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ONIPENEJNIEHUE YHUKAJBHOCTH MOXOIKHY YEJOBEKA
C ACITOJIb30BAHUEM MHEPIIHUAJIbHBIX JATYUKOB
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Boarorpanckuii rocynapeTseHHb YHUBEPCHTET
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rnpocn. Yuusepcurerckuii, 100, 400062 r. Bourorpan, Poceuiickas ®enepanus

Annoranus. B crathe nemoHcTpHpyercs YHHUKaJIbHOCTh TOXOOKH YesoBeKa
Ha OCHOBAHMM NAHHBIX, MONYYaeMbIX C CEHCOPOB NOPTATHBHOTO YCTPOMCTBA ny-
TEM SKCIICPUMEHTAIBHOTO HCC/IE/IOBAHHSA. PacKphiBai0TCa NPUHUKIE MadbHelures
dBTOMAaTH3alHH NpOLecca M BapHaHTH NPHMEHEHHS NONYYeHHBIX JAHHHIX.

Kiouesnlie CJIOBa: MOXO/Ka YeJIoBeKa, aKCeJepoMeTp, IHPOCKOI, CKOPOCTH

BpaLlenusi, Kaxyleecs YCKOpeHHe, QUILTP HMMHHX 4acToT, UAeHTHQUHKALUSA 10
TIOXOJIKE.

Bregenne

B nacrosmee Bpems noprartusHbie yeTpoHeTBa (MOGHMIBHBIE TenedoHbl, CMapTGOHHI,
MJIZHIICTHBIE KOMOBIOTEPHl H T. 1.) MONYYHJIH IIHPOKOE pacmpocTtpaHenue, BoabIIMHCTBO U3
HHUX OCHAIIEHO aKCENIEPOMeTPaMH U THPOCKONAMH, KOTOPHIE H II03BOJISIOT 3amMepsATh Bce Heol-
XOLMMBIE JlaHHBIE LJIsi MOCTPOGHHSI MOAEJH TOXOLKH YesoBeka. JlaHHAS MOLe/Nb CMOMA by
NOMOYL B ONTHMHMBALHH A/NTOPHTMOB HHEPLHUANLHON HABHIAIMH H 3aflauax MAeHTHOHKALHK
YeJ/ioBeKa,

Henbio mannoro ueenenosauns spnsercs paspaboTka KOMMJeKca TPOrpaMMHOro oGec-
medeHust i c6opa ¢ WHEPUMANbHBIX NAaTUMKOB MOPTAaTHBHOTO YCTPOHUCTBA HAHHBIX H HX

06paGoTKM [/ MONTBEPXKACHUS YHHKAIBHOCTH MOXOLKH UeOBEKa. O630p uccnenosanuii 1o
AaHHOH Teme GBI npousBefeH B paGote [1]

1. IMocTpoenwe runoTesp:

HCCJIE,[LOBEHHE [IDOBOJAMTCA B paMKax IIPEeATIOJIOKEHHUS, UTO O KaxJjoro 4eJioBeKa cy-
IEeCTBYET psl wabJioHOB ero NOXOHKH. Pﬁ}l 6y,[[€T COCTOATh U3 HECKOJALKHX HjaﬁJ'[QHDB, OIH-

(© Cronsipos ALO., 20156
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CHIBAWILHX DasHble COCTOSHHS NBHXKEHHS YelOBeKa: Xxoibba, Ger, NOLHATHE MO JeCTHHLE,
Hannas pabota MOKa3blBAET, YTO BLIABMHYTAs THIOTE3a MPUMEHHMA /IS XOLbGH UesOBEKa
H 13 TIOJYYEHHBIX JAHHBIX BO3MOXKHO IOCTPOEHHE VHHKAMBHOTO LAGJOHA M/ KAKIOrO BJa-
AeJIblla OPTATUBHOTO yeTpoHeTBa. CTOHT 3aMeTHTh, YTO WAGIOHH3UPOBAHHE OMPEeIeHHbIX
JKecTOB (PHCOBAaHHE KDYTa, KBajpaTa, TPEYTOMNbHUKA, JIMUHOMN TIOAIKCH) YiKe GbLIO0 pOofeNano
B paboTe [3] M ycmemHo HCHOAb3YeTCs Ha MpaKTHKE.

