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Software and Hardware Microcontroller Complex for Vibration Monitoring

Abstract:

Modern technological processes require continuous monitoring of many parameters of technological
equipment. Mechanical parameters are the most important ones, in particular, mechanical vibrations of
the object under study. Such monitoring is required in various fields of science and technology. The
purpose of the study is to build a microcontroller-based system that allows analyzing vibration parameters
of a technical object to prevent possible accidents. The formulation of the problem of constructing a
hardware and software complex based on the STM32F407VG microcontroller for studying vibrations
with the LIS3DSH accelerometer is presented. A physical model of the system, including a
microcontroller and a three-axis digital accelerometer LIS3DSH, has been designed and implemented.
The system is characterized by a low price of the technical solution. The interaction between the
microcontroller and the accelerometer occurs via the SPI interface. Specialized software for the system
has been developed and implemented, including a driver for setting up, collecting, and processing data
from the accelerometer and corresponding software for plotting vibration acceleration graphs of signals
in the time and frequency domains. The built-in software makes it possible to implement a wide range of
functionality and freely use it. The constructed system makes it possible to analyze vibration parameters
to anticipate and prevent possible accidents, reducing costs associated with the failure of expensive parts
and components.
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microcontroller.
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ITporpamHo-anapaTHU KOMIIAEKC Ha 0a3i MIKPOKOHTPOAEPA AASL AOCAIASKEHHSA
BiOparii

Anoramia:

CyuacHI TEXHOAOIIYHI IPOLECH BHMAralOTh IIOCTIHHOIO KOHTPOAKO —OaraTbOX IApameTpiB
TEXHOAOIYHOrO O0OAaAHaHHA. HalOIABIIT BAXKAMBHMH € MEXaHIYHI ITapaMETPH, 30KPEMa, MEXaHidHI
KOAUBAHHA AOCAIAKYBAHOIO 0O’ekTa. Takuil MOHITOPHHI HEOOXIAHHH B PI3SHHX OOAACTAX HAYKH 1
TexHiKH. MeToro poGoTH € ITOOyAOBa CHCTEMH Ha 0a3l MIKDOKOHTPOAEpPa, AKA A€ MOMKAHUBICTH
IIPOBOAUTH aHAAI3 IapaMerpis BiOpamil TeXHIYHOTO O0’€kTa AAf 3aIIOOIrAHHA MOMKAHBHX aBapifl.
IIpuBeaeHa IOCTAHOBKA 3aAa4i IIOOYAOBH IIPOIPAMHO-AIIAPATHOIO KOMIIAEKCY Ha 0a3i MIKpOKOHTpOAEpa
STM32F407VG aas AocaiakerHs BiOpartii akceaepomerpom LIS3DSH. CpoexroBaHo Ta peaAi3oBaHo
i3HuHy MOACAD CHCTEMH, KA BKAIOYAE MIKPOKOHTPOAEP, TPbOXOCHOBUN ITUPPOBHUI AKCEACPOMETP
LIS3DSH. Cucrema xapakTepH3yeTbCs HH3BKOIO I[IHOIO TEXHIYHOTO piIleHHA. B3aeMoAln Mix
MIKPOKOHTPOAEPOM Ta aKCEAEPOMETPOM BiADyBaerbca depes imrepdperic SPI. Pospobaeno Tta
PEaAl30BAaHO  CIIEIliaAi30BaHE IIPOrpaMHE 3a0E3IIECYCHHA CHCTEMH, fAKE BKAIOYAE€ ApAaMBEp AAA
HAAAIITYBaHHA, 300PY 1 OIPAITIOBAHHSA AAHHX 3 AKCEACPOMETPA TA BIATTOBIAHE IIPOTPAMHE 3a0€3IICUeHHSA
AASL TTODYAOBH TpachikiB CHUTHAAIB BIOPOIIPHCKOPEHHS B 9acoBill 1 wacToTHIN oOAactax. [TobGysosane
IIporpaMHe 3a0€3IIeUEHHA AA€ 3MOTY PEaAI3yBATH IITHPOKI (DYHKIIIOHAABHI MOKAUBOCTI T € BIABHUM AAf
BHKOPHUCTOBYBaHH:A. [loOyAOBaHA CHCTEMAa AA€ MOKAHBICTH IIPOBOAHTH aHAAI3 mapameTpis BiOpariil 3
METOIO IIePeADAYCHHS 1 3aITODIraHHA MOKAUBHUX aBapiif, SMEHIIYIOYH 3aTPATH IIOB’A3aHI 3 BUXOAOM 13
ABAY AOPOTHX ACTAACH 1 By3AiB.

