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1 AnHoranus

B paboTte nmpoBeneHo uccea0BaHne METOUKN CYUTHIBAHUS CUTHAIOB
MBIIIEYHON aKTUBHOCTHU MPEATIICUbS.

[lenpro paboOTHI SIBISIETCS MTPOSKTUPOBAHKUE YCTPOMCTBA, KOTOPOE MOYKET
OCYIIECTBIISITH YIPABICHUE MEXaHUUECKUM O0BEKTOM IMOCPEICTBOM MBIIIIEUHBIX
curnanaoB. OCHOBHOM MOJIXOJ] K CYUTHIBAHUIO - U3MEPEHUE PA3HOCTH MOTEHINAIOB B
pa3IMyYHbIX TOuKax Mbliil. Haubosee pacnpocTpaHeHbl H3MEPEHUS! CUTHAJIOB €
MOMOIIBI0 MUOTPA(PUUECKUX TaTIYMKOB.

PaccMoTpeHbl MOBEPXHOCTHBIE, HEMHBA3UBHBIE 3JIEKTPO/Ibl, IPOBOAUJIICS aHATIU3
CYLIECTBYIOIIMX peanu3aiuii 1 000CHOBaHHE HEOOXOJUMOCTHU B pa3paboTKe
COOCTBEHHOM KOHCTPYKIIUHU AJIEKTPOJIOB M CHCTEMbI CUUTHIBAHUS.

Cy1iecTByIolIe pelIeHNs HallelIeHbI,IPEUMYILECTBEHHO, Ha MOIYYeHHE
€IMHUYHBIX CUTHAJIOB, M HE MIPeIHAa3HAYCHBI JJI1 KOMIUIEKCHOTO aHAIM3a MalbIEBhIX
xecToB. CIIPOEKTUPOBAHBI DIIEKTPUIECKIE CXEMBI OT/ICIBHBIX SJIEMEHTOB U
MOJlyJIbHAsl CXEMa YCTPOICTBa, pa3BeeHbI IUIAThI, U3TOTOBJIEH MPOTOTHII.

[IporoTum mpencraBisieT coO0H MaHKETy C MACCUBOM 3JIEKTPOJIOB, JaTUNKAMH,
MOJIyJIIMU MTUTaHUsI, aHAJI0ro-UUu(POBBIMU IPE0OPA30BATENSIMUA U LEHTPATBHOTO
MIPOIIECCOPHOTO YCTpoiicTBa Ha 6aze ESP-32.

Pa3paboTanbl anropuTMbl cOOpa CUTHAJIOB U PACIIO3HABAHUS MAJIBLIEBBIX
’KECTOB, IporpaMma Jjisi Iporeccopa.

[TpMEeHNMOCTh TaHHOTO PEIICHUS MTPOJIEMOHCTPUPOBAHA B BUIE CTEH/IA IO
YIPaBIECHUIO POOOTU3UPOBAHHBIM MaHUITYJISITOPOM - MATUIATBIEBON MEXaHNYECKOU
PYKH, pEaJIn30BaHHOM 10 KJIMEHT CEPBEPHOI apXUTEKTYpPE C UCTIOIB30BaHUEM
POU3BOJILHOTO MPOTOKOJIa Ha 6a3e http. JlaHHas cructema MOXKeT ObITh MPUMEHEHA
IUIA yIPaBIEHUS UCTIOTHUTEIbHBIMU CHIIOBBIMH 3JIEMEHTAMU B arpECCUBHBIX Cpefiax,

IIpY NIPOTE3UPOBAHUY, B BUPTYaAJIbHOU U TONOJHEHHON PEAIbHOCTH.
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3 Beenenune

B cBsi3u ¢ pazBUTHEM PaUO3IEKTPOHUKUA U POOOTOTEXHUKHU, YCIOKHEHUEM
MEXaHU3MOB, KOTOpbIE TPEOYIOT yNpaBlIE€HUS, B JAHHOE BPEMs IIPOBOAUTCS OOJIBIIOE
KOJIMYECTBO UCCIICIOBAHUM, CBSI3aHHBIX C IIOMCKOM JIOTIOJHUTEIbHBIX HHTEP(EHCOB
yIpaBJICHUS.

OpHuM U3 Takux UHTEPHENCOB SIBISIETCA MPSIMOE yIpaBICHHE MEXaHU3MaMHU
MOCPEACTBOM MPSIMOTO CYUTHIBAHUSI MUOTPA(PUUECKUX CUTHAJIOB.

Jlo HeJaBHETO BpEMEHU OOJBIIMHCTBO PEIICHUH B ATOM 001acTh OBLIO CBA3aHO
C IPOCTEHIINM PACTIO3HABAHUEM COCTOSIHMS MbIIIL. Kak mpaBuiio Takue HHTEPPENCHI
BbIJIaBAJIM TOJBKO JiBa cocTtosiHue - “JIA” u “HET”.

TonbKO HEJABHO CTAJIA MPEANPUHUMATHCS MOMBITKA PACIIMPUThH (DYHKIIMOHAI
Takoro unrepdeiica. B 6osbmmHCTBE ciiydaeB Muorpadpuyeckuii untepdeic
OCHAILAJICS JOTIOJIHUTEIHBIMU NCTOYHUKAMU JaHHBIX, HAIIPUMED: ayIHOKAHAJIOM,
Pa3IMYHBIMU JATYMKAMH ITEPEMELIEHUS B TPOCTPAHCTBE (TUPOCKOIIBI,
aKceJIepoOMeTpbl, MArHUTOMETPHI). be3yc0BHO, TaHHBIE PellIeHUs 3aCTyKUBAIOT
BHUMAaHUs, HO B JaHHOM paboTe ObuIa MpeANpUHSTA MONbITKA PacIIuPEHHUS
(yHKUIHOHATa, OCHOBAHHOTO UMEHHO HA YTEHUHU MBIIIEYHBIX AIEKTPUUECKUX
YIPaBJSIIOIIMUX BO3IEHCTBUM.

B pabote nokazaHo, 4TO Ha COBPEMEHHOW IEMEHTHOM 0a3e BO3MOKHO
pELIEHNE ATOM 3a/1a4U C XOPOLIUM Ka4eCTBOM.

Onucana Teopusi U3BMEPEHHSI CUTHAJIOB MBILLIEYHOTO TOHYCa, pazpaboTaHa cxema
Y KOHCTPYKIIMS AaTyuKa. BeinonHeH pabounii SK3eMIUIsp YCTPOUCTBA,
CUMTBHIBAIOIIETO NAJIbLIEBBIE )KECThI. BOIIIONIEH CTEH T AEMOHCTPUPYIOIIHIA

PaboTOCIIOCOOHOCTD.

B pasnene “buonorndyeckoe 000cHOBaHME’ MPUBEICHA KpaTKasi TEOpHUs

CUHNTBIBAaHU 6I/IOG)JICKTpI/I‘ICCKI/IX CHUTHAJIOB MBIIIII ITAJBICB.



Paznen “MuosnekTpudeckuii CEHCOP™ COJIEPHKUT KOMIUIEKC UCCIEIOBAHUM,
CBSI3aHHBIN C UCCIIEOBAaHUEM aHAJIIOTOB U MPOTOTUIIOB AIEKTPOMUOTPAPUIECKUX
(BMI') naT4nKOB, BHISIBJICHUEM UX TOCTOUHCTB M HEJIOCTATKOB.

[Toapasnen “YcTpolCTBO ANEKTPOAA” OMHUCHIBAET KOMIUIEKC 3JIEKTPOJIOB,
IIPUMEHSIEMBIN B JaHHOHW padoTe.

[Toapa3nen “YcTpoicTBO AaTYUKA™ COAEPKUT OMMCAHUE U PACUET
ANEKTPUYECKON CXEMBbI TaTYMKA.

“COopka ¥ M3roTOBJICHUE JaTUYHMKa’ - IOKA3bIBAET 3TAIBl PA0OTHI HAJl
JATYUKOM.

“CTpyKTypHas cxema yCTPOHCTBA - pa3bsCHACT JICKTPUUECKYI0 KOHCTPYKIIUIO
YCTPOMCTBA B IIEJIOM.

“IIporpamma KOHTpoIepa MUOTpaUUECKUX JATUUKOB’ - allTOPUTM U
IPUHLKI pabOThl MUKPOIIPOLIECCOPHOTO siJipa YCTPOHCTBA.

“JleMOHCTPAllMOHHBIN CTEHI ONMCHIBAET CTPYKTYPHYIO CXEMY YCTPOMCTBA
BU3yaJIN3alINH.

“B3anMoJIeiCTBUE CTE€H1a © OCHOBHOT'O YCTPOMCTBA’ OMHUCHIBAET IPOTOKOJI

CBsA3HU.

4 BuoJjiorn4eckoe 000CHOBaAHHUE

MBIII€YHOE COKPAILIEHUE — ITO PEAKIUs MBIIICYHBIX TKAHEH Ha
HelipoMmenuatopsl. HelipomenuaTop - OMOIOTUYECKH aKTUBHBIE XUMUYECKHE
BEIIECTBA, C TOMOIIBI KOTOPBIX TPOU3BOAUTCS MEPEAaya IJIEKTPUIECKOTO UMITYJIbCa
OT HEPBHOW KJIETKHU. TakOW UMITYJIbC MOYKHO OIPEIEIIUTh IIPU 3aMEPE PA3HOCTU
MOTEHITMAIIOB BOSHUKAIOIIECH B MBIIIIE. 3aMepsis U 00pabaThiBasi pa3HOCTh
MOTEHIIMAJIOB MBIIIIIBI, MOKHO ONPEACINTh B KAKOW MOMEHT maJier] crudaeTrcs,

HaIIpsKCH U1 pa3m6aeTc;1.



MBI1Lbl TpearIeybsi COCTOAT U3 ABYX IPYIIIT MBI — NEPEIHUX U 3aJHUX.
[lepenHue MbIIIBl — crudaTeny, a 3aJHue — pa3rudaTeny u cynuHaTopsl. OaHu U3
STUX MBILII] OTBEYAIOT 3 ABM)KECHUS 3aIACThs, a IPyTrue — 3a JABHKECHUS NaNbLIEB.
Coxpalaromascst MplIIIa IepeaacT KOCTAM yCUIe uepes3 cyxoxumus. [Ipu

COKpamCHUH MbIIII, CCIIH YCUJINA JOCTATOYHO, TO IIAJIBIbI IICPCMCIIAOTCA (1)

Mpeanneybe; BUA cnepeau

KopoTkui paarubarens
60NbLIOro Nanbua

AnuHHan Mblwua, oTBoAALan
60NbLUOI Naney KuctTu

KsagpaTtHeii npoHaTop

OnuHHbIA crubarens
Gonbworo nanbua

MoBEPXHOCTHBIV
crubarens nansues

Paarnbarens nanbles

Jyyesoit crubarens 3anacTes

KopoTkuii ny4esoin
paarvbarenb 3anacTba

LONUHHbIA ny4eBoi
paarubarens 3anfacTba

Kpyrnbivt npoHaTop

“Puc. 17

B nBukeHnH nanplieB y4acTBYIOT, 10 KpailHEN Mepe, 2 MBILIIbI, OJJHA U3
KOTOPBIX OTBEUAET 3a CrubaHue, a Apyras- 3a pa3srubaHue COOTBETCTBEHHO
(Pacnonoxxenue Mol - “Puc. 1”°). MbllieyHbIi KOMIUIEKC IPEAMIICYbs] HE UMEET
OT/EJIbHBIX TPYIII MBIIIIL JJIS1 YIPABICHUS KaXAbIM NaybleM. J[BUKEHHE NalbIIEB
OCYUIECTBJISICTCSl BapualMel u3ru0oB OJJHOM U TOM-Ke rpymnibl Mbliii. B padorte
BBIJIBUTAETCS TUIIOTE3A, B COOTBETCTBUU C KOTOPOM, B HE3aBUCUMOCTH OT YCUJIUS, IS
KOHKPETHOTO THIIA JIBM)KEHUS MaJiblla, 00Iasi KapTHUHA CUTHAJIOB CHATBIX C TPYIIIIBI
MBI OyAeT Hen3MeHHa. OCHOBBIBAsICh Ha 3TOM, CHATHE MHOYKECTBA CUTHAJIOB C
Pa3IMYHBIX YYACTKOB IPYIIIBI MBILIL TPEAIIIEYbS TO3BOJIUT OJHO3HAYHO OIPEAEIIUTD

c(hOpMHUPOBAHHBIHN KECT, MPUUYEM UeM OOJIbIIIE KOTUYECTBO TOUEK U3MEPEHUS



CUTHAJIOB, TEM TOYHEE MOXKHO OTIPEIEINTh JKECT U TeM 0oJibiie OyaeT obree

KOJIMYCCTBO PACIIO3HABACMBIX JKCCTOB.

