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SOFTWARE ENVIRONMENT OF ANALYSIS OF SPEECH WITH
PURPOSE OF RECOGNITION OF THE FUNCTIONAL STATE OF
MAN

Buknaaena nocainoBHicTe 00po0ku iHGOPMATHBHUX MOBHMX CHTHAJIB i
BHJIYYeHHS] KOMIIOHEHT, SIKi XapaKTepu3ylTh BiIXWJIeHHs (YHKUiOHAJbHOro
CTaHy JIOAMHHU. AMHAMIKA YaCTOTH OCHOBHOTO TOHY TIo0JIOCY, TeMIOpAaJbHi
XapPAaKTePUCTUKHU 151 PO3Mi3HABAHHS CTAHY.

Ku1040Bi ¢/10Ba: MoGHUIL CueHAl, GULYYEeHHS KOMNOHEHN, OCHOGHUIL MOH MOGU,
DYHKYIOHANLHUT CMAH, MEMNOPATbHI XAPAKMEPUCTIUKY.

H3noxkeHa mnocieaoBaTebHOCTL 00pa0oTKM HMH(OPMATHUBHBIX peyeBbIX
CUTHAJIOB U BblJeJeHUs] KOMIOHEHT, KOTOpble XapaKTepU3YKT OTKJOHEHHS
(YyHKUHMOHATBHOI0 COCTOSIHMS YeJI0BeKa. IMHAMHUKA YacTOThbl OCHOBHOIO TOHA
roJioca, TeMnopaJjbHble XapaKTePUCTHKHU AJsl PACMO3HABAHUS COCTOSIHUSA.

KuroueBble cioBa: peuegoil cueHan, vioejeHue KOMHOHEHM, OCHOBHOU MOH
peuu, GYHKYuOHAnbHOe COCMOsSIHUE, MEeMNOPANbHbIE XAPAKMEPUCTUKU.

In the article is following Processing of the infomation about and speech
Signal and the Extraction of the Components with tpical Deviations of and
functional State of the talking Man: and Dynamic ofthe Frequency of the
ground Tone of the Speech, and temporal Charactetties considered and the
Recognition of the State.

Keywords: speech Signal, Extraction of the Components, giolione of the
Speech, functional State, temporal Characteristics.

Problem ofoperativeestimationof the functional state of man in the
process of activity by an incontact method and,particular, on the
dynamic parameters of acoustic characteristicshiaf spontaneous speech
with every year becomes more topical. Especialtpuiches upon operator
activity becoming more complicated automatagnan-machineystems.
The fatigue and emotional tension beldnghe number of the functional
states of operator. These states appeare, as, afteletheprotractedwork,
as a result obperational tension stressindgnfluences, inadequate terms of
activity and other.

We consider that the research of the functiorsibsdf a speaker in real
time must be conducted with the use of wid@ughset of informative
parameters of acoustic characteristics of spmous speech with the
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purpose obkubsequentombinationof informative indexes of the functional
state ingeneralintegral estimation But for all that the main attention
should be paid not so much to the absolute indexeshe selected
informative parameters of acoustic characteristissto their changes in
time relative tosome initial indexes of the functional state of theabmzzed
operator.

It is set by the researches that the acoustic peteas of complete
fragment of the spontaneous speachdiagnostically informative [ 1]. In
according to an acoustic theory giieechformation[2; 3] speech is the
result of co-operation of resonance cavities of thecal tract and
cvaziperiodical impulses of the vocaipulasat formation of voiced sounds
of the turbulent noise appearing in thiecesof narrowing in a vocal tract
at unvoiced sounds.

Thus regenerated speech in a vocal signal on thmubof the mouth

can berepresented as tHerl of functions of signal otource S(t) and
impulsive characteristic of vocal tradu(t) : f(t) =41t *h(t).

The spectrum of vocal signal is determined throtrghsformation of
the Fur'efunction f (t) :

F(w) = F[f(1)] = S()H (@),

where S(&) — is a spectrum of theource H(w) — transmission
function of the vocal tract.

An aperiodic function f(t) and its complex spectrunS(w) s
interconnected by theur'etransformation:

S(w) = [ f(he “dt ;

1 +00 .
f(t)=— [S(w)e'“dw
® 271_{0( )

However speechhyeingthe product of psychical activity, is formed in
accordance with the linguistic rules of tlguageby the speechform
system guided by the sequenceommand®f the cerebrum. The levels of
speechformdetermine the blocks of psycho-lingual and psyaboustic
presentations of the speech as some physical asutest which is
characterizedby the physical structure and bearing the compbstecho-
linguistic reflection of vocalutterance.Accordingly, the parameters of
speechfornmare formed at both psychicahd psycho-acoustic level [4].