2. PaspaGorka nporpaMmuoro obecrneueHus

Coop manmbix. [lepsbiif sTan HeeneI0BaHHA 3aKMOYACS B ONYYEHUH NAHHBIX C COH-
copos yctpofcrtsa. [las 3Toro 6Gblia Co3iaHa mporpamMma Ha sisbike Java B cpepie paspabor-
ki Android Studio anst ycrpodicts ¢ omepaumonHoii cuctemoli Android. Tak Kak MoGuuh-
HBIE YCTPOHCTBA MOCTPOEHEI C MCTIONb30BaHHEM GeCIaThOPMEHHBIX HHEPLHANBHEX CHCTEM,
TO JaHHBIE MOCTYNAIOT C TPEX ONHOOCEBEIX AKCEJEPOMETPOB M TPEX ONHOOCEBHIX MPOCKO-
moB. B sToM ciyuae Mbl MOJyuaeM YIMIOBYIO CKOPOCTb w H KaKylleecs ycKopeHe n (pas-
HOCTb MMy HCTHHHBLIM WCKODEHHEM OOBbeKTa M IPaBHTALMOHHLIM YCKOPEHHeM) N0 TpeM
ocsim X, Y, 7.

lpeno6paborka. Tak kKak faHHble ¢ aKcesepOMeTPa M MPOCKONMA OBBIYHO JOBOJBHO
CWIBHO 32LTYMJEHB, A WX TPeflodpaboTKH YaCTo NPHMEHSIOT paziHyHEEe GUALTPHL. B pas-
paGoTke GBI NpHMeHeH (GHJIBTP HUKHUX 4acTOT, KOTOPBIH CHOCOGEH (UIBTPOBATL CUTHAJML
BBILI@ YKA3aHHOH YaCTOTBI, TO €CTh MPONYCKATH CHTHAMhl HU3KON YaCTOTH, YTO [O3BOJISET
H30aBUTLCH OT LIYMOBBIX MOMEX CHrHaJja. Mcmosb3obanue MaHOrO $HABTPa 0GYCIOBJIEHO
IPOCTOTOH peayusallni H CKOPOCTLI0 PaboThl. DTOT H APYTHe (HIBTPLI NOLPOGHO ONMHCAHH B
crathe [2].

OHABTP HHXHHX Y2CTOT ONHCHBaeTcs caepylomedi dopmynoi: O, = O, ; + a(l, —
— Oy—1), tie O,, — BHIXOLHOE 3HAYEHHE CUTHAJA {oThunsrposannoe); I, — BXogHOE 3Haue-
HUe (HeOT(OHABTPOBAHHOE), @ — KOPOHUHEHT QHABLTPAUKMH. DKCIIePUMEHTH TIPOBONHJUCH C
Kos(pouunerTom ¢ = (), 3.

B skcriepuMenTe QUALTD MPUMEHSNICH B DeXKHMe PeaibHOr0 BpeMeHH (CHrHas buabTpo-
BAJICA CPasy NPH MOCTYIIEHHH), & BEIXOAHbIC JaHHBIE 3alKCHIBANNCE B Gaily, 0 B faibHelileM
noiBepranuce 06padortke. CTOMT Tak:Ke 3aMETHTh, YTO NAHHBE C HAauaJa ¥ KOHLA KAXKIOTO
SKCTMEPHMEHTA y/laffIuCh {3 KOHEYHOrO (paiijia, TaK KaK He OTHOCHJHCH HemocpefCTBEHHO K
JaHHBIM XOALOB! UesoBeKa.

