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MOJIEJIOBAHHS 11 PO3HI3HABAHHSI )KECTIB CKEJIETOHY PYKHA
MODELING AND RECOGNITION OF GESTURE OF HAND SKELETON

B paniii crarti po3ryisHyTI npoOieMH MOJAETIOBAHHS I poO3Mi3HAaBaHHS
CKEJIETOHY PYKM BII3HATOI 3 O/HIET Kamepu Oe3 0JaTKOBUX JaTUMKIB 3a PAaxXyHOK
JIETEKTYBaHHS KJIIOYOBUX TOUOK PYKH Ta MOOYJOBM MOJENI PYKH 3 LIUX TOYOK ISt
CUCTEMY, CHUCTEMY sl 3HAXO/KEHHS KIIOYOBUX TOUOK PYyKH 3a JOINOMOTIOIO
HEHpPOHHOI Mepexi, sika BUKOPUCTOBYIOUM iX, CTBOPIOE MPOTOTHUIl 00pa3y pyku M
KIacudikye MOJIEIh )KeCTy.

KitouoBi cioBa: MojienntoBaHHs! 00’ €KTIB, 3rOPTKOB1 HEMPOHHI MEpPexi.

Puc.: 5. bi6x.: 4.

In this article, problems of modeling and recognition of a skeleton of a hand
from image which is taken with one camera without additional sensors are considered.
Detected key points from the image with hand are using for the construction of a
model of a hand from these points to classify it among the described gesture models.
As a result, a system was developed, a system for finding key points of the hand using
a neural network, which uses them, creates a prototype of the image of the hand and
classifies the gesture model.

Keywords: modeling of objects, convolutional neural networks.
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AKTYaJIbHICTh Te€MH  JOCJTiIKEHHS. [Ipobnema MopmemtoBaHHS U
pO3IMi3HABaHHSA JKECTIB CTa€ OUIBII aKTyaJlbHOK B OCTaHHI JHI y 3B'I3Ky 31
3pOCTAIOY0I0 KUIBKICTIO CHCTEM 3 SKMMH JIFOJAMHA MOKE B3aEMOJIISITH 3a JIOIIOMOTOIO
ecTiB. Ha choromHimmHii JeHb BeIMYe3Ha KUIBKICTh TEXHIKHM 3HAXOJIUTHCS y HAC B
JIOMI1: KOMIT FOTEpH, TEIeBI30pH, TelaedOoHH, MIaHIIeTH U 1HII. M 3 HUMH TIOCTIHHO
B3a€EMOJIIEMO, 1 €(QEKTUBHICTH IIi€l B3aeMOJIi BIJIMBA€ HaA HAIIe XUTTA. Yacrirmie
BCbOI'O MU 3 HUMHU B3a€EMOJIIEMO TaKTUJIBHUM CIOCOOOM: BIAUYTTSI IOTOPKY M THCKY.
Mu HaTHUCKaeMO Ha KHOTIKM Ha MPUCTPOI YM Ha eKpaH TenedoHa. Alle HE 3aBXKIU 1€
MOXXJIUBO, 00 B HaC MOXYTh OyTH 3alHATI pyKu; abo 3py4HO, 00 IpHiIag 3 SKUM MU
B3a€EMO/JIIEMO 3HAXOJMTHCS Ha BiJCTaHl Bija Hac. | Tomy Oyno 6 go0pe B3aeMOMISITH 3
npuiiafiaMy 3a JI0IOMOI00 PYK, a came JKeCTI.

TakuM uyuMHOM, MPOOIEMOIO € CTBOPEHHS CHCTEMH, IO JIaCTh MOXJIMBICTh
«CTUIKYBAaTUCh» 3 IHIIUMH 32 JIOMIOMOTOIO JKECTIB, IO MiJABUIIUATH THYYKICTH M
3py4HICTh BUKOpUCTaHHS. JlaHa poOoTa mpucBsdeHa mpobaeMi po3Mi3HaBaHHS KECTIB
PYKH 3 MoJieniel, siki Oyiiu moOy0BaH1 3a IOMTOMOTOI0 HEMPOHHOT MEpexKi.

