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HEKOTOPBIE TEXHUYECKHUE PELIEHUSI PEAJIN3ALIMU UHTEP®EVCA
YEJOBEK-YCTPOUCTBO

A. B. 'YBAHORB', T. B. XEMYYKKHHA, T. B. HOCOBA, . B. HOCOBA

Kagheopa buomeouyuncroii undicenepuu, Xapbkockuil HAYUOHANbHIIL YHUBEpCUMem paduodiekmponuku, Xapvros, YVKPAUHA
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AHHOTAIIHA. [Ipobrema ynpagienus 6HeWHUMU YCMPOUICMBAMU C NOMOWBIO PA3TUUHBIX UHMEPhelico8 A8nAemcs akmyanbhou. B
cmamve NPOaHATU3UPOBAHBL CYUeCMBYIoujUe MmexHuYecKue peuenus peatuayuu unmeppelicos 4eio06ex-ycmpoLcmeo, onpeoenetsl
OCHOGHble HedOCmamKu (NpOBOOHAs C653b MeJICOY CecMEeHMAamu U YRpagisieMblM YCMPOUCMEOM, HATUYUE 6bIHOCHO20 ONOPHO2O0
NeKMpPo0a), NPeonodcenbl peuteHus Oas ux ycmpanenus. Paspabomanvr cmpykmypHas u (yHKYUOHANbHAS CXeMbl YCMPOUCmad,
OCHOBAHHO20 HA PE2UCIMPAYUU INEKMPOMUOZPAPUUECKO20 CUSHANA C YHEMOM NOJONCEHUS. 00bEKMA 8 NPOCMPAHCMEE.

Knwuesvie cnosa: 6paciem, oamuux, osudicenue, dxcecm, unmepghelic, KOHeUHOCMb, MbIUYA, INEKMPOMUOSPADUA NOBEPXHOCMHASL

SOME TECHNOLOGICAL SOLUTIONS OF REALIZATION OF HUMAN
INTERFACE DEVICE

A. GUBANOV', T. ZHEMCHUZHKINA, T.NOSOVA, Y. NOSOVA

Department of biomedical engineering, Kharkov National University of Radio electronics, Kharkov, UKRAINE

ABSTRACT Recognition of gestures is an actual and important problem. This technology can be applied in various fields of human
activity: management of computers and household appliances, creation of a natural human-machine interfaces for the deaf people,
manipulation of three-dimensional models of objects, virtual reality applications, management of multicopters and exoskeletons. The
purpose of this work is to analyze existing technical solutions of the human interface device implementations and identify
disadvantages of these devices, as well as offer some technical solutions to eliminate these disadvantages. There are many
fundamentally different systems that implement the motion detection of human limbs: systems using surface electromyography,
systems using video camera, systems based on the emission and reception of infrared light, systems using different resistive sensors
sewn into clothing. This work is devoted to systems based on the method of surface electromyography. In this work we proposed
technical solution for the implementation of the device, based on the detection of electromyographic signal, taking into account the
position of the object in space, developed structural and functional schemes of the device. This device is supposed to be implemented
on the base of Wi-Fi network technology. To reduce the energy consumption it is necessary to use energy-efficient software
algorithms. The proposed implementation of the human interface device has no disadvantages of described analogues: a wired
connection between the segments, the presence of a reference electrode. The prospect of working is to optimize the gesture
recognition algorithms, testing of these algorithms, study of the possibilities of simultaneous repetitions of movements, definition of
the limits of speed and number of degrees of freedom of movement.

Keywords: bracelet, gesture, interface, limb, motion, muscle, sensor, surface electromyography

BBenenne nHTepdeiicoB I TIIyXOHEMBIX, MaHUITYJISAIHS

TPEXMEPHBIMH ~ MOJICNIIMH ~ OOBEKTOB,  ITPHIIOKCHHS

UuTtepdeiic YeJIOBEK-yCTPONCTBO (Human  BupryampHOU peanbHOCTH, yIpaBJlieHUE
Interface Device — HID) — «kjmacc yCTpOWCTB,  KBaIpOKOMTEpaMHU U 3K30CKeIeToM [1].