S Muo3j1eKTPUYECKHH CEHCoP

B I[aHHOf/Il YaCTH IMTPOU3BCIACHO PACCMOTPCHUC NMCIOIIUXCA peaﬂmaunﬁ
JaTIYUKOB U BO3MOKHOCTH UX HUCIIOJIb30BAHUA B IIPOCKTC. HpI/I noz[60pe JaTYHUKOB
MMPUIIIOCH YYHUTBIBATh: JOCTYIIHOCTb, CTOMMOCTD, HAZIC)KHOCTD, pasMCpPbI U CIIOKHOCTDH

HHTCTpAlUN.

1)datunk kommnanuu SICHIRAY OY motion “GForce”, croumoctsio 86 401

pyOIIei.
20 SICHIRAY

Lesa:
- 86 401,00 py6.

“Gforce”
JlaT4uk MMeeT psiJi HEJJOCTATKOB, TAKUE KaK: BHICOKAsi CTOMMOCTb, KOJIMYECTBO
pacro3HaBaeMbIX KeCTOB (8 kecToB). JlaTunk He MO3BOJISET ONMPEACTUThH KaKue-Iu00
KECTBI, KPOME TIPETYCMOTPEHHBIX U3HAYAIIBLHO.

2)datuuk “Thalmic Labs Myo Gesture Control”, croumoctbio 20 990 pyoOieii.

Bpacnet ans ynpaeneHus npu nomouum xectoe Thalmic Labs Myo Gesture Control

HeT 8 Hanuuum

@ |
‘ 20990 p.




“Thalmic Labs Myo Gesture Control”
“Bpacietr Myo 1mo3BOJISIET HCIIOJIb30BaTh ANMEKTPHUUCCKYIO aKTUBHOCTD B MBIIIIIAX JIJIS
OeCIIPOBOIHOTO YIPABJICHUSI KOMITBIOTEPOM, TeIe(OHOM U IPYTUMHU [HU(DPOBBIMU
npubopaMu.” B maTduk BCTPOEH THPOCKOII, HO OH TAaK)KE HE ITO3BOJISET ONPEACIIATh

00JIBIIIOE KOJUYECTBO JKECTOB.

3) Hatunk kommnanuu SICHIRAY OY motion “GForce”, croumocTsio 6 891. 35

pyOIIei.

‘@ SICHIRAY

O

% Hesia 6 891,35 py6. /u:

“GForce ucnonb3yercs Ayl ONPEAECICHUS KECTOB B OCHOBHOM 4epe3 curHaisl EMG.
Gforce no3BosieT onpeaAessTh 6 )kecToB, UMeeT MoAyJ b Bluetooth, uto mo3Bossier
YIpPaBIIATh CMapT-CUCTEMaMH.” bpacieT umeer Te e HeJJOCTATKH, KOTOphIe ObLIN

onucaHsl paHee (2).



g4 g5 g6
Wave-out Pinch Shoot

“XKectsl, mogaepxuBacMbie OpacieTom”

[IpuBeneHHbIc MUOTPAPUICCKHIE CEHCOPHI UMEIOT MaJIO€ KOJIMYECTBO
CUMTBHIBAHUM PAa3HOCTH MOTCHIIMATIOB C MBIIII], TAK)KEe CKOPOCTh CUUTHIBAHUS HU3KAs.
YT0oOBI BOCIIOTHUTH HEJOCTATOK KOJIMYECTBA H3MEPEHUH, HCTIOIB3YETCS THPOCKOIT.
Hcrnonp3ys moi00HYI0 CXeMy U3MEPEHUM, CyTh CHUMAEMBbIX TTOKA3aHUN MEHSETCH,
MCKITIOYasi BO3MOKHOCTh YBEJIMUCHUSI KOJIMYECTBA PACTIO3HABAEMBIX KECTOB TIPH
HCITOJIb30BAaHUH TIAJIBIIEB PYKHU. [ MPOCKOIT BO3MOKHO UCIOJIB30BaTh B AaTUYUKaX, HO

KaK I[OHOJIHI/ITGJ'IBHI)II\(JI HCTOYHHK OJAaHHBIX.



4) OMI'-natunk komnanuu “BitronicsLab”, croumoctsio 25 000 pyOeit

(3).

BTronics

-

25 000 py®6. -

Jannsiii OMI'-cencop, UMEET BCETO OAWH JAaTUhK - ABA 3JIEKTpoaa. CKOpOCTh
M3MEpEeHUH JaTuynka HUu3Ka. JlaTduk HE0OOOCHOBAHHO JOPOTOi.
Ha ocHoBe npou3BeIeHHOT0 aHaIM3a MapaMeTPOB JTOCTYITHBIX TATYUKOB, OBLIO

MPUHSATO pEUIEHUE, CIIPOEKTUPOBATH U U3TOTOBUTH COOCTBEHHBIN CEHCOP.

5.1 YcrpoiicTBo 371eKTpOaa

DJeKTpo MpeAcTaBisieT COO0M KOHTAKTHYIO IJIOIIAKY, C MUHUMAJIbHBIM
ANEKTPUYECKUM CONTPOTUBJIEHUEM, KOTOPAs JOJKHA MAKCUMAJIBHO TUIOTHO MTPUJIETaTh
K Y4acCTKy KOXH, C KOTOPOH OyAeT CHATa Pa3HOCTh NOTEHIUANOB. DIEKTPOJ COCTOUT
U3 JIBYX I1aii0, 0JTHA U3 KOTOPBIX UMEET 3-X MUJUIMMETPOBBIM BHYTPEHHUHN HAMETP U
9-TM MUJUTUMETPOBBIN BHEIIHUM TUaMETp, a Ipyras - 9-TU MUJUTUMETPOBBIN
BHYTPEHHHI U 15-TH MUJITUMETPOBBIN BHEIIHUI, KOTOPAsI U SIBIISIETCSI OCHOBHOM
MPOBOASNIEN YaCTHIO MPUJIETAIOIIEHN TUIOIAAKU. Pa3HOCTh MOTEHIIMATIOB CHUMAETCS
MEKy ABYMS JIEKTPOJAMHU, PACCTOSTHUE MEXKIY KOTOPBIMHU 83MM.

Camu 351eKTpOo/Ibl 3aKPEIUIEHBI HA INTACTMACCOBOM, AUAJIEKTPUYECKOM

ocHoBaHuu. Bcero umeercs 10 KOMIIJIEKTOB QJICKTPOAOB, ITO TPU HA AATUHUK. I[Ba
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3JIEKTPOJA - U3MEPUTEIBHBIC, TPETUH - 3a3eMIISIIOIIMI. Kak mokas3anu SKCIIEpUMEHTHI,

TaKasl KOHCTPYKIUA HC Tp€6y€T KOHTAKTHBIX reneﬁ, KOTOPBIC O0OBIYHO HCIIOJB3YIOTCA.

5.2 YcTpoicTBO 1aTYHKA

Ha Bxojn gaTuuk noiydyaer 3 curHaja ¢ JIEKTPOJIOB, MEXKIY ABYMS U3 KOTOPBIX
U3MepseM Pa3HOCTh MOTEHIIMAJIOB, YCUIIUBAaeM U QUIBTPYEM €€, a TPETUN CUTHAII
ABJSETCA 3a36MIICHUEM .

[lepBbIit Kackaa cXeMbI IOCTPOECH HA MHCTPYMEHTAILHOM (M3MEPUTEIHLHOM )
yeunutene Ul, mapku AD8220. B cooTBETCTBUM C pyKOBOJCTBOM IO IPUMEHEHHIO,
M3MeHss conpoTtuBieHue R1, MoxxHO u3MeHUTh K03 puiiuent ycuienust G mo
dbopmyne (4) :

R1=49.4kQ /(G-1),

rae R1 - conporusnenne pesucropa R1;

G - koa(ppurueHT ycuneHus.

[Ipu npoBeeHUM SKCIIEPUMEHTOB 0Ka3aJI0Ch, YTO OMTUMAIbHBIN KOA(PPUIIUEHT
ycuiieHusl T0JKeH ObITh 200, TpoBeIst pacyeThbl, MOKHO BBIYHCIIUTH CONTPOTHUBIICHUE
R1=248Q. bamxkaiiuii pe3uctop u3 Tadbauisl HOMUHAIOB 240€2, €ro u UCIOJIb3yeM,
pH 3TOM KO3 PUIIMEHT ycuieHus: nepBuYHoOro kackaaa G cocrasuia 206.8, 4o
BITOJTHE COOTBETCTBYET TPEOOBAHUSIM.

Konnencarop C3 npennaznaueH jyisi GUIbTPALMKA MOCTOSHHOM COCTABIISIONICH
cur"aia, kpome Toro R-C-mienouka, paboTtarorias Kak GuIbTP BEICOKUX YaCTOT;
oOpasyeT 3aBajl aMILTUTYTHO-9aCTOTHOM XapaKTEPUCTUKU B 00JIACTH HUYKHUX YaCTOT.
Emxocths C3 [Mk®] Obl1a paccunTana o dopmyie (5):

C3=1/(2*Pi*R7*f),

rae R7 - conporusnenue pesucropa R7;

f-yacTora aHayoroBoro curxana passas 100 I'm.

Taxast vacroTa 060CHOBaHA MPOBEICHHBIMU UCCIIETOBAHUSIMH TMaNa3oHa

yacToT BXxoaHoro curgana ot 100 'ty no 1000 I'1I.
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[Tocnenyronue Kackaibl CXEMbI YCTPOEHBI HA CYETBEPEHHOM OIEPAIMOHHOM
ycunutene TLO84 (6). Bropoit kackas UCIOIb3yeT OAUH U3 ONEPaAlMOHHBIX
yewurtenedt U2:B, BkitoueHHbIN ¢ koadduiirieHToM yeunenus 1,pakTudaecku
unBeptop (7), paccunutas 1o Ghopmyie

G=R8/R7,

rae R8 u R7 - conporusnenus pesuctopos R7 u R8 coorBeTcTBEHHO.

