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BIPTYAJIbBHA KJIABIATYPA PO3III3HABAHHA
KECTIB

3pobreno nopisusanms nepesae i HeOONIKI6 PI3HUX MUNIE KIasiamyp i 3anponoH08aHO NPUHYUNOE0 HOBULL
8UO KABIAMYpU. BIPMYANbHY KAAGIAMYPY POINIZHABAHHS HCECMi8, WO 30aMHa HATAUIMO8YEAMUCH HA 81O~
000aHHs KOPUCMYBAYIB, AKI 3a 8IACHUM OANCAHHAM MOXCYMb HAGYUMU KIAGIamypy po3nisHasamu ceoi
Jrcecmu IK HAMUCKAHHS HA MY YU [HUWY KHONKY KAAGiamypu.

Y pobomi onucano pospobnenuti npomomun yiei 8ipmyanvHoi Kiagiamypu ti Ha8e0eHo SUCHOBKU U000

3PYUHOCMI BUKOPUCMAHHA MAKUX K1agiamyp.

3anpononosany mexnonoeito po3nisHABAHH HCeCmia i HANAUWIMY8AHHS KIABIAmypu Moxice Oymu 3acmo-
COBAHO OISl CMBOPEHHS THUUX NPUCPOI8 88edeHHs THhopMmayii JHcecmamu, HANPUKIAD, KOMAR 1omepHol
Muwi, Oieimaiizepa, 0xcoucmuka 4u 0y0b-aK020 IHU020 iep08020 KOHMpPOepa.

KurouoBi cioBa: inrepdeiic, knapiatypa, Muila, inTepaet pedeid, [oT, po3mizHaBaHHS, KECTH.

Ha mouarky ekcrutyaTamii mepuioro B KOHTH-
HeHTanbHI €Bponi koM rorepa MECM (1950 p.)
BBEIICHHSI ITPOTpaM 1 IaHUX Y HLOTO MOXHa Oyiio
3i1MCHIOBATH JIMIIE y JBilKOBiH hopmi MIIIXOM
TyMOJIepiB: TIOJIOKEHHS TymOyiepa Bropy — «1»,
a «0» — nmonoxeHHsa TymOnepa Buu3. Y 1951 p. no
KOMIT toTepa MPUETHAIA MarHiTHUH 0apabaH, a Tpo-
XM Mi3HiIIe NPUCTPOI 3UUTYBAHHS 3 NMEPHOCTPiIoK
i meppokapt. HacTynHi BITUYHM3HSAHI KOMIT IOTEpH
«Kuisy, «/{Himpo», «Ypam», OKpiM 3a3HaUYCHUX BU-
IIe MPUCTPOIB BBEICHHS NAHUX, YK€ MAJIN KOHCOIb,
SIKY 3TOJIOM 3aMiHMJIa KilaBiaTypa. 3aBAsSKH JOCAT-
HEHHSIM Y Tajy3i eJCKTPOHIKHM MPUCTPOi BBEICHHS
iH(popManii BAOCKOHATIOBAINCS, 3’ IBUINCS MMIII,
IUTAHIIETH, MIKpO(OHHU, KaMepH TOImo. Y mporeci
BUKOPUCTAHHS 3ac00iB IITYYHOIO iHTENEKTy Haly-
JIa IAPOKOI MOMYJISIPHOCTI MOYJIUBICTD TOJIOCOBOTO
BBEJICHHS TEKCTOBOT 1H(pOpMAaLlii 10 KOMIT IOTEPHUX
npucTpoiB. OmHAK I MOXKIUBICTH HE MOXE ITOB-
HICTIO 3aMiHHUTH KiaBiaTtypy. @oTo Ta Bigeokame-
M 1al0Th 3MOTY BBOJIUTH rpadivHy Ta BifeoiHpop-
Mariito.

HwuHi y CBITI BUKOPUCTOBYIOTH HU3KY BIpTyallb-
HUX NPOEKIIMHUX KJIaBiaTyp i3 3aCTOCYBaHHSAM Bi-
neokamep, 4 narymkis. JloropkaHHs 10 MEBHUX -
JITHOK MOBEPXHI PO3II3HAETHCS K BBEACHHS BiATO-
BizHOT iH(opMaIii Tak, K 3a JJOIIOMOTOI0 peaabHOI
knaBiatypu. OgHaK yci BioMi Ha ChOTONHI BipTY-
QJTBHI MPOEKITIiHI KIIaBiaTypH MaloTh MEBHI HEJOMi-
ku. [lepemycim ans Takux KiaBiaTyp MmoTpiOHa crie-
miadbHA TOBEPXHS, IO HE A€ 3MOTH BUKOPHC-
TOBYBAaTH iX 1mo3a oOlagHAHUM POOOYHM MiCLEM.
He MoxHa Taki KjaBiaTypu BHKOPUCTOBYBATH IIij
yac MaHJpyBaHb Ha MacaXMPChKHUX MICISIX JiTa-
KiB, MOTATiB, aBTOOycax Toio. J[o Apyroro HemoMmiKy
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MPOCKINIMHUX KJIaBiaTyp HAJICKHTH Jy>Ke BUCOKA IIi-
Ha, SIKy 3yMOBIIIO€ CKJIAJHICTb iX BUPOOHHIITBA.

BipTyanbHi ekpaHHI KJIaBiaTypu Yy MOOUIBHHX
MPUCTPOAX BBAKAIOThH Jy)KE 3pYYHHMH, OJHAK BO-
HH 3aiiMalOTh 3HAYHY 32 PO3MIpOM JAINISTHKY eKpa-
HY, 1[0 MOXX€ CIPHUYUHUTH MEBHUH JUCKOMQPOPT
IUTSL KOPHICTYBAYiB.

BipryanbHa kiaBiaTypa po3nisHaBaHH#A
JKeCTiB

Ha puc. 1. HaBeneHO (hOTO MPOTOTHITY BIpTyaihb-
HOI KJIaBiaTypH po3smizHaBaHHs kecTiB (BKPX).
Hapasi y cBiTi Hemae kiaBiaTyp, sKi MPamiOTh
34 TAKMMU IMPUHIUIIAMU Ta MalOTh MO)KJ'H/IBiCTL Ha-
JIAIITOBYBATHCH (HABYATHCS) KOPUCTYBadeM ISl PO3-
Mi3HAaBaHHS KECTIB K THX YM THX HATUCKaHb KHO-
TIOK 32 BIIACHUMH BIIOZOOaHHIMH.

Puc. 1. ®oro npororuiy po3ymHoi Ki1aBiarypu
PpO3Mi3HaBaHHS KECTIB
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PO3TAIIOBaHUX Y3IO0BXK MaibiliB. BOHN HE MOJA0Th
— nat 3HAUEHHS IMOCTIHHO, a JIUIIE TO/i, KOJU 3aMUKAIOTh-
&
- L) cs y eneKTpuuHoMYy JNaHIory. e KoHTpomroeThes
KyTOBHMH TIepeMUKaYaMH. [XHs OCHOBHA (DYHKIIisI
g oz - S?MI/IKaTI/I JIAHLIOT NPH IOCTAaTHLOMY BUTHHI r1ep-
- raz o1 (araHTy MajbliB, 0 CHMBOJI3YE KECT HATHC-
kaHHA. OTpUMaHUI CUTHAJ 3YUTYE IJIaTa apayiHo
Puc. 2. i pOpMye€ TTOBITOMIICHHS, SIKE MiCTHTB 1HIIEKC Mallb-
. Enexrpuuna . C .
| cxena 151 Ta pIBEHb CUTHAIY Ha HHOMY. q)opMOBage MOBI-
JIOMJICHHSI HAJCHUJIAE€ThCSA 10 KOMIT'IoTepa i o0po-

Jo nepesar 11i€i kIaBiaTypyu HaNIEXHUTh IPOCTO-
Ta BHPOOHUIITBA, HEBHCOKA I[iHA Ta, HAacaMIIEpeN,
MOXJIMBICTE BUKOPHCTaHHSA Yy JOBUIBHMX YMOBAaxX
HE3aJIe)KHO BiJl MICIIE3HAXOMKEHHS KOPHCTYyBaya.
[Ipuctpiit HapgTaeThCA HA PyKY, Yepe3 IO He 3a-
HiMae IOMAaTKOBOTO MicIs Ta He MOTpedye MOBEpXHi
st cBoei pobotu. Toxx Apyk Ha Oyab-sKOoMy HpH-
CTpOi, Ha CTAlIOHAPHOMY MICIIi YW MiJ Yac pPyxy,
BiIOyBaTUMETHCA OJHMM 1 THUM CaMHM CIIOCOOOM,
1 KOPUCTYBa4 He 3a3HA€E TPYAHOIIIB MPH 3MiHI po0O-
gux yMoB. KpiM 1boro, pykaBHUKa MiAIalTOBY€ETh-
CsI 10 CBOTO KOPUCTYBAYa, IO IOCSTAETHCSI 3aCTOCY-
BaHHAM Y Hilf €JIEMEHTIB MAIIMHHOTO HAaBYaHHS.
KoxHuil KopucTyBau Mae MOXITUBICTH BU3HAYHTH,
SIK1 )KECTH «HATUCKAIOTH SIKYy caMe KHOIIKY KjlaBia-
TYpH 32 BIIACHUM Oa’KaHHSIM.

BipryanpHa kiaBiaTypa po3mi3HaBaHHS KECTiB
He TToTpeOye MOBEpXHi if TOMy MOXKE BHKOPHCTOBY-
BaTHcs Oynb-e. 3MiHa MicCllsl HE BIUTMHE Ha TOCBiJ
KOPHCTyBa4a, fOMy HE JOBEICTHCS MPHCTOCOBYBa-
THUCSI 1O HOBUX YMOB pOOOTH 3 HEIO.

Taka xmaBiaTypa Moxxe OyTH HaJNaIlITOBaHA IO
0cobIMBOCTEH cItoco0y BBEICHHS KOHKPETHOTO KO-
pHCcTyBada, M0 3MEHIIUTH KITBKICTh IIOMIJIOK 1 3a-
0e3MeuuTh 3py4HICTh BBEICHHS.

3aBIsSIKM aHAJOTOBIM MPHPONI TPUCTPOIO, Ha
Horo 0CHOBI MOXHA PO3pOOUTH 6€37iY iHIINX MpHU-
CTpOiB BBEICHHS, TAKHX SK MHIIA, IHPKOHCTHUK, Ii-
riTaiizep, Ta iHII MOAIOHI IPUCTPOI.

Knasiatypa, onsirHyTa Ha pyKy, (pikCye Mipy BUTH-
HY TaJbLiB Mif 9aC «HAaTUCKAHHS» YSIBHOI KHOIIKH.
Lle mocsraeTbest 3a TOTIOMOTOIO NATYHKIB BUTHHY,

ONsETBCS IPOTPAMOIO-/IpaiBEpOM.

Ha ocHOBI piBHS CHTHATy BH3HAYa€ThCS, SKAN
CHMBOJI HaliMOBipHilIe BBiB KOPHCTYBady, i 3miic-
HIOETHCS] CUMYJISIIiSI HOTO HATHCHEHHS.

Ha puc. 2 HaBeneHO eNEKTPUYHY CXEMY IIPOTOTH-
Iy BipTyaJIbHOI KJIaBiaTypH pO3ITi3HABAHHS KECTiB.

Ha puc. 3 HaBeneHO niepenik TEXHIYHUX 3ac00iB
MPOTOTHITY BipTyaJbHOI KJIaBIaTypH pO3Mi3HaBaHHS
KECTIB.

r?;i'. HaiMmeHyBaHHA Kn. MpumiTea
KonaeHcaTopw
C1 KoHgeHcatop, 0.1 Mk 3
c2 Kowxpexcatop 22 nd 2
c3 KoHgeticatop 10 Mk® 1
MikpokoHTponnepu
DA1 ATmega328P 1
DAZ CH340G 1
PeancTopu
R1 Peauctop 220 OM 1
R2 Peauctop 10 kOm 4
R3 dotopeancTop GL5528 4
R4 SMD Peauctop 102 4
Ceitnogiogu
HL1 Ceitnogiog 5 mm 30 mKg 20 mA 4
HL2 3528 SMD LED 3
Diogm
vD1 | BATS54C | 1 I
Keapuesi peloHaTopu
Fdedl ] Keepuesuni pesoHatop, 12 MMy [ 1 I

Puc. 3. [lepenik TexHIYHUX 3ac00iB
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TonoBHUM HamaBadeMm iH(OpMaIii y HTpUCTPOi
€ TaTYMK BUTHHY. BiH peanizoBaHmii 3a JOIIOMOTOI0
3aTEeMHEHOI CHIIIKOHOBOI TPpyOKH, Ha PI3HUX KiHIAX
SIKOT 3aKpiIJIeH] CBITIONioN 1 poTope3ucrop. Burun
TPYOKH OOMEXHThH KUTbKICTh CBIT/IA, SIKE TOTPAILIIE
Ha MOBEPXHIO (POTOPE3UCTOpPA, TUM CAMHM 301JIb-
HIyIo4u foro cympotuB. PiBeHb cTpyMy Mix mif-
TSATYBAJIbHUM PE3UCTOPOM 1 (hoTOpe3nucTopoM (Ha
cxemi R2 Ta R3 BiAMOBIHO) 1 BUKOPHCTOBYETHCS
IUTSL BU3HAUYCHHS MipU BUTHHY.

Kiacudikariist cuiMBOMiB BiIOYBAETHCS MIIIXOM I10-
PIBHSTHHS BEJIMYMHN CUTHAJTY 31 3HAYSHHSAMH y MAaCHBI
TOPOTiB, Jie KOKEH MOPIr BH3HAYAE MIHIMAJIBHUH pi-
BEHb CUTHAITY, IKU MOXKE TPUHMATH IEBHUIA CUMBOJL.

[Ipouiec HaBuaHHs BiOyBaeThCs Uepes3 mepepa-
XyHOK TIOpOTiB. BOHHM BH3HA4YaIOTHCS 32 JOTIOMOTOIO
KJIacH(iKaIlil yciX MOXJIMBHAX Mip BUTHHY 332 METO-
JIOM k-HalOMMKIUX CyCi/liB Ta BU3HAUEHHS THX i3
HUX, MiCTS AKUX allTOPUTM MTOYMHAE KiIacu(iKyBaTu
CUTHAJI iHIIIUM CUMBOJIOM.

Bin mouarky npaiiBep 3BepTaTUMETHCS 10 HaHHX,
BU3HAYCHUX 32 3aMOBYCHHSIM, OIHAK ITiJT 9aC BUKOPHC-
TaHHS KJIaBiaTypy AaHi OyayTh nepenucyBatucs. Yepes
MIEBHY KUIBKICTh BBEICHUX CHMBOIIB (Y TIPOTOTHII —
1000 cuMBOITIB) IOYHETHCS TIEPEPAXYHOK MOPOTIB.

Ha 3miHM po3Mipy MacuBy Ta KiJIbKOCTI CHMBO-
JiB 10 TIepepaxyBaHHs MOPOTiB BIUIMBAaTUME HIBH/I-

KICTh HAJANITyBaHHS KiaBiaTrypu. HalOimpm yxu-
BaHi1 CUMBOJIM OyIyTb Iepe3anicaHni MBUILIE, 2 TOMY
B)KE uepe3 JICKIIbKa iTeparliii HaB4aHHs KOPUCTYBad
3MOXKE IOCHTh KOM(POPTHO BUKOPHCTOBYBATH BipTy-
ajpHy KiaBiarypy. [lomanbimi iTepartii npu3BeayTh
J10 O17IbI1I0T TOYHOCTI, ajie IOCTYIOBO CTaBaTUMYTh
MEHIII BIUTMBOBUMH, IOPiBHSHO 3 MEPIINMHU.

