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I[aHHaH CTaThA IMOCBAIICHA MCCIICAOBAHUAM B obnactu ABTOMATU3AIINN PACIIO3HABAHUSA KECTOB PYCCKOT'O A3BIKa

TTyXHX.

ABTOpaMI/I MMpeaAJIOKCHA I/IH(bOpMaLII/IOHHaSI MOZCIb pacno3HaBaHUA HJAKTHJIBHBIX JKECTOB C

HCIOJIb30BAHUEM KaMCpbl € CCHCOPOM I'J'Iy6I/IHLI. Pa3pa60TaHa yz[06Ha$1 MOICJIb OIUCAHUA KHCTH PYKH,
HCIIOJIb30BAHHUE KOTOpOI>'I 3HAYUTEJIBHO IMOBBIMIACT TOYHOCTH pPACIIO3HaBaHHUA. Taxoxe pa3pa60TaH yJ'Iy‘ILHeHHLIﬁ

METOJI AETEKTUPOBAaHUS PYK Ha U300pakeHHH.

KiaroueBble cj10Ba: sS3BIK JKECTOB, PACIIO3HABAHHNE XECTOB; KaM€pa € CCHCOPOM FJ'[y6I/IHBI

BBEJEHWE

Ananraryst cna®oCHBIIIAUAX W TIYXHX JIFOHEH K
JKU3HH COBPEMEHHOTO OOIIECTBa SBIACTCS KpaiHe
BaxHOW 3ajaueil. EE€ nOCTHXXEHHI0O MOrYT NOMOYb
HOBBIC TEXHOJOTMH B cepe pacrmo3HaBaHUS KECTOB.
TpaI[I/IHI/IOHHI)Ie BI/I?;yaJ'II)HbIe METOAbI paCHO3HaBaHI/IH
JKECTOB BCE emé HEJOCTaTOYHO  TOYHBIE  JIJIs
WCIIOJIB30BaHMS B pPeasbHBIX NpUIOKeHUAX. OnHON U3
HpI/I‘H/IH 3TOMy SABJIAKOTCSA OFpaHI/I‘-IeHI/IH OIITUYCCKUX
CEHCOPOB UYBCTBUTEIBHBIX K YCIOBHSAM OCBCIICHHS U
mrymaM (ona. J{ns TOCTHKEHMsT BBICOKOH HaIe)KHOCTH
pacro3HaBaHUSA - YKECTOB TaKKe HCTIONB3YIOTCS
HHPOPMAITHOHHBIE TIEpYaTKU. TaKue CEHCOpPHI TOpa3io
HaJIe)KHEe, HO HMEIOT < CYIIECTBCHHBIC HEIOCTaTKH:
MOJIH30BATEII0. IPUXOAUTCSI HOCHTH IIEPYATKy, KOTOpas
nHOTAa TpeOyeT KaTMOpOBKH, YTO OYEHb HEYHOOHO U
JieiaeT JBW)KCHUS HE HATypalbHBIMH. Tarke mepyarku
3a4acTyI0 OYeHb JIOPOTHE, XOTS B TMOCIEIHEE BpEMS
Be[[yTCH pa60TI)I 10 yMeHBI_HeHI/I}O CTOUMOCTHU TaKHX
ycTpoiicTB. B pesynbrare, 3TOT METOJ| pacrno3HaBaHUs
KECTOB HE O4YeHb NOMyasipeH. braromaps paspaboTke
kommanun Microsoft kamepbl ¢ ceHCOpoM TITYOUHBI
Kinect, mosBWINCH,  HOBLIE  BO3MOXHOCTH  JIJIs
pacro3HaBaHUs JKECTOB. CeHcopsl [TyOUHBI
CYIIIECTBOBAJIM YK€ OTHOCHUTENbHO AaBHO, HO Kinect
oOmagaer mepeq  HUMH  PSAOM  3HAYUTEIBHBIX
MIPEUMYIIECTB: 00JIBIIIOE pacnpocTpaHeHue,
OTHOCHUTENBHO HeOOJIbIIAs CTOMMOCTEL U Hamune RGB
kamepsl. [lomyuaemass ¢ Kinect kapra mryOuHBI
WHBAapWaHTHA K VYCIOBUSAM OCBEmeHUS W  (OHY,
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MOCKONBKY OHa OCHOBaHa Ha  HMH(PaKpacHOM
HU3JIy4YCHUU. [Tomexoit I JIAHHOTO THUIIA
3aMUCHIBAIOIIMX YCTPOWCTB MOXET OBITh  TOJBKO

CHJIbHBIN TYMAaH HW HCEKOTOPbIC JApPYrue mnoroaHbIie
yciaoBus.