Cermenrauua curHana. [lns 06paGoTKe daiinos ¢ NOJNYYEeHHBIMH H3MepeHHSIMH Gbisia
CO3llaHa nmporpaMmMa Ha siskike CH# B cpene paspabotku Visual Studio. CermenTalus faHHEX
NPOH3BOAKIACH [0 aATOPUTMY MHTEDBAJO0B (HKCHPOBAHHOH IMHHLL. Bhuucienue dukcHpo-
BaHHOH JLJIMHBI MPOU3BONKAOCE CAERYIOUUM 0GpasoM:

1) Buiumc/ieHHe MakcUMaAbHOIO 3HAYEHHS [0 ONHOH U3 OCef.
2) Omnpepnenenue J0KabHBIX MaKCHMYMOB Ha BCEM HUHTepBane, Haubosee OJIH3KUX K Hak-
JeHHOMY 3HAYeHHIO.

3) Briuncaenue CpeHero 3Ha4YeHHs BPEMEeHHOTO WHTEPBaJa MexXAy JOKaJbHbiMH MaKCH-
MyMaMH.

Jlanee MpoM3BOAM/IAcs CETMEHTALMSA OT HAYANBHONO JIOKAMBLHOTO MAaKCHMYMa C BpPEMeH-
HbIM HHTEPBaJIOM, PABHEIN (PUKCHDOBAHHOH HJkHe, YTOObl BBHIIEJMTL EPHOMM, 338 KOTODHIE
yeJjIOBEK Jiesiajl OIUH Luar.
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3. Ilposexenue skcmepuMeHTa

B skcnepumente yuactsosanse 10 uesosex. [lepen KaXmbIM yyacTHHKOM CTOAJA 3a1aya
NPOHTH N0 AYrooGpasHON JHMHUM TPOTSHKEHHOCTbIo 40 MeTPOB MPHBBIYHOH [/ HHX IOXOM-
KOH. Jl11s 4MCTOTH 3KCIIEPHMEHTa HMCTIOJb30BANOCH OHO MOGHJBHOE YCTPOHCTBO ¢ npeaycra-
HOBJIEHHBIM, paspaboTaHHEIM paHee, IPOrpaMMHBIM 0GeCHeueHreM, TaK KaK XaPAKTEPUCTHKH
MHEPLHAJBHLIX CEHCOPOB Ha PasHBIX MOOH/IBHEIX YCTPOHCTBAX MOTYT CHJIBHO OTJHUATHCA.
B xone skcmepuMenTa Guian moMydeHb M 00paboTalbl aHHbBIE ¢ aKCesepoMeTpa (M. puc. 1)
H THpockomna (cM. puc. 2).
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Pue. 1. Kaxyuimiecs yekopenus mopTaTHBHOrO YCTDOHCTB2, BO3HHKAIIINE BO BpeMs X0IbOH. [aHHbe
TPEX YYaCTHHKOB SKCNEpHMEHTa

Ha npencraBienHbix rpadmkax BHIHO, UTO naHube. nogyger

TOXONKH YesloBeKa No 3THM 0csiM. ONHAKO BHIENHTh WAGJIOH [0 yrioB0i CHODOCTE vy
OCH Y cjoXKHee, TaK Kak B XOJle 3KCHIEPHMEHTa y Beex YYaCTHHKOB CTOS/a 325292 mpos-
TH NMEHHO TI0 AyrooGpasHoi JHHHM, YTO MOCNOCOGCTBOBAMO [AONOAEHTEILHEM BDaLIeHHAM
no ocH Y (BCe y4aCTHHMKH NPeANOu/H NOJNOMKHTE CMAPT(OH B KapMaH CBOMX ODIOK TOpLOM

BHH3 — 3TO NPHBEJIO K OPTOTOHAILHOMY PacloJIOXeHHIO OCH Y K MOBEPXHOCTH 3emix).