KArogoBi cA0Ba: IpOrpaMHO-aIIapaTHUIT KOMITACKC, BIOpartii, akceAepoMeTp, IporpaMHe 3a0e3IedeHH,
perictp, inTepderic, MIKPOKOHTPOAEP.

e ————

Bceryn
CydgacHl TEXHOAOITYHI IIPOLECH ITOTPEOYIOTH OE3IEPEPBHOIO KOHTPOAIO 3a Oararbma

[IapaMETPAMH  TEXHOAOITYHOro oOOAaAHaHHA. OAHHMH 3 HAHBAKAHUBIIINX € MEXaHIYHI
ITapaMeTpH, 30KpeMa MeXaHIIHi BIOpaIii AOCAIAKYBAHOTO OO’ €KTA.

[ToAlOHMIT KOHTPOAD HEOOXIAHO B PI3HHX OOAACTAX Haykn Ta TexHikn. Hampmxaaa, B
HAITIIBIIPOBIAHUKOBIM EAEKTPOHIIII — AAfl KOHTPOAIO BiOparfii yCTAHOBOK BHPOIIYBAHHSA
KPHCTAAIB, 2 B MIKPOEGACKTPOHIII — AAfl KOHTPOAIO BiOparriii ycTraHOBOK dpoToaitorpacii. B
MAIITHOOYAYBAHHI TAKHIT KOHTPOAB BUKOPHCTOBYETHCA AASA BU3HAYCHHSA BiOpAIIiil BEpCTATIB, a
B aBTOMOOIABHII IIPOMUCAOBOCTI — II0O KOHTPOAFOBATH BIOpPAIil OKPEMHX BY3AIB 1 aBTOMOOIAA
B minomy. Ha 3aAi3sHImYHOMY TpaHCIIOPTI KOHTPOAIOIOTE BiOpAIiii, OO BU3HAYNTH HAO AMKCHHSA
10{3Aa, B CHEPIETUIN — AAf KOHTPOAIO BiOpamii AOIIATOK ra30BHX TYPOIH Ta KOHTPOAIO
BIOpAIIif B ra30IIPOBOAAX, 4 B aBIAOYAYBAHHI — IITOO KOHTPOAFOBATH ITOAIT 1 T.IT.

Ormxe, po3poOKa CHCTEM IIPH3HAYECHUX AAS MOHITOPHHIY Ta aHAAI3y BIOpAIliil TeXHIIHMX

