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Peslome

Lenb uccnedoeaHust — asmomamuyeckoe pacro3HagaHue aMoyuli 2080psiLie20, 0OCHos8aHHoOe Ha 0bpabomke 38yKo-
3anucel, npedHa3HayeHHbIX Orisi UCMOoMb308aHUsI 8 cucmeMax cugHanudayuu npu pabome c ornepamopamu JI0OKOMO-
mugHbIx bpuzad u ducriemyepcKux Cryxo.

MemoOdsli. Pacro3HasaHue amouyull Yerioeeka 6 nocredHue 200bi sierisemcsi bbicmpopa3ssusarowielicss obrracmeio Uc-
cnedosaHuli. OcobeHHOCMU pedyego20 mpakma, HarpuMmep MOUWHOCMb 38yKa, ¢hopMaHmMHbIe Yacmomabl, NPUMEHS-
tomcsi Onsi 06HapyXeHUs1 HEKOMOPbIX 3Moyuli ¢ xopowel moYHocmbio. Mcrons3o8aH Memod onpedeneHusi aHepauu
cueHara c ebidesieHuUem OOMUHUpyrwel yacmomsl. B pabome paspabomaH rnpoepamMmHbIli KOO, Ha OCHO8E KOMOPO20
npusedeH aHanu3 Yemaipex aMoyul: eHes, padocms, cmpax u criokolicmaue. Cambili 8aXHbIU U CIIOXHbIU waa — 3mo
onpederneHue npusHakoe Haubosiee NoOxodsuux Ons pasnudeHus amoyuli u Hanuyue 6a3 0aHHbIXx. C60p 6a3 OaHHbIX
sensiemcs crioxHoU 3adadel, mpebyroueli NposieneHUss UCKpeHHocmu amMoyull. 3ayacmyto cbop 6a3bi OaHHbIX MpPo-
ucxodum 8 uckyccmeeHHoU cpede, U peyb MOoXem 38y4Yamb MoCMaHO804HO, 07151 UCKITIOYEHUST makux rnpobriem Heob-
XOOUMO UCMob308amb 3arnucu Kosn-4eHmpos.

Pe3synbmamel. NonyyeHbl u 06pabomaHs! 3anucu 6a3068bIX IMOUUOHAITbHbIX COCMOSIHUL, makue Kak eHes, padocmb,
epycmb, cmpax u youesneHue, Komopble sensitomcsi Haubonee YacmbiM criydaem uccnedosaHusi. PaspabomaHHbil
rnpoegpamMmMHbIl KOO no3eonsem npubnu3umcs 8 aemomamu4yeckomMy onpedesieHur0 3Moyull Mo pe4yesomy cuzsHarsy.
[ns aHanu3a peyvesbix 3anucel 8 8bI60PKax UCMOIb308aUCh TOKa3amesiu 3Hepauu cueHasa u ebidesieHuUsi 00OMUHU-
pytoweli yacmomei.

3aknroyeHue. Peanusyembili Memod KOHMPOIS 3MOUUOHaIbHO20 COCMOSIHUS Yeslo8eka ornepamopa o peyesomy
cuzHany Haxodum WUupoKoe MPUMEHEHUE 8 Npohunakmuke U ynydweHuu rnokasamenel ncuxoghusuonosuyeckol
npoghripueo0HoCcMu pabomHUKO8 JTOKOMOMUBHbIX 6pueaad, CoOXpaHEeHUs UxX npogheccuoHaibHo20 30oposbsi. Omyem-
Jueble pasnuyusi Habiodarmces 8 xapakmepucmukax ecex 8udoe amoyud.

Knroyeeble cnioea: amoyuu; pedesoll cuzHar; criekmp cuesHana, Memood pacro3HagaHus.
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Abstract

The purpose of research is automatic recognition of the speaker's emotions, based on the processing of sound re-
cordings intended for use in alarm systems when working with operators of locomotive crews and dispatch services.
Methods. Human emotion recognition has been a rapidly developing area of research in recent years. Features of the
vocal tract, such as sound power, formant frequencies, are used to detect certain emotions with good accuracy. A
method was used to determine the signal energy by highlighting the dominant frequency. The work has developed a
program code, on the basis of which an analysis of four emotions is given - anger, joy, fear and calm. The most im-
portant and difficult step is to determine the features most suitable for distinguishing emotions and the availability of
databases. Collecting databases is a complex task requiring the manifestation of sincerity of emotions. Often, the col-
lection of a database takes place in an artificial environment and the speech may sound staged; to eliminate such
problems, it is necessary to use call center recordings.

Results. Recordings of basic emotional states, such as anger, joy, sadness, fear and surprise, which are the most
common case of the study, were obtained and processed. The developed software code allows us to get closer to
automatically determining emotions from a speech signal. To analyze speech recordings in samples, indicators of signal
energy and identification of the dominant frequency were used.

Conclusion. The implemented method of monitoring the emotional state of a human operator using a speech signal is
widely used in the prevention and improvement of indicators of the psychophysiological professional suitability of loco-
motive crew workers and the preservation of their professional health. Distinct differences are observed in the charac-
teristics of all types of emotions.
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BBepneHune

B mocnennue ronsl ObuUTH MPOBEACHBI
pa3MyHble HCCIEIOBaHUs, YTOOBI BBISIC-
HUTh OCOOEHHOCTH, KOTOpbIE OyAyT IIO-
JIE3Hbl TIPU PACMO3HABAHUU SMOLMU. Psn
UCXOIHBIX OCOOCHHOCTEH, OCOOeHHOCTEH
pEYeBOro TpakTa, HAMpPUMEpP MOIIHOCTb
3ByKa, ()OPMAHTHBIE YaCTOTHI, KETICTPAIb-
HbIe KOA((DHUIIMEHTHI, MCIIONB3YIOTCS IS
0oOHapy>KEHUsI HEKOTOPBIX SMOIHI C XOPO-
el TOYHOCThIO0. Takke aHamu3upPyRTCS
napamMeTpbl KayecTBa rojoca, Takue Kak
KOA((UIHMEHT TrapMOHHYECKOTOo  IIyMa
(HNR), meprianue.

AHanu3 pe4eBoro CUrHajaa HeoOX0 UM
JUTSL OTIPEICIICHHST SMOIIMH, NCTIOTb30BAHUS
B KauecTBe Ouomerpuu [1], naxxe mns usy-
YeHHUS] YaCTOTHI CEPACYHBIX COKPAIICHHIMA
ToBOpSIIETO [2], 0OHAPYKEHHUS yCTATOCTH.

OCHOBHBIE SMOLIMU TOJPA3JEIAIOTCS
Ha TeYallb, CTpaX, CYacThe, OTBpAIICHHE,
yauBieHue u THeB [3]. B auteparype mo
aHaJM3y SMOLUM TpeaiaratoTcs JABe Mnpe-
MOYTUTEIIbHBIE XAPAKTEPUCTHKH, H3BECT-
HbIE KaK CTaTUCTUYECKHE U BPEeMEHHbBIE Xa-
paktepuctuku [4; 5].

Cucrema pacrno3HaBaHHUsSI PEUEBBIX
HMOITUN MOXKET OBITh CTPYKTYpPHUPOBaHA ITy-
TeM aHanmu3a QYHKIUH, KOTopblie 3 dex-
THUBHO BBISBIISIIOT KOKIYIO SMOITUIO B pede-
BBIX CHUTHamax [6].

HaGop MeronoB kmaccupukamuu pe-
YEeBBIX dMOLMI OCHOBAaH Ha CKPBITOM MO-
nenn MapkoBa [7], Molenu rayccoBoi
cmecu (GMM) [8], camoopranu3yromencs
kapte [9] u Heitponnoii cetu [10]. Knaccu-
buKaTOp pa3NIOKEHUs CUHTYJSAPHBIX 3HA-
gennii (SVD) ucmons3yercs B [8], Torma
Kak B [7] mna kmaccuduKaiuu SMOIUN
npeyiaraeTcsi Mojiellb aHCaMOJIEBOM TPO-
TPaMMHOW pPErpeccHu, TaKXKe TpeJyiara-
eTcsl IIyOoKasi ceTh yOeKIeHUM, OCHOBAH-
Hasi Ha (PYHKIMSIX BBICOKOTO U HH3KOTO
ypoBHs [6]. CyliecTByeT METO/1, OCHOBaH-
HbIIl Ha MAaIllMHE OIOPHBIX BEKTOPOB M
HEHPOHHBIX CETAX, IS KIAacCU(UKAIMH

ST SMOIMMI, TAKUX KaK THEB, yIUBIICHHE,
HEUTpaJIIbHOCTh, CYacThe M medansb [11].
[Ipennoxen B [12] meToxd, UCTIOIB3YIOUIUIA
HECKOJIbKO  MOAKJIACCU(UKATOPOB IS
YCTaHOBJICHHUSI CEMHU THUIIOB dMOITUH.

MaTepuanbl u MeToAbl

Kaxxnprit yenmoBek 0061aaeT yHUKAIb-
HbIM rosiocoM. OJHAaKO MOXXHO 0e30Iu-
O0YHO OTJINYUTH MY’KCKOU I'OJIOC OT JKEH-
CKOT'0 ¥ Ha000pOT, Maxke He BUIISA cobece/-
HUKa, 3TO MPOUCXOJIUT U3-3a PA3IUYHOIO
OMOJOTUYECKOTO CTPOSHUS TOJIOCOBOTO aTl-
napara y >KeHIIMH 1 My>XuuH. HecmoTtps Ha
3TO, roJlIoca MaJbUYUKOB M J€BOYEK B JET-
CTBE TTOX0XH MEXIY COOOM.

Opnako u3-3a OOJBIIOTO JIMAIa30Ha
pa3MepoB CBSI30K BCTPEYAIOTCS KaK MYyX-
YUHBI C OYEHb BBICOKHM TOJIOCOM, TaK H
KEHILIMHBI C KpailHe HU3KUM. J[pyrum Bax-
HbIM OMOJIOTMYECKUM OTIMYHUEM, OKa3bIBa-
FOIIMM BIIMSIHUE HA TOJIOC, SBIISIETCS UTMHA
peYeBOro TpakTa, KOTOpas Yy MYXKYHMH
00JIbI1IE, YTO €11€ CUIIbHEE CHUKAET TOH I'0-
J0ca, IOMUMO pa3Mepa rOJ0COBBIX CBA30K.

Ha ocHoBe 3Tux pa3iauuuii ObUIH 3a1u-
CaHbI JIBa rOJIOCA — MY)KCKON M KEHCKHUU.
brina BeiOpana ¢paza MapTeiiku U3 Myib-
Thpunpma «38 nomyraes»: «Bce Bpems 1y-
MaTh OJHY M Ty € MBICIb Henb3st! JTo
oueHb BpenHo! OT 3TOro MOYXKHO COCKY-
YUTHCS U 3a00JIETHY.

B pabGore [12] aBTOpBI BBIACHSAIO 4e-
ThIp€ HauboJIee YaCTO MUCIOJIb3YEMbIX IMO-
IUOHAJIBHBIX ~COCTOSIHUM: HOpPMaJbHOE,
THEB, TOpE U cTpax. B peueBoM curnasie co-
JiepKaTcsl MpU3HAKU, KOTOPbIE HE TOJIbKO
XapaKTepU3yIOT UHANBUIYATbHBIE OCOOCH-
HOCTH TOBOPSIIETO, HO U €r0 NMCuXxohu3u-
yeckoe coctosiHue [13]. OTeuecTBEeHHBIMU
aBTOpaMHU HEOJHOKPATHO MPOBOIMIIACH Pa-
00TBI, MOCBAIIEHHBIE CBS3M 3MOLIMOHAIIb-
HOT'O0 COCTOSIHUSA YEJIOBEKa U ero peud [14].

J11s1 pacrio3HaBaHwsI SMOIIMH TI0 TOJIOCO-
BOMY CHTHAJTy HY>KHO KOJMYECTBEHHO OXa-
pakTepu3oBaTh curHain [15] U BbIEIUTH
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Ba)KHBIC TIApaMETPhI, KOTOPHIE OTBEYAIOT 32
sMoIMoHanbHOe cocTtostHue [16]. K mpu-
3HaKaM, HECyIIUM UH(POPMALIUIO O TICUXO-
(DU3HYECKOM CTOSIHMM YeJIOBEKa, OTHOCST
[17]:

— TPOMKOCTbH (MHTEHCHBHOCTD) PEUH;

— U3MEHEHUE YacTOTHl OCHOBHOTO
TOHA;

— U3MEHEHHUE TeMIIa PeYH;

— CMEIIIEHUE HHEPreTHYEeCKOro CIIeK-
Tpa peuw;

— CTHEKTPAIbHBIC XapaKTEPUCTUKH (MH-
TEHCUBHOCTb, BBICOTA);

— BPEMEHHBIE XapaKTEPUCTUKU (IJTH-
TEIBHOCTh CJIOB U (pa3, may3bl MEKIY
HUMH H JIp.).

Pe3ynbTaTtbl M X 06CyXAeHue

Hcrnons3yss MUKpO(OH M MPOTpaMMy
«3amucep rojiocay M3 CTaHIAPTHBIX IPO-
rpamm Windows, ObLI 3aMMCaH TEKCT C pas3-
JIMYHBIMHA  SMOIIMOHAJIBHBIMH ~ COCTOSIHH-
sMH. B 3amucu ygacTBOBalIM MATEPO MYXK-
YUH W JKECHIIWH, KXl UCIIBITYEMBbIH 3a-
MMACHIBAJI 110 JECATh (Ppa3 s MocIeayro-
mei obpabotrku. Ilocnme sToro 3amucu
OBLTM KOHBEPTHPOBAHBI B (hOpMAT wav.

[Tocne ObuT HamMCaH KOI IS 0Opa-
0oTku aynuocurHana B Matlab, mansa uero

™ normal

02 1 | |
| | |
wina
0 I !
02 !
206+5 406+5 606+5 80e+5

CHayaya ObUT IPUCBOCH MEPEMEHHOU MYTh
K 3aIMCaHHOMY ayaunodaiiiy, a mocie, uc-
nonb3ys pynkuuu audioread u timetable,
npou3Be/icHa 00paboTKa CUTHAJIA, HaYallb-
HBIH 3Tan npejcrasiieH Hke (puc. 1).

cle;

clear all;

Filename ="\ teclisnf/C' filename wav’;

[data,fz] = audior=ad (Filename);

Sound = timetable(zeconds((0:leng thidata )-1)/f=), data);

Puc. 1. HayanbHbi aTan 06paboTkm 3anmcu
peyn UcnbITyemMoro

Fig. 1. Initial stage of record processing
the subject's speech

C noMoInip0 BCTPOEHHOTO MOYJIsSI 00-
pabotku curHaia MATLAB 2017b (signal
analyzer) MpeaCcTaBIE€H CIEKTP ayIHOCHI-
Hana. [lomydeHnnsie TpaduKy 9eThIpex pas-
JIMYHBIX YMOIMOHATIBHBIX COCTOSIHUH TIpe/I-
CTaBJICHBI B CTIOKOMHOM COCTOSIHUY (pHC. 2),
B TPYCTHOM coOCTOSHUHU (puc. 3), B THEBE
(puc. 4) u B cocrossHuu crpaxa (puc. 5).
[Ipu »TOoM BepxHHMe TpadUKU TpPEICTaB-
JSIOT OO0 3alrCh PeYeBOTO CUTHANIA, HA
HIDKHUX TpaduKax NpeCcTaBIeHbI pe3yib-
TaTbl OOpaOOTKM B BHJE CIEKTPaJIbHOU
MIOTHOCTH MOTITHOCTH.
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Puc. 2. Pesynbtat 06paboTku curHana gpparmeHTa peum « CnokomHoe COCTOsIHUE rOBOPSILLIErO»:
BBEPXY — 3anuCb CUrHana; BHU3Yy — CreKTparnbHas NNoTHOCTb MOLLHOCTY cUrHana

Fig. 2. The result of signal processing in a quiet state: at the top — signal recording;
at the bottom — signal power spectral density
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Puc. 3. Pe3ynbTaTt 06paGoTku cUrHasna B rpyCTHOM COCTOSIHUM: BBEPXY — 3anuCb CUrHana;
BHM3Y CrekTparnbHas NoTHOCTb MOLLHOCTM curHana

Fig. 3. The result of signal processing in a sad state: at the top — signal recording;
at the bottom — signal power spectral density
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Puc. 4. Pe3synbtat 06paboTku curHana B rHeBe: BBEPXY — 3anNUCb CUrHanNa;
BHMW3Y — CMeKTpasnbHasi NNOTHOCTb MOLLHOCTM cUrHarna

Fig. 4. Result of signal processing in anger: at the top — signal recording;
at the bottom — signal power spectral density)

-

[0} 200e+5 400e+5 6.00a+5 800e+5 100e+6 120e+6 140e+6 160e+6
Samples

m fear

Power Spectrum (d8)

W PO A
At VNI

R Y VRO S

01 02 03 04 05 06 07 oe 09 10

Frequency (=7 rad

Puc. 5. Pe3yanaT 06pa6OTKVI CuUrHana B COCTOAHUM CTpaxa: BBepXy — 3anncb curHana,
BHU3Y — cnekTpanbHaa NIOTHOCTb MOLWWHOCTU CUrHana;

Fig. 5. The result of signal processing in a state of fear: at the top — signal recording;
at the bottom — signal power spectral density)
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BbiBOAbI CHI'HAaJa, MOBBIIICHHON YacTOTOM OCHOB-

HOT'O TOHA U HE3HAYUTEIIbHOMN MOIITHOCTBIO

I/ICXOI[H U3 MOJIYYCHHBIX  JAHHBIX
CIICKTPAa B BBICOKHUX HaCTOTaX. Taxxe peyc-

MOKHO CACJIaTh BBIBOJ O TOM, YTO B pCUC- o
BOM CHUTHAJI MOXET OBITh JAOITOJIHEH TPEMO-

BOM CUTHAJIC OTPAXKAKOTCA NU3MCHCHUA, IIPO-
POM B rojioc€ 1 3aMKaHHUAMU.

HCXO/IAIIIE B SMOIIMOHAIEHOM CIEKTPE:
4. Padocmb — 3TO COCTOSIHUE XapaKTe-

1. I'ope wnu neuans. 3aMETHOE CHUXKE-
pu3yeTcs yBeIWYeHHE TeMIla peyd Ha 15—

Hue teMmna peuu Ha 15—45% u yactoTsl oc- o
25% 3a cueT COoKpalleHus May3 MexIy OT-

HOBHOI0 TOHa Ha 5—15%. B pe3ynpraTe 00-
JIeIbHBIMU CJIOBAMH M 3aMETHBIM MOBBIIIIE-

pabotku 10 3ammcedl curHanza OT KaKaoro
HHEM 4YacTOTHI OCHOBHOTO TOHA. MHTeH-

UCIBITYEMOI0 YCTAHOBJICHO YMEHbBIIICHHUEC
CHUBHOCTh PEUEBOT0 CUT'HAJIA BO3PACTACT Ha
3,5-6 nb.

HpOBeI[eHHBIe HCCIICAOBAHHUA SABJISA-

MHTEHCUBHOCTH CHTHAJIAa U MOLIHOCTH
CHEKTpa B BBICOKMX YaCTOTaX.
2.Ineg. llpoucxoaut yBeIUYEHUE

I0TCS TPOAOJDKEHHEM paldoT B olOmactu

TEMIIA PC€YH, IMOBBIIICHUE YaCTOTbBI OCHOB-
OIIpCACIICHUA IICUXOOMOIMOHAJIBHOI'O CO-

Horo ToHa Ha 140-210%, nabiromaercs 1mo-
CTOSIHMSI 4elioBeka. PabGora mpoBoauTcs B

BBINICHUC MOIIHOCTH BBICOKHMX YaCTOT B
paMKax CO3JJaHHA CUCTEMbI KOHTPOJIA IICHU-

criektpe Ha 8—12 ab.
XOOMOIIMOHAILHOIO COCTOSHHUSA JIOKOMO-

3. Cmpax. Xapakrepuzyercs yBelude-
P PAKTCPH3yY y TUBHBIX OpHTaj.

HHEM TEMIIA pCUH, HU3KOM MHTEHCHUBHOCTBIO
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