IloctanoBka mpod6aemMu. Yepe3 MosBy HOBUX METOMIB 1 MIAXOJIB Yy Taly3i
MITYYHOTO 1HTEIEKTY, TeMa pO3Mi3HaBaHHs 300pa)kKeHb cTajia OUTBII aKTyaJIbHOIO B
OCTaHH1 POKH.
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AHani3 ocTaHHIX AocaiaKeHb i nmyOJikamiii. IcHYI0Tb 1Ba OCHOBHHMX criocoou
po3mizHaBaHHs Mozenen pyk. Ilepmmii criocid 3acHOBaHMN Ha OAATaHHI CHEIAIbHUX
CJIEKTPOHHUX MPHUCTPOIB (CHeliadbHI PyKaBUII 3 JAaTYUKAMHU), KU B OCHOBHOMY
BUKOPHCTOBYIOTh B KIHOIHAYCTpii Ta J00pe Mpairoe, ajge € JOPOruM 1 He 3aBXKIu
NPUIATHUNA [Tl BUKOPUCTAHHS B 1HIIUX ramy3sx[1-3].

Jlpyruii B OCHOBHOMY BUKOPHCTOBYE KOMIT FOTEpHE OaueHHS, sKe mependadae
00poOKy 300pakeHb 3a J0MOMOroto KaMmep abo(if) IHIINX TaTYUKIB.

[IpoTsirom oOCTaHHIX pPOKIB 3’SBJISE€THCS Bce OLbllle CTAaTed MPHUCBSIYEHUX
0o0po011i 300pakeHb 3 Kamepu 3a JOMOMOTOI0 CICHiaibHUX aJIrOpuUTMiB abo 3a
JIOTIOMOTOI0  HEHPOHHUX MepexX. SKICTh poOOTH HEHPOHHMX MEpEX 3HAaYHO
MiBUIIIACH Yepe3 BUKOPUCTAHHS HOBHUX apXITEKTyp HEUPOHHHX MEPEK Ta BEITUKOT
KIJIBKOCT1 HOBUX JOCJIIKEHD IIOA0 IMIABUIEHHS SIKOCTI Ta MIBUAKOCTI iX HaBYaHHS. A
TaK0Xk, Yepe3 PO3BUTOK TEXHOJIOT1H Ta 301BIIICHHSI KITbKOCTI TaHux|2-4].

BupisieHHss HemoCHiIKeHUX YACTHMH 3arajbHoi mpoodsaemu. Jlana crarrs
NPUCBSYCHA BUBYCHHIO Ta aHAJI3y 3alpOIIOHOBAHOTO MIAXOAY IS PO3Mi3HABaHHS
mozeneit pyk. JlocnmimpkeHHs chOKyCOBaHO Ha BHUBUYEHHI 3aCTOCYBAaHHS 3rOPTKOBUX
HEHUPOHHUX MEPEXK NJIsl JIETEKTyBaHHS KIIOYOBUX TOYOK PYKH W TOOYJOBH MOJENTi
PYKH i1 po3Mi3HaBaHHS I€T MOJIEII.

IlocTtanoBka 3aBaaHHsA. 3aBlIaHHS € CTBOPUTHU CHUCTEMY, fKa JacThb
MO>KJIUBICTh, BUKOPHUCTOBYIOUH 3TOPTKOBY HEMPOHHY MEPEXY, JACTEKTYBaTH KIFOYOB1
TOYKH PYKH 3 OJHOTO 300pa)keHHS U Micisi 1bOro OyAyBaTH MOJENb PYyKH, 00
MOPIBHATH 11 3 ONMMUCAHUMU MOJICTISIMU JJIs1 IETEKTYBAHHS KECTIB.

Buxiiagennss ocHoBHOro wmarepiaay. IlpoBeneHo aHami3 BHKOPUCTAHHS
3rOPTKOBUX MEPEXK ISl ACTEKTYBaHHS KJIIOYOBHX TOUYOK, CTBOPEHHS MOJIEIl PYKH 3
HUX W MMOAANBIIOTO PO3Mi3HABAHHS IIUX MOJIEIEH.