CrieyrolnmM KackagoM CXEMBI SIBISIOTCSA Auoabl: D1, CKoOMIOHOBaHHEIE B
oaHoM kopmyce - BAS40W-04. Jlvnonpl mpeaHa3HAYCHBI IS pa3/ielIeHus] CUTHaJIa Ha
MOJIOKUTENIBHBIM U OTPUIATENbHBIN MOTynepro ibl. CUTHAIBI MONaaatoT Ha
HEWHBEPTUPYIOIINI U UHBEPTUPYIOLINN BXOIbI onepaniioHHoro ycunutens U2:C
cooTBeTCcTBeHHO. [lanHbiii OV CKiIagbIBa€T CUTHAJBI, 0€3 YCUIICHHUS.

Cxema Ha U2:D sBnsiercs puiIbTpoM HU3KHUX YacTOT, IPOITyCKas curHai Jio 1
kl'.

C4=1/(2*Pi*R13*f),
rae R13 - conporuBnenue pesucropa R13;

f-yacToTa MepeMeHHOro TOKa.

brnvxkaiimue k pacaetHbiM 3HaueHus: R13=82kQ, C4=1mkd.
Crnenyrommii kackaa umeet kodhduiuent ycunenus G
G=R4/R6=62,

rae R4 u R6 - conporusnenus pezuctopoB R4 u R6 cooTBeTCTBEHHO.

Curnan Ha HeM UHBepTUpyeTcs. JlaHHbBIN KacKal NpeaHa3HaYeH sl YCUIICHHS
CUTHAaJa J0 YPOBHS BO3MOXKHOTO 111 oliuppoBku (0T O 10 5 BOJIBT) .

Pesucrtop RS saBnsercs racamuym pe3ucTopoM U IpeAHa3HAuYECH IS
COTJIaCOBaHUS YPOBHS, KOTOPBIN OyAeT orpannyeH (He BoIIe 5.1 BOIBT)
ctabunutpoHoM D?2. JlaHHOe orpaHn4eHue NMPU3BAHO 3AUIUTUTH NOCIEAYIONIHE OJIOKU

CXCMBI.
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“Cxema JIEKTpUYECKast IPUHIUITAAIBHAS

5.3 Coopka v U3roToBJICHUE TaTYUKA

JIist MUHUMU3a1uy rabapyuToOB IPOTOTHUIA, OBUIO PEIIEHO U3TOTOBUTH JATYHK
HCTIOJIB3YSI MOBEPXHOCTHBIE MOHTAX, JIJISl TOTO OBLIN MOA00paHbI JeTaln
COOTBETCTBYIOIIIMX HOMHUHAJIOB.

Tabnuna 1 - ucnonp3yembie pauoaeTaIu.

HaumenoBanue, | Homuuan Kopnyc | KomnuectBo | O603HaueHue Ha
TUT cxeme
Nuctpymentansn | AD8220 MSOP 1 Ul

b1t OY

oy TLO84 S0-14 1 U2

Pesuctop 240Q 0805 1 R1

Pesucrop 82kQ 0805 2 R2, R13

13



Pesucrop 150k 0805 5 R7, R8, R9, R10, R11
Pesucrop 1kQ 0805 1 R6

Pesuctop 62kQ 0805 1 R4

Pesucrop 100Q 0805 1 RS

Huonnas coopka | BAS40W-04 |SOT323 |1 D1

CraOuauTpoH BZX84B5V1 | SOT23 1 D2

Konnencarop 0.01uF 0805 1 C3

Konpnencarop 1uF 0805 1 C4

Konnencarop 10uF 0805 2 C1,C2

B nporpamme “Proteus” Obla pa3BeseHa miara, KOTOpYO U3TOTOBUIIN Ha

3aBoje “Itead”. KommekTyronue npuodpeTeHsl Ha “aliexpress.com’ u B MarasuHe

“Uun u Jum”.

L3

“IIpnobpeteHue aeraneit”
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“3aKa3 U U3roTOBJICHHBIE IIAThI

maTdyuKa’’

C60p1<a JaTHHUKa ITPOU3BCACHA B JOMAITHHUX YCJIOBUAX. He YUHuThbIBasd C60pKy,

cebecTOMMOCTh COOPaHHOM TIATHI JaT4YMKa cocTaBmiia 277 pyOei.
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5.4 CTtpykTypHas cxeMa yCTPOiCTBa

GY-ADS1115 (ADC) DD1718PA
& DC/DC +5v to +-9v
ll gogafl, A,
AAAANAAANANAN IXA ADAAAANNAA egeo DI
VVVVVVVVVVVVVVVVVVV $563756>
H 1
WiFi T
DIY MIO SENSOR DIY MIO SENSOR
<p-
PROCESSOR TP o, S <
E i Tolectoges <> GO oD onD D >—> To lectrors
ESP-WROOM-32 G- se e <>
2 8B8e553588888830852
HHHAHHHHHHHHHH 0N Mo SENSOR oY M0 SENSOR
AAD l ADMD )l <t<p e gy o s3 sen <>
VAR AU = \AAAY - To sectodes <> GO oo om0 D G
58928582 ] << I - <>
b il =
& g 5 8
= g
H = E GY-ADS1115 (ADC) DD1718PA
Sassql| se8s953 e xE A2 DC/DC +5v to +-9v
ol\ A A\/} $5882 22z ¢
Y Y 400 % z888g D2
1 it i
t [ TT
DIY MIO SENSOR DIY MIO SENSOR DIY MIO SENSOR
<P e ™ o sen- <> > SEr D>
SEco S10as @o S8 oo e B e
<> s o o sene <> o sene <>
vee <p—
DIY MIO SENSOR DISPLAY el DIY MIO SENSOR DIY MIO SENSOR
o o]
<> a‘m. “ o -4 ,7 e
o S0 o Tosctdes <> G0 w0 86 cio P> 1o
___ﬁ o <G> 56 == o SENe <D—D>

“CrpykTypHas cxema”

Bbonee nonpo6Ho [punoxenne A.

CurHassl MOTyYEHHBIN € 31EKTPO0B 0OpadaTsiBaeTcs miataMu gatuuka (S1-
S10). Beixoapl JaTYNKOB MOJKIIOUEHBI K 4-X KaHAJIBHBIM aHAJIOTO-ITU(POBBIM
npeoOpazoBarensaMm (ALII), na cxeme: A1-A3, KaXabli AATUMK K OTJIEJIbHOMY KaHaIy.
AIII mo mmue 12C, nepenarot orudpoBaHHYIO HHOOPMALIMIO HA MTPOIECCOPHOE
YCTPOMCTBO, MO 3ampocy npoiieccopa. Jucmiei oToOpakaer nHGpopMaIuio 1mo
komanze L{I1Y. B cBsa3u ¢ TeM, 4yTo ypoBHU curHanoB aucruies u AL 0-5 Bouibt, a
ypoBHH niporieccopa 0-3.3 BosibTa, HEOOXOIUMO TPUMEHUTH COTJIACYIOIINE
yCTpoiicTBa B Bue npeodOpaszopateneit yposus (LC1, LC2).

OCHOBHOI UCTOYHUK MMUTAHUS CXEMBI UMEET HANPSDKCHHE B 5 BOJIBT, IJ1aTa
IpoIiieccopa CoAeP>KUT BCTPOSHHBIN nmpeodpaszoBaresns U3 5 B 3.3 BoibT. Mogymsm
JTATYUKOB HEOOXOAMMO ABYMOJIIpHOE nuTanue 9 BosbT. [loaTomMy B cxeme

ucrnosb3yercs 2 npeodpazoarens nutanus (D1, D2) u3 5 BoabT B +-9 BONBT.
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Juia 2 - OJIOKA CTPYKTYPHOU CXEMBI MIUIEKC JATYUKOB MBIIIIEYHOU
Tab a 2 - OJIOKH CTPYK OH cXxe “Ko €KC JIaTYUKO €4HO

AKTUBHOCTH .
Hazpanwme 61oka Haznauenue KommuecTto | O603HaUeHHE
ESP-WROOM-32 [leHTpanpHBINA IpOTIECCOP 1 PROCESSOR
GY-ADS1115(ADC) | Ananoro-tudpoBoit 3 Al, A2 A3
npeoOpa3oBareib
DIY MIO SENSOR | I3mepenue u mepBUYHAS 10 S1, S2, S3,
0o0paboTka curHasna S4, S5, S6,
S7, S8, S9,
S10
NX4832T035_011 Hucrnnei 1 DISPLAY
LEVEL [IpeobpaszoBarens ypoBHel | 2 LC1, LC2
CONVERTER
DD1718PA [IpeoOpazoBanue 2 D1, D2

HaMnpspKeHus +5 BoIbT B +-9
BOJIBT

“YcTpolCTBO HA pyKe”
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“BxitoueHHOE YCTPONCTBO”

5.5 IIporpamma KOHTpOJLIepa MUOTPA(PUYECKUX TaTYUKOB

[Iporpamma Hanucana Ha sizpike C++ B cpene pazpadbotku Arduino IDE (11).
[Tpunoxenue b .Ilporpamma umeeT aABa pexuMa: pekKUM HaCTPOHKH “‘KalnuOpoBKa” U
OCHOBHOU p&XHM “‘PyHKIIMOHUpOBaHKUE” . MUKPOIIPOIIECCOP, BHE 3aBUCHMOCTH OT
pexuma padoTsl, ¢ gactotoit 30 'y momydaet nusmepenus ¢ 10-Tu ceHCOPOB.

5.5.1 Jran kaauOpPOBKH

Ha stane xanubpoBku ornepaTopy TpeOdyeTcs, B COOTBETCTBUU C CIIEHAPHEM,
MIPOU3BOJIUTH >KECTHI MaibllaMu. [Toka3zaHus 1aTUNKOB IIPU KAKIOM KECTE
00BEIUHSIOTCS B N-MEPHBIN MaccuB 3HaueHui. [lomydeHHbIe TaHHBIE TPOXOJIST
HOPMHUPOBKY OTHOCUTEIFHO MAaKCUMAJIbHOT'O 3HAYEHHUSI B TIOCJIEI0BATENILHOCTH,
00paboOTaHHBIN MAaCCUB COXPAHSAETCA B MATPUIIE KaK €€ CTPOKa, I'7Ie HOMEP CTPOKHU
paBeH COOTBETCTBYET JKECTy B cioBape. CpenHeapupmMeTHuecKoe 3HaueHHe
MOKa3aHUIl BCEX TATYMKOB 3aMKCHIBACTCS B MACCUB MApAIUIEIHLHO KATHOPOBOUYHOM
Matpule U OyAeT UCIOIb30BAHO B JAIbHEHIIIEM JIJIsl OTIPEICIICHUS YCUITUS CKATHSI.

