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METO/IbI PACIIO3BHABAHUSI )KECTOB HA OCHOBE
JTAHHBIX TPEXOCEBBIX AKCEJIEPOMETPOB ANDROID
YCTPOUCTB

CraTbsl MOCBsIIEHAa aHAIN3Y METOJOB PAaclO3HABAHUS KECTOB Ha OCHOBE NMOKA3aHHH
TPEXOCEBBIX AaKCEIePOMETPOB MOOWIIBHBIX YCTPOMCTB. PaccMOTpeHBI OCHOBHBIE METOJBI
MAaIIMHHOTO OOY4YeHHs NPHUMEHUTEIBHO K 3ajade Kiaccuukanuu xecToB. IIpousBenena
HayanbHasi 00paboTKa JaHHBIX, OTOOp MPU3HAKOB M BHIITOJHEHO CPaBHEHHE AJITOPUTMOB C
NpUBeNIeHneM KadecTBa pacniozHaBanust. .. 4. Ta6n.: 1. bubnuorp.: 11 Ha3s.

KnroueBble c10Ba: pacrio3HaBaHHE KECTOB; TPEXOCEBbIE aKCEIEPOMETPhI; MOOHMIIBHBIE
YCTPOMCTBA; KilacCH(DUKAITUS.

ITocrtanoBka  mpoOsembl. Pacno3HaBaHue  JKECTOB  SIBJISIETCS
MEPCIEKTUBHBIM HAINPABICHHEM pa3BUTUS HWHTEPPEHCOB B3aUMOJICHCTBUS
YeJIOBeKa C TEXHUKOW B PEKHMME PEeabHOTO BPEMEHH, KOTOpBIE B Oyaymiem
BITOJIHE CMOTYT 3aMEHHTH TEKCTOBBIC U rpadudeckue mHTEpdeiicel. bobimas
9acTh CHOCOOOB, HANpaBJICHHBIX HAa pacloO3HABaHUE IKECTOB, IPUMEHSIET
TEXHUKH KOMITBIOTEPHOTO 3peHust U 00paboTku u3oopaxkenuit [1]. st atoro
HEOOX0IMMO HaJM4Yhe KaMmep M MPHUCYTCTBUE UYEIOBEKAa B 30HE BHIUMOCTH.
Eme onHum crnocoOoM sBiISE€TCS aHaIU3 IOKa3aHUl aKceIepoMeTpoB U
THPOCKONIOB ¢ ycTpodcTB.  CamMbIM  HW3BECTHBIM  KOHTPOJUIEPOM,
UCIIOJIB3YIOLIMX TaKO# THUI paclo3HaBaHuUs KecToB, sBisieTcs Wil Remote [2]
st urpoBoit kouncosu Wii ot komnanuu Nintendo.

PazButne  MOOWJIBHBIX ~ TEXHOJOTHH H  YCOBEPIICHCTBOBaHHE
TEXHOJIOTUYECKUX MPOLIECCOB BEAYT K YMEHBIICHUIO Pa3MEPOB U YBEIIMICHHUIO
MOIITHOCTEH MOOWJIBHBIX YCTPOWMCTB, TMOSBICHUIO HOCHMOMW DSJIEKTPOHUKH,
OCHAIIICHHOW Pa3HBIMH JTaTYNKaMU. BOTBITMHCTBO COBPEMEHHBIX CMapT(HOHOB
00ajafoT  BCTPOCHHBIM  TPEXOCEBBIM  AKCEIIEPOMETPOM, C  IIOMOIIBIO
KOTOPOTO, HaIPAUMEP, PeaT3yeTcsi BCEM MPUBBIYHAS (QYHKIUS aBTO-TIOBOPOTA
muctuies. OCHOBHOE TpenHa3HAUYEeHUE TAaKOro JaT4MKa — MPEIOCTaBIICHHE
UHPOpPMAIIMA O TEKYIIeM YCKOPEHHH YCTpoiicTBa (pa3sHOCTH YCKOPEHHUs
YCTPOWCTBA M YCKOPCHHS CBOOOJHOTO TMajcHHs). B COCTOSHHH IMOKOS
MOKa3aHMs JaTYMKa COBIAIAIOT C BEKTOPOM YCKOPEHHS CBOOOIHOTO TaICHUSI.