Jlis  [eTeKTyBaHHSA  KIIOYOBUX TOYOK  BHUKOPHCTOBYEMO  apXIiTEKTYpPy
Convolutional Pose Machines (CPM). CPM mnoBeptae heatmaps KO»HOi KIFOYOBOI
TOYKH.

CPM wmae HesiBHE HaBYaHHS 3aJIEKHOCTEH MK 300pa)KCHHSIM 1 BUBEIECHHSIM
3pa3y JEKUIbKOX KJITFOYOBHMX TOYOK, TICHA 1HTETpallisi Mk HaBYaHHS ¥ BUBEJICHHSAM Ta
MOJIYJbHUM mocHimoBHUNA gu3aiiH. Ha koxaomy ertani CPM, oTpumyethcs
300pakeHHsT Ta heatmaps, BUTOTOBJICHI Ha TOIMEPEIHBOMY €Talll, SK BXIAHE M
HaMaraeTbCs BUMPABUTH Ta YTOYHUTH MOJIOKEHHS KIFOYOBUX TOUOK Ha PYIIL.

Tak sk, CTBOpPEHHS 3rOPTKOBOi Mepexi 3 O6araTbMa MOAYJISIMU TPU3BOAUTH /10
3araibHOI Mepeki 3 OaraThbma Iapamu, 110 MPU3BOJIUTH A0 MPOOJIEMU 3aTyXaHHs
TPaJIi€HTIB IMiJ1 Yac HaBYaHHS, TO CTBOPIOIOTHCS JIOJATKOBI BUXOIU HEHPOHHOI MEpexKi
HIC/sT KOXKHOTO MOJYJIsl, 110 BUKOPUCTOBYIOTHCSI JIMIIE IIiJ 4Yac HaBYaHHS, SKi
HAMararmThCsl TaK CaMO BHU3HAYMTH IMOJIOKEHHSI KIFOUOBUX TOYOK 3a JIOMIOMOTOIO
heatmaps. CTBOpeHHsI JOJATKOBHUX BHXOJIB IiJI YaCc HABYAHHS JIa€ MOXJIMBICTh
MOTIOBHIOBATH TPAIEHTH Ta CIIPIMOBYBATH MEPEKY JJIsi CTBOPEHHSI BCE OUTBII TOUHUX
heatmaps.

DyHKIIIS] BUTPAT, Ky MU IIPparHeMo MIHIMI3yBaTH Ha BUXOJII KOXKHOTO €Tamy Ha
KOXXHOMY PiBHI1, BUTJISIIaTHME:

fo = Epii¥zez I6F (2) — bE(D13 (1)
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IneanpHa heatmap ays yacTuHu p, 5K bf(Yp = Z) , 110 CTBOPIOE TayCOBi MiKK
Ha MICIISIX iICTHHHOTO pO3TalllyBaHHS KOXKHOI KITFOUOBOi TOUKH P, JI€ Z — II€ TOJIOKECHHS
1i€1 KIFOYOBOI TOUYKH, a t — HOMEP KiacudikaTopa(MOAyIb HEUPOHHOT MEPEXI).
3aranbHa HUTh JUIS yCi€l apXiTeKTypu BUIIAAATHME, SK AOJAaBaHHS BTpAT Ha
KOXKHOMY eTari, ToOTo:

F= ZZ=1ft

)

Byno 3po6ieno 3HIMOK J1iBOi pyKH JUIsl IPOBEAEHHS 00poOKH 1Mo 1AeHTU(IKaIii
xecty. Ilicas momaHHs 3HIMKY 3 PYKOIO Ha HEHPOHHY MEpPEeKy MU OTPHUMYEMO
heatmaps, 3 SKUX 3HAXOAMMO KIFOYOB1 TOYKH PYKH JJIsI MOJACITIOBAaHHS XKecTy (puc. 1).

