
coordinates. However, in the case of detecting changes in the structure of EEG signals that
characterize the presence of the speech process signs or changes in the structure of EMG signals
characterizing the presence of the main tone signs, it is necessary to identify the sequence of
jumps. In this case, it is reasonable to use a piecewise stationary random process as a
mathematical model of EEG and EMG signals. [12].

In case of the mathematical model application in the form of the piecewise stationary
random process [12], EEG and EMG signals can be presented as follows:
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is called the disorder process, and moments bl are disruption points [12].

According to this, the problem is reduced to the identification of the time moments of
the change in the parameters of the stationary areas of EEG and EMG signals, and according to
(1) — the time moments of the disorder occurence in the structure of these signals. At the same
time, the estimation of the time moments of the beginning and end of the speech process as well
as the characteristics of the MT will be interval estimates, therefore, justification of the choice
of the value of the time interval of the evaluation will be necessary in order to minimize the
error of the values of the required time points.

For processing, it is suggested to use the methods of spectral correlation analysis of
stationary random processes, and to process the signal at intervals of the specified
duration (t1-t2, t2-t3,...,tn-1-tn). Theoretically it is shown in Fig. 2.
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Figure 2. Detection of EEG signal disruption, which characterizes increase of brain activity

Verification of the mathematical model. To verify the proposed mathematical model,
the EEG signals were selected using the 16-channel electroencephalograph Neyrok, KhAI
Medica. Recording duration was 2 minutes. During the recording, the investigated person was
offered during the first minute (approx.) to try to think about nothing, and during the second
minute — intensively «mentally» repeat the word «up». In the structure of EEG signal (Fig. 3),
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this manifested itself in increasing the amplitude at the time tx, which is defined as thge time
point of disorder occurrence — the beginning of the communicative function implementation.
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Figure 3. Registered EEG signal with a sign of the speech process start

As the criterion for determining the time moments of the beginning and end of the
speech process, the variation of the averaged estimates of the spectral capacity density
calculated within the limits of the sliding window, the parameters of which were selected in
accordance with [3] was used. It is determined that the values of variation increase by more
than one order in presence of brain activity signs.

Fig. 4 shows the appearance of the synchronously registered voice signal (consonant
vocalized sound [I]) and EMG signal, in order to find signs of OT (which characterizes the
voice signal) in the structure of the EMG signal. The existence of interconnection of the
synchronously registered EMG signal and the voice signal and the presence of MT signs in the
of the EMG signal structure was confirmed in paper [2].
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Figure 4. Registered EMG signal (upper figure) and voice signal [I] (bottom figure), synchronously recorded
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Relatively the conclusion about the adequacy of the mathematical model of EEG and
EMG signal in the form of the piecewise stationary random process of the investigated problem
and the physical nature of this type of signals is made.

Conclusions The substantiation of the choice of the mathematical EEG and EMG
signals model for the problem of indirect restoration of the human communicative function,
which would be adequate to the physical nature of this kind of signals and the given task was
made.

It is defined that the model in the form of the stationary random process has limited
possibilities concerning detection of the time moments of changes in the structure of EEG and
EMG signals, which are the result of the communicative function implementation, since such a
model implies the immutability of the structure of these signals in time. The piecewise
stationary random process is substantiated as the mathematical model of EEG and EMG signals.

The results of verification of the offered mathematical EEG and EMG signals model
confirmed the adequacy of such model to the physical nature of these signals and the problem
of indirect rerestoration of the communicative function.
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MATEMATHUYHA MOJEJIb EJIEKTPOEHIHE®AJIOI'PA®IYHOTI'O
TA EJEKTPOMIOTI'PA®IYHOI'O CUI'HAJIIB JJI51 3ATAYI
BIJHOBJIEHHA KOMYHIKATUBHOI ® YHKIII JIFOJUHA

Oxcana Jlo3opcbka

Teproninbcokutl HayioHAIbHUL MeXHIYHUU YHIgepcumem imeni leana Ilynios,
Tepnonins, Ykpaina

Pe3tome. [Iposedeno obepynmyeanus aubopy mamemamuunoi mooeni EEI’ ma EMI cuenanis ons 3adayi
0NnoCcepeoKo8an020 GiOHOGICHHs KOMYHIKAmuenoi @ynxyii noounu. OOSpyHmMYyeanHs eubopy MamemamuyHol
MOOeNi nPOBOOULOCH BUXOOSHU i3 MO20, WO AKICHA MOOeTb NOGUHHA OYMU A0eK8AmHOI0 (QI3UUHIT NPUPOOi MAK02o
POOY CUSHANIE MA NOCMABIEHIN 3a0adi 0NoCepeoK08aHO20 GIOHOGNEHHS KOMYHIKAMUGHOI (DYHKYIL JI0OUHU.
Ipoananizosano moacausicmos nooanns EEI ma EMI cuenanis y guensdi cmayionapnoco eunadkogozo npoyecy
ma B8CMAHOBIEHO, WO MAKA MOoOelb 8i000pajicae CKIAOHICMb YUX CUTHANIE Y CHeKMPALbHOMY PO3NnoOii
NOMYJICHOCMI, alle He MA€E 3aco0i8 OYIHIOBAHHS IXHbOI YACOBOI cMPYKmMYypu, W0 € HeOOXIOHUM Ol BUABILEHHS MA
i0enmudghixayii 03HaK okpemux onem, AKI € pe3yIbmamom peanizayii KOMyHIKamusHoi )yHKyii i Ha OCHOBI AKUX
MOJCHA NPOBOOUMU KOMHNEHCayilo nopyuwenb abo 6ioHoenenHs yiei @ynxyii. [lnaxom awuanizy npoyecy
Gopmyeanns 2010c08uUx cucHaie npu peanizayii KOmMyHikamueroi yynkyii nokasano, wo 6 cmpykmypi EEI" ma
EMI" cuenanie maroms nposasisimuce O03HAKU, 34 AKUMU MOJICHA NPOBOOUMU BUABNLEHHS ma [0eHmuikayiio
oxkpemux ¢ponem. Ilpu yvomy sucynymo npunywenus, wjo oitsinku EET ma EMI cuenanis y cmawui cnoxorw
(6i0cymuicmv npoyecy MoenenHs) 0yOoymov cmayioHapuumu, a OLIAHKU MAKUX CUSHATI8, W0 6i0n08ioaroms
npoyecy MOGIeHHs, Makoxic 6yoyms CmayionapHumu, aie 3 GiOMIHHUMU IO AHANO2IYHUX OLIAHOK OAsl CMAHY
Ccnoko napamempamu. Bionosiono, sax mamemamuuny mooeno EEI’ ma EMI cuenanie 06epynmosano Kyckogo
cmayionapuuti eunaokosuii npoyec. Ha ocnosi obrpynmosanoi mamemamuunoi mooeni ModxicHa peanizyeamu
memoou onpayroganna EEI’ ma EMI cuenanie i peanizyeamu Ha ix 0CHOGI MeXHIuHi 3acobU OnocepeoKkosanozo
BIOHOBIIEHHS KOMYHIKAMUGHOI PYHKYIT THI0OUHU.

Kniouoei cnoea: komynikamuena ynkyis, enekmpoenyeghanroepa@iunuil cueHa, erexmpomiozpadiunuii
CUSHAT, MAMEMamMUui4Ha MoOeb, KYCKO80 CMAayiOHAPHUL 8UNAOKO8ULL Npoyec.
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