O0’€KTIB € aKTYaABHUM ITUTAHHAM CbOTOACHHS.
PesyabpTatn

AHaAI3 AiITEPATYPHUX AJKEPEA TA IIOCTAHOBKA MP0OAeMH BiOpamiiiHoi AlarHOCTHKH

00AaAHAHHA
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Po3poOAeHHIO crCTEM MOHITOPHHIY Ta aHAAI3y BiOpamifi HPHUCBAYEHO Pi3HI HAYKOBO-
TexHivHi crarTi. 3okpema, B poOoti Ratad pospobaeHO cucTeMy MOHITOPHHIY Ta aHAAIZY
BIOpaIliii, 10 BHHUKAIOTh B eAekTpoMoTopax (Ratd ¢ Ratd, 2014). Cucrema BUKOPHCTOBYE
wesoeaexTpuaaui akceaepomerp (ICP 603C11) i maary 360py Aamux Bia National Instruments
(NI 6009). Bibparitini curHaAnm 30HPAIOTHCA 3 PISHHUX YACTHH EACKTPHYIHHX MOTOPIB i
[IEPEAAIOTHCA HA KOMIT IOTEp Yepes IAaTy 300py AaHUX. BipTyaApHUIT IHCTPYMEHT, ITIO AQ€ 3MOIY
B PEAABHOMY daci MOHiTOpHTH 1 IIpoBoAuTH Pyp’c aHAAI3 OTPUMAHUX CHUTHAAIB 3 CEHCOpPA
BiOpamiii peaaizoBano B LabVIEW. B po6ori M. Milovancevi¢ Ta in. (2074) pospobaeHO
BOYAOBAHY CHUCTEMY AAfl MOHITOPHHIY BIOpAIliff HACOCHOTO arperary Ha 0asi MIKpOKOHTpOAEpa
BiA kommanii Microchip. Ilporpamue 3abesmedennsa (I13) aad 300py 1 aHaaisy AaHHX
OIITHMI30BAHO AAfA TECTYBAHHA IIOMII 3 TYPOOHAAAYBOM 3 IIBHAKOCTAMEU oOepraHHA A0 2000
006/xB. ABTOPH IIPOBEAU BEAUKY KiABKICTH BUMIPIOBAHD 32 AOIIOMOIOIO PO3POOACHOI crcTeMU
Ha pI3HHX TypboarperataXx AAf BH3HAYEHHA CKCITAYATAIINHHX YMOB HACOCHHX Aarperaris
(Milovancievic, 2014). B crarri S. M. S. Rocha rta im. (2076) ommcaHO METOA BH3HAYCHHSA
IIEpEMIITICHHA Ta IITBUAKOCT] 3 CHTHAAIB IIPHICKOPEHHA OTPUMAHHUX 3 AKCEAEPOMETPIB, 4 B CTATTI
H. Sekiya ta ix. (2076) po3poOAEHO METOAHKY MOHITOPHUHIY HAAIFTHOCTI MOCTOBUX KOHCTPYKIII
sBukopucropytoun MEMC akceaepomerpu. B crarri 1OOyAOBaHO cHCTEMY MOHITOPHHIY
BEPCTATIB 1 IIPOIIECiB MexaHidHOI 00poOKu (Seksya ef al., 2016). Cucrema 300py BIOpaIiifHOrO
CHTHAAY 0a3y€ThCsA Ha MIKPOKOHTPOAepl Arduino, AKHUI ITAKAIOYEHO A0 KomIT toTepa uepes USB
moprt. Creniaapae pospodaene I13 mia LabVIEW 3unrye T2 ompaipoBye AaHI B peaAbHOMY
macmrradl wacy. B crarri Goyal ta Pabla (2076) aAocaiakeHO IPHAATHICTB MIKpO-
eaexkrpomexaniaanx (MEMC) akceaepomeTpis arst MoHITOpHHTY cTany Bepcratis 3 UIIK. Tectn
IIPOBEACHO Ha peaAbHO-AlF09oMy Bepcerati 3 UIIK B THImoBomy mpomucaosomy mexy. I lokaszano,
1m0 MEMC aaBadi MOy T OyTH XOPOIIIOIO aABTEPHATHBOIO AO CTAHAAPTHHX CEHCOPIB BiOparii,
OCKIABKH BOHH HE IOTPEOYIOTh BAKKHUX EACKTPOMETPHUYHHUX INACHAIOBaYiB. Bubip Takoro
AaBada Ma€ OyTH 3pOOACHMI BIAIIOBIAHO AO BHMOT 3aCTOCYBaHHA 1 PE3YABTATy TECTy Ha
IIPUAATHICTB. PfA  aBTOPIB BHKOPHCTOBYIOTH MIKPOKOHTpoAepu Arduino B amapaTHO-
IIPOrPaMHIH CHCTEMI AA BUMIPIOBAHHA MeXaHIYHUX BiOpauiit (Albarbar, 2008). B axocti AaBadis
BiOparii Buxkopucrano akceaepomerpu ADXI335. Pospobaena crucrema BUKOPHCTOBYBAAACH
AASL AOCAIAKEHHSI Ta MOHITOPHHIY BIOparifi BakyyMHOI HOMIIH. AOCAIAKEHHS ITOKa3aAH
MOJKAUBICTD 1 AOIUABHICTH PO3POOACHHA BOYAOBAHHX CHCTEM MOHITOPHHIY BiOpariii B
PeaABHOMY MaCIITaOl 9acy 3 BUKOPHCTAHHAM HeAOpororo amapartaoro ta I13. Bukopucranua
IHIIIOTO THITYy MIKPOKOHTpPOAEpPa HaBeACHO B poborax (Hjort & Holmberg, 20155 Chaudary et al.,
2074). 3okpema, 3aIpPOIOHOBAHO CHCTEMY MOHITOPHHIY BIOpAIiif pOTAIifHUX MAIINH,
BepcTatiB, fKa 1mooyaoBana Ha MmikpokoHTpoAepi PIC-18F6520 1 axceaepomerpi ADXI322.
[TpoBeA€HO AOCAIAKEHHSA Ha ITEPEBIPKY MOKAMBOCTI PEECTPYBATH INKH YACTOT IOABU BIAMOB
AAA PI3HUX BHITIAAKIB HecIpaBHOCTeH. Hallkparmmmmp mAXOAAMHE 1 TEXHIMHUMH PIIICHHAMA
CEPEA OIHMCAHUX BHIIE AASl PO3B A3AHHA PO3TAAAYBAHOTO KOAQ 3aAa9 MOIKHA BIAHECTH METOAH,
Akl ommcani B poborax (Ratd & Rata, 2014; Rocha et al, 2016). MeTtoAnm AOCAIAKEHHA
IPYHTYBAAKCSH Ha IIPOBEACHHI EKCIIEPUMEHTIB 3 PISHIMHU TEXHIYHUMH 00 €KTAMH, IIIO BKAIOYAAHT
BHMIPIOBAHHA ITapaMeTpiB BIOpariii, iXx 0OpOOKy Ta aHAAI3 32 AOIIOMOI'OIO BAACHO PO3POOACHUX
aImapaTHO-IIPOIPAMHUX CHCTEM. PO3pOOACHI CHCTEMI € 3aKPUTHMU T4 MAFOTh BHCOKY IIHY, IO

HE AA€ 3MOTH PO3IIUPIOBATH 1X (PYHKIIOHAABHI MOKAHUBOCTI Ta MOAUMDIKAIIIO AO BIAITOBIAHHX
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motped excrayararii. OTxe, aHAAI3 ICHYFOYHMX IIAXOAIB Ta TEXHIYHUX PIIIEHb IIPUBIB AO
PO3POOAEHHSA AKICHO HOBOI HEAOPOTOl BIAKPUTO! aIlapaTHO-IIPOIPAMHOI CHCTEMI MOHITOPHHIY
BiOpariii B peaapHOMY Macitadl vacy (Sewenety & Leonidov, 2019; Aeonidos ma Cemeneys, 2019,
Leonidov, 2014; Cemeneys ma Aeonidos, 2023; 3ybxos ma in., 2022, Cemerneys ma Aeonidos, 2020a;
Cemeneys ma Aeonidos, 2020b). Taxa cucrema mae Oyt IOOYAOBaHA HA AOCTYIIHUX 1 HEAOPOIHUX
KOMITACKTYIOUHX, Biakpuromy [13 Ta 3 momamBicTIO MoAmikamii abo posiupeHHs if

(PYHKIIIOHAAPHUX MOKAHBOCTEI BIAITOBIAHO AO BIMOT Ta OOAACTi 3aCTOCYBAHH.

ITonepeaHi AaHi

Buxoasun 3 amHaai3y, IIPOBEACHOrO BHINE, HAMOIABII INAXOAAIIMM BapiaHTOM €
BukopucTaHaa AaT9ukiB MEMS Tuiry. OcoOAMBICTIO TAKHX AATYHKI € MAAUN PO3MIpP KOPIIyCy
Ta HU3bKA IiHA. DIABIIMICTD TAKHUX AATYHKIB IATpHUMYIOTE iHTepderic SPI. 3 HaiOiAbIT cygacHUX
mMopeAer  MoxAuBO  BHAlAmTH  LIS3DSH, #Akmii MHO3HINOHYIOTBCA BHPOOHHKOM  fIK
CIIeITiaAl30BaHe PIIIECHHA AAf PO3POOKH BIOpoMETpiB IpoMucaoBoro obraaHanusa. LIS3ADSH
— IIe AATYHK PyXy 3 Hu(POBUM BUXOAOM (BUTOTOBACHHIH 32 TexHOAOriero MEMS).

Sacmocysanna: Iarepdeiic kopucTyBada AAA KEPYBAHHAM PYXOM, IrpH Ta BIPTyaAbHA
PEAABHICTD, KPOKOMIpP, IHTEAEKTyaABHE CHEPro3OEpEKEHHA AAS IIOPTATHBHUX IIPUCTPOIB,
OpIEHTALLA AMCIIACH, PO3IN3HABAHHA KAAIIAHHS/IIOABIITHOIO KAAIIAHHS, PO3II3HABAHHA Ta
peecTpariif yAapiB, KOHTPOAD 1 KOMIICHCAIIiA BIOpAITii.

Onue. LIS3DSH — 11e BUCOKOIIPOAYKTHBHHIT TPHOXOCBOBHI AIHIHHUI aKCEACPOMETP i3
HAAHH3bKHM CHEