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HEIIPEPBIBHOE PACIIOBHABAHUNE BA30OBbIX
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AnaHoTanus

IIpenmoxkena cucrema pacmozunaBanus 14 6Ga30BBIX YKECTOB PYCCKOTO S3bIKA TUIYXUX B Pe-
asibHOM BpeMeHu. OCHOBHOI OCOBEHHOCTBHIO HAINErO IOJXOJA SIBJISIETCH HAXOXKJEHUE HAJYaJIa
U KOHIIA YKECTOB B HEMPEPBIBHOM JIBUKEHUU PYKH U uX Kjaaccudukarus. CermMeHTanust mpo-
M3BOJUTCS M0 TAKMM XapPaKTEPUCTUKAM, KAK CKOPOCTb M M3MEHEHUE HAIPABJICHUS IBUKEHUS
pyk. g obydenns: u KiaccuduKaluy IPUMEHEH MEeTOJ MAIIUHHOINO OOYYeHUs C yUuTeseM
(ckpbITBIe MapKOBCKHe Mozesn). IIoMUMO TpaeKToOpuu, CHCTeMa OIPEJeIIsleT MeCTa UCIOJIHe-
HUS JIBUKEHHUSI OTHOCUTEJILHO dacTeil Tesa. [yt TecTHpoBaHms MeTO/Ia CO3JaHa ITPOTPaMM-
Has CHCTEMa PACIIO3HABAHUSI YKECTOB C IIOMOIIBIO CEHCOPa TUIyOUHBI. DKCIIEPUMEHTHI [TOKA3AJIH
ycrenmnblie pesyabTaThl B 95% ciydaes.

Kurouesblie ciioBa: pacClio3HaBaHUE 2KeCTOB, CKPbITble MapKOBCKHNE MO/IEJIN.

Bsegenue

ZKecTpl — 9TO OJIMH M3 €CTECTBEHHBIX CIIOCODOB Iepesiatdn MH(MOPMAIUH MEXKLY
JIFOJIBMU ¥ B3aMMO/IENICTBYSI ¢ OKPY2KaroIleil cpeoil. PacrosnaBanre u mHTEPIIPETAIINST
JIBUYKEHUIT 9€/I0BEKA, SIBJISIETCS OObEKTOM UCCJIEIOBAHUS IIMTUPOKOTO Psijia JIUCIUATLINH, OT
rcuxostoruu 10 mMaremarukn. C pa3sBUTHEM BBIYUCIUTEIbHBIX YCTPONCTB U TEXHOJIOT UL
CBSI3W 3HAYUTE/ILHDBIN UHTEPEC MPOAB/IseTcs K 6osee 3(MEeKTUBHBIM U OLICTPBIM BUIAM
YeJI0BEKO-KOMITBIOTEPHOTO B3anMoieiicTBust. [loMuMo pedeBoro ynpasBJieHust, JKeCThI s1B-
JISTFOTCsT OOTATHIM MHCTPYMEHTOM JIJIsl B3AaUMO/IEHCTBYS C MAIIMHON, OCODEHHO J1JIsl JIFOIEH
C OTpaHUYEHHBIM CJIyXOM. 2KeCcThl TaKKe MOI'YyT IPUMEHSIThCsI B KA9eCTBe MHTEPGENHCOB
B BUPTYaJbHBIX CPEJIaX, YIAJIEHHOM YIIPABICHUU POOOTOTEXHUKO.

3ajaua aBTOMATHYECKOTO BBIJIEJICHUsI YKECTOB B HEIMPEPBIBHOM ITOTOKE SIBJISIETCS
CJIOXKHOM M3-3a JBYX ACIEKTOB: HEOIPEIEJIEHHOCTD CEIMEHTAIMH U TPOCTPAHCTBEHHO-
BpeMeHHasl HeyCTON4InBOoCTb. [IpobjieMa cermMeHTaIuu COCTOUT B OIPEJIeJIeHI HadaJia
U KOHIIA KECTa B HENPEPBIBHON TPAeKTOPUU PYKHU, TAK KAK JIaKe OIBITHbIE CIIEI[UAJIN-
CTBI HE MOTYT C YBEPEHHOCTHIO YKA3aTh TOYHbIE TPAHUIILI 3HAYAIINX JIBIKeHuit. Bropas
pobJsieMa 3aKJII09aeTCA B TOM, 9TO OIMH U TOT K€ KECT MOYKET OTJIUIATHCS 10 (hopMe
U JUIATEJBHOCTH, JIayKe JJI OJTHOTO MCIIOJTHUTEIS.

Ckpeirbie Mapkosekne mogean (CMM) xoporo 3apekoMenoBau cebst Ipu periie-
HUU 33J1a9 [IPOCTPaHCTBEHHO-BPEMEHHOI HeyCTOMYMBOCTY B pacio3HaBaHuu peun. Kak
CJIEJICTBUE, CyIIeCTByeT psij ycremHbix npumenernit CMM u mist pacno3HaBaHus yKe-
croB. OHON U3 PAHHUX U 3HAYUMBIX PAOOT B 9TOM HAIPABJICHUHU SBJISETCH CTaTbs [1].
Dddexrusnocts npunoxkenuit CMM 3aBucuT or HAOOpa TPU3HAKOB U 00Y IAIOIIIX TTPH-
mepos. Hampuwmep, I11. Aiikesiep ¢ coaBropamu [2] HCHOIB30BAIN MOMEHTBI IIPH OIACA~
HUU [IPU3HAKOB JBYXMEPHbBIX »KeCTOB. HelpepbiBHOE paclio3HaBaHUe OHU Peajin30BajIu
[yTeM OTJIEJBHOIO 00yUeHUs] HEKOTOPBIM IEePEXO/IHbIM KectaM. B [3] npejioxken cio-
€00 CerMEeHTAINN KECTOB C IIOMOIIBIO JMHAMUIeCKOro mporpammupoBanns. C. Ban ¢ co-
aBropaMu [4| annpoKCUMUPYIOT [OJIy4YeHHbIe BXOJHbIE JaHHbIE KyOMUECKUM CIIAfiHOM
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Puc. 1. 14 pacrioznaBaeMbIX »KECTOB

U BBIYHUCJISIIOT HHBAPUAHTHBIE MOMEHTBI JIJIsT OTIPE/ICJICHUST TPU3HAKOB JBUKeHUsI. B cra-
The [5] cucreMa OTIEIBHO 00yUATACH IEPEXOHBIM YKECTAM.

Ilesnbro HAcTOsIE pabOTHI siBjIsieTcst pa3paboTKa MeToJ/la U IPOrPAMMHAS PeasIu-
3aldsl OMPEJIEIeHNsT Havajia — KOHIIA YKECTOB U KJIACCU(DUKAIUN OTIE/ILHBIX JIBUKEHUIA.
B crmmcok 3amad BXOAWUT MOATOTOBKA HAOOpa 00YUAIONIUX MPUMEPOB JJIsT MAITHHHOTO
obyvIeHns u moi00p MPU3HAKOB JITsT PA3TUICHUST KECTOB.

B onucaHHBIX BbIlle paboTax B KauecTBe DA30BbIX €MHUI] PACCMATPUBAOTCS YKECTHI,
O3HAUAOINIME CJIO0Ba U (MIM) cJoBOcOUeTaHusl. JacTo PACIIO3HABAHME TAKUX CJIOXKHBIX
JIBUYKEHWIT BBI3BIBAET PsiJi OMMOOK U HETOYHOCTEN. B Hamem momaxo e Mbl pazduBaeM Bce
KecThbl Ha 6a30Bbie eauHuIbl. OTHOCHTEIbHAST TTPOCTOTA PACIIOZHABAHUS TAKUX CTPYK-
TYP MO3BOJISIET OIUCATH UX NEOMETPUIECKUME MpaBmiaMi. Takum o0pa3oM, Mbl IMeeM
BO3MOXKHOCTH aBTOMATHYECKH T'€HEPUPOBATH HEOOXOJMMOE KOJMIECTBO IIPUMEPOB JIJIst
00ydeHust MOJIE/IN B KOPOTKHUE CPOKH.