[IPEHA3HAYEHHBIX U1l B3aUMOJEUCTBUS C YEJIOBEKOM,
BKJTIOUAIONUH B ceOs Takue YCTPOUCTBA KaK KJIaBUATYypa,
MBIIIb, UTPOBOM KOHTPOJUJIEP U APYTHE.

B ocHOBy pa0OThI JaHHBIX YCTPOMHCTB IOJIOKEH
OPUHLMII ~ PAaclO3HAaBaHMsI  JKECTOB  ueloBeka. B
JUTepaType 3aJady paclio3HaBaHUS JKECTOB PYKHU
TPaKTYIOT MO-Pa3HOMY: BBIUKCICHHME IO3UIUM JIaJIOHH,
IUIed W KOHYMKOB TIANBICB PYKH, WIACHTUDUKAIHS
KOHQUTypallud ¥ TPACKTOPUU IBIKCHUS PYKH W T.J.
PacnioznaBanue *ecToB sSIBIsSIETCS aKTyaJbHOW M BaKHOU
3azadyeil. J[aHHYI0 TEXHOJIOTHMIO MOXXHO HPUMEHSTH B

Ha naHHBIT MOMEHT CYHIECTBYET MHOKECTBO
NPUHIUIIHATBHO ~ pa3HBIX  CHUCTEM,  peaU3yIONIUX
OTpeNeieHHe  IBMXKCHUS  KOHEYHOCTEH  YesOBeKa:
CHCTEMBI c HCIIOJIH30BAHUEM MTOBEPXHOCTHOI
3JIEKTPOMHOTpadH; CUCTEMBI, PETUCTPHUPYIOIIHE
JIBIDKCHUSI ¢ TIOMOUIBIO BHIEOKAMED M aHAIN3UPYIOIIHE
nmonydeHHele m3o0pakeHus (Kinect [2]); cuctemsr Ha
OCHOBE W3IIydeHUs W Ipuema HH(]pakpacHOro cBera
(Multitouch Table [3]); cucTeMBl ¢ NpUMEHEHHEM
Pa3UYHBIX PE3UCTUBHBIX JATYMKOB, BIIHUTHIX B OJCKIY
(Project FineSkills [4]).

pasNUuHBIX ~ OOJACTSAX  JESATENbHOCTH  4eJOBEKa: OpHako  Bce  CYLIECTBYIOIIME  pealld3aluu
yIOpaBJlIeHHE KOMIIBIOTEPOM M OBITOBRIMH NpHOOpaMu, uHTepdeiica 4eloBeK-yCTPOUCTBO TOBOJBFHO T'POMO3AKH.
co3/laHue €CTECTBEHHBIX YeNOBeKO-MAIIMHHBIX  J[ma cucreM  aHamm3a  HM300paXXeHHS M CHCTEM,
BICHUK HTY "XIII" Ne 62 (1171) 52
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ocHOBaHHBIX Ha d¢dekre Jlomiepa, HEOOXOAUMO
HAXOAWThCS  HAa  (UKCHPOBAHHOM  YAaJ€HHH  OT
ycrporictBa. CHCTEMBI, TOCTPOCHHBIE HA  OCHOBE

HOBerHOCTHOﬁ MI/IOI”pa(i)I/II/I, UMCIOT HOPEUMYIIECTBO
Cpean HU3BECTHBIX CUCTEM, TaK KaK OHHU BBIIOJHAOT
HeHOCpeJ.'[CTBeHHLIﬁ aHaJIu3 paGOTH MBIIIII.

ean padoTsl

Lembto paboTHI ABISETCS aHAIN3 CYMIECTBYIOMINX
TexHnueckux pemeHudt HID ycTpoiicTB, BbIsIBIEHUE
HE/IOCTaTKOB 3THUX YCTPOHCTB, a TaKXe MpPEIIOKEHHE
HEKOTOPHIX TEXHUUECKUX PEIICHHUH ISl yCTPaHSHHS dTHUX
HEJ0CTaTKOB.