CrnoBaps npeacTaBiseT u3 ce0s MmaccuB U3 32 xectoB (2°5=32 koMOWHaIIIN)
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OTCOPTHUPOBAHHBIN TIO YaCTOTE MCTOIL30BaHM. B KOHIIE KamnOPOBKHU MOTydaeTCs
matpuna 32x10. B nanpHelinem s yno0cTBa oOpabOTKU, CTPOKA MaTpUlla
BocIpuHUMaeTcs Kak 10-mepHbIil BekTop. KanmnOpoBka OCyIecTBISIETCS C TTOMOIIBIO
JUCIUIES] ¥ IEMOHCTPAIIMOHHOTO CTeHa. Bo Bpems KaauOpOBKH JKeaTeIbHO

MAaKCHUMAJIbHO HAIIPATaTb MBIIIILI JJIA IIOTYYCHUS HAUTYUIICTO PACIIO3HABAHWA.

“Jlucruieii Ha Tane KaaTuOpOBKU™

5.5.2 OcHoBHO UK padoThI

Ha sTom sTamne nporpamMma HUKIWYECKH ONPAIIUBAET KaXKIbIA U3 JaTYUKOB U
dbopmupyet Tekymuit 10-Tu MEpHBINA BEKTOP, /1aJiee€ OCYIIECTBISAECTCS MOUCK BEKTOPA C
HaMMEHBIIIUM OTKJIOHEHHEM OT UCXOJIHOTO. ['paduuecku npoiecc HoOpMaIu3auuu
MO>KHO MPEACTaBUTb, KaK OIMpeieJIeHHE TOUKH Ha OBEpXHOCTH rurepcdepst 10-
MEPHOI0 MPOCTPAHCTBA, COOTBETCTBYIOLIEH OIpENEIEHHOMY BeKTOpY. [lomumo
TEKYIIETO U3MEPEHUs Ha cpepe MOKHO TAK)Ke OTOOPa3UTh TOUKH, COOTBETCTBYIOIINE
Pa3TUYHBIM >KEeCTaM, BEIYHMCIICHHBIE Ha Tare KanmuOpoBku. Halias Touky B
KaJIMOPOBOYHOM MaTpulie, KOTOpasi B COBOKYITHOCTH C U3MEPEHHOM JTaCT BEKTOP C
HaWMEHBIIEH JUIMHOM, MOKHO OIIPEAEIIUTL KAKOMY JKECTY COOTBETCTBYET
MTOJTYYEHHBIA BEKTOP, a4 CUJIA CKATUS PYKH BIIUSAET HA YCPEAHCHHbBIC 3HAUECHUS

CUTHAJIOB U COOTBETCTBCHHO YI'OJI OTKJIIOHCHH IMAJIbICB MEXaHUYECKOH PYKH.
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Brruncnennbie JaHHbIE BU3YyaTM3UPYIOTCS Ha qucIuiee U o http-mpoTokomy

OTIIPABJIAIOTCA Ha ,HeMOHCTpaHI/IOHHLIﬁ Web—cepBep.

5.6 JleMOHCTpALIMOHHBIA CTEH]T

JIeMOHCTpPAaMOHHBIN CTEH]T COCTOUT U3 UCIIOJHUTEIBHOTO YCTPOMCTBA -
MEXaHUYECKON PyKH ¢ KOHTPOJUIEPOM yrpaBiieHus. CTpyKTypHasi CXeMa CUCTEMBI

IMPpCaACTaBJICHA HUKC.

MexaHu4yeckas Ka

MuosneKkTpudecKuii
CEHCOp
A KoHTponnep
cuctema 7, CepBo-
nUTaHus ? npueoael
KOHTpOnN Be6- *

Manbupl
MexaHU4ecKon

OaT4yuK pyKM

cucremMma
nMTaHnAa

KanmbpoBouyHbI
avncnnen

mMmaccuBs
aneKkTpoaos

PasHocTb
noTeHuunanos

i)

“O000menHas 010K-cxema’

5.7 Onucanue MeXaHUYECKOM PYKH

Mexanuueckas pyka Obuia 3aka3ana u3 Kuras (2), HO Takke MOJIHOpa3MepHBIi
MPOTE3 WM MaKeT MOXKET ObITh HarmeuaTaH Ha 3a-ipuHtepe. [lomumo

IIPOTE3UPOBAHUSA JaHHAA CUCTEMA MOKCET MCITIOJb30BATHCA JJIA X KECTOBOT'O
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praBJIeHI/ISI I[pyl“I/IMI/I MalllMHaM1 1 MCXaHU3MaMHU, B BHpTyaHLHOﬁ u HOHOHHGHHOﬁ
peaHBHOCTI/I.

B JABHUXXCHUC TTAJIBIIbI MGX&HHHCCKOﬁ pYKI/I HpHBOI[HTCH C IIOMOIIIBEO
CepBOHpHBOﬂOB.OHH 6BIJII/I 3aKa3aHbl OTACJIBbHO, TaK KaK TC, KOTOpBIe IIJIN B
KOMIIJICKTC OKa3aJIMCh HCHAJICKAIIICTO KadCCTBAaA.

-
N

3 304,69 - 6 058,02 pyb6

w ¥ 4

95,30 pybo.

“Hcnonp3yeMble CEpBONPUBOIBL

brina Hanucana nporpamma B cpene pazpadbotku Arduino IDE mis konTposuiepa
EPS32/ESP8266 (9), koTopasi mpuHUMAaET KOMaH bl yepe3 web-uHTepdeiic u
MIPUBOJINT TAJIBIBI B IBHYKCHHE.

CepBonpuBO/I YIIPABIAETCS C TOMOIIBIO OMOIMOTEKH Servo.h, mpsiMbIM

yKa3aHUEM yTiia OTKIIOHeHHUs nanbia. [Iporpamma, paboraromias Ha cepBepe-pyke,
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SIBJISICTCSI BCIIOMOTaTE€ILHOM U HE 34CJIy’KUBacCT FJIY6OI(OFO OIMMCaHus B paMKax

I[&HHOﬁ HayIIHO-I/ICCJIC,Z[OBaTel'IBCKOﬁ pa6OTLI.

CTpyKTypHasa cxema
"WEB cepBep ynpasneHua
MEXaHN4eCKon pykon"

] S L CLK <P Cob
<> cno S0 T
<Io= 03 SD1 o
<o s02 G15
<13 G2 <o /<
< oo . o 4%
<= Gi2 Gé P
<= Gt G5 <
<= o7 GIT
<o G5 — G5 I s 65}
<625 WiFi 15 ef—t- &=
< 63 19 <
P e GND <m
<= G35 G21 e e—

I o3 R 6

<P sn ™0 <> =

o= 0 622 oJm

I en 63 <P

$» PROCESSOR= % 2
ESP-WROOM-32 =

C nporpammoit MokHO o3HaKOMUTHCA B [Ipusoxxenun B k manHo# pabdore.
HasnaueHnne nporpaMmel - OJYyYNUTh YIPABISIIONIYI0 KOMAHy OT “KJIMEHTa
KOTOPBIM SIBIISIETCSI OCHOBHAS IIPOTpaMMa U BBIIIOJIHUTD €€.

Kpome Toro, kak 10omnoiaHeHre K OCHOBHOM MporpaMMe BU3yaau3alu,
ucnosb3yercs auciiei komnanuu “Nextion” (10), KOTOpbIil NpUHUMAET MPOCTEHILINE
YIPaBIAIONIME KOMAHABI OT OCHOBHOM IPOrpaMMBbI 110 IIPOBOTHOMY
nocJjeaoBaTeIbHOMY HHTEpdency U 1yOaupyeT moKa3aHus JaTYuKOB U JICUCTBUS
MexaHnyeckoil pyku. K coxanenuto, TEKCT IporpaMMbl U3-3a 0COOEHHOCTH

OopraHu3alnuvn AUCILICA, HE MOJKET-OBITh pacicdyaTral B YATaACMOM BHUC.
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“CobpanHas MexaHu4ecKas pyka”

5.8 BzaumopeicTBue cTeHIa U OCHOBHOI'0 YCTPOIiCTBA.

OcHOBHOE YCTPOMCTBO U3MEPSIET MUOTPAPUIECKOE COCTOSHUE MBIIIIII,
MIPOM3BOAUT pacIMppoOBKY MaHHBIX. OMpeaensieT )KeCT U TPAHCIUPYET ero Ha
neMoHcTpanoHHslil ctens B Bujge HTML POST 3anpoca.

®dopmar 3anpoca “POST/?N=XX...&N=XX", rne N-Homep naisiia (ot 1 10 5),
a XX - crenenb crubanus (ot 0 no 100 %). [Tanbubel npoHyMepoBaHbl Tak, 4to | -
MU3HHEI, a 5 - Gonbmoii. [locne momyuenus 3ampoca cTeH ] mpeodpas3yeT ero B
YIPABJISIFOIITUE BO3CHCTBUS U IPUMEHSET UX K CUCTEME CEPBOIPUBOIOB, KOTOPHIC

CcrudaroT U pa3rudaroT NadbIlbl MEXaHUYECKOU PYKH.

[21="10082=100&3="10084=10085=100

“3ampoc”
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Finger server

FINGER 1 2 3 4 5

MAX |103 123 141 0 0 ==

VAL 100 100 100 100 100 ==

MIN 35 G5 G5 65 B0 ==
“CepBep”

6 3ak/II0ueHue

Ha ocHoBanuu mpoBeeHHBIX pabOThl U aHAJIM3a MOXKHO YTBEPXKAATh, UTO
ucnoiyib3oBanue OMI' n1aTynuKoB, Ha COBPEMEHHOM pajino-3JIeMEHTHOI 0ase,
MO3BOJISIET CKOHCTPYUPOBATh HEJIOPOTOil BRICOKOKAUYE€CTBEHHBI HHCTPYMEHT,
JAIOIIMI BO3MOYKHOCTb CO3/1aTh “IPYKECTBEHHBIN U yI00HBIN HHTEpdEHC
yIpaBJICHUS.

[IpoBeneHHbIE NCCAEAOBAHMS TOKA3aIu ‘““KM3HECIIOCOOHOCTh pellleHus Ha 0aze
mMuorpaduueckux JaTankoB. HeB3upas Ha CyIiecTBYIOINE CI0KHOCTH, OJTHO3HAYHO
MOHO YTBEPKJ1aTh, YTO MPUMEHEHHUE ATOW pa3pabdOTKH B OJmxkaiemM OyayemM
PEKOMEHI0BAHO M OyJIeT BOCTPEOOBAHO.

B pesynbTaTe nonyueHo yHHKaIbHOE YCTPOUCTBO, CIOCOOHOE KOPPEKTHO
OTIPENICIISATh MaIbIEBbIC )KECThI, CTENICHb HAMPSIKEHUST MBIIIIII.

JlanpHeliIee ncciieIoBaHue HEOOXOAMMO TIOCBATUTH pa3paboTke Ooee
SPrOHOMHUYHON KOHCTPYKIIUU YCTPOMCTBA B 1IEJIOM U COBEPIICHCTBOBAHUIO
aJITOPUTMOB pacro3HaBaHus xKecToB. MeanbHo ObLIO ObI TOCTUYBL TAKOTO PE3yJibTaTa,
KOr/ia 000CHOBAJIMCh-0bI MOTYCOTHYTHIE MaJIbIIbI, YTO AaJI0 OBI erie OoJibliee

pacipenue cepbl IPUMEHEHUs YCTPOMCTBRA.
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7 Cnucok HCIOJIBb3yEMbBIX HCTOYHHUKOB

1 - https://www.bsmu.by/downloads/kafedri/k_anatomia/stud/2017-2/mr13.pdf

2 - https://aliexpress.com/

3 - http://www.bitronicslab.com/

4 - Texuuueckas JokyMmeHtanus Ha OY AD8220
©2006 Analog Devices, Inc. All rights reserved. Trademarks and registered
trademarks are the property of their respective owners. C03579-0-4/06(0)

5 - P. Kodumun @. [Ipuckon OITEPAIIMOHHBIE YCUJIMTEJIN 1
JIMHEVMHBIE UHTEI'PAJIBHBIE CXEMBI N3narenbcTBO “Mup’”, MockBa

6 - Texanueckas qokymeHnTanus Ha OY TL084
2001 STMicroelectronics - Printed in Italy - All Right Reserved
STMicroeelectronics GROUP OF COMPANIES

7 - I''W. Ilyxansckuii T.5. HoBocenbiieBa CripaBouHukK: “TIpoekTupoBanue
JTUCKPETHBIX YCTPOWCTB HA MHTETPATIBHBIX MUKPOCXEMaX

8 - C.T. XBom1 H.H. Bapnunckuii E.A. ITonos “MUKPOITPOLECCOPHI u
MHUKPOSBM B cucrteMax aBTOMaTU4ECKOTO YIIPABICHUS

9 - https://github.com/espressif/

10 - https://nextion.itead.cc/

11 - https://www.arduino.cc/

12 - https://ru.wikipedia.org/

13 - http://www.lomonosov-fund.ru/enc/ru/encyclopedia/
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IHpuioxenue A
“B1oK cxeMa OCHOBHOT'O
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29

yCTpPOMCTBA
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punoxenue b

“IIporpaMmMa OCHOBHOI'0 yCTpPOMCTBA”

#include "ads1115.h" // gyrenune nokaszaunii 12 KaHAJIOB JATYNKOB
#include "radiosend.h" // mepenada koMaHa O COCTOSHHY MaNbIEB HA MAHUITYJIATOP

#include "screenobj.h" // mns moaxmoueHwUst AUCTIIES

#define SENSORS 10 // Bcero 10 natunkos

#define MATRSIZE 32 // pasmMep MaTpHUIIBI TaJbIIEI - IO JBA COCTOSIHUSA 2 B CTCIICHH 5

#define VECTORS // momck ocymiecTBISIeTCs ¢ TOMOIIBI0 BEKTOPHOI MaTeMaTHKH
#define THRESHOLD OK 80 // mopor omo3HaBaHUsI KOMOMHAIIUH IIPH MTOUCKE TI0 MAaTPHIIE

#define THRESHOLD DEV 15 // mopor nonycTuMbIx KojeGaHuil okazaHuid, Mpy yAep:KaHWU KOMOUHAIMN

uint8_t 0ldGauge[SENSORS]={0}; // na nucmee ecth Bcero 10 rpagycHukjd

uint8_t matr[MATRSIZE][SENSORS]; // maTpuiia 3Ha4eHUIT JaTYNKOB B MPOICHTaX OT MoKazaHui, 0,1,2,3 - moka3zaHus
natankoB, 100% -BeIOMpaeTCs AaTYMK ¢ CAMBIME MOLIHBIMH [TOKAa3aHUSMH, CTPOKA MAaTPHUIIBI COOTBETCTBYET MaJIbILY
int16_t matrPow[MATRSIZE]; // 8 aToM Oydepe coxpaHseM MakCHMalIbHBIC TOKa3aHUs JATYHKA IJIS TAaHHOTO CIICIIKa,
HCIIOJIb3YEM ISl BBIUMCIICHUS YCHIIHS

uint8_t power=0; // OpUESHTUPOBOYHOE YCHJIHE MBIIIIIH OTHOCUTEIILHO 3TATOHHOTO

uint8_t oldPower=255; // npensiayiiee (ctapoe) OPUSHTHPOBOYHOE YCHUIIME MBIIIIHA OTHOCUTEIHLHO 3TATOHHOTO, JIs
HCKJIOYEHHS IOBTOPHON 00paboTKH

uint8_t sysStat=0; // cucteMHbIii cTaTyc CpabOTKH TATYHKOB

uint8_t oldSysStat=0; // crapsrii cTatyc cpabOTKH JaTYHKOB

uint8_t calibrate=0; // ctaryc xanmuOpoBKu

uint32 t calibrateDelay=0; // kon4yecTBO BpeMEHH Ha TEKYIIYIO ONEPAIMI0 KAINOPOBKU

uint32_t calibrateHalfDelay=0; //6ydep 10I0BMHHOTO BpEMEHH CTANH, BPEMS LI COXPaHEHUS H3MEPEHUI

uint32_t calibrateTimer=0; // 6ydep 3acedxu 3TarnoB KaTuOpPOBKU

uint8 t maxDest=0; //KoMM4IECTBO KECTOB HA KOTOPOE HACTPAaUBaEM yCTPOUCTBO

intl6_tadc data[12]; // momyueHHBIE JaHHBIE

intl6 tadc max[12];  // MakcMMyMBbI TaHHBIX
uint8_t fingerStatf MATRSIZE]={ //kapTa COCTOSIHUS MaJbIIeB OOJIBIION,yKa3aTeIbHBIN,CPeIHIN,0e3bIMSHHBIMH,
MU3UHEII

B00001, // Bcero 8 mpocTedmux >keCcTOB
B00010,
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B00100,

B01000,

B10000,

B11111,

B00000, // Bcero 17 mpocThIX *KeCcTOB
B01111,

B00111,

B00011,

B11000,

B11100,

B01100,

B01001,

B10001,

B11001,

B01011,

// CIOKHBIE )KECTHI
B11110, // 25 npocThIX+CI0XKHBIX
B11101,

B11011,

B01101,

B10011,

B01110,

B10111,

B10101,

// HeYIOOHBIE KECTHI
B11010, // Bcermo 32 xoMOMHALMH AJIbIEB
B01010,

B00101,

B00110,

B10010,

B10100,

B10110,

j

// ynpaBiieHue TIOKa30M CTaJANi KaTHOPOBKU

void calibrateStage(byte stage){
calibrate=stage; // ycTaHOBHUTb HOBBIiT TAll KATHOPOBKU
calibrateTimer=millis(); //3aceus Taiimep sTana

byte st=128; // 6ybep cTaTyca nanbles 1 MOKa3a Ha dKpaHe
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word delayGaug=>50; // war raiimepa rpagycHuKa
byte stepGaug=1; // mar rpagycHuka
String msg=""; //6ydep coobIeHns It MOKa3a Ha IKpaHe
if (stage==1) { // cragus 3anmycka KaIuOpOBKU
powerGauge.setValue(256); // moracutb CiuioMeTp
powerTimer.enable(); // 3amycTuTh TalfiMep 00pabOTKK CIIMIOMETPa
for(byte i=0;i<SENSORS;i++){
//shift[i]=0; // c6poc cMmemenus Tpadruka OTHOCUTEILHO HOJIS
gr[i].setValue(0); // cOpoc mpopecc 6apoB Ha 3KpaHe
oldGauge[i]=0;
II_max[i]=1,
}
msg=F("Coxmure pyky B Kynax");
calibrateDelay=4000; // ycTaHOBUTB MPOJOJIKUTEIBHOCTD dTaNa 5 CeK
delayGaug=80; // mar TaiiMmepa rpagycHruka kKaxmasie 80 us
stepGaug=2; // mar rpagycHuka 1o asa geneHus (80*100/2 = 4000)
St+=1+2+4+8+16;
} else if (stage==2) { //
msg=F("ITonHocThio paccaabbre pyky");
calibrateDelay=1500; // ycTaHOBHUTB MPOAOKUTENBHOCTE dTamna 1,5 cex
delayGaug=60; // mar TaiiMepa rpagycHuka Kaxmsie 60 us
stepGaug=4; // mar rpagycHuka 1o asa aeneuus (60*100/4 = 4000)
} else if (stage==3) {
[/[for(byte i=0;i<SENSORS;i++){
//shift[i]=adc_data[i]; // 3amommHaeM cMerieHue rpa)ukOB OTHOCHTEIBHO HOJIS
//adc_data[i]=0; // mpuMeHseM cMeleH e K TeKYIIIM JaHHBIM

//_max[i]=0; // yucTum Oydep MakcumMymoB

1}
} else if (stage<(3+(maxDest*2))){
stage-=3;

if ((stage&1)==0){ // yetHble cTaguu (crudaHms)
msg=F("Coruure najplsl BbAEIEHHbIE KPacHBIM");
calibrateDelay=4000;
delayGaug==80; // mar Taiimepa rpagycHuka kaxasie 80 us
stepGaug=2; // mar rpagycHuka 1o jasa genenus (80*100/2 = 4000)
st+=fingerStat[stage/2]; // kapTHHAa MaJIbIEB U3 TAOTUIIBI

Telse {
msg=F("Pasoruure...");
calibrateDelay=1500;

delayGaug=60; // mar Taiimepa rpaxycHuka Kaxzasie 60 us
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stepGaug=4; // mar rpagycHuka o nsa aexenus (60*100/4 = 4000)
}
} else { // oxoHUaHWE KaTHOPOBKU
msg=F("KanubpoBka okon4yeHa");
calibrateDelay=1000;
delayGaug=50; // mar TaiiMepa rpaayCHUKa KaxIbie
stepGaug=100; // mar rpajgycHUKa 10 JBa JICICHUS
LearnButton8.setValue(1); / "oTmycTuTth KHONIKY 00y4eHuUs"

LearnButton17.setValue(1); // "oTirycTuTh KHOTIKY O0y4UeHHS'

LearnButton25.setValue(1); // "oTmrycTuTh KHOTIKY O0y4YeHHS'

LearnButton32.setValue(1); // "oTmycTuTh KHOIIKY 00y4eHus"
calibrate=0; // mepexo/; B HOpMaJbHYyIO paboTy

¥

calibrateHalfDelay=calibrateDelay/2;//nmonoBuna BpeMeHH CTaguu

UniTolso(&msg); // mepekoanpoBaTh coodIeHue B Oydep

ShowText.setText(msg.c_str()); / Hame4aTaTh Ha AUCIUICE

fingerScreenStat.setValue(st); // ycTaHOBUTB cTaTyc MOKa3a MaibIeB

metalHandSetFingers(st);

nexClick(ShowText.getObjName(),0); //akTuBupoBaTh cTaryc

gaugeStep.setValue(stepGaug);

gaugeTimer.setCycle(delayGaug);

gaugeTimer.enable();

/I 3anyck kanuOpoOBKU
void startCalibrate8(void *ptr){
if (calibrate==0) { /kanmuOpoBKa He 3amyIieHa
calibrateStage(1); //3amyckaeM KaIuOpPOBKY HepBasi CTaus KaauOpOBKU

maxDest=8; // yaumcst Bcero BOCbMU KOMOWHAITUSAM

¥

}
void startCalibrate17(void *ptr){

if (calibrate==0) { //kanubpopka He 3amyieHa
calibrateStage(1); //3amyckaem kanuOpOBKY MepBas CTaus KaauOpOBKU
maxDest=17; // yaumcst Bcero 17 KoMOMHAIISIM

}

}
void startCalibrate25(void *ptr){

if (calibrate==0) { //xanuOpoBKa He 3amylIcHa

calibrateStage(1); //3anyckaem kanuOpOBKY mepBast CTaAus KATHOPOBKU
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maxDest=25; // yaumcs Bcero 25 koMOUHAITUAM