1. Peanuzanus

JI1000i#1 KecT A3bIKa IVIyXUX MOYKHO ONHMCATH 4 MpU3HAKAMU, TAKIMEI KAK XapaKTep
U HAIIPABJIEHUE JBUYKEHUs (TPACKTOPHsI), MECTOIOJOKEHNE PYK OTHOCUTEIHHO dacTeit
Tesia, KOHMUrypalus MajableB, MEMUKA. B CHUIy TeXHUYEeCKUX OIPAHUYEHUIl MBI pac-
CMaTpUBaeM IIepBble 2 IMPU3HAKA, TO €CTh TPACKTOPHUIO U IOJIOXKEHHe pyK. B KadecTBe
JIBYZKEHHUI JIJIsT 00y ICHMs ¥ TeCTUPOBAHMS HAIIEH CUCTEeMBI MbI BbIOpasn 14 6a30BbIX 2Ke-
CTOB, BXOJSIIUX B CJOBAPh PYCCKOTO si3bIKa KecToB 1o Kiaaccuduxanuu JIuvckuc [6].
Jlanmbre YKeCThl BKIIIOYAIOT B ceOsd 8 Hampasiennii B0 GhPOHTATIBHON IJIOCKOCTH, 2 JIBU-
JKEHUsT «OT cebsiy U «K cebe», 4 TBUKEHUS MOJyKPYTOM TI0 W TIPOTUB YaCOBOI CTPETKH
(cm. puc. 1).

Taxkoit HabOp He SBJSETC JIOCTATOYHBIM JIJIsI TTOJTHOIEHHOTO OOIIEHHUS Ha sI3BIKE
2KECTOB, HO BXOJIUT B COCTAB OOJILIITMHCTBA YIIOTPEOUTE/IHHBIX.

s HaXOXK/IEHUsT ¥ OTCJIC2KUBAHUSA PYKHM B TPEXMEPHOM ITPOCTPAHCTBE MbI UCIIOJIb-
syem cencopHoe ycrpoiictso Microsoft Kinect [7]. Kazkmyto cekym Ity MBI permcTpupyem
710 30 HaOOPOB KOOPAMHAT IIOJIOKEHUI PYK UeJI0BEKa, UCIIOIHSIONIEro )ect. Vcrnoap3ys
9TU JIAHHBIE, CTPOUM TPACKTOPHIO JBUYKEHUSI PYKH U OTOOparkaeM Ha dKpPaHe B BHJIE
oTpe3KoB (cM. puc. 2).

IIpenBapurenphas pabora mepes 0OyIeHnEeM U PACIIO3HABAHUEM JICJINTCS HA CJIELY-
IOIIUE STAIBI:

Oran 1. Beienenne KecToB U3 HENPEPBIBHOIO IOTOKA;

Otan 2. [TonroroBka BXOIHBIX TAPAMETPOB;

Oran 3. 3BjiedeHne Ipu3HAKOB.

Paccmorpum atu srans: nocsesosaresbio. [locie sroro pazdepem aaropurm ooy e-
Hust U Kiaccudukarun ¢ momortsio CMM.