HN3no0xxeHHEe 0CHOBHOTO MarTrepuaJja

CymecTBytoniyie ~ ycTpolCTBA  Ha  OCHOBE
MOBEPXHOCTHONH  MuorpaduM  BBIIOJHEHBI B BUJE
pa3NuYHBIX OpacieToB, MpeAHa3HAYCHHBIX IS HOIICHHUS
Ha pyke. TumoBoe pemieHHe Takoro Opaciera — 3TO
panuasbHO pa3MEILICHHBIE OJOKM, KaKAbIH M3 KOTOPBIX
mpeacraBiseT coboit cermeHT Opacnmeta. Kaxaprid
CEerMEHT COJICPXHUT B cebe dyeKTpoMuorpadudecKkre
(OMI') osraexTpoabl W yCWIWTENb OWOTIOTEHIIHAIIOB.
I'maBHBI CerMEHT, KpOME OCHOBHBIX COCTaBIIIOIINX,
TaKKe COJCPXKUT OJOKM aHanmM3a W yNpaBJICHUS.
HekoTopsie cucremMbl coBMECTHO ¢ peructpauueid IMI -
CUTHAJIOB  WCIIOJIB3YIOT JAHHBIE IPOCTPAHCTBEHHBIX
JIATYMKOB, TAKMX KaK THPOCKOM U aKCEIEPOMETP.

IIpu  moctpoenun  wmHTepdelica  yenoBeK-
KOMITBIOTEP Ha OCHOBE IOBEPXHOCTHON MHOTpaduH €cTh
HECKOJIBKO IIPOOJIEM, CIIOKHO PEIIacMbIX B YCIOBHSIX
MHUHHATIOPU3alMM  TI0JIb30BATENILCKOTO  yCTPOWCTBA.
I'maBHO#t mpoOmeMoi ABHSAETCA peanm3alys CBSA3H
OTJIENIBHBIX CETMEHTOB Opaciera ¢ IJIABHBIM, B KOTOPOM
NPOMCXOMUT AaHAIN3 M  PAclo3HaBaHHE JIBH)KCHMS.
Peammzanmst  cBi3m  Mexay OJokamMM Ha  OCHOBE
MIPOBO/IHOM CETH IPHUBOJUT K NpOOJIeME T'POMO3JIKOCTH,
00yCIIOBIICHHOH OOJIBIINM KOJIMYECTBOM COEIUHHTEINEH,
Kak CIJIC/ICTBHE — yMEHbBIICHHE Ha/Ie)KHOCTH U KoMdopTa
UCTIONB30BaHMs  YCTpoicTBa. Bo3moxkHa peanuzanms
CBA3M Ha OCHOBE OECIPOBOJHBIX TEXHOJIOTHH, 3TO
yCTpaHseT MpoOsieMy OOJBIIOTO KOJTHYECTBA MPOBOIHBIX
COCIMHEHUH, HO TpH 3TOM TpedyeTcss HaIu4ue
OTJIENIFHOTO MCTOYHMKA MUTAHUS JUII KaKJOTO CerMeHTa
[5-71.

Ha cerogusmHuil €Hb CYIIECTBYIOT HECKOJBKO
peanmzanuii nHTEepdeiica YenoBek-KOMIBIOTEp HAa OCHOBE
OMT.

Nokia Research paspabatsiBator HID Ha ocHOBe
YeThIPEeX CTaHAAPTHBIX DMI -1aT4MKOB, CoepKaIIuX ABa
MPSIMOYTOJIBHBIX  AJIEKTPOJA, PACIIOJIOKECHHBIX MOMEpPEK
MBIIIIEYHBIX BOJIOKOH, a TaKKe OIOPHBIA 3JIEKTPOJ,
pAacrlosoKEeHHbBIH B MeCT€ MHUHUMAaJIbHOW MBIIIEYHOU
aktuBHOCTH (puc. 1) [8].

mm

Reference Electrode

Puc. 1 — Pacnonooicenue 31ekmpo0o8 6 ucciedo8aHusx
Nokia Research

B  cmocoGe, mpenmaraeMoM — Koprioparueit
Microsoft, ucrmonb3yercsi 1ecAaTh TOYEHYHBIX DJIEKTPOJIOB,
PacCTONOKEHHBIX BOKPYT PYKH B JiBa psipa (puc. 2) [9].