¥

}
void startCalibrate32(void *ptr){

if (calibrate==0) { //xanuOpoBKa He 3amylIeHa
calibrateStage(1); //3amyckaeM KaTMOpOBKY HepBast CTaus KaIHOPOBKU
maxDest=32; // yanmcs 32 komMOuHAIMAM
}
}

// pacdeT B pOLEHTaX
uint8_t getProc(int16_t val, int16_t maxVal){
if (val<0) { // oTprnaTenbHbIC 3HAYCHHSI HEIOMTYCTHMBI, IETUTh Ha () HEJIb3s
return 0O;
} else if (maxVal<1) {
return val,

}
return (((long)val*100)/maxVal);

}

void setup(){
Serial.begin(115200);
Serial.printin(F("Hallo™));
nexInit();// *HUMAIA3AIHS TACTUTCS
String msg=F("Tlonkmrodaemcs k cepsepy !");
ShowText.setText(msg.c_str());
uint8_t test=1;
while(test==1){ // 3anyck cBs3u C cepBepOM-pyKoii
test=metallHandConnect();
if(test==1) {
msg=F("IlonbITKa MOAKIIOUEHNUS K cepBepy");
ShowText.setText(msg.c_str());
¥
}
if(test==2) {
msg=F("Ommubka. Paboraem Ge3 cepsepa !");
delay(5000);
Yelse {
msg=F("Iloaxmouyenue ycnemxo !");

metalHandSetFingers((uint8 t)0); / BEIIPSMHUTH MaNbLbl PyKH
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}
ShowText.setText(msg.c_str());

adcBegin(20); //3amyck cuctembl Moayieit ADC, ¢ IpaBUIBHEIM KO(HITHEHTOM M3MEPECHHM, IS IOy IeHUS
NIOKa3aHUU
/I adc_data=getData();
/I adc_max=getMax();

LearnButton8.attachPop(startCalibrate8); // moakiarouaeM Ha BUPTYyaJbHYIO KHOIIKY Ha JUCIUIEE MONPOTPaAMMY
3aIycKa KaJHOPOBKH Ha 8 KECTOB

LearnButton17.attachPop(startCalibrate17); // moakmodaeM Ha BUPTYaJbHYIO KHOIIKY Ha AWCIUIEE TIOATIPOTPAMMY
3arrycka KaauOpoBKky Ha 17 sxecToB

LearnButton25.attachPop(startCalibrate25); / moaxmo4aem Ha BUPTYaJIbHYIO KHOIIKY Ha JUCIUIeE TOANPOTrpaMmy
3amycka KaauOpoOBKU Ha 25 jKeCTOB

LearnButton32.attachPop(startCalibrate32); // moaxitoyaem Ha BUPTYalbHYIO KHOIKY Ha JAUCIIIEE MOANPOrpaMMy

3amycka KaauOpoBky Ha 32 jkecTa

}

void loop() {

// MOCTOSIHHO MTPOBEPSIEM HET JIK KAKOTO JACUCTBUS C DIEMEHTAMHU dKpaHa

nexLoop(nex_listen);

// MOKa3BIBaeM IIporpecc Oaphl Ha TUCTIICE
static uint8_t pbCount=0;
long temp=getProc(adc_data[pbCount],adc_max[pbCount]); // pacanTeiBacM 3HaYCHHE TIOKA3aHUH JaTYNKA JUII BEIBOAA
Ha DKpaH B BHUJE Nporpeccoapa, B IPOLEHTaX OT MAKCUMyMa
// moka3pIBaeM MOKa3aHMs Ha IPalyCHUKE Ha dKpaHe
if (oldGauge[pbCount]!=temp) {
if (temp<=100) { // 3Hagenns Oonpmre 100 BOCIPHHUMAIOTCS MOHUTOPOM KakK OMIMOKa
gr[pbCount].setValue(temp);
oldGauge[pbCount]=temp;

¥

}
if (pbCount<(SENSORS-1)){ // cuer o1 0 1o 11

pbCount++;

Telse {
pbCount=0;

}

// 00paboTKa HaHHBIX C TATYUKOB
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while (adcAvailable()){ // nanusie roToBsl

for(uint8_t i=0; i<10; i++){
Serial.print(adc_data[i]);
Serial.print(" ");

}

Serial.printin();

// ecnu MIeT ATan KaTMOPOBKU KaTUOPOBKH
if (calibrate) {// nper kaanOpoBKa
if (millis()-calibrateTimer > calibrateDelay) { // xouerr cragun kanudpoBkKu
calibrateStage(calibrate+1); // Hauano ciemyromero atamna KaTuOPOBKH
} else if ((calibrateHalfDelay!=0) && (millis()-calibrate Timer>calibrateHalfDelay)){ // cepeauna craguu
calibrateHalfDelay=0; // o0HynHTB TaliMep COXpaHEHHUS TaHHBIX, YTO OBl HE TOBTOPSTH ONCPAIIHH
// MIIeM MaKCUMyMBI H3MEPEHUI CPEAN JaTINKOB
intl6_t maxBuff=1; // MakcuMyM cTaOMIM3AINH JATINKOB, HE MOXKET OBITh MEHBIIE |, TOCKOJIBKY Ha HETO
OyneM JeIUTh U 3TO MPOLEHTBI
int32 t maxAbs=0; // aOCOMOTHBIA MAKCUMYM YCHIIUS JUIsSI MaTPHULIBI
uint8_t k=(calibrate-3)/2; // BerunciisieMm HOMep KOMOHMHAIMU B TAOIHIIE
if (k<MATRSIZE) {
for(uint8_t i=0;i<SENSORS;i++){ // mepebupaem moka3zaHus JaTIAKOB
if (_maxBuff<adc_data[i]) { // nmem makcumansHbIe
_maxBuff=adc_data[i];
}
_maxAbs+=(adc_max[i]); / cymmupyeM Bce MaKCUMYMBbI TOKa3aHUH JaTUMKOB JJIsl yCPETHEHUSI
adc_max[i]=0; // cOpacsiBaeM MakCUMYMBbI JJIs CJI. U3MEPEHHS
¥
_maxAbs/=SENSORS; //monydaem cpenHee cpein Bcex OKa3aHUH
// 3aTmOJTHsIEM MaTpUIly U3MEPEHHH JaTYMKOB B POLIEHTAX OT MAKCUMyMa
for (uint8_t i=0;i<SENSORS;i++){
matr[K][i]=getProc(adc_data[i],_maxBuff);
¥

// coxpaHseM MOKa3aHUs COOTBETCTBYIOIINE a0COMOTHOMY MaKCUMYyMY JaHHOW MaTpPHIIBI MMajIbla
if (_maxAbs<1){

matrPow[k]=1; // mockonbKy Ha 3TO YKCIIO OyAeM JIENUTh U MOCKOJIBKY 3TO MPOLEHTHI TO HE MOXKET OBITH

MeHbIe 1

}else {

matrPow[k]=_maxAbs;
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}
}else {

Serial.printin(F("Error calc matrix size !"));

}

} else { // mpouecc paboThI (KaTHOPOBKA OTKIFOUCHA)

// TIOIBUPAEM HAUBOJIEE TTIOJIXOAAIYIO CTPOKY MATPULIBI TEKYILIEMY CJIEINIKY U3MEPEHUIA

// MllieM MakCUMyM H3MEpPEHUI CPear NaTYNKOB
intl6_t maxBuff=1; // Ha 310 uncno OyneM aAenuTh, He MOXKET OBITH O WIIK OTPHULIATENBEHBIM, IOTOMY YTO 3TO
MIPOLICHTHBIE BHIYUCIICHUS

int32 t maxAbs=0; // TyT OyaeM BBIUUCISITH CPETHHUE TOKa3aHUsI JaTYNKOB
for(uint8_t i=0;i<SENSORS;i++){

if (_maxBuff<adc_data[i]) { // umem makcumym

_maxBuff=adc_data[i];

}

_maxAbs+=adc_data[i]; // HakarBaeM cyMMYy [UISl BBIYHCIICHHUS CPEITHETO
}
_maxAbs/=SENSORS;
// 3anoNHseM TEeKYILHiA CIIeNoK (MaTpuIly) U3MEPEeHHUs TaTYMKOB B IPOLIEHTAX OT MaKCUMyMa
uint8_t currMatr[SENSORS];
for (uint8_t i=0;i<SENSORS;i++){

currMatr[i]=getProc(adc_data[i],_maxBuff);
}

#ifdef VECTORS

// canTaeM, 9TO KaXx/1as CTPOKAa MaTPHUIIBI N-MEPHBIH BEKTOP, IOCKOJIBKY BCE BEKTOPA HOPMAIN30BAHBI (MMEIOT
OJIMHAKOBYIO JUINHHY,

// cBSI3aHO 3TO C TE€M, YTO B MaTPHIIE XPAHSITCS IMOKa3aHUs B IPOLEHTaX OT MaKCUMAJILHOT0) MO>KHO MCKaTh
OmKalIInit BEKTOP

// IO HAUMEHBIIEMY PACCTOSIHUIO MEX/Y KOHIIaMH BEKTOPOB, KOTOPOE MOXKHO HAalTH Uepe3 KOPEHb CyMMBI
KBa/IpaTOB Pa3HOCTEH KOOpAUHAT

// OTHONMEHHBIX TIOCKOCTEH. Pa3 MBI HilleM MHHUMYM, a caM¥ [TOKa3aHHs HAC HE HHTEPECYIOT, MOXXHO He OpaTh
KOpEHb (3TO J0JTast OTiepaIus)

uint8 _t num=maxDest; // Oydep HOMepa Ommkaiiieir KoOMOUHAIH

uint32_t min=4294967295;

for (uint8_t j=0;j<maxDest;j++) { // mepebupaem 06pa3LOBbIC MATPHULIEI

int32_t test=0;
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for(uint8_t i=0;i<SENSORS;i++){
intl6_t buf=currMatr[i]-matr[j][i];
test+=buf*buf;

}

if (min>test){
min=test;
num=j;

}

}

#else

/! paCcdYUuTBIBAE€EM BE€Ca OTKIIOHCHU HOHy‘IGHOﬁ MaTpulbl OT o6pa3u031,1x 1 MM ¢ MUHUMAJIbHBIM OTKIIOHCHUCM

uintl6_t min=65535; // s morcka MUHUMYMOB
uint8 t num=maxDest; // 6ydep HOMepa OmmKaiineii KOMOHHAITUH
for (uint8_t j=0;j<maxDest;j++) { // nepedbupaeM 00pa3OBHIC MATPHIIBI
uintl6_t test=0; / TyT OymeM HaKaIDIMBaTh BEC OTKIIOHCHUS
for(uint8_t i=0;i<SENSORS;i++){ // nepebupaem AaTYNKH B MATPHUIIC U TEKYIIHE
if (currMatr[i]>matr[j][i]){ // cymmHEpyeM OTKIIOHEHHS BCEX NaTIUKOB OT STAJIIOHA B IIPOLIEHTAX
test+=currMatr[i]-matr[j][i];
}else {
test+=matr[j][i]-currMatr[i];
¥
¥
if ((test<THRESHOLD_OK) && (min>test)) { // moBUM MUHEMYM OTKIIOHEHUS M TPAHHILY ITOpOTa
YYBCTBUTEIBHOCTH
min=test;
num=j; // npu MUHUMYyMe OTKJIOHCHHUH 3aIIOMUHAEM ITOIXO/ISIIYI0 CTPOKY MATPHUIIBI
¥