Thus a vocal signal has the appearanca ocbmplexmultidimensional
function s(Qq,...,Qp,wt), where Qq,...,.Qn— frequencies of the
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component of vocal signal with unknown operatiohsheir co-operation, T A
w - frequency of the spectral parametersctrrenttime. Wexonmein ®ain | Crekrpanshste ospiawierme | Q8yserss Pacnosasari | PHU | Cpasnere aeux curnance | Cpasnerme asux crrranosiie snesso) |
1. Components of Unstationary of vocal Signal. Mepewinan a6patorka | Bropusan ofpasara | Komusectsn nepexonos sepes 0 |
Changeability of vocal signal is conditioned inlamber of factors. The F o A
basicof themarefollowing: e -
a) a vocal signal is aasualunstationary temporal process; Coearee =0 =
b) variety of speech, conditioned by the transformation (ctidn), [l %
transcription; E—— @
¢) individuality; o = =
d) dialect s D
e) state of announcer and changeability of the stat _ St | @
Each of these factors is included in a vocal sigisacomponenpart M ) ‘ =
with the unknown method of co-operation of thpaeiswith one another. Kosgwuorme D e e N
We will assume that it is possible to find speett@mporal description —way
of vocal signal S(w,t) . All transferredactors will be present as EEE e
|
S(wt) = S[S (w, 1), S5 (w, 1), Sp (W, t), Torasars | Nepweat-2tamrera | care | e —
St (@ 9, Sy (@ 9, Sd (@ 1, Sp (@, 9, Ss(@b)],

. . Fig. 1. Oscillogram of signal of the wordcshest'»
i.e..S(wt)— complex frequency-temporal functions(t) —complex

Slgnal . l& Ovkporr dain - G:AKarpov\S_kursPZ_PM_01%Pm-01-2\Asadulin2\W av\06.wav
2. Algorlthm of task SOIVing. t::;nbm @807 | Cexrpansrore koomuuesTs | OSysenis Pacnosnasane | PHU. | Cpapnenve ass curnanos |
For organization of decision initial functions(t) digitizes [5,6] with e oot e e e | -
™ Wwave
frequency fq, forming a signal s(tj), which is then divided into the Eé‘l””: S =
JuHaraika ocH ToHa S
. . . . - .
intervalsof analysis T|y with theamountof the N reports on amterval Coamo =0 st .
FRHY—— 40 -
at | =0,n-1, n—amountof intervals T , by submitting an initial signal H ) =
(ERE 201 o
as two-dimensional function of time as s(wg,Tj) (Table 2), at Wi = pi , - A | |k
j=IN,(+1)N, S(wg,T|N) — spectral cut. S oo i - | @
U | 40 : : : : : i : | =
e 0 2000 oo 5 000 2000 Tooo0 | 12000 Tabon | 18000 1g000
Table 2 P
To to — tyNn-1) » s(tj,To) S(awx ., To) I
TlN th — t2(N-1) > S(t] 'TlN ) S(wk ’T].N ) Mokazare | Mepusacotiacrors | croamme | Coxp. am.ocHToNs,
i = o wHanaTs sacTary cpeaa |11000
Tin o tN —tgepn-y > St Tin) S(ax, Tin) .

Fig. 2. Signal of frequency of the basic of the wa «shest'»
Tin-pN tin-oN —thn-n) 5 St Tin-yn) Sk, Tin-mn)
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Fig. 3. Dynamic of frequency of the basic of the erd «shest'»

The task solving oéstimationof the functional state of a speakerty
speech can be realized as some hierarchy of lediflsrent by the
parameters attracted for the decision. It is pdsstconsider the zero level
of recognition of words of speech (isolated wordspbrases, for this
variant ofestimationof parameters of the functional state the probtém
recognition of speech continuous together of abjtduration is not set).

The first level consists in comparison of parameters of dyoamf
basictone and temporal characteristics of speech.

The secondlevel is comparison of spectral-temporal charasties of
speech utterances of the same format (words oseéya

The first and second levels is solved for the recey variant of
format (words or phrases). Information technologédsconstruction of
devices of speech recognition are put in [4; 6].

For the task solving ofstimationof the functional state of the speaker
of the first level from an initiabligitazed signal s(tj) two groups of

parameters are formed:

— signal with frequency dfasictone for avoice-frequencysignal [7];

— temporal characteristics amsmount of pauses AP) in speeches,
duration of speechDR) on theinterval of analysis, duration of pauses on
the interval of analysis, theate of articulation (RA) is attitude of duration
of pauses toward duration of speech. If quantunspefech signal is the
sign-variable sequence of integers with frequency quantum
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fea = 22Ehz anddigit capacity16 bits (word structure) with the limits
of values +32768&hz, the task solving of forming of signal bfsic
tone yn (BT) thelow frequencydigital filter is used:
k=N
Yn= 2 CkXp-k (ek =c—k),
k=-N
1 .
ck = —sin2rkfy,, =2fcp, 0< fop<05, where o -
K= cp: Co cp cp k
coefficient of filter, fcp = 0008 - frequency of cut of filter,
Xn-k =S(tj,TiN), Yn— signal with frequency obasictone, N =100,
0<n< N1, Np-length of vocal utterance of the set format. doev,

for those speech utterances whimimtain noisy sounds, a task becomes
complicated because for most noisy sound@siee-frequencysignal does
not exist (except for the mixed sounds «zh, z»). &avord «shest» the
graphshave the appearance of the fig. 1- fig.3. On figyB vertical lines
the areaof dynamics of duration of periods bésictone for the phoneme
«e» is limited. Outside thisarea the dynamics ofow-frequencies
component of loud sounds of «sh, s», unvoiced aiysosound of « and
unvoiced pause before him are reflected. For taskng of exposure the
voice-frequencyareas of speech utterance the analysis of tranghirough
the zero of the signaot as a result of filtration of initial signad(t,) with

the help of the high-frequency filter is applied:
k=N
Z(ty) = s(ty) = 2 GeS(tnk) s (e =c)s
k=—N