Puc. 2 — Pacnonoowcenue 31ekmpo0os 6 ucciedo8aHusx

Microsoft
B HID YCTpOIICTBE, npeajaraeMom
pa3paborunkamu kommanmm Thalmic Labs Inc [10],
HCTIOJIB3YIOTCS S3KpPaHWPOBAHHBIE OMI -naTaukw,

pacTIOJIOKEHHBIE B PSII M CTPYNIMPOBAaHHBIE B OpacieT
(puc.3).

—CENTRAL PROCESSING UNI1
(210)

N
Yl P
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(220) (220

SENSORS »
(230) - / VIBRATORY
N MOTOR

Puc. 3 — Yempoiicmeo MYO om Thalmic Labs Inc
CxemotexHuueckoe pemenne (puc. 4) ot Thalmic

Labs Inc pemaer mpo0OieMy COMPOTHBIECHHUS AJIEKTPO-
KO’kKa 1 He TpeOyeT HaJMUYUsI OTIOPHOTO HJIEKTPOIA.
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Puc. 4 — Yeunumenv 6uonomenyuana 6
yempoticmee MYO

K HemocraTkam OMNUCaHHBIX YCTPOMCTB cleayeT
OTHECTH TIPOBOJHYIO CBSI3b MEXKIYy CErMEHTaMH |
YIPABISIEMBIM yCTPOWCTBOM, @ Y YCTPOWCTB pealN3aIiu
Microsoft m Nokia research — Hamngue BBEIHOCHOTO
OTIOPHOTO BJIEKTPOAA.

O0cyxknenne pe3yJibTaTOB

[Mpennaraercst  ycTpOWCTBO, OCHOBaHHOE Ha
peructpanuun OMI-curnasa MeTOIOM MOBEPXHOCTHOM
Muorpaduu ¢  y4eTOM TIOJIOXKEHUsT Oo0bekTa B
npocTpancTBe. OYHKIIMOHAIBHO YCTPOWCTBO IOCTPOEHO
crenyromM obpasom: DMI-curHanm permcrpupyercs c

TTOMOIIBIO TTOBEPXHOCTHOU muorpaduu, 3aTeM
yCUIIMBAaeTCs W MpeoOpa3oBhIBAECTCS B HUPPOBOH KO,
COrJIaCHO  33JaHHBIM  YCJIOBHMSIM  PAcCUMTBHIBAIOTCS

YHCIIOBbIE MapaMeTpbl, KOTOPbIE MEPENAIOTCs B IIaBHBIN
CETMEHT, 3aTeM COOpaHHBIE CO BCEX CErMEHTOB JIaHHBIC
AHAJM3HUPYIOTCS, U, €CIIM KECT paclo3HaH, WHpOopMauus
o0 »JTOM TmepenaeTcs Ha YHpaBISIEMOE YCTPOMCTBO.
OyHKIMOHANBHAS cXeMa pa3pabaTbIBaEMOro yCTpOWCTBa
MpUBEJICHA Ha PUCYHKE 5.

IIpennonaraeTcst peanusanust yCTpoucTBa B BUIAE
OpacyieTa, COCTOSIIIET0 W3 BOCBMH PaBHBIX CETMEHTOB.
Kaxnprii cerMeHT wuMeeT JBa MNPSIMOYTOJbHBIX OMI