Hecmotrpst Ha ycnemnsie npumenenus Kinect x
Paco3HABAHUIO JIMIA U OTCIIC)KUBAHUS Tella YeI0BEKa,
npoblieMa  WCIONB30BaHHWS ~ 3TOrO  CeHcopa K
pacro3HaBaHUIO HEOOJNBIIMX JKECTOB PYK IO CHUX IIOP
SBIACTCA HepemeHHoﬁ. OCHOBHaﬂ MpuYruHa - HU3KOEC
paspelieHde KapThl miyouHbl ceHcopa [Kean et al.,
2011].

B s3pIKax xecToB nepemada HHGOPMAIMU BO BpeMs
OOIIEHUST MPOMCXOJUT IO HECKOJBKHM KaHalaMm:
HETMOCPEIACTBEHHO 4Yepe3 KECTbl PyKaMH, BBIPAXKECHUE
mna, Gopmy ryd, mojoxkeHue Tena u rojoBbl. Camu
JKECTBl PyKaMM OIHCHIBAIOTCS 4Yepe3 MOJ0KEHHE PYK,

HanpaBjIeHHE JBIKEHWs, (GOpMy U  HalpaBleHHUE
kucreii  pyk. Takum  oOpasoM,  BO3MOXHOCTh
ompezneneHuss (GOPMBI M TOJOXKEHUS KHCTEH pYyK
ABISIETCS OYEHb BaXKHOM 3ajauell B  KOHTEKCTE

pacrio3HaBaHUsl JKECTOBOTO sI3bIKa, KOTOpas ele He
ObLIa MOJTHOCTHIO PellieHa.

B [aHHOM HCCIIEZIOBAaHMM ObLIA ITOCTABJIECHA IENb
pacimpeHust BO3MOXHOCTEN KOMMYHHKAIHH
DIIYXOHEMBIX C  OKPYXKAOI[MM MHPOM 33  CYéT
pacro3HaBaHUsl MAKTHIBHBIX OYKB PYCCKOTO S3bIKA
JKECTOB B PEXHMME pEalbHOro BpeMeHH. B KkauecTBe
ycTpoiicTBa BBOJIA HHpOpMALIUH 0 JKeCcTe
ucnons3osancs Microsoft Kinect.


mailto:nikita.dorofei@gmail.com

1. MudopmanuonHasi Mojeab
PACIO3HABAHUS CTATHYECKHUX JKECTOB
Bech TIIpOIECC pacrno3HaBaHUA NAKTUIJIBHBIX KECTOB

MOXXHO TIPEACTaBUTh B BHAE HH(POPMAIMOHHON
MOZEIH:

BeKTOP XapaKTepHCTHK KiCTH pykin | ACIO3HaHHbIA

Kapta mybuHbl
—_—
Knaccuduratop ectos

CTaTHYECKMiA ecT
C CeHcopa

Pucynok 1 - UadopmarpoHHast MoJiesb paco3HaBaHHsI CTATHYIECKUX
HKECTOB

IM=<FV, C, I, O>, 1)

rae IM — uadopmanmnonHast MOIENb;

FV — Bekrop XapakTepUCTHK KHCTH pYKH.
[TepBoHauanbHas nHbOpMaIKs 00 n300paxkeHUH (LBET
U pacCcTOsHHE)  aHAIU3UpyeTCsa:  OINperesseTcs

MOJIOXKEHHUE KHUCTEH PYK M BEKTOp HMX XapaKTePHBIX
qepT;

C — xmaccudpukarop xectoB. Ilo HaineHHOMY
BEKTOPY XapaKTEepHBIX 4YEpPT KUCTEH, ompeaemnsercs,
KakoH >KecT OBbLT IOKa3aH;

| — MHOXECTBO BXOAHBIX 3HAYCHUH KapTa
TIyOUHBI paccTosHUE JO KaXJIOM TOYKM Ha
N300paKEHNH;

0] MHO>KECTBO  BBIXOJHBIX  3HAaUYE€HUUH -
pacro3HaHHBIH Ha N300paKeHUH CTATUYECKUHN JKEeCT.