Cx =%Tsin2nkfcp, Co =2fg, fep =01 - lowerfrequency of cut of

high-frequency filter pper frequency of low-frequency (filter),
corresponding to physical frequencycp =11007y, N =100.

Graphsillustrating the process of selection of signa(t,) and
formings of function of frequency of transition ¢lugh a zerop(T;) signal
z(ty) , isrepresentedn a fig. 4—fig. 6.

As it is obvious from thegraphsfig. 5-fig. 6. level of frequency of
transitions through theero of signal z(t,) for voice-frequencysounds

does not exceed 15
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into 60 for theinterval of analysis Tjn =220 counting out of signal

z(ty) - The task of comparison solves for the functiondghamics of
frequency of signal dbasictone.
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The task of comparison solves by the method of dymamic
programming only fowoice-frequencypart of signal,got in the temporal
window on the threshold level of parametgqr; ) .

Conclusion By the stated algorithm the programmatic systenichvh
can be applied foestimationof declinationsof parameters of vocal signals
as function of the psycho physiological state speaaker is realized.
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OPTIMAL WLF EQUATION OVER EXPERIMENTAL VISCOSITY
MEASUREMENTS BY FINITE SET OF FIXED TEMPERATURES

3a kpurtepieM MiHiMaabHOI BiacTaHi y ¢yHKUiOHaABHOMY mpocTopi
Lp[Tl; TN] BH3HAYEHO ONTHMAJBHY TeMIMepaTypHY 3aJekKHiCTh B SI3KOCTI

nosivepy y popmi BJI®-pisuanns 3a N BumiproBanHsiMH iioro B’ i3K0CTi npu
N  ¢ikcoBanux Temmepatypax 3i cermeHTa [Tl; TN] . IosHicTio

MpeacTaBJeHO po3polJieHe MporpamHe 3ade3nevyeHHst y ¢opmi MATLAB-
(yHKUIT AN51 3HAXOMMKEHHS] ONTHMAJIbLHOT TeMIepaTypPHOI 3aJIeKHOCTI 3riHO 3
BiAMOBIAHUMH BXiIHUMH JAHUMH.

KuarwuoBi caoBa:  nonimep, 6 asxicmv, memnepamypHa  3a1exHCHICHb,
memnepamypa nepexooy y CKI06UOHY peuoguHy, BJID-pieuanna, ¢yHkyionanoHuil
npocmip, MiHIManbHA I0CMAHb, NOiemuieHmepeQmanram.

ITo xpuTepu0o MHUHUMAJIBHOTO PpAacCTOSIHUS B  (PYHKUHOHAJIBHOM

MPOCTPAHCTBE Lp[Tl; TN] ompeaejeHa ONTUMAJBLHAs TemmnepaTypHas

3aBHCHMOCTL BSI3KOCTH moJgumvepa B ¢opme BJI®-ypaBuenuss mo N
usMepenusiv ero Bsiskoctd npu N GUKCHPOBaHHBIX TemmepaTypax u3

cermenTa |T;; Ty |. HosHOCTBLIO NpeacTaB/eHO pa3paGoTAHHOE MPOrpaMMHOE
1IN

obecneuenue B opme MATLAB- ¢pyHKkumm niasi HaXo:KAeHHS] ONTHMAJIBHOI
TeMNepPaTypHOil 3aBHCHMOCTH  COMJIACHO COOTBETCTBYWLIUM  BXOAHBIM
JaHHBIM.

KnaroueBble ciaoBa: noaumep, 6a3xKocmv, MeMnepamypHas 3a6UCUMOCHIb,
memnepamypa cmekiosanusi, B/I®O-ypaenenue, @ynxyuonanoHoe npocmpaHcmeo,
MUHUMATbHOE PACCMOsIHUE, NOTUIMUIeHmepedmanam.

By the minimal distance criterion in the functionalspace L, [Tl; TN] there
has been determined the optimal temperature dependee of polymer viscosity
in the WLF equation form over N measurements of its viscosity byN fixed
temperatures from the segment[Tl; TN] . There has been fully represented the

designed software in the MATLAB-function form for finding the optimal
temperature dependence in compliance with the corsponding input data.

Key words: polymer, viscosity, temperature dependence, glaassition
temperature, WLF equation, functional space, minirdstance, polyethylene
terephthalate.
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