3JIEKTPOA, HWHCTPYMEHTAJIBHBII YCHUIIUTEb,
MHKPOMIPOIIECCOP U aKKYMYJISATOD.
VYpoBenb ~ OMI'-curHama  MbIIL ~ BEPXHUX

KOHEYHOCTEH 4eNoBeKa IPHU PErHCTpaluy € MOMOIIBIO
MOBEPXHOCTHON MHOrpadMM JISKUT B Tpelenax oT
20 MxB 10 2 MB. MHCTpyMEHTaIbHBIN YCUIUTENb UMEET
HampsbkeHue cmemleHuss meHee 20 MkB ¢ ycunenuem
mopsiaka 1000. Mukporporeccop conepxut B cede ALTT
¢ gactotoi auckpermsanuu 2 000 I'm m moanmepxuBaet
paboTy B OECIpOBOJHBIX CETSIX BBIOPAHHOTO CTaHIapTa.
CBsi3b  MEXIy CErMEHTaMH OCYIIECTBISIETCS IyTeM
00BeIMHEHNS UX B OCCIPOBOAHYIO CETh. YUUTHIBAs, UTO
CErMeHTOB (KJIMEHTOB CeTH) OOJbINe IBYX, M MPOITyCKHAS

cniocodnocth 6ombiie 400 kb/c, 1 3TOM ey MOAXOMSIT
Bcero nBa crtanmaptra cereii — IEEE 802.11 (Wi-Fi) u
ISO/IEC 18092 (NFC).

AL - Cb - VBII

PUIT

ALl - BPA - TI4IT -

ALII — ananozo-yugposoe npeobpaszosanue, Cb — cvem
buonomenyuanos, YBII — ycunenue 6uonomenyuanos,
PYIT — pacuem uucnogwvix napamempos, IN4I1 — nepedaua
yucno6vlx napamempos, BPA — evidaua pezynomama
ananuza, AJ/] — ananuz OanHvix

Puc. 5 — @ynxyuonanvhas cxema pazpadbamsiéaemozo
HID ycmpoticmsa

K mpemmymectBam Wi-Fi MoxHO oTHecTH
BBICOKYIO MIPOITYCKHYIO CIOCOOHOCTB,
CTaH/JAPTU3UPOBAHHBIE IIPOTOKOJBI IIEpeiadd JaHHbBIX.
Henocrarkom  siBnsiercst  Oonplias — motpeOuisiemMast
MOIIHOCTb, TP AaKTUBHOM Iieperade IaHHBIX TOK
notpebienus nocrturaet 200 MA.

[IpeumymecrBom TtexHonmoruu NFC  sBusiercst
Manast TmoTpeOnsemMas  MOIIHOCTb, TPH  aKTHBHOU
mepeaade NaHHBIX TOK TOTpebneHust He Ooinee 60 MA.
Apxutekrypa cetn Ha ocHoBe NFC — 310 peer to peer
ceTb. OTO TOBBIIIACT HAAEKHOCTH MW  ITO3BOJISET
COXpaHATh PabOTOCIIOCOOHOCTE CETH TpH  JTI000M
KOJIMYECTBE M JI0O0OM COYETAaHHH JOCTYMHBIX y3JIOB, HO
MPAaKTUYECKUH TIpeie MPOMYCKHOW CIOCOOHOCTH TakKoH
cetn Haxomutcs okoio 480 xb/c, Takke OTCYTCTBYIOT
OTKPBITHIE IPOTOKOJIBI TIEpEJauyl JaHHBIX.

B JTAaHHOM yCTpOWCTBE npeasaraeTcs
pear30BEIBaTh CeTh Ha OCHOBe TexHonoruun Wi-Fi. Jlms
YMEHBIICHHUS pacxona SHEPTUH HE00X0ANMO
HCTIONB30BaTh  JHeprocobeperaromme  MporpaMMHBIE
anroputMel. CTpyKTypHas cxemMa pa3padaTeIBaeéMoro
YCTpONCTBA ITPHUBEJCHA HAa PHCYHKE 6.
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<« — —» becnpogoonas nuHus
<4— [IpogooHas nuHus

BCHIT — 6n0k cvema buonomenyuanos, 5Yull — 6nok ynpagnenus u unouxayuu, YBII — ycurumens 6uonomenyuanos,
BI1 — 6nox numanus, AL — ananoeo-yugposoii npeobpazosamens, AJIY — apudpmemuro-noeuveckoe ycmpoticmeo,
BEII]] — 6nok 6ecnposoonoii nepedauu oannwix, IIITH — nocnedosamenvhuiii nepugheputinwiii unmepetic, BOIIII —
010K onpedenenus npocmpancmeenno2o noaodcenus, 11K — nepconanvuviii komnviomep, MK — muxkpokonmpoinep,
HIBI] — wiuna 6ecnpo8odHol nepedaiu OaHHbIX