Dran 1. BeigesieHne »KecToB U3 HENPEPBIBHOIO MOTOKA. B [8] 6bi1a nokazana
BBICOKAasI KOPPEJIAINs MEXJy N3MEeHEHHEM CKOPOCTH U BpeMeHeM KOHIla »KecToB. B Ka-
YeCTBE OCHOBHOW XapaKTEPUCTUKM JIJIsi CETMEHTAIINN MbI TAKYKe IIPUMEHSIEM CPEJIHIO0
ckopocTh 3a nociegare 100 Mc U cpaBHUBAEM ee C 33/IaHHBIM [TOPOTOBBIM 3HAYEHHEM,
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Puc. 3. Iamenenne ckopocTu Ha TECTOBOM IIpUMeEpe

BBISIBJIEHHBIM OIBITHBIM IIyTeM. JIOKaJbHbIE MUHUMYMBbI, PACIIOJIO?KEHHbIE HIKE 110POra,
Oysem cautaTh rpaHuneil xkecra (puc. 3).

Korma nsukenne coBepiiaercsi aHOMAJIBLHO OBICTPO, HEBO3MOYKHO OTCJIEUTH KOHEI]
2KecTa 10 m3MeHeHnto ckopoctu. [losTtomy, B omymmane ot aApyrux paboT, Mbl 100aBIIsieM
ele OJIMH KPUTEPHil: n3MeHeHne HAIPAaBJIeHNs IBUKeHusA. J[jisi Hero tak»ke 3ajaercs
[IOPOrOBOE 3HAYEHUE, BbISIBJIEHHOE SKCIIEPUMEHTAIBHO.

Oran 2. ITogroroBka BXOAHBIX MapaMeTrpoB (BeKTopu3anwus). Ilepen Tem
Kak npuctynutb K obyuenuio CMM, meobxoaumo o6paboTaTh BXOIHBIE JAHHBIE (CM.
Ajropurm 1), uzbaBurbcst 0T U30BITOYHOCTH, YCUIUTh HEKOTOPbIE NpU3HaKU. B Halem
ciydae, Mbl HOPMAaJU3yeM DacCMATPUBAEMble ydacTKu TpaekTopuu ;0 kKyba 1000 X
x 1000 x 1000. Hpyrumun ciioBamu, MakKCUMAaJIbHOE 3HAYEHUE 110 KaK 10 N3 KOOPIHMHAT
ue 6yaet npesbinarh 1000 yC/IOBHBIX €IMHMAII.

Aneopumm 1. Cdsue u Hopmarusayus

1: Haxomum MakcuMyMbl 1 MUHUMYMBI KOOPJIMHAT BHYTPH PacCMaTpUBae-
MOT'0 OTpPe3Ka.

2: CasuraeM TPaeKTOPHUIO B HAYAJIO KOODIWHAT, BHIUUTAS HAlICHHBbIE MU-
HUMYMbBI U3 COOTBETCTBYIOIIUX KOOP/IUHAT.

3: Haxomum ko3 dunment macmrabupoBanms

1000

max(zmax — Tminy Ymax — Ymins Fmax — Zmin)

4: YMHOXKA€eM BCe TEeKyIue KOOPAUHATHI Ha KOI(MMUINEHT MACIITabNPOBa-
Husl.

ITocsie aTOro ymenbiaeM KOJUYECTBO TOYEK B TPAEKTOPUU U PABHOMEPHO pacIipe-
JleJisieM II0 BCeil aJImHe.
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Dran 3. I3Biaedyenne nmpusHAKOB. BIOOp MOAXOAAIMNX TPU3HAKOB KPUTHIECKH
BayKeH Jjisd ycrenHoro pacrnosuasanus ¢ momoribio CMM. Iocse psima sxcepumerTOB
MBI BBIOpAJI 110 2 MpU3HAKA Jijisi O0yUYeHUs: HAIPABJICHUE TEKYIIEero OTpe3ka OTHOCH-
TEJbHO OCH KOODJIMHAT W yTOJI TIOBOPOTA MEKJIY JIBYMsI COCETHUMH OTPE3KAME TPAaCK-
topun (cM. AsropurMm 2). DTy mapy Mbl pACCMATPUBAEM JJIsl TPOEKIUI Ha MJIOCKOCTh
OXY u OXZ coOTBEeTCTBEHHO.

Anzopumm 2. Hzeneuwenue npusnaros
1: Bepem Tpu mocse10BaTe/IbHBIX TOYKH TPACKTOPUN

dl(xa va)a d2(x7y7 Z)v dg(if,y, Z)

2: BurumciisieM HaIpaBJIeHHE OTpPe3Ka MKy JBYMsl COCEJIHUMH TOUKAME
rpaekTopun Ha 1wockocTn OXY (nepBblii pu3HaK )

d2z - dla:
\/(dZ:c - dlac)2 + (d2y - dly)2

sign (day — di1) arccos

3: [osryaaem aBa TpEeXMEPHBIX BEKTOPA, COOTBETCTBYIONINX JIBYM COCEIHUM
OTPE3KaM TPaeKTOPUHI

A(I, Y, Z) - (d2x - dl:ca d2y - dlya d22 - dlz)

B(z,y, 2) = (d3s — dax, d3y — day, d3. — daz).
4: Boruucigem yros moBopora Mexiy a u b aa miockocru OXY (Bropoit
UPU3HAK )
A,-B,—-B,-A,
A, -B,+A, By

arctg

5: Haxomum amasior nepBoro npusnaka i miockoctu OX 7

d2x - dlx
\/(d2w - d1m>2 + (d2z - dlz)2

sign (do, — dj,) arccos

6: Haxomum anajior BToporo npusHaka jyist miockoctn OX Z

Az'Bz*Bz’Az
A, B,+ A, B,

arctg

Takum obpazom, MBI MOJIyYaeM MAaCCHUB JAHHBIX, IJie KaXKJas TOYKA TPAEKTOPHHI
OIINCBIBAETCd 9TUMMU 4 IIpu3HaKaMMA. HepBon 1 IIOCJIETHIOIO TOYKY MbI HE IIPpUHUMaEM
BO BHUMaHUE.

OO0Gy4enne cKpbITbIX MapKOBcKux mopedieii. [lpu nannmannzanuun CMM B ka-
9eCTBE TOIMOJIOTUU MBI UCIOJIB3YEM IOCIEIOBATEILHYIO MOJEIb C TPEMS COCTOSTHUSIMU.
Obyuenne kiraccuduKaToOpa HAYMHACTCST ¢ COPTUPOBKY TPUMEPOB 110 OTJICTHHBIM KJIac-
cam (cm. Asropurm 3). Kaxkzprii mpuMep-KecT, IPeICTaBIeHHbIH B BUJE MOCJIEI0BA~
TEJLHOCTH TOYEK, BEKTOpU3yeTcs /10 Kyba pazmeprnoctbio 1000. lasee Mbl u3Biekaem
Ha0Op MPU3HAKOB JJIsT KaXK 10l TOUKY TpaekTopuu. [locie 3Toro maHHbIe ¢ METKOI KJ1ac-
ca nogarorcs Ha Bxog CMM. Takum obpazom, Mbl HHGDOPMUPYEM CHCTEMY, ITO ITOI00HBIE



50 9.M. KPACNJIBHNKOB

MIPU3HAKKA XapPaKTEPHBI JIJIs TEKYIEro KJjacca KecToB. [loBropsieM jieficTBus 711 Beex
IIPUMEPOB.

Aneopumm 3. Obyuenue kaaccugpuramopa

1: Hamer ) obywaromux mpumepa < (O1,41),...,(00,yq) >, toe O; —
9TO HaOIIOJaeMast TTOCIeIOBATEIBHOCTD KOOPIAUHAT PYKN ¢ METKOH U5, ¥; €
e{l,...,.M},i=1,...,Q; M — qucso Kiaccos (B HAIIEM CJIy9ae KECTOB).
2: eum stu (Q npuMepoB Ha M rpyIi Tak, 9To0bl KaxKgasi IPYIIIa COIeP-
JKaJ1a 3JIEMEHTBI C OJITHOI METKOIA.

3: MMoarorasausaem ganubie u3 O;: HOPMAJIU3YEM U DABHOMEPHO PACIIPEJIEe-
JISIEM TOYKH.