2. MeToa 1eTeKTUPOBAHUS PYK HA
H300paKeHu M

ITepBbIM 9Tarnom pacno3HaBaHHUSA SIBIIACTCS
CerMEHTalHUsl TIONYYSHHOTO H300pakeHHWsI € CEHcopa
Kinect ¢ menpio HaxXOKAEHHsS HA HEM KHCTH PYKH MK
obeunx pyk. Pa3zpaboTka MeToa Il HAXOXKIECHUSI KHCTH
PYKH Ha H300paK€HUU SBIAETCS OIHOH M3 CaMbIX
CIIOKHBIX TpOOJIeM B MPOLECCe CO3MaHHUA CHCTEMBI
pacrio3HaBaHUS - keCTOB. CyIIecTBYeT  HECKOJIBKO
MPU3HAKOB, ITO KOTOPBIM MOYKHO JETEKTHPOBAaTh OOBEKT
Ha  HW300pakeHWH: = BHCIIHOCTH, (oOpMa,  IIBET,
paccrosiHue MO 00bEKTa M KOHTEKCT. B Takux cirydasx,
KaK JICTCKTHPOBAHUC JIMIA HA M300paKCHUH, XOPOIIUM
NPHU3HAKOM SBJIIETCS BHEIIHOCTh, TaK Kak IJIa3a, HOC U
poT Beerna OymyT HaXOAUTHCS IPUMEPHO B OJJUHAKOBBIX
MPONOPLHUSX. [TosTOomy OCHOBAHHBIHI Ha
XapaKTePUCTHKAX BHEITHOCTH 0OBEKTa METO KaCKajoB
Xaapa OTIIMYHO NPUMEHSTCS JJI1 Pacrio3HABaHMS JIUIIA.
B cnydae pacro3HaBaHuS PyK AET0 OOCTOUT CIIOXHEE:
HAJCKHBI METOI  pacro3HaBaHHS MOXET OBITh
pean3oBaH OCHOBBIBAsICh, B OCHOBHOM, Ha IIBETOBBIX
XapakTepucThKax. Tak Kak LIBET pyK MOXET MEHSTHCS B
3aBUCHUMOCTH oT qeI0BEKa " KOHTEKCTA,
MpeJCTaBIsieTcsl pa3yMHbIM CHadalla HalTH JUIO
YeIIoBeKa Ha N300paKCHHUU U MOTYYaTh HHPOPMAIHIIO O
LUBETE pPyK HCXOAsS W3 LBeTa Jula. BaeneHHoe
OTpaHNYCHUE HAIWYHS JIMIA YeJI0BeKa Ha N300paKeHNH

- 400-

B JIOOOM cClIydae SIBISIETCS O0s3aTeNbHBIM, MOCKOIBKY
pacro3HaBaHKWe >KECTOBOTO s3bIKa 0e3 pacro3HaBaHUS
nura OymeT HeHaIeKHBIM.

Nmest nadopmarmio o nBete 00beKTa, He0OXOIMMO
JIETEKTHPOBaTh €ro Ha wn3o0paxeHnu. OCYIIECTBUTH
JAHHYI0 3a7ady MOXXHO C IIOMOLIBbIO aJropuT™Ma
Camshift, Hame:KHOCTh KOTOPOTO J0Ka3aHa B paboTax
[Hai et al., 2011]. Mogens 3TOro aaropuT™Ma OCHOBaHA
Ha THUCTOrpaMMax M SBISETCS oOOyd4aromielcs B
mpouecce pacrno3HaBaHus. ECTECTBEHHO, [aHHBIM
ANTOPUTM HaWJgeT Bce OOBEKTHI AAHHOTO I[BETa Ha
n3o0paxkeand.  YTtoOBI  3TOTO  HE  JOMYCTHTb,
UCTIONB3YeTCsl HH(POPMALUSA O PACCTOSHUAU 10 0OBEKTOB
Ha M300pakeHHH, T.e. KapTa TIIyOuHbl ¢ cencopa Kinect.

Urtak, mnocne HaxoxneHus  no3uuuu (X,\y) u
pasmepoB (W,h) suia Ha H300paKEHUM C MOMOIIBIO
METO/a KackanoB Xaapa, MOKHO HaWTH YCpPEJHEHHOE
paccTosiHUE 70 JIMIIA, UCTIONB3Ys KapTy IyOouHs! D:

1 X+W y+h ..
df = i=x i=y D(" J) ' (2)
wh
Bce 00bexThI, Haxomsumecs ONIKEe K KaMepe, uyeM
caMO JIMIO 4elOoBeKa, MOryT ObITh HalJeHBl C
UCIIOJIb30BaHUEM IOPOTOBOTO 3HAYCHHMSI:
D(i,j)>d, +t,, @)
rae th — mapamerp, OIpeAeNsIOmuni, HACKOJIBKO

OIIM3KO JOJIKHBI OBITH MNOAHCCCHBI PYKH K KaMepe,
YTOOBI ITOKA3aHHBIE JKECThI pacrno3HaBaiuChb CHCTEMOM.

Taxum 06p330M, B CUCTEMC JCJIaCTCA AONYULICHHC,
YTO PYKHU HaxXOIATCA OImmKe K KaMepe, 4€M OCTaJIbHbIC
qaCThu TEJa 4YCJIOBCKA, 4YTO BIIOJHE 000CHOBaHO B
KOHTCKCTC CUCTEMbI PACIIO3HABAHHNA KECTOBOI'O A3bIKA.

3. HMccaenoBanne KOHTYpPa KHCTH PYKH

Ha BTOPOM JTamne pacIio3HaBaHUs Ha
CEerMEHTHPOBAaHHOM HM300pa’KeHUM HAaXOAATCS KOHTYpPbI
OCTaBIIMXCSI ~ OOBEKTOB, T.€. pyK  dYeJOBeKa.
OKCIEpUMEHTAIFHO OBIIO  BBISICHEHO, YTO CaMbIM
3¢ HEKTUBHBIM u nH(pOpPMaTHBHBIM METOJIOM
HaXOXKJIEHUS KOHTYPOB Ha HM300paXE€HHH B KOHTEKCTE
JTAHHOTO HCCJICJOBAaHUS, SIBIAETCS IETEKTOp T'PaHMUIL
Kennu. ITocne ero npuMeHeHus1, OJy4YEHHbIE KOHTYPbI
MPENICTaBISIIOTCS. B BHUAE KpUBOH Ha Tpaduke (s
KaXJIOW PyKH CBOSI KpHBasi), Kak MMOKAa3aHO HA PHUCYHKE
2.

I'paduk mNOKa3bIBAET OTHOCHTEJILHOE PAacCTOSHUE
KaXJIOW TOUKM KOHTypa K IEHTpPaJbHOH TOUKE.
IMocnennss ompenensercd, Kak LEHTP BIMCAaHHOW B
KOHTYP OKPYXHOCTH C MAaKCHUMAaJlbHbIM pPaJuyCOM.
Hauanenas Touxka onpeaensieTcd CONIACHO JIMHMUY,
HaiinenHoi anroputMoM RANSAC mno uepHOMy
peMemKy Ha 3amIcThe  UYeloBeKa. B maHHOM
MIPEACTaBICHNH, HAa TOPWU3OHTAJIBHONH OCH HAXOAWUTCS
Yroid MEXJy KaxJoM TOYKOM KOHTypa WU HadallbHOU
TOUYKOM OTHOCHUTEJIBHO LIEHTPAJIbHOMI TOYKH,
HopManu3oBaHHbIM Ha 360°. Ha BepTuxampHON ocu



HaXOIUTCS OTHOCHUTENbHOe EBKIMIOBO paccrosHne
MEXIy KaXJOW TOYKOM KOHTypa M ILEHTPaIbHOU
TOYKOW, HOPMAJIU30BAHHOE IO PAIUyCy MaKCUMAaJbHOM
BIIMCAHHOW OKPY>KHOCTHU. Takoe MpeICcTaBlieHue KUCTU
PYKH XOPOIIO OMHUCHIBAET €€ TOMOJIOTUYECKHE CBOMCTBA
— pacnojio)keHue mnanbleB. llojokeHHe MOCIEAHUX
MOJKHO OIPENeNIUTh, 3aJaB HEKOTOpPOE IIOpPOTOBOE
3HayeHue 1. XoTs HaTm onTuMaibHOEe 3HaueHue {
SBIISICTCS HETIPOCTOH 3amadeid. [3]

Kormyp matcmm pysat

OTHOCHTCIEHOC DARCCTOAHIIC

Hopyameozammeni yron

Pucynok 2 - I'padudeckoe mpeactaBieHne KOHTYpa KUCTH PYKH

4. Knaccupukauus nojJy4YeHHbIX JaHHbIX

Ha Tpersem 5sTame HE0OXOOWMMO BBIOpaTh METO
KinaccuuKalu TONYYCHHBIX JaHHBIX. B xome
WCCIIENOBaHUSA OBUIO TIpOTeCTHpOBaHO Oomee 10
pa3IMIHBIX METOOB Kiaccupukanun. CaMbIM TOYHBIM
METOIOM ITOKa3al ce0s MHOTOCIONHEBIN IepcenTpoH
(98% B  HekoTOopeIXx  cimydasx). Hagexnocth
HEeWpOCEeTEeBOro MOAXO0AA MOATBEPKIACTCS U JIPYTHMH
uccnenoBanusamu [Posanues u ap., 2010], [3aboneesa-
3otoBa u Ap., 2011a]. Jlanee Ha ocHOBe oOydJaroIiei
BBIOOPKH, COCTOSIIIEH U3 JITAaHHBIX, OIIMCBHIBAFOIIMX KECT
B BHUJIC, MPEJCTABJICHHOM Ha PHCYHKe 2, Oblia 00y4eHa
HEWpOHHAs CeTh C HalJICHHBIMU B XOJ€ SKCIIEPUMEHTOB
ONTUMANILHBIMU TlapameTpamu. [ TectupoBanus ObLT
pa3paboTaH TPOTOTHII  CHCTEMBl  PACIIO3HABAHHS
JAKTHIHHBIX OykB. HeliponHas ceth Obuta oOyuena 13
JKecTaM — OYKBaM PYCCKOTO KECTOBOTO sI3bIKa. TecTh
MOKAa3aJl JIOCTATOYHO BEICOKYIO TOYHOCTD
pacno3HaBanus — 88%.

3AKJIOYEHUE

B X0A€ OAHHOIo HCCICAOBAHHA Obli1a pa3pa60TaHa
CHUCTEMA pACIIO3HABAHUS JAKTUIIBHBIX KECTOB PYCCKOTO
JKECTOBOTI'O A3bIKa, KOTOpAst ObLIa 06yqua 13 xxecram.

Kak ObUIO OTMEUEHO, JKECTOBEIH S3BIK COCTOMT W3
[ENIOTO Psifia KaHAJIOB Iepeadyd HHQOPMAIHH, TIOITOMY
pacno3HaBaHWe HEOOJBIINX J>KECTOB PYK HE peliaeT
mpoOsieMy pacrlo3HaBaHHUS PYCCKOTO KECTOBOTO S3BIKA
MOJTHOCTBIO, HO SIBJISIETCS] BAYKHBIM 3JIEMEHTOM Oymytien
MOJIHOIIEHHON CUCTEMBI.

IIpenmerom manbHEWIIETO MCCIENOBAHUS SIBISETCS
MOWCK 0o0Jiee TOYHOTO, YeM IMOPOTOBOE 3HAYCHHE,
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METO/Ia ONpENeICHUs XapaKTePHBIX YepT KHUCTH PYKH
Ha TpadmuKe, TOCKOIBKY MPH HEKOTOPBIX MOJOKEHHIX
MaNbleB MOTYT MPOUCXOIUTH Koum3uu. M3-3a 3TOTO
BO3HHUKAIOT 3aTPYIHCHHS B O0YYCHHU CHCTEMBI MOJIHOM
a30yKe JTaKTHIbHBIX )KECTOB.