}
#endif

if(num<maxDest){ // ObuT HalieH TOXOIAIINI HIEMEHT MaTPUIIBI

sysStat=fingerStat[num] ; //ycTaHaBIMBaeM COOTBETCTBYIOIIMI NaJIbLIEBBII CTaTyC

}else {

sysStat=0; // mub0 HeT HUKaKoTo cTaTyca (pyka pa3orHyTa)

}

// KaK TOTIOJIHUTEIbHBINA (QUIBTP KOPOTKUX BHIOPOCOB MCIIOJIB3YEM IIOPOT CHIIBI, KaK MOPOT U3MEHEHHs cTaTyca
power=getProc(_maxAbs,matrPow[num]); // BbIYKCIIIEM OPHEHTUPOBOYHOE YCHITHE
if (power<THRESHOLD DEV) && (oldSysStat!=sysStat)) { / eciu 3T0 Haua0 HANPSHKEHUS TPYIIBI MBIIIII,

OTJIMYHOU OT MPEABIIYIICH, HO ycrine He JocTHrIo 15% , yunTeiBaTh OyneM (QUIBTP KOPOTKUX BBIOPOCOB)
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sysStat=0; // urHopupyem H3MEHEHEHHUE CTaTyca

}

// mOKa3bIBaEM CTaTyC Ha SKpaHe
if (oldSysStat!=sysStat) { // craryc u3mMeHHICS, Hy>KHO H3MEHHUTH JaHHBIC HA SKpaHe
oldSysStat=sysStat; // ypaBHHBaeM, 4TO ObI HE TIOBTOPSTH
fingerScreenStat.setValue(sysStat); / ycTaHOBUTB CTaTyc Mokasa maablieB
metalHandSetFingers(sysStat,power); // oTHpaBUTh MOKa3aHHUA Ha cepBep LIS pabOTH MAHHUITYIIITOPA
nexClick(ShowText.getObjName(),0); //akTHBHpPOBATH CTAaTYC MaIbLEB HAa SKPaHE
// TEKCTOBOE COOOIICHNE
String msg=""; // co31aTh NpaBUILHOE COOOIICHNE O COTHYTHIX MaJIbIlaX
if ((sysStat & (1+2+4+8+16))==(1+2+4+8+16)) {
msg=F("KYJIAK");
}else {
if (sysStat & 1) {
msg+=F("MW3UHELL, ");
}
if(sysStat & 2){
msg+=F("BE3bIMSIHHBII, ");
¥
if(sysStat & 4){
msg+=F("CPEJHUM, ");
}
if(sysStat & 8){
msg+=F("YKA3ATEJIbHbIN, ");
}
if(sysStat & 16){
msg+=F("BOJIBILION, ");
¥
if (msg.length()>2){ // eciit B cTpOKe YTO TO €CTh, yAATUTH /1B MOCIESIHUX CUMBOJIA (3AIIATYIO M IPOOe)
msg.remove(msg.length()-2, 2);
¥
}

UniTolso(&msg); // mepexoaupoBath coodIienue B 0ydep

ShowText.setText(msg.c_str()); / HareyaTats Ha AUCIIIEE

}

// oTOOpaskeHne yCUIINs Ha CITUIOMETpE
if (sysStat==0){ // ecii cTaTyc He ONON3HaH,

power=0; // To ¥ cUITy C)KaTHs HE TIOKa3bIBAEM
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}

if (oldPower!=power) { // TomBKO eciii yCHIE U3MEHUIIOCH M HE BEIXOIUT 32 Pa3yMHBIE IIPEICIBI H3-32 OUCHBb
MaJIeHbKOT0 MaKCUMyMa
metalHandSetFingers(sysStat,power); // oTpaBUTh MOKa3aHUs Ha cepBep I PadOThl MAaHUIYJIATOPA, C
yKa3aHHUEeM MOIIHOCTHU CXKaTus
oldPower=power; // 4To OBl HE IOBTOPSATH JBAX/bI IIEpeady OAMHAKOBBIX JaHHBIX HA SKpaH
powerGauge.setValue(power); // mepeath JaHHBIC CIIUIOMETPY Ha IKpaHe, KOI(DUIIUCHT BBEICH JIUIS YBEINICHUS
pa3Maxa NoKa3aHHH, IPOCTO Tak HaTJLIJHEe

powerTimer.enable(); // 3amycTuTh TaiiMep 00paboOTKH cCIMIOMETpa

}
}
¥

IHpunoxenue B

“IIporpaMmMa 1eMOHCTPALMOHHOTO CTeHA”

#include "EEPROM.h"

#ifdef ESP8266 // nns mponieccopa esp8266
#include <ESP8266WiFi.h>
#include <WiFiClient.h>
#include <ESP8266WebServer.h>
#include <Servo.h>
#define PIN_FINGER 0 D4 // nuHBI OAKIIIOUEHHSI CEPBOIPHBO/IOB IAJIbIIEB
#define PIN_FINGER_1 D3
#define PIN_FINGER_2 D2
#define PIN_FINGER_3 D1
#define PIN_FINGER_4 DO
Servo serv[5];
#else // mnst mporeccopa ESP32
#include <WiFi.h>
#define DUTY LOW 2000 // 3anonaenue IHVM npu MUHIMaIbHOM 3aHYSHUH CEPBOIIPHBOAA
#define DUTY_HIGH 7800 //ipi MakcuMansHOM
#define PWM_FREQUENCY 50 //4acrora PWM
#define PWM_RESOLUTION 16 //Pa3peumienne PMW
#define PIN_FINGER_0 19 // nuHbI OAKIIIOUEHHSI CEPBOMPHBO/IOB MAIBIIEB
#define PIN_FINGER_1 18
#define PIN_FINGER_2 5
#define PIN_FINGER_3 17
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#define PIN_FINGER_4 16
#endif

#define AP_ WIFI // ecnu aTa cTpoka paCKOMEHTUpPOBaHa, TO HAIlle YCTPOMCTBO - TOYKA JOCTYIIa
#ifdef AP_WIFI
#define AP_SSID "FingerServer" // mapameTpbl TOYKH JOCTYMa
#define AP_PASS "fspassword"
#else
#define STA_SSID "Test" // usmeHuTe 5TH TapaMeTphl Ha ITApaMETPHI BaIlleH CeTH
#define STA_PASS "password"
#endif

#define EEPROM_SIZE 32 // makcuManbHBIi pa3Mep COXpaHsIEMbIX B HE3aBUCHMOMW MaMsITH JaHHBIX

WiFiServer server(80); //>x3emmuisip knacca BeO cepBep

byte £ max[5]={180,180,180,180,180}; //maccuB conep:kammii MacCKIMa bHBIC 3HAUCHHUS TTOJOKEHHUS CEPB MAJIBIICB
(Tpamycer)

byte f min[5]={0,0,0,0,0};//MaccuB coaep:xaIiii MUHUMAaJIbHBIC 3HAYCHUS TIOJIOKESHHUS CEPB MajblieB (TPayChl)
byte fval[5]={50,50,50,50,50}; //maccuB comepaiiuii TEKyIIue 3HAYCHHsI [TOJIOKESHHS CEPB MaJIbIECB (IPOIICHTHI)
byte f pin[5]={PIN_FINGER_0, PIN_FINGER_1, PIN_FINGER 2, PIN_FINGER_3, PIN_FINGER_4}; //maccuB

COJIEpKauIllid KOHTAKHTHI MOJKIIFOUEHHUI CepBOMAILIMH MaJIbLIEB

// mepeMeHHbIe IS KIIHCHTA:
char linebuf[80] ;// Oyddep moaydeHus TaHHBIX OT KIHEHTA

int charcount=0; // yka3atenp Ha TeKyIiee MecTo B Oydepe

void setFingerPos(byte n, byte pos){//moanporpaMmma ycTaHOBKH Habla N B 3HAUCHHUE C (ITPOICHTHI)
static uint16_t oldPos[5]={0}; // Oydep xpaHeHHs CTapbIX MOKA3aHUHA
if (n<5) && (pos<=100)){
#ifdef ESP8266
uint8 t value=map(pos,0,100,f min[n],f max[n]); //Texymee nonoxenue B rpagycax
if (oldPos[n]!=value) {
oldPos[n]=value;
serv[n].attach(f_pin[n]); [l axTHBHUpYeEM cepBy
serv[n].write(value);
¥
#else
uint16_t maximum=map(f_max[n],0,180,DUTY_LOW,DUTY_HIGH); //makcumym B eauaunax PWM
uint16_t minimum=map(f_min[n],0,180,DUTY_LOW,DUTY_HIGH); //Munumywm B eauaunax PWM
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uintl6_t value=map(pos,0,100,minimum, maximum); [[Texymniee nonoxenue B exuaniax PWM
if (oldPos[n]!=value) {
oldPos[n]=value;
ledcSetup(n,PWM_FREQUENCY ,PWM_RESOLUTION); // nactpuBaem kanan PWM
ledcAttachPin(f pin[n], n); /moaxiitoyaem KaHaibl K BBIXOJaM

ledcWrite(n, value); //YcraHaBiuBaeM cepBy B HEOOOXOIMMOE TIOJIOKEHUE

}
#endif
}
}

void setup() {
// MHULMATH3KUPYEM TTOCIIEI0BATEIbHYI0 KOMMYHHKALIUIO
// ¥ KJeM OTKPBITHS TIOpTa:
Serial.begin(115200);
while(!Serial) {
; // )KIeM TIOKITFOYESHNUS TTOCIIEJ0BATEIbHOTO TTIOpTa
/I (By*HO TonpKo g mraTtHoro USB-mopra)
}
EEPROM.begin(EEPROM_SIZE);
for (byte i = 0; i < sizeof(f_max); i++){

/lHacTpanBaem CepBOTIPUBO/IbI

#ifdef ESP8266
serv[i].attach(f_pin[i]);

#else
ledcSetup(i,PWM_FREQUENCY,PWM_RESOLUTION); // nactpuBaem xanan PWM
ledcAttachPin(f _pin[i], 1); //moaknrouaeM KaHaIbI K BBIXOAaM

#endif

//cauTHIBaEM COXpaHEHHBIE JaHHBIC IIPHUBOJA U3 eeprom

byte temp=EEPROM .read(i);

if (temp<181){

f_max[i]=temp;

¥

temp=EEPROM.read(sizeof(f_max)+sizeof(fval)+i);

if (temp<181){

f_min[i]=temp;

}

setFingerPos(i,fval[i]);

}

// HaunHaeM ¢ nogxiroyenus Kk WiFi-ceru:
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Serial.printin();
Serial.printin();
WiFi.disconnect();
WiFi.softAPdisconnect();

#ifdef AP_WIFI
I/ pabGoTa Kak ToYKa qOCTyMa
WiFi.mode(WIFI_AP); // pexum Kak ToUKa ZOCTyHa
Serial.print("Create WIFI net: "); // "Toaxmodaemes x "'
Serial.printin(AP_SSID);
WiFi.softAP(AP_SSID,AP_PASS); // 3amyckaem Hariry ceTh
Serial.print("Password for connect: ); // "Tlomkmrouaemcs '
Serial.printin(AP_PASS);
Serial.print("1P address: "); /[ "IP-agpec: "
Serial.printin(WiFi.softAPIP());