Bce Gonee pacrpocTpaHeHHBIMU M JIOCTYITHBIMHA Ha PBIHKE CTAHOBSTCS
"yMHBIE" Yachl, KOTOpbIE TOXE MpeAcTaBisiloT coboit Android ycrpoiicTBa,
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TaK)K€ YacTO OCHAIIEHbl aKCEJIepPOMETPOM U JPYIMMH JaTyuKaMu. Takxke
OecIpOBOJIHbIE YCTPONCTBA MAJIBIX Pa3MEPOB, OCHAIIEHHbBIE aKCEJIEPOMETPOM,
MOTYT OBbITh BCTPOEHBI B OACKIY JUOO IpYrue MepcoHalbHbIE AJIEKTPOHHbIE
ycrpoiicTBa. Pacno3HaBaHue *ECTOB MO3BOJISET J100aBIATh pa3Hble (YyHKIIMU
HE TOJBKO sl paboThl C CaMUMHU YCTPOMCTBaMHM, HampuUMep, YIpaBieHUE
MeJHarieepoM WM BKIIOYEHHE Kamepbl, HO U Uil padOThl C JIPYrUMH
YCTPOWCTBAMH U TPHIIOKEHUSIMH Ha KOMITBIOTEPE, HalIpUMEpP PHCOBAHUE HITH
HCI0JIb30BaHNE MOOUIIBHOTO YCTPOMCTBA KaK KOHTPOJIJIEpa B UTpax.

[lockonbKy pacrmo3HaBaHUE IKECTOB  SIBJISIETCS  MEPCHEKTUBHBIM
HaIpaBJICHUEM B3aUMOJECHCTBUS HHTEpQEcoB, TO HEOOXOAUMO IPOBECTH
JIOTIOJTHUTEIbHBIE HCCIEIOBaHUS MOJEIed W METOJIOB paclo3HaBaHUs
JBATATEIBHOM AaKTUBHOCTM ToJsib3oBaTens. [Ipm wm3ydeHum nperaMeTHOU
o0nacTu He ObUIO BBISBICHO MCCIEAOBAHUMN, CBSI3aHHBIX C MPUMEHEHUEM
rpynmnoBeix (ensemble) meronoB kiaccuUKAMKM OTHOCHUTEIIBHO 33Ja4yd
pacrnio3HaBaHus xectoB, kpome Random Forest [3]. [TosTomMy ObLIO PUHSTO
pellleHre HcCIeloBaTh TIPYNIOBbIE alropuTMbl, Takue kak EXxtra Trees
(Extremely Randomized Trees), Random Forest, Gradient Boosting, a Taxxke
ucrosb30Bath Metos Bagging (cokpamienue ot "bootstrap aggregation”) s
OOMIETIPUHATHIX I AaHHOro kKiacca 3amad amroputMoB KNN u SVM.
Bagging mpencrasiser co6oit kimaccu(UKATOp, COCTOSIIHA X HECKOJIBKHX
KJIaCCU(UKATOPOB, OOYYEHHBIX Ha CIy4alHBIM 00pa3oM CreHEpHUpPOBAaHHBIX
BBIOOpKaX, JaHHbIE B KOTOPBIX MOTYT IepecekaThcsi. OObIUHO MPUMEHSIOT
TaHHBIA METOJ| JUIS AEPEBHEB PEIICHU, TOCKOIBKY HX KOMOMHAIIUN XOPOIIO
paboTaloT MpU HOCTPOCHHUU MoOjienel, OOydyeHHBIX Ha pa3jMuYHbIX YacTAX
BBIOOpKH, HO Take Bagging MoXHO NPUMEHUTh M K JIIOOOMY ApYromy
AITOPUTMY KJIacCU(UKAIIUH.

Anamm3 qutepartypsl. [Inarpopma Android mpenocTaBiisieT HECKOIBKO
JaTYMKOB, KOTOPbIC TO3BOJISIOT OTCJICOUTh JBH)KCHUE YycTpoiicTBa [4].
AKcenepoMeTp U TUPOCKON BCErJa OCHOBAHBI HA anmapaTHON COCTABJISIOLICH,
a JAaT4YWK TpaBUTALMH, JUHEHMHOTO YCKOPEHHsS W BEKTOP BpALIEHUS MOTYT
OBITH KaK armapaTHbIMHi, TaK U IIPOrpaMMHBIMU. HaTT-II/IKI/I ABHUKCHUS ITOJIC3HBI
AJIE MOHHUTOpPHHTA )IBI/I)KGHI/II\/’I YCTpOI\/’ICTBa, TAaKUX KaK HAKJIOH, BCTpPACKa,
IMOBOPOT HJIM B3MaX.

HeoGpaboTannsie  3HaueHWs, TMOJYYEHHBIE OT  akKcelepoMerpa
cmapTdoHa, TPEACTABISAIOT COOOM MacCcMB M3 TpPeX  OJJIEMEHTOB,
COOTBCTCTBYIOIIHUX TPEM KOOPAWHATHBIM OCAM, IIPUBCACHHBIM Ha pHC. 1.

3HaveHHsI AJIEMCHTOB MAacCHBa SIBJISIOTCS YCKOPEHHEM BOJIb OCH (C
YUeTOM FpaBI/ITaIII/II/I) H MOryT OBITH Kak IIOJIOKUTCIIBHBIMHU, TaK H
OTpHULIATENbHBIMU. 3MepsroTcs B M/c?. CTOMT OTMETHTB, 9YTO B@KHOI
0COOCHHOCTBIO KoopauHaTHOW cuctembl Android ycTpoiicTB sBisSIeTCS TOT
(dakT, 4YTO IpHU CMEHE MOJIOKEHUS YCTPOMCTBA OCH KOOPAMHAT HE MEHSIOTCH,
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T.. €CIIA CHa4ajla YCTPOMCTBO JEpPKaJIW B KHW)KHOW OPHUEHTALHMH, a 3aTEM
MEpPEBEPHYIIU B aIbOOMHYIO, TO OCH X U Y HE MEHSIOT CBOETO MOJIOKEHUSI.

¥
A

Puc. 1. Cucrema KOOpAMHAT JaTYMKOB ycTpoiicTtea Android

Oco0eHHOCTh JaTYUKOB MOOMJIBHOIO YCTPOWCTBA TaKXe B TOM, YTO B
COCTOSIHHH TIOKOSI aKCeJIepoMeTp cuMThiBaeT Bemmunny g = 9.81 m/c? [4], a
KOTJ]a YCTPOWCTBO HAXOJUTCS B COCTOSIHUM CBOOOJHOTO TAJICHUS U OBICTPO
yekopsieTest K 3emuie ¢ yekoperneMm 9.81 m/c%, TO aKcenepoMeTp CUMTHIBACT
Bemanny g = 0 m/c?. TakuM 0GpasoM, [isi H3MEPEHHS PEATbHOTO YCKOPCHHS
HEOOXOJMMO YCTPAHHUTh BKJIAJ] CHIIbI TSDKECTH M3 JJAHHBIX aKCeJIepOMeTpa.

AkcenepoMeTpbl B MOOHJIBHBIX YCTPOWCTBAX OOBIYHO HE SIBISIOTCS
OYCHb Ka4YEeCTBCHHBIMH, MO3TOMY CHUTHAJI COJEPKUT OOJIBIIOE KOJIUYECTBO
IIyMOB. YOpaTh BKJIJl CHJIbI TSDKECTH U IIYMbI U3 UCXOJHOTO CUTHAJIA MOYKHO
¢ nomorpio ¢uiabrpa Hu3kux (low-pass) u Beicokux (high-pass) wacror,
npocreiiimue peanu3aimu KoTopbix (dopmynast 1 um 2) mpemiaraiorcs B
noxkymenrtaruu Android [4]:

g =axg ,+(1-a)x, D
ace = - g, @

rie g — M30JIMpOBaHHAs CUJIa TpaBUTALMU; Vi — HeoOpaboTaHHBIE, "ChIpbIe”
JaHHBIC, MMOJIyYCHHBIE OT akcejlepomeTpa; o — koHcTanta; O£a £1, acc —
YHUCTOE YCKopeHue (0e3 yuera rpaBUTAIUH).

OWIbTPbl BBICOKMX M HUKHHUX YacTOT JOBOJIBHO YaCTO HCIOJIb3YHOTCS
pu 00paboOTKe JaHHBIX C JAaTUYMKOB, Oyarojgaps npocrore u 3(h(PpeKTUBHOCTH.
Taxoxe nonynsipHsl ckosb3suiee cpeanee u puibtp Kanmana.