I

Puc. 1. JleTexTyBaHHS KIIFOUOBUX TOUYOK PYKU

[licns 1mporo HOpMaIi3yeEMO MOJEIb M0 KOXHOT
nornomMoroto rotate, shift, scale 1 flip (puc. 2, puc. 3, puc 4).
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Puc. 4. Shift moneni pyku

[licna wopmamizamii mnoOymoBaHOi Mozeni JO JAaHOTO JKECTy, BOHA
MOPIBHIOETHCS 3 HUM Ta BU3HAYAETHCS UM 3aJOBOJIBHSE J1aHA MOJENb OMHCAHUMN JKECT.
Sx BuaAHO 3 puc. 4 Hama MOJAEIb PYKH 3aJ0BOJIbHSE B MeXax JOMYyCTUMOTO
BIIXWUJICHHS 3aJaHUH KeCT.

3aranbHuii aaropurM. Ha puc. 5 nokasanuil 3aragpHUil anropuT™ MoOya0BH
Ta PO3Mi3HABAHHS MOJIETIPYKH.

HeliponHa mepexa, sika [Tomyx kiro40BUX
noBepTae heatmapsHa sIKUX TouoK Ha heatmaps
300paxeHHs R :
> 3HAXOMKCHHS KJIIOYOBI TOUKH  [——p
3 PYKOIO

Hopwmauizaris moaeni 1o
KOXXHOI onrcaHoi Moaeni 1 . ]
BucHoBok npo . . . IIo 0OBa MOJ €1

) p <« MTOPIBHSIHHS iX CX0XKOCTI < ya A
CXOXICTh pyKH

Puc. 5. Anroput™ nmoOy10BU Ta po3Mi3HABAHHS MOJIEN1 PYKH

BucnoBku. B naniii po0OoTi Oyno mpoaHami3oBaHO CTPYKTYpy Ta MapaMeTpH
Mogeni Convolutional Pose Machine(CPM), sika BUKOPUCTOBY€ETHCS [ BU3HAYCHHS
heatmaps 3HaXO/PKEHHS TOYOK PYKHM 3 OAHIET Kamepu. Takox OyJI0 BHUPIIIEHO
npoOiieMH aHalizy Ta 3HAaXO/DKEHHS KIIOYOBHX TOYOK pPYyKH, W TOJANBIIOTO
BUKOPUCTAHHS ISl MOJICTIOBAHHS W PO3Mi3HABAHHS JKECTIB CKEJIETOHY PYKH. byio
MOPIBHSIHO OTPUMAaHHUN JKECT 3 EeTAJOHHMM Ta BH3HAYEHO, HAIla MOJENb PYKH
3aJI0OBOJILHSE B MEKaX JIOMYCTUMOTO BiJIXHMJICHHS 3aJIaHUH KECT.
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MODELING AND RECOGNITION
OF GESTURE OF HAND SKELETON

Target setting. The problem of modeling and recognizing gestures becomes
more relevant in recent days due to the growing number of systems that a person can
interact with using gestures.

Actual scientific researches and issues analysis. Due to the emergence of new
methods and approaches in the field of artificial intelligence, the topic of image
recognition has become more relevant in recent years.

Uninvestigated parts of general matters defining. This article is devoted to
the study and analysis of the proposed approach for the recognition of models of
hands. The research focuses on the study of the use of convolutional neural networks
for detecting key points of the hand and constructing a model of the hand and
recognizing this model.

The research objective. The purpose of this paper is to investigate a system
that will enable, using a convolutional neural network, to detect key points of a hand
from one image, and then build a hand model to compare it with the described model
gestures.

The statement of basic materials. To detect key points, we use the
Convolutional Pose Machines (CPM) architecture. CPM returns the heatmaps of each
key point.

CPM has implicit learning of the relationship between the image and the output
of several key points at once, the close integration between learning and output and
modular sequential design. At each stage of the CPM, images and heatmaps made in
the previous step are received as input and are trying to correct and clarify the position
of the key points on the hand. After detection of keypoints we construct and compare
hand build with described models.

Conclusions. The content, structure and parameters of the Convolutional Pose
Machine (CPM) model used to determine heatmaps for finding points of a hand from
one camera to solve the problem of finding the key points of the hand, and their further
using for modeling and recognition of hand skeleton gestures are analyzed. The
approach proved to be good for creating and recognizing hand models.

Keywords: modeling of objects, hand, convolutional neural networks,
classification.