Eme OIHHM HEMaJO0BaXKHbIM OTAHYHEM SBJSIOTCH MepHoAbl nIara. ¥ [IEPBOTO H TPETHETO
HEJIOBEKa 3TOT NepHuo] MeHblle, yeM Y BTOpPOro — 3aTo FOBOPUT HaM O TOM, 4YTO BTOpOi‘;I rnpoinen
AHCTAHIIHKD HEMHOTO 6bICTpe€.
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Puc. 2. CkopocTy BpallieHHs NOPTaTHBHOIO YCTPOHCTBA BOKPYT CBOWX OCEli, BOSHHKAIOLIHE BO BPEMs
xoab0bl. JlaHHble TPeX Y4acTHHKOB SKCIIEPHMEHTa

Ha rpagurax maHHEIX akceJepoMeTpa TaKXKe MOXHO MPOCJAEUTH TEePHOLHIALKIO, Ofi-
HaKo S5TH JaHHbie NONBEPTHYTH 4yTb OOJBIIMM IIyMaM, YeM y THPOCKOIA, 4TO 3aTPYAHHT
HIeHTHOHKALKIO BAafe/blia U COCTaBJeHHe mabiona.

3armouenue

PesysibTaTsl IPOBEIEHHbIX SKCICPUMEHTOB NOATBEPXKAAIOT BEIABHHYTYIO PaHee TUNOTesy,
YTO MO3BOJSET HaM TPOAOJKHThL HCCIEIOBAHNS B NaHHOM HalpaBJeHHH.

CuienyiomumM 11arom MJIaEHPYeTCs aBTOMATH3HPOBATh BhIE/ieHUe MabioHa M HAYYHTHCS
pacnosHaBaTh ABHKEHHE UeJIOBEKA 110 yrKe UMeloInMes ab/ioHnam. YUHThBast HeNGCTOSHCTRO
JIBHXKEHHST ¥ MOTPELIHOCTH YCTPOKCTB, CUCTEMY 4aBTOMAaTH3alUMH HYXHO GyLer NocTpoHTh ¢
BO3MOXHOCTBIO caMooOyuenusi. Kpome 3Toro, mabroHaM GyneT NPUCBOEH DsiI APWIUX rapa-
MEeTPOB B 3aBMCHMOCTH OT pemiaeMol 3agauu. Tak, [/ 3aay HHepPLHaJbHON HABHTALHK HMH
BBICTYNAT CKOPOCTh ¥ AJIHHA NDOHAEHHOTO MyTH.
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DETERMINATION OF THE UNIQUENESS OF HUMAN GAIT
USING INERTIAL SENSORS OF PORTABLE DEVICE

Stolyarov Alexander Yuryevich

Postgraduate Student, Department of Computer Science and Experimental Mathematics,
Volgograd State University

stolyarovalex@list.ru, kiem@volsu.ru

Prosp. Universitetsky, 100, 400062 Volgograd, Russian Federation

Abstract. The article demonstrates the uniqueness of human gait based on
data from inertial sensors of portable device. The assumption of the possibility of
developing a gait model for every human, which consists of a series of patterns
ol different states of human movement: walking, running, climbing stairs, was
made.

Then a number of software was developed. The first program receives
measurements from inertial sensors on mobile devices with the Android operating
system, processes the data using a low-pass filter and stores them in the device
file system. The second program processes the data from the stored files, produces
their segmentation and visualizes in graphs. ,

To confirm our assumption, an experiment was conducted using the developed
programs. 10 people participated in the experiment. The obtained experimental
data are periodical and different for every human. During data analysis, it was
also observed that the rotation rate around the axis of the device (gyroscope
data) demonstrates the diiference between human gaits better than the proper
acceleration (accelerometer data).

The results of the experiment prove the possibility of creating a template of
human walking and allow us to continue research in this direction.

Key words: human gait, accelerometer, gyroscope, rotation rate, proper
acceleration, low-pass filter, identification by gait.

ISSN 2222-8896. Bectn. Boarorp. roc. yu-ra. Cep. 1, Mar. ®us. 2015. Ne 1 (26)