Bce npeapiaymue pa®oTsl B 007acTU pacro3HaBaHUS JKECTOB MOYKHO
pa3nenuTh Ha JIB€ IPYIIbl: OCHOBaHHbIE Ha IIA0JOHAX M OCHOBAHHBIE Ha
Mozensx. [IpuHuun pa®oThl MEPBBIX 3aKIIIOYAETCS B XPAHEHUU ''ITAJOHHBIX"
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’KECTOB W JAIBHEHIIEM MX CPAaBHEHUH C BBIIOJHEHHBIM JKECTOB MIPU ITOMOIIH
Pa3NMYHBIX METPUK PACCTOSHUS, HAPUMEp E€BKIMAOBON MeTpuku. K Takum
aNropuT™MaM MOKHO oTHecTn UWave [5], koTopblil 1o 3asBIICHHSIM aBTOPOB
MO3BOJISIET ¢ TOYHOCTRIO 70 98% pacmo3HaTh COBEPIICHHBIN KecT. [laHHBIH
QITOPUTM HMCIIOJIb3YEeT B CBOEH OCHOBe japyroit amroputm — DTW [6, 7]
(Dynamic Time Wrapping, /[unamuueckas Illkama Tpaucopmanuu
Bpemenn), KOTOpBIi 4YacTo MpHMEHSeTcss B 00pabOTKe BHICO, Aayauo,
pacro3HaBaHUM PEUYN U UCIIONIB3YET paccTosiHue JleBeHmTenHa.

CrarucTudeckne MeETOMbl, HAalpUMEp, TaKue KakK IIHPOKO H3BECTHHIE
Cxpeitbie Mapkosckue Monenu (Hidden Markov Model, HMM), 6a3upyrorcs
Ha BEPOSATHOCTHOM HMHTEpPHpPETAlUU 00pa3loB KECTOB Ui MOJEIHPOBAHUS
TpaekTopuu Kecta. B  goBosbHO uW3BecTHOH pabore Schlomer [8]
ucnonp3oBanace HMM, ontumusupoBannas anroputmMom bayma-Benbma C 8
coctossHUsIMU. JlaHHble KecTa Tiepen TeMm, Kak momactb B HMM,
[pelBapuTeNIbHO  0oOpabarbiBanuch AByMs ¢uinbTpamu. IlepBbiif, Tax
Ha3bIBaeMbIil "(puiabTp mpoctos”, MmpeacTaBisieT coOOH MOPOroBbid (GUIBTP,
OTOpachIBAIOIINIA BEKTOpa JaHHBIX, HE BHOCSIIMX 3HAYMMBIM BKIAJ B
XapaKTepUCTUKY JKecTa. BTopoit ¢GuibTp ycTpaHssl BEKTOpPBI, KOTOPHIE
MPUOIM3UTETHHO TTOXO0KU HA MTPEIBITYIIHHA.

JIOBOJIbHO YacTO MOXHO BCTPETUTh HCIOJIb30BAHUE METOJ]Ia OIMOPHBIX
BektopoB  (SVM) [3, 9] B kauectBe kiaccupukatopa. MeTopl,
0azupyromuecs Ha SVM, 00bI9HO 0071a/1a0T MEHBIIIUMHU BBIYHCIUTEIIBHBIMHU
TpeOOBaHUAMU BO BpeMsl KiacCH(UKAIIUH, YTO JIENIACT UX MPUBJICKATECIHHBIMHU
IUTSL MICTIOJTb30BaHMS Ha MOOMIIBHBIX YCTPOHCTBAX.

[TockonbKy OIUH JKECT MpeAcTaBisieT cob0oii HaOOp JAHHBIX U3 TPEX
BEKTOPOB T10 OCSIM X, Y ¥ Z, a TAaK)K€ BPEMEHHU MOJYICHHUS KaXkK 10 KOOPIMHATHI
B HaHOCEKYH/Jax, /Ui JajbHeilel paboThl ero He0OX0AUMO NPEACTaBUTH B
BUJIE OJHOrO BEKTOpa, MpU ITOM COXpaHUB HauOojiee BaKHbIE
XapaKTePUCTHUKH kecTa. JlJisi permeHus mpooieMbl YMEHBIICHHS Pa3MEPHOCTH
MO>KHO BOCIOJIb30BaThCsl aIrOpUTMaMHu KilacTepusanuu, Hanpumep K-Means
[10] (K-Cpennux), mu6o PCA [11] (Principal Component Analysis, Meton
[JIaBHBIX KOMIIOHGHT) — CTaTHCTHYECKON MpOLCAYphl, HANpPABICHHOW Ha
YMEHBIIIEHUE Pa3MEPHOCTH C MUHUMAJIbHON NIoTepel nHpopMaLuu.