[MTonyuennsie Ppe3yabTaThl TUIAaHUPYETCS
UCIIONIb30BaTh B paboTax IO  ONpPENeIICHUIO
SMOIMOHAILHBIX peakiuii uenoBeka [3aboneeBa-30ToBa
u np., 2011b], [Po3zanues u ap., 2010], [3aboneena-

3otoBa w jap., 2012]. Hcnome3yemble B JaHHOM
UCCIICIOBAHUM ~ METOIbl  PACIIO3HaBaHHS  MEJIKUX
OBIDKCHHH pyK 4YeloBeKa, BKIIOYas  JIBIDKCHHS

manbnamu, 0e3yclIOBHO, HAWAYT NPUMEHEHHE W B 3TOU
obmact.

PabGora uactTuHOo moanepxaHa - Poccuiickum
(oHOM (YHIAMEHTAJIBHBIX HCCIENOBAHUN (TIPOEKTHI
12-07-00266, 12-07-00270):
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This article is devoted to research in the field of gesture
recognition of the Russian Sign Language. The authors
propose an information model of dactyl gesture
recognition using sensor Microsoft Kinect. A
convenient model for hand description was developed,
the use of which greatly improves the accuracy of
recognition. Also an improved method for hands
detection in the picture was elaborated.

INTRODUCTION

Adaptation of hearing impaired people to the life of
the modern society is an extremely important problem.
New technologies in the field of gesture recognition can
help to solve it. Traditional visual methods of gesture
recognition are still not accurate enough for using in
real applications. One of the reasons for this is that
optical sensors have some limitations and they are very
sensitive to lighting conditions and background noises.

To achieve high reliability of gesture recognition
data gloves are often used. These sensors are much
more reliable, but have significant drawbacks: the user
has to wear a glove, which sometimes requires
calibration, what is very uncomfortable and makes
movements not natural. Also gloves are often very
expensive, although in recent years situation has
become better. As a result, this method of gesture
recognition is not very popular. Due to the development
of Kinect — Microsoft’s camera with depth sensor, new
opportunities for gesture recognition appeared. Despite
the successful .use of Kinect to face recognition and
body tracking, the problem of application of this sensor
to the recognition of subtle hand gestures is still not
solved. The main reason — sensor has low resolution of
depth map.

In_sign languages information transmission during
the - communication is performed using several
channels: directly through the hands gestures, face
expression, mouth shape, location of body and head.
Hand gestures can be described through hands and arms
location, direction of the movement, shape of palms and
their orientation. Thus capability of hands shape and
direction recognition is very important task in the
context of sign language recognition, which isn’t solved
completely yet.

This research aims to enlarge opportunities for deaf
people to communicate with the outside world by
recognizing dactyl letters of the Russian sign language
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in real time. As an input device for gestures Microsoft
Kinect was used.

MAIN PART

In the first section of this report information model
of static gesture recognition was presented.

In the second part method for hand tracking on the
image was suggested. It is based on the skin color.
Since hands color can change depending on human and
context, it is reasonable to find face on the image as a
first step and then use its color to find all skin-colored
objects, including hands. To perform that task Haar
cascades are used for face detection and Camshift
algorithm for further segmentation based on previously
found skin color. To find hands on the image depth map
from the Kinect is used. Average distance to the face is
calculated. All objects that are situated closer to the
camera than face are considered to be hands (threshold
value also can be specified).

In the next section approach for analysis of found
hand is described. To extract main features of shown
gesture only contours of hands are studied. Values of
relative distance from each point on the contour to the
contour center are calculated. Angles between starting
point and each point on the contour, normalized by
360°, are taken into account too. Starting point is
defined as the first point on the black belt, which is put
on the wrist. Those values describe hand well from the
topological point of view.

In the fourth part of the report method for
classification of obtained features vector is discussed.
During the research more than 10 classification
methods were tried. The best results were shown by
neural networks. For testing purposes the system of
Russian sign language dactyl letters was developed. It
was taught 13 gestures. Average accuracy of recognition
is quite high — 88%.

CONCLUSION

The system for Russian sign language dactyl letters
was developed in the course of that research. It has
shown quite high level of recognition accuracy on 13
gestures - letters of Russian sign language.

Results of that research are going to be used in
works on emotional reactions recognition. Methods of
subtle hands movement recognition used in this work
undoubtedly will have application in that field too.
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