3anponoHOBaHy BipTyalbHY KIIaBiaTypy po3Ili3-
HaBaHHS JKECTIB peanizoBaHo y npororuti. [1ix gac
npoOHKX BHIPOOYBaHb IPOTOTHUITY BIPTYaJIBHOI Kila-
BiaTypH 3p00IE€HO BUCHOBOK, II[0 BJIACTUBICTH HaB-
YJaHHS KJIaBiaTypH 3a BIOJOOAHHSMH KOPHCTyBada
€ IIy’Ke 3py4YHOI0 Ta He moTpedye 6arato 3yCchib Bijl
HBOTO. PO3p0o0neHuit mpunan meMoHCTpye HealOu-
SIKY 3pYYHICTh Ta aIalITUBHICTh, TOCATHYTY 3 BHKO-
PHCTaHHSAM MPOCTOI Ta HEJOPOTOi TEXHOJIOT].

Co0iBapTicTh BUPOOHUIITBA TaKOi BipTyalbHOI
KJIaBiaTypy € HE3HAYHOIO, 10 B MEPCIICKTURI 1acTh
MOJJIMBICTh YCITIIITHO HAJIATOJIUTH CepiliHe BUPOO-
HUITBO Ta pealizallilo TaKuX KiaBiaTyp.

3a 3ampOoNOHOBAHUM IPHUHIUIIOM MOXYTh OyTH
pealti3oBaHi iHII TPUCTPOT B3aEMOJIIT KOPUCTYBaYiB
i3 KOMIT TOTepHUMH TIPUCTPOSMH: KOMIT FOTepHa MH-
114, JHKOMCTUK YU irpoBUi KOHTposep. MOXKIHUBICTh
IHIUBITyaJbHO BU3HAYATH Mii, BUKOHYBaHI IIPH IIEB-
HUX KECTax, 3aBOJIOMIE CEPIIMU KOPHUCTYBadiB KOM-
I’ FOTEPHUX MPHCTPOIB.
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VIRTUAL GESTURE RECOGNITION KEYBOARD

In this study we’ve considered advantages and disadvantages of different keyboard types and propose a
fundamentally new one: keyboard based on gesture recognition. Keyboard itself is glove-shaped, and is sup-
posed to be worn on hand. It provides enhanced mobility, as this keyboard doesn t need any surface in order
to type. Its compactness is a notable feature, since standard keyboards take up more space, which can cause
an issue during a trip. Its technology is based on detecting flexion of the fingers and recognizing incoming
readings as a press of a specific symbol. Powered with machine learning, it can adapt to users’ hand s physi-
ological features as well as to their way of using said keyboard. Its functionality can be extended by defining
new symbols or making a set of commands to execute on triggering, and since metrics are range-based, they
can be easily inserted in an existing set. Due to technologys analog nature, many other input devices can be
emulated using the base glove, with only the need for writing supporting drivers.

A working prototype of such keyboard has been developed and its build and realization are described in
this study. Prototype has been built on top of an Arduino UNO r3 board, using one of the most common types
of LEDs and photoresistors, which are often shipped in starter kits. As well, a simple driver has been devel-
oped, which can correctly recognize input symbols and implement adaptation to specificities of user s typing,
using optimized k-nearest neighbors machine learning algorithm. Simplicity of its build, and availability of its
components suggest low production cost and greater opportunity of serial production. As well, conclusions
have been made about the convenience of its usage, and whether it meets expected requirements.

Keywords: interface, keyboard, mouse, Internet of things, [oT, artificial intelligence, machine learning,
recognition, gestures.
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