B pa6ore [8] mis atux 1enei ObuT UCOIB30BaH anroput™m K-Means, ¢
K=14. Yucno K Obl10 BBIOpPaHO SMIMPUYECKH, IIYTEM PACIOJIOKEHUS
LIEHTPOB KJIACTEPOB B TPEXMEPHOM CHCTEME KOOpJIMHAT IO OCsIM X, Y U Z
dbopmMupys TakuM o0pazom chepy.

Heabwo muccienoBaHusi SIBISCTCS CPABHUTEIBHOEC HCCICIOBAHHE
IPYIIIOBBIX aIrOpUTMOB Kitaccudukanuu Random Forest, Gradient Boosting u
Extra Trees u mnpumenenue texuuku Bagging s amroputmoB KNN
(K-ommxkaitmux  cocenedl) u  SVM  (MeTom  ONOPHBIX — BEKTOPOB),
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INPUMCHUTCIBHO K 3aaa4yc€ paclioO3HaBaHHsA KCECTOB Ha OCHOBC JaHHBIX
TpexoceBbIx akcenepomerpoB Android ycTpoiicTs.

CucremMa  pacmo3HaBaHHMsi  JKecTOB. Pabora  cHCTeMBI IO
pacro3HaBaHHIo )KeCcTOB (PUC. 2) COCTOMT M3 CIEAYIOIINX JTAMOB. MOJIYUYCHHE
JMaHHBIX, (UIbTpamUs, yMEHBIICHHE pPa3MEPHOCTH W/WIM  BBIICICHUC
MIPU3HAKOB, KJIacCU(PUKAIIHS.

v

YMeHbLUeHWE Otbop
‘@HﬂpraEJ'HH H pasMepHOCTIA H NPU3HAKOB H Knaccudimkauma

Puc. 2. Cxema paboThI CHCTEMBI PACIIO3HABAHMUSI KECTOB

[Tpu pabote ¢ marumkamu B Android ecTh BO3MOYKHOCTH BBICTaBUTH, C
Kakoil 4YacTtoToi OyayT ompamuBaThCs AaTdyuku. B naHHOW pabote Obuia
BbiOpana uactota ompoca B 20,000 mMukpocekyHna (4TO COOTBETCTBYET
3naueHnio SENSOR_DELAY_GAME B 1oKyMeHTAIUH).

@unpTparys SABISETCS HEOOXOIMMBIM 3TAllOM, MOCKOJIBKY B MCXOJIHOM
CHUTHAJIE TPUCYTCTBYIOT IIYMBI W pa3Hble MAaTYMKH OOJNIAal0T pa3HOM
KanmuOpoBkoi. s ¢unbTpanuu B JAaHHOW padoTe OBUIM HCIOJIb30BAHBI
GuabTpel, TpeioKeHHbie B gokyMmeHTanumu Android co 3HaueHHeM
napamerpa o = 0.95.

Jljig yMeHbIIeHHs pa3MEepHOCTH ObLI UCHOJIb30BaH ajiroputM K-Means ¢
OJIHUM KJIacCTEpOM Uil KaxJ0HM ocu. Mayoe KOJIM4ecTBO BbIOpaHHBIX
KJIaCcTEpPOB OOOCHOBBIBAETCSl MCIIOJIB30BAHUEM JIOTIOJIHUTEIFHBIX MPHU3HAKOB,
c(OPMHUPOBAHHBIX HA OCHOBE MCXOIHBIX JaHHBIX.