4: N3 kaxk0i 1oarotosaeHnoi (J; M3BJIEKAEM ITOCIEIOBATEIBHOCTD MPH-
3uakoB F; (110 YeTbipe NpuU3HAKa Ha TOUKY).

5: C nomommpio anropurma Baum-Welch [1] o6yuaem CMM, monabast Ha
BXOJI IpPU3HAKN F; U COOTBETCTBYIONLYIO METKY ;.

Kunaccudukamuss va ocmoe CMM. CymiectByor 3 OCHOBHBIE 3aJladd, KOTO-
pble HEOOXOMMO PEIUThb s ucioib3oBanus CMM: oreHuBaHue, J1€KOIUPOBAHUE U
obyudenue.

Ouenusanue: Tansl HAOIIOTAEMAsT TOCTAETOBATEILHOCTD U MOJETD. HeoOXoImMo BbI-
YUCJIUTH BEPOSITHOCTH TOTO, UTO JaHHAs HADJIIOaeMast OCIeI0BATEIbHOCT TOCTPOEHA
UMEHHO JIUTsI JIAHHOM MO/IEJIH.

Zexoduposarue: Jlaubl HAOJIOMaeMas [TOC/IEI0BATEILHOCTD U MOj1e/Ib. Heobxommmo
110/100paTh MOCJIEI0OBATEIHbHOCTh COCTOSIHUN CHCTEMbI, KOTOpas JIydIlle BCEIO COOTBET-
cTByeT HaDJIIOIAEMON MOC/IEIOBATEILBHOCTH, TO €CTh «O0bsCHSET» HAOJIOIAEMYIO I0-
CJIeJIOBATEIBHOCTD.

O6yuenue: Heobxommo mo1oopaTh mapamMeTpbl MOJIEIN TAKUM 00pa3oM, 9To0bI OHA
KaK MOYKHO JIyUIIle OIKChIBA/Ia PEAJIbHYI0 HaOJII0aeMyI0 TOCIe0BATEIbHOCTh

ST 3 3aJaud pemarTCs C HUCIOJb30BaHWEM W3BECTHBIX aJiropuTMOB Forward,
Viterbi u Baum-Welch coorsercreenno. Ilogpodnee ¢ CMM unraressr MOXKeT O3HA-
KOMUTbCs B padore [1] u ap.

TToaroroska »xkecra K KJiaccudukauu ¢ noMornbio CMM mpoucxoanT Tak ke, Kak
pn oOy4YeHNH, & UMEHHO: IIPOM3BOJUTCS BEKTOPHU3AIUs JAHHBIX U BbljesieHne Habopa
npusHakoB. Jlajiee MbI mepegaeM NpPU3HAKKM HA BXOJ[ HaIlell O0OYYEeHHOW MO JIJIst
oIIpejie/IeHns KJjlacca KecTa. Ha BBIXOZE BbIIaeTcs HADOP OIEHOK CXOXKECTH C KaXK-
JIBIM BHJIOM JKecTa. BbiOupas MaKCUMAaJbHOE 3HAYEHUE, MBI COMOCTABJISIEM JTAHHBIE C
HauMeHOBaHUeM KecTa (M. Asroputwm 4).

Anzopumm 4. Kaaccugpurayus,
1: Hama wmabmomaemasi TOCIEIOBATEIBHOCTh KoopaumHar pykn O =

= 0102 ...0T.

2: [ToprorapmBaeM JIaHHBIE: HOPMAJIU3YeM U PacCIpejieisieM TOYKH.

3: U3 nanHOiT 1I0C/I€/10BATE/IBHOCTH U3BJIEKAEM IIOC/IeI0BATE/IbHOCTh BEKTO-
pPOB IpU3HAKOB F'.