#else
WiFi.mode(WIFI_STA); // pexxum kak cTaHus
Serial.print("Connecting to "); // "Tlogxirouaemcs K '
Serial.printin(STA_SSID);

WiFi.begin(STA_SSID, STA PASS); // eciiit K OTKPBITO# CETH, TO 3aMEHUTH MAPOJIh Ha MyCTOH

while(WiFi.status() = WL_CONNECTED) {// nbitaemcs noakmouutscsi Kk WiFi-cetu:
delay(500);
Serial.print(".");

}

Serial.printin();

Serial.printin("WiFi connected™); // "Tloaxmouenne o WiFi Bemmonaseno”

Serial.print("IP address: "); /[ "IP-agpec: "

Serial.printin(WiFi.localIP());

#endif

server.begin(); // 3anyck Be6 cepBepa

}

void loop() {
WiFiClient client = server.available(); // ananusupyeM kaHa CBA3M, KIEM HOAKIIOUEHHS KIIMEHTA!
if (client) {
Serial.printin("New client"); // "Hossrit kiiuent"
memeset(linebuf,0,sizeof(linebuf));// uuctum Gydep mis kinmenra
charcount=0;
/[l HTTP-3anpoc 3akaHYMBaETCS MyCTO CTPOKOIL:

boolean currentLinelsBlank = true; // nepemeHHast 1151 KOHTPOJIS ITyCTON CTPOKH
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while (client.connected()) {
if (client.available()) {
char ¢ = client.read();
linebuf[charcount]=c;// cuuteiBaem HTTP-3anpoc, cuMBoI 32 cUMBOJIOM B Oydep
if (charcount<sizeof(linebuf)-1) charcount++;
// ecnu 1OOpaNUCh 0 KOHIIA CTPOKH (T.€. MOTYUHIIN
// cMMBOJI HOBOH CTPOKH) U CTPOKa IycCTa,
// 310 3HAuMT, uTo HTTP-3ampoc 3axoH9mICs;
// c1enoBaTeNbHO, MOKHO OTIIPABIISATH OTBET:
if (c =="'\n' && currentLinelsBlank) {
// ®opmupyem HTML ctpanuiy
// ornpasinsieM crannapTHeii 3arojgoBok HTTP-oTBera:
client.printin("HTTP/1.1 200 OK");
client.printin("Content-Type: text/html");
/I "Tun konrenta: text/html”
client.printIn(*Connection: close");
// "CoennHeHHE: OTKIIOYEHO",;
// TocIe OTHpaBKU OTBETA CBA3h OYAET OTKIFOUYCHA
client.println(); // auxe otnpaska coaepxkumoro HTML ctpanuiist
client.printin("<!DOCTYPE HTML><htmI><head>");
client.printin("<meta name=\"viewport\"content=\"width=device-width, initial-scale=1\"></head>");
client.printin("<h1>Finger server</h1>");
client.printin("<form>FINGER &nbsp &nbsp &nbsp 1 &nbsp &nbsp &nbsp &nbsp &nbsp &nbsp &nbsp &nbsp 2
&nbsp &nbsp &nbsp &nbsp &nbsp &nbsp &nbsp 3 &nbsp &nbsp &nbsp &nbsp&nbsp &nbsp &nbsp &nbsp4&nbsp
&nbsp &nbsp &nbsp  &nbsp &nbsp &nbsp &nbsp5<BR>");
client.print("MAX &nbsp &nbsp <input type=\"number\"size=\"3\"name=\"1x\"min=\"0\"max=\"180\"value=\"");
client.print(f_max[0]);
client.print("\"><input type=\"number\"size=\"3\""name=\"2x\"min=\"0\"max=\"180\"value=\"");
client.print(f_max[1]);
client.print("\"><input type=\"number\"size=\"3\"name=\"3x\"min=\"0\"max=\"180\"value=\"");
client.print(f_max[2]);
client.print("\"><input type=\"number\"size=\"3\"name=\"4x\"min=\"0\"max=\"180\"value=\"");
client.print(f_max[3]);
client.print("\"><input type=\"number\"size=\"3\""name=\"5x\"min=\"0\"max=\"180\"value=\"");
client.print(f_max[4]);
client.printin("\"><input type=\"submit\"value=\"=>\"title=\"send\"></form><form>");
client.print("VAL &nbsp &nbsp &nbsp <input
type=\"number\"size=\"3\"name=\"1\"min=\"0\"max=\"180\"value=\"");
client.print(fval[0]);

client.print("\"><input type=\"number\"size=\"3\"name=\"2\""min=\"0\"max=\"180\"value=\"");
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client.print(fval[1]);

client.print("\"><input type=\"number\"size=\"3\"name=\"3\"min=\"0\"max=\"180\"value=\"");

client.print(fval[2]);

client.print("\"><input type=\"number\"size=\"3\"name=\"4\"min=\"0\"max=\""180\"value=\"");

client.print(fval[3]);

client.print("\"><input type=\"number\"size=\"3\""name=\"5\"min=\"0\"max=\"180\"value=\"");

client.print(fval[4]);

client.printin("\"><input type=\"submit\"value=\"=>\"title=\"send\"></form><form>");

client.print("MIN &nbsp &nbsp &nbsp <input
type=\"number\"size=\"3\"name=\"1n\"min=\"0\"max=\"180\"value=\"");

client.print(f_min[0]);

client.print("\"><input type=\"number\"size=\"3\""name=\"2n\"min=\"0\"max=\"180\"value=\"");

client.print(f_min[1]);

client.print("\"><input type=\"number\"size=\"3\""name=\"3n\"min=\"0\"max=\"180\"value=\"");

client.print(f_min[2]);

client.print("\"><input type=\"number\"size=\"3\"name=\"4n\"min=\"0\"max=\"180\"value=\"");

client.print(f_min[3]);

client.print("\"><input type=\"number\"size=\"3\"name=\"5n\"min=\"0\"max=\"180\"value=\"");

client.print(f_min[4]);

client.printIn("\"><input type=\"submit\"value=\"=>\"title=\"send\"></form></htmI>");

break;

if (¢ =="\n') {// Hauanack HOBas CTpOKa
currentLinelsBlank = true; / HaunHAaeM HOBYIO CTPOUKY:
if (strstr(linebuf,"GET /?") > 0){// ecmm 310 cTpoka GET 3ampoca
char* start=strstr(linebuf,"?"); // uem B Hell HaTMYUE TAHHBIX
while (start) {
byte number=0; // crona cauTaem HOMep HajbIla
byte type=0; // TyT OyzaeT npu3HaK JaHHBIX
int value=255; // crona cunTaem 3HaYeHHE IapaMeTpa
if ((start[0]>='1") && (start[0]<='5")){ // caurbiBacM HOMEp MmaybIA
number=start[0]-'0"-1;
if ((start[1]=="X") && (start[2]=="=")){ //ecnu BTOpOI cCMBOI 'X', TO 3TO MAKCUMYM
type=1; // TNl TaHHBIX MAKCUMYM
start+=2; //3HauuT 006paboTaNH JBA CUMBOJIA
} else if (start[1]="="){ //ecau BTOpO¥ CMBOJ '=', TO 3TO MOJOKEHHUE MAbIIA
type=2; // TUIl JaHHBIX TEKyllee 3HaAYCHUE
start+=1; //3Haunt 0OpaboTaIN OJTUH CHMBOJ

} else if ((start[ 1 ][=="n") && (start[2]=="=")) {//ecu BTOpOI CMBOJ 'n', TO ’TO MUHUMYM
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type=3; // TUI TaHHBIX MUHUMYM
start+=2; // obpaboTanm qBa CHMBOJIA
} else { // 3HauMT OMIMOOYHBIE TAHHBIC
break; // cOpacsiBaeM aHanu3
¥
if (type>0){ // ecnut TI OB CUNTAH BEPHO
if (start[0]=="="){//cunTpiBacM 3HaUCHNE MapamMeTpa
start++; //yka3zaTens Ha CHMBOJ
if ((start[0]>="'0") && (start[0]<='9") ){ //mpoBepum uT0 Hppa
value=start[0]-'0";
start++;
if ((start[0]>='0") && (start[0]<="9")) { //mposepum urto udppa
value*=10;
value+=start[0]-'0";
start++;
if ((start[0]>='0") && (start[0]<='9")) { //mpoBepum uTO HHDpa
value*=10;
value+=start[0]-'0";
}
¥
¥

} else { // ommbka naHHBIX
break;
}
if ((value<=180) && (type>0)){ // mapameTp He MoxkeT ObITH OombIIe 180 rpagycos
if (type==1){ // ecnu cuuTHIBaIN MAKCUMYM
f max[number]=value; / 0OHOBUTb JaHHBIE MAKCUMYyMa
Serial.print(number);
Serial.print(" MAX=");
Serial.printIn(f_max[number]);
EEPROM.write(number,f_max[number]); // coxpanuts mapamerp B enpome
setFingerPos(number,fval[number]); // ycTaHOBUTP maJiel] B COOTBECTBHU C HOBBIMU 3HAYCHHUSIMU
} else if (type==2){ // monoxxeHue naipa B MPOICHTAX
if (value>100){ // mponeHTH HEe NOIKHBI OBITH Ootee 100
break;
¥
fval[number]=value; // 0OHOBHUTH TaHHBIE TEKYIIETO MOJIOKEHHS MAIbIA
Serial.print(number);
Serial.print(" Value=");
Serial.printIn(fval[number]);
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/[l EEPROM.write(number+sizeof(f_max),fval[number]);
setFingerPos(number,fval[number]); // ycTaHOBUTP maier] B COOTBECTBHU C HOBBIMH 3HAYCHHUAMHU
} else if (type==3){
f_min[number]=value;// 06HOBHTH MHHUMYM
Serial.print(number);
Serial.print(" MIN=");
Serial.printin(value);
EEPROM.write(number+sizeof(f_max)+sizeof(fval),f_min[number]);// coxpauuts mapamerp B empome
setFingerPos(number,fval[number]); / ycTaHOBUTP TIajiell B COOTBECTBHU C HOBBIMH 3HAYCHHSIMH

}

} else { // ecmu mapameTp omKOOYHEIH, Aaiee HE aHATU3HPYEM
break;

¥
}

start++;
if ((start[0]=="\n")|| (start[0]=="\r")|| (start[0]==0)){ // ecnu cTpOoKa 3aKOHUYHUIIACE
break; // 6onpIne mapaMeTphl HE HIEM
}
}
EEPROM.commit();//coxpaHnuTh H3MEHEHHUS epoMa
¥
currentLinelsBlank = true; / HaunHAaeM HOBYIO CTPOUKY:
memset(linebuf,0,sizeof(linebuf)); / ounmraem Oydep mpuema
charcount=0;
} else if (c I="\r") { / B cTpoKe momacst HOBBI CUMBOIT:
currentLinelsBlank = false;
}
}
}

// naeM BeO-Opay3epy BpeMsi, 9TOOBI OJTYIHUTh TaHHBIC:
delay(1);

// 3aKpBIBaeM COCIUHCHHE:

client.stop();

Serial.printIn("client disconnected"); // "knuent oTkiaroueH"

44