OTbop  mpu3HAKOB  MpEACTaBIseT  co0oiM  mpomecc  BbIOOpA
XapaKTepUCTHK W3 JIaHHBIX, KOTOpbIE HMMEIOT Hamboliee TECHYIO CBS3b C
ueneBo mepeMeHHoil. Ilpu3Haku  QOpMUpPYIOTCS Ha OCHOBE  yXKe
CYIIECTBYIOIIMX TIEPEMEHHBIX B JaHHBIX, JUOO SBISIOTCS KOMOWHAIHEH
HECKOJIbKUX TepEeMEHHBIX. JIaHHBIM IIar sBIISETCS BaXKHBIM, TIOCKOJIBKY IPH
IPaMOTHOM TOJIX0/I€ TIO3BOJISIET YMEHBIINUTH TIepeoOydeHne MOJIeNH, U3BJICKas
TakiM 00pa3oM HEHYXHbIE TepEMEHHbBIE, COMBAIOIINE C TOJKY MOJIETh M
3aCTaBJIAIONINE €€ JIeNaTh JIO)KHBIE BBIBOJBI, TOBBICUTH TOYHOCTH, a TaKXKe
COKpAaTHTbh BpeMst 00y4deHHUs, IPU YCIOBUU YMEHBIIICHHS TPH3HAKOB.

[Ipu3HAKOB, TOJYYEHHBIX IIOCIIE 3Tama YMEHBIICHHsS pPa3MEpHOCTH,
MOXKET OBITh HE JOCTAaTOYHO /IS OOECIeYeHUs TPUEMIIEMOTO YPOBHS
pacrio3HaBaHusl kKecToB. s ymydmieHus KadecTBa ObUTH  T0OABJICHEI
creayromue npusHaku (B o0mem urore 28 mpu3HaKoB):

— IIEHTPHI KJIACTEPOB TI0 OCSIM X, Y, Z
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— cyMMa 1o ocsiM X, Y, Z

— cpelHee 1o ocsiM X, Y, Z

— MakCHUMYM 10 0CsIM X, Y, Z

— MUHAMYMY TI0 OCSIM X, Y, Z,

— CTaHJAPTHOE OTKJIOHEHHUS 110 OCSIM X, Y, Z

— cymma obmiero yeunenus (popmyna 3) [3];

— MUHMMYM, MaKCUMyM, CTaHJapTHOE OTKJIOHECHHE U CpelHee [yis
npooiibHOM ocu (nBrokenue "kpen”, roll, dopmyna 4) u nomepevHoit ocu
(mBmxenue "Tanrax”, pitch popmyna 5);

— BpeMsI BBITIOJHEHUS KeCcTa B HAHOCEKYHIaX;

a.(i) =/a, () +a,(i)* +a,()*, (3)

rae a,(i) — obuee yckopenne, a a(i)%,a,(i)?,a,(i)* — kBagparsl yckopenuit
0 OCSIM X, Y, Z COOTBETCTBEHHO.

N3 nokaszanuii akcesrepoMeTpa MOKHO M3BJI€Ub TaKUE JAaHHBIE, KaK yroJ
HakJIOHA st iponoJibHO# (roll) u monmepeunoii (pitch) oceii:

e 6
pitch = arctan® & =

— 7, (4
¢ Jaz+al

roll = arctange—= 8 ®)
& g

[Tomy4eHHsbIid 0 GopMyaM BBIIIE PE3yIbTAaT OYAET YIJIOM B paJudaHax.
Jlis mepBojga B Tpagychl pe3yiabTaT HeoOxoauMo yMHOXUTh Ha 180 u
pazaenuTs Ha yuciio [1U.

Takue TPOCTbIE CTAaTUCTHYECKHE TPU3HAKK, KaK CyMMa, CpenHee,
MeJMaHa, MakCUMyM, MUHUMYM M T.J. OObIYHO XOpOIIO paboOTalOT U HE
TpeOYIOT 0COOBIX BBIYMCIUTEIBHBIX PECYPCOB.

B nanHoi#t paboTe Hcciie10BaIiCh CIIEAYONIME THITBI )KeCTOB (puc.3):

— BJICBO;

— BIIPaBo,;

— BBEpX;

— BHU3;

— KpYr 110 4aCOBOU CTPEJIKE;

— KpyT [IPOTUB YaCOBOW CTPEIIKHU;

— KBa/JIpaT II0 YaCOBOM CTPEJIKE;

— KBaJpatT MPOTUB YaCOBOI CTPEJIKH;

— JlaTuHCKas OykBa Z.
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Puc. 3. Tumel uccnenyempIx ®KecToB

B ucnpiTanun npuHsaiu ydactue 4 yeinoBeka, CyMMapHO ObLIO cOOpaHo
1800 nosTopenwmii xectoB — o 200 g kaxkaoro Tuma. J[ins cOopa JaHHBIX
obuto pazpabortano Android-mpunoxenune. Hauano sxkecta 0003HAYAIOCH
HaOKATHEM KHOIKU B TNPHJIOXKCHUH Ha JUCIUICE, 3aTeM CIICAOBAI IPOLECC
BBIMOJIHCHUS JKECTA M OTYKATUE KHOIKM 03HAYAJIO 3aBEPIICHHUE KeCTa.