4: C nomompio anropurma Viterbi [1], nogasas ma Bxon upusnaku F', Bbl-
YHCJIAeM BEPOATHOCTh HPUHAJJIEXKHOCTH K KaxkaoMmy kiaccy M: P(O|N),
Ijie A — 9TO MapaMeTpPbl MOJIEJIN.

5: Boibupaem kjacc M.y, HaOpaBIIUil MaKCHUMAJbHYIO BEPOSITHOCTH

Prax(O[N).
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Tabu. 1
PesynbraTsr TecToB

1 2 3 4 5 6 7 8 9 10 11 12 13 14
1 |94 0 0 0 0 0 0 0 0 6 0 0 0 0
2 0 100 0 0 0 0 0 0 0 0 0 0 0 0
3 0 0 100 0 0 0 0 0 0 0 0 0 0 0
4 0 0 0 100 O 0 0 0 0 0 0 0 0 0
5 0 0 0 0 97 0 0 0 0 0 0 0 3 0
6 0 0 0 0 0 100 O 0 0 0 0 0 0 0
7 0 0 0 3 0 0 93 0 3 0 0 0 0 0
8 0 0 0 0 0 0 0 100 O 0 0 0 0 0
9 3 0 0 0 7 0 0 0 90 0 0 0 0 0
10 | 3 0 0 0 0 0 0 7 0 9 O 0 0 0
111 0 0 0 7 0 0 0 3 0 0 90 0 0 0
121 0 0 0 0 0 0 0 0 0 0 0 100 O 0
131 0 0 0 0 0 0 0 0 0 0 0 0 90 10
141 0 0 0 0 3 0 0 0 0 3 0 0 3 91

1) mosykpyr BHpaBo-BBepX, 2) HOJIYKPYI BJIEBO-BHU3, 3) NOJIyKDPYT BJIEBO-BBEpX, 4) HOJIyKpyT
BIIPABO-BHU3, 5) BBEpX, 6) BHU3, 7) BupaBo, 8) BieBo, 9) Bupaso-BBepx, 10) BieBo-BBepx, 11) BHU3-
BIpaBo, 12) BHu3-BIeBO, 13) K cebe, 14) or cebs.

2. DKCHEepUMEHTHI

IIpu obydenun cucTeMbl IPUMEHSETCS MATEMATHIECKAs MOJEJIb IIOCTPOEHUS 2Ke-
croB. Takum 06pa3oM, MBI UMeEM BO3MOXKHOCTH T€HEPUPOBATH JI000E KOJIMIECTBO
JIBUYKEHUIT, YTO SKOHOMUT PECYPCHI HA IHOJAIOTOBKY OOYYAOIIUX IIPUMEDPOB Y€/ I0BEKOM
BpyuHyto. s yuydimenns pe3yabTaToB PACIO3HABAHUS T€HEPATOP BaPbUPYET MECTO-
[TOJIOYKEHUE, PA3MEPHOCTD 1 (DOPMY TPACKTOPUM; [OOABJIISIET Iy MBI, CIBUTAIONINE TOYKHI
Ha HEeDOJIBITYIO CAYyYalHyI0 BEJIMUNHY B CTOPOHY; CJIyUYailHBIM 00pa30M yiajseT YacTh
TOYEK BHYTpU TpaekTopuu. B Hamem ciydae 661710 co3gano mo 2000 KecToB /It KarK 10~
ro Kjacca, 9ro B cymme cocrapjsier 28000 pa3udHbIX JBUKEHHUA. DTO IUCJIO SIBJISI€TCS
ONTUMAJILHBIM IIPU JIAHHBIX YCJOBUSX, U JIaJbHENIee yBeJIMIeHne KOJIMIeCTBa 00y Ia-
IONUX IPUMEPOB HE JIaeT 3aMETHOTO IIPUPOCTa B TPOU3BOIUTEILHOCTH PACIIO3HABAHUS.
Ho Tak kaxk cucrema J0/KHA PACIO3HABATH PeasibHbIE €CTECTBEHHBIE IBUYKEHUS, ITPU
TECTHPOBAHUU U OIEHUBAHUH PE3YIHTATOB O0YUeHUs Mbl UCIIOJIb3yeM IIPUMEDHI, UCIIOJI-
HEHHbBIE Y€/IOBEKOM BPYUHYIO.

