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AHHoTauuna. PaccmaTpuBaeTca npobneMa pacnosHaBaHUA OBUMKEHUI U NOJSTOKEHUIN Tena
YenoBeKa NMyTeM aHanM3a OaHHbIX, NOJy4YaeMbIX C MHEePLManbHbIX U3MepUTesIbHbIX MOAYIen
C MOMOLLLb0 UCKYCCTBEHHbIX HEMPOHHbIX ceTer. 0Co6eHHOCTbIO 4aHHOI0 UCCIejOBaHUA, B CPABHEHUU
C OpYrvMu, AIBNAETCA UCMONb30BaHWe ON1A aHanM3a OABUMEHUN 3HAYeHUN TOJIbKO 5 yrnoBbIX
KOOPAMHAT, 3aaHHbIX NJI0CKOM NATU3BEHHON Mofesbio YenoBeKa. KpoMe Toro, MOMUMMO Xoab6bl,
aQHaNM3upYITCA ABUKEHWA NPU BbINOJTHEHUM CMOPTUBHbBIX YNPaXHEHWI, NPY 3TOM pacrno3HalTCcA
KaK Mpoo/KUTeNbHbIe, TaK U KpaTKOBPEeMeHHble ABUMHKeHUs (HanpuMep, Havasno xo4bbbl unu
npucasmBaHue Ha cTyn). PacnosHaBaHue OBUMEHUI UCMOJb3YETCA B YeJI0BEKO-MALLUMHHOM
nHTepdeice, a TaKKe B CNopTe OJ1A OLEHKU KOJTIMYECTBA U TEXHUKM BbINOSIHEHUA YNParKHEeHUN.
AHanus OBUKeHUI TaKKe NpUMEHAETCA B MeduLUUHe, HanpuMep B npoLecce fneveHus 6onesHu
MapKkuHcoHa. Lenb nccnepoBaHuA 3aknioyaeTcAa B paspaboTke crnocoba pacrnosHaBaHWA
KPaTKOBPEMEHHLIX M MPOLOSTIHKUTENBHBIX OBUMEHU N0 AaHHLIM C MHEPLLMASIbHBIX HOCUMBIX CEHCOPOB,
He YUMTbIBAIOLLLEr0 MOJIOXKEHME TeNla BOKPYr BepPTUKaNbHOM 0CU, C TOYHOCTbIO pacrno3HaBaHUA
cBbiwe 98%. Ha Tene YyenoBeKa NocpeACcTBOM 3/1aCTUYHBIX PEMHEN KPENATCA 5 n3MepuTesnbHbIX
Mogynen. 0avH Moy pa3MeLLaeTca Ha rpyau YenoBeKa, ocTasibHble 3aKpenAlTcA Ha 60KOBbIX
CTopoHax befep v ronieHer. B Ka oM Mofyrne UCMOoNb3YeTCA MUKPO3/IEKTPOMEXaHUYECKUI OaTUMK
MPU-6050, nMeloLLuin crieumnanm3mMpoBaHHbI LMGPOBOI CUrHasbHBIV MpoLeccop As 06paboTku
ABueHu (DMP), ucnonb3yeMblii ANA OCYLLLECTBIEHWSA NpedBapuTeNibHoM 06paboTKM 1 GpubTpaLmum
OaHHBIX, NOCTYNalLMX HEMOCpeACTBEHHO C TPEXOCEBOr0 MMPOCKOMa U aKkcenepoMeTpa. 3aTeM
JaHHble ¢ Moyrel no 6ecrnpoBogHOMY KaHasly CBA3M NepefaloTcA Ha NpUEMHOe YCTPOMCTBO U Aanee
Ha MepcoHasibHbIM KOMMbloTep, FAe NMPOUCXOAUT UX OKOHYaTeNbHasA 0bpaboTKa U XxpaHeHWe s
nocnegyioLLen knaccudmrkaumm. B npouecce paboTsl cobpaH Habop AaHHbIX, COAEPrKaLLMIA TOMUMO
pacnpocTpaHeHHbIX COCTOAHWUI (MONoXKEeHWe CTOA U cUanA, XoAbba) yrparHeHUs, B OCYLLLECTBIEHUN
KOTOpbIX B NEPBY oYepenb YYacTBYIOT MbILLLbI HOT (MpUcefaHus, 3allarnBaHuA Ha CKaMblo).