JUis  KaXJoro anropurMa  KjiacCU(pUKauuu ObulM  MOJ0OpaHbI
HAWJIY4IIMe TapaMeTphl MyTeM KPOCC-BaJHMIALMU 110 CETKE MapaMeTpoB. Bee
pacueThl BBIMOJHSINCH C KCIOJIb30BaHHEM si3bika Python u OubnmoTexu
mamuHHOro oOydenust Scikit-Learn ¢ ucnosb3oBanuem mnaketoB Pandas u
Numpy.

Anroputmbl knaccudukanmun KNN u SVM o4eHp 4yBCTBHTENBHBI K
BXOJIHBIM MapamerpaM. Ha Habope MaHHBIX ¢ OTOOpaHHBIMU MTPU3HAKAMH OHH
JaBalld O4YeHb HHM3KOE KA4eCTBO, IMO3TOMY [UIi HHUX OBUIO TpPUMCHEHA
CTaH/IapTU3AIMs IPU3HAKOB MYTEM YIAJICHHs CPSJHEr0 M MacCIITa0OMPOBaAHHUSI
C enuHMYHOW jucrnepcuer (ucmonp3oBasics kimace StandardScaler  us
OMOIHOTEKH).

Bcs BbIOOpKa nenmuiiach CTpaTuUIMPOBAHO (Ui FapaHTUU HAIWYHS
OJTMHAKOBOTO KOJHMYECTBA THUIIOB JXECTOB B KAKIOW YaCTH) MO MPUHIHUITY
70/30, 70% 13 KOTOpPOW HCIOJB30BAINUCH HA ATare Kpocc-Baaumanuu (mo 5
o1o0kam), a 3ateM 30% TECTOBBIX JAHHBIX ICIWIMCH MO nmpuHIMny 60/40 mis
oOydeHHs] U TeCTUpOBaHMsA. Takum 00Opa3oM HUTOTOBas IPOBEpPKA KavyecTBa
paboThl AITOPUTMOB MPOBOAMIACH HA TOW YacTH BBIOOPKH, KOTOpas He
NpUHUMAJIa y9acTHe B KpOCC-BalUAalMu U 00ydeHuu. [1Jis OlEHKH KavyecTBa
KPOCC-BaJIMJIallMK UCII0JIb30BaJIaCh B3BelleHHAs F-mepa.

[Tpu BBIYUCICHUN UTOTOBOM OICHKH YYUTHIBAJIMCH HECKOJIBKO METPUK —
TOYHOCTb, TMOJIHOTA ¥ F-Mepa, KOTOpbIe BBIYMCISUIACH JUIS KaXIOro Kiacca
kecta. B Tabnuie HuMKe NpHUBEIACHBI PE3yNbTaThl PabOTHI aJTOPUTMOB
(oTcopTHpOBaHbI 10 YOBIBAHUIO KAUeCTBA).
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Tabnmia

KauecTBo Ki1accudukanmm anropuTMoB

ANroput™M Tounocts | Ilomnora | F-mepa
ExtraTrees 95,1 % 94,8 % 94,8 %
SVM + Bagging 94,4 % 93,8 % 93,9 %
SVM 94,3 % 93,9 % 93,8 %
KNN 92,6 % 92,0 % 92,0 %

KNN + Bagging 92,3 % 91,5% 91,6 %
Random Forest 91,9% 91,5% 91,6 %
Gradient Boosting| 87,6 % 87,3% 87,2%

Ha puc. 4 mnpuBemena wmarpuila HETOYHOCTEH A alIroOpuTMa,
MOJIYYMBILETr0 CaMyIO BBICOKYIO OLIeHKY — EXtra Trees.