B Tabs1. 1 npuBeseHb! pe3yIbTaThl TECTOB IPOTPAMMHOTO IPOLYKTA IIPU PACIO3HABA~
HUU JKECTOB B peajibHOM BpeMeHu. CTpokaMm B Tabi. 1 COOTBETCTBYIOT KJIACCHI 2KECTOB,
UCIIOJTHEHHBIE Y€JIOBEKOM; CTOJIOMAM — KJIACCHI KECTOB, PACIIO3HAHHDBIE KOMITHIOTEPOM.
Jus kaxkioro Kiacca (110 CTpoKaM) YKa3aHO, KAaK Halll ajlOPUTM DACIO3HAJ JAHHbII
JKECT U B CKOJIbKHX IIPOIEHTaX ciydaeB. Tak, HApUMep, KiIacc KectoB 1 (HomyKpyr
BIPaBo-BBepx) B 94% onbiToB GbL1 pacnosHan BepHOo, a B 6% ommboYHO HpUHAT 3a
kiacc 10 (BaeBo-BBepx). B cpesmem ke MpeyIOKEeHHbIH METOM JAeT IIPABUJIbHBINA pe-
3yJIBTAT ¢ BEPOATHOCTHIO 95%.

3akJrouyeHue

s TecTUpOBaHUS OINMCAHHOIO ITOJIXO/I@ Mbl PEAIN30BaJIN [IPOIPAMMHYIO CUCTEMY
¢ T0JIb30BaTEIbCKUM nHTEpdeiicoMm Ha s3bike CH#£. [ljst oTcsieknBanmsi KOOP/MHAT CKe-
JleTa UCIIOJIHUTENst MBI IpuMeHsieM ycrpoiicrBo Microsoft Kinect [7] u 6ubamorexy
OpenNT [9]. B o6uieii csiokuocTu 0OydeHHe CUCTEeMbl HPOU3BOAUIOCH Ha Gosee 700
2KeCTax, UCIOJTHEHHBIX desioBeKoM, n 28000 KecTax, CreHepUPOBAHHBIX KOMIBIOTEPOM.
st obydenns n kinaccudpukanun CMM MBI HACTPOWIM IO HAIMY 3aa9y CHCTEMY
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¢ orkpbITHIM KOoJoM Accord.net [10], comepKaliyro BCIIOMOraTesIbHbIE AITOPUTMbI JIJIsT
MAIITUHHOTO 00y IeHUSI.

DKCIEPUMEHTDI [TOKA3AJIN, ITO OIMUCAHHBIA METOJ, JAeT XOPOIIHe Pe3yIbTaThl B Pac-
[MO3HABAHUY TIPEJIJIOKEHHBIX 14 YKEeCTOB, a TaKKe KOMILJIEKCHBIX KECTOB, COCTABJICH-
HBIX M3 9TOro Habopa. JIaHHBIN CjI0Bapb MOXKHO JIENKO PACIIMPUTh U UCIIOJB30BaTh Ha
[IpaKTUKe.

Summary

E.M. Krasilnikov. Continuous Real-Time Recognition of Basic Gestures Using Hidden
Markov Models.

A system for real-time recognition of 14 basic gestures of the Russian sign language was
suggested. The main feature of our approach is the ability to find the beginning and the
end of the gestures in a continuous hand movement and to classify them. Segmentation was
produced using such characteristics as the velocity and the direction change of hand movement.
Hidden Markov models (supervised machine learning approach) were used for training and
classification. Besides trajectory, the location of the movement was detected with respect to
parts of the body. A software system of gesture recognition with depth sensor was developed
for testing our method. The experiments showed successful results in 95% of cases.

Keywords: gesture recognition, hidden Markov models.
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