C noMoLLblo BUOEOCHEMKM, OCYLLLECTB/IAEMON B MpoLiecce 3axBaTa OBUKEHUN, HA MOJyYeHHbIX
[aHHbIX pa3MeyeHbl y4acTKW, Ha KOTOPbIX COBepLUAoTCA ABMMHKeHWA. [nA Knaccudukaumm oBuHKeHUN
NCMOJIb30BaNoCb HECKONbKO KOHGUIypaLUin HEMPOHHbBIX ceTel (MoTHOCBA3HbIE, CBEPTOYHbIE,
a TaKe peKyppeHTHbIe). HanbonbLLy TOYHOCTL COBMECTHOMO pacro3HaBaHWA NPOLONHKUTENbHBIX
W KpaTKOBPEMEeHHbIX ABUKeHWN (F1 cocTaBnna 98-99%) yaanocb Nony4nTb C NOMOLLLbIO CBEPTOYHbIX
HeMpoHHbIX ceTei. B xoae paboTbl BbIACHWMMIOCH, YTO Ha TOYHOCTb pacrno3HaBaHWA BRUAeT
ONIUTENbHOCTb aHaNM3MpyeMoro ¢pparMeHTa ABUMHKEHUsA. YKa3aHHOM TOYHOCTM yaanochb 4obuTtbeA
Npy UCMOJIb30BaHUM ABYXCEKYHAHbIX GparMeHTOB 3anmcu.
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Abstract. The problem of recognizing human body activities by analyzing data obtained from
inertial measurement units using artificial neural networks is consired. The feature of this study
is using of only five angular coordinates defined by a planar five-link human model for movement
analysis. Furthermore, in addition to walking, athletic exercises movements are analyzed. Both long-
term and short-term movements (for example, Start of walking or sitting down) are recognized.
Activities recognition is used in human-machine interfaces, as well as in sports, to assess the
number and technique of performing exercises. Movement analysis is also used in medicine, for
example, in the treatment of Parkinson'’s disease. The purpose of this work is to develop a method
for recognizing short-term and long-term movements based on data from wearable inertial
sensors, without the influence of vertical axis body position, with a recognition accuracy of over
98%. Five measuring modules are attached to the human body using elastic belts. One module
is placed on the person’s chest, the others are attached to the sides of the thighs and shins. Each
module uses a microelectromechanical sensor MPU-6050 with a specialized digital signal processor
for motion processing (DMP) used to pre-process and filter data coming directly from the 3-axis
gyroscope and accelerometer. Then the data from the modules is transmitted wirelessly to the
receiving device and then to a personal computer, where they are finally processed and stored for
subsequent classification. In the course of the work, a data set was collected that, in addition to
common states (standing and sitting positions, walking), included sports exercises that primarily
involve the leg muscles (squatting, step-ups). Using video recording carried out during the motion
capture process, the areas where the movements are performed were marked on the obtained
data. Several neural network configurations (fully connected, convolutional, and recurrent) were
used to classify the movements. The highest accuracy of combine recognition of long-term and
short-term movements (98-99% F1-score) was achieved using convolutional neural networks. In
the work process, it was found that the duration of the analyzed movement fragment has effect on
recognition accuracy. This accuracy was achieved using 2-second recording fragments.
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BsepneHue

ajlaua UJeHTU(UKAIINY IBHKCHUH Ue-
JIOBCKA HAXOIUTCA HA CTBIKE ABYX TCX-
HOJIOTHI: 3aXBaTa JIBUKEHUM U pac-
MOo3HaBaHUsI 00pa3oB. 3axBaT ABUIKECHHI

MO3BOJISICT MOYYUTH HH(OPMAITUIO O TIepe-
MEIIEHUH Tella YeJIOBeKa M ero OTACIbHBIX
cerMeHToB. OJJHUMU U3 OCHOBHBIX CITIOCOOOB
peajm3anun 3axBara Z[BI/DKGHI/II;'I SABJIACTCA
onrruaeckuii (Optical Motion Capture, OMC)
U Ha OCHOBE HMHEPIMAIBHBIX HOCUMBIX
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