Ly
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Z Wl
T T T T T T T 4 — 0.0

Puc. 4. Marpuiia HeTouHocTel uist anropurma EXtraTrees

[lo marpune BUAHO, YTO 3HAYMMBIX OTKJIOHEHUH He HaOmomaercs u
QITOPUTM pEAKO OIIMOAETCsl, B OCHOBHOM BCE YKECTHI PACIIO3HAIOTCS BEPHO.
TpynHee Bcero, 1O CpaBHEHHUIO C JPYTUMHU JKECTaMH, IOAJAETCS
pacrio3HaBaHHe XecToB Z WM BHHM3 — /ISl HMX TOYHOCTH cocraisier 88%.
CaMbpIMH YCIICIIIHO pacro3HaBaeMbIMK Jxectamu (Tounocts 100%) siBisiroTcst
KECTbI BBEPX, KPYI'H U KBaJIpaT MPOTUB YaCOBOI CTPEJIKH.

BriBoabl. [IpoBenieHHOE B paboTe Mcciea0BaHue TTOKA3allo0, YTO BIIOJIHE
BO3MOKHO JOOHWTBCS KadecTBa pPACIO3HABAaHUs KeCTOB Omm3koro k 95%
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WCIIOJIB3Ysl JIUIIh MTOKAa3aHUs aKCeJIepOMeTpa MyTeM H3BJICUCHUS HECIIOXKHBIX
MIPU3HAKOB ¥ IPUMEHUB OJWH U3 TOMYJISIPHBIX AJITOPUTMOB KIacCU(UKAIIIH.

B paGoTe mpoBeneHO cpaBHEHHE TPYNIOBBIX METOJIOB KiIacCU(PHUKAIIUN
W UCToJIb30BaHa TexHuka oerrunr i anroputMoB KNN u SVM, gto, B cBOTO
odepeb, MpUOTU3WIO X K paspsay TpyNIoBbIX. PaHee HE MCMOJIb3yeMBbIH,
MPUMEHUTEILHO K 3a7ade KiIacCH(UKAIMK KECTOB HAa OCHOBE JaTYMKOB
MOOMJIBHBIX YCTpOMCTB, anroputm Extra Trees mnokazan Haumyymue
pe3ynbTaThl B CPAaBHEHUHU C IPYTUMU, U B OCOOCHHOCTH, C OJIM3KUM IO CBOCH
cyru anroputMom Random Forest.

[Ipu ucronp30BaHNU B JOTIOJTHEHUH K aKCEIIEPOMETPY MOKA3aHUN TaKMX
MATYNKOB, KaK THUPOCKON W MArHUTOMETP, ¥ U3BJICUCHHUS U3 HHUX
JOTIOJTHUTEIBHBIX TPU3HAKOB, BIIOJIHE OCYIIECTBUMO JOOUTHCA Oosee
BBICOKOTO KauecTBa pacmo3HaBaHus. lcciemoBaHusi MO JTaHHOW TeMaTHKE
MO3BOJIAIOT MCTIOJIh30BaTh MOOMIIBHBIE YCTPOMCTBA KaK CPEACTBA ISl pabOTHI
C JIOTIOJHEHHOW pEeabHOCTHIO, a TaKKe KakK CpeJCTBa YIpaBJICHUS
uHTepdericaMu, B 0COOCHHOCTH Ha HOCHMBIX YCTPOMCTBAX, TAKMX KaK YMHBIE
qachl U (UTHEC-TPEKEPHI.
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CraTbsl MOCBsIIEHAa aHAIN3Y METOJOB PAaclO3HABAHMUS KECTOB Ha OCHOBE MOKa3aHHH
TPEXOCEBBIX AaKCEIePOMETPOB MOOWIBHBIX YCTPOMCTB. PaccMOTpeHBI OCHOBHBIE METOJBI
MAaIlIMHHOTO O0y4YeHHs MPHUMEHUTEIBHO K 3ajade Kiaccuukanuu xecToB. lIpousBenena
HayanbHasi 00paboTKa JAaHHBIX, OTOOp MPU3HAKOB M BHIITOJHEHO CPaBHEHHE AJITOPUTMOB C
NpUBeNIeHneM KadecTBa pacniozHaBanust. .. 4. Ta6xn.: 1. bubmuorp.: 11 Ha3s.
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The article is devoted to gesture recognition methods analysis based on the readings of
three-axis accel erometers of mobile devices. The basic methods of machine learning applied
to the problem of classification of gestures. Conducted initial data processing, feature
selection and comparison of algorithms providing recognition quality results. Figs.: 4. Tab.: 1.
Refs.: 11 titles.
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