Puc. 6 — Cmpyxkmypuas cxema pazpabamvieaemoeo HID-ycmpoticmaa

Tak Kak TPOBOAHBIE COCIUHEHHS  MEXIY
CerMEeHTaMu Opaciera OTCYTCTBYIOT, KaKIbI M3 HHUX
TpeOyeT Hanmuuusi COOCTBEHHOTO akKymyisitopa. Tok
MOTpeOIEHUS KaXKIO0TO CerMeHTa He mpeBbimaet 250 MA,
MO3TOMY ISl TIOJIEpKaHWs PaboThl ycTpoiicTBa 10 8
4acoOB BBIOpaH aKKyMyJATOp eMKocThio 800 MA/4.

Y4uuTHEIBasg, 4TO CETMEHTOB BOCEMb, M CpelrHee
BpeMsI 3apsIKM OJHOTO aKKyMyJIiTOpa OKOJIO 3 4Yacos,
noTpedyeTrcsi Kaxknble 3 yaca MOAKIIOYATH CIEAYIOIUH
CerMEeHT K CeTH WM e TOAKIIOYUTH cpady 8§ 3apsaHbIX

ycrpoiictB. O6a BapmaHTa HEYJOOHBI W HENPAKTHYHEI,
MO3TOMY BBIOpAaH NPHHIMIT OECIPOBOJHOM 3apsaKd Ha
OCHOBE MWHIYKTHBHOM  CBS3M  MEXAY  3apsAAHBIM
YCTPOMCTBOM M CEIMEHTaMH.

BriBoaBI

B npennaraemom HID ycrpoiicTBe OTCYTCTBYIOT
HEJOCTaTKU OIMCAHHBIX BBIIIE AaHAJIOrOB: IPOBOJHAS

55

BICHUK HTY "XIII" Ne 62 (1171)



ISSN 2079-5459 (print)
ISSN 2413-4295 (online)

CEPIA "HOBI PILIEHHS B CYYACHUX TEXHOJIOI'TAX"

CBSI3b  MEXIY
AJIEKTPOA.

IepcriekTHBOW pPabOTHI SIBISETCS ONTHUMHU3AIMS
NTOPUTMOB  PACIO3HABAHUS JBIDKCHHU, MPOBEICHUE
TECTOBBIX HCIBITAHUN 3THX AJITOPUTMOB, HCCIICOBAHUE
BO3MOXKHOCTH CHHXPOHHOTO TIOBTOPCHHS JBH)KCHUIA,
OMpENCICHUEe  MPEJCIOB  CKOPOCTH W KOJUYCCTBA
cTernene cBo0O bl IBUKEHUI.
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AHOTALIA [lpobnema ynpaeninus 308HIWHIMU HPUCTIPOAMU 3a OONOMO20I0 DI3HUX iHmepdelicie € axmyanvHo. Y cmammi
NPOAHANI308AHO ICHYIOUT MeXHIUHI piueHHsa peanizayii inmepgelicie nH0OUHA-NPUCTPIL, BUSHAYUEHO OCHOBHI HedOMiKu (Opomosuil
38'130K MidIC ceeMenmamu ma RPUCMpPOEM, W0 KepyEmbCsl, HAABHICMb 308HIUHBLO20 ONOPHO20 e1eKMpPo0a), 3anPONOHOBAHO PilleHHs
ons ix ycywenns. Pospobneno cmpykmypny ma  @QYHKYIOHANbHY CXeMU Rpucmpoio, wo 0asyemvcs Ha peecmpayii
eNeKMpPOMIOepaAPiuH020 CUSHATY 3 YPAXYBAHHAM NOJONHCEHHA 00'€Kma y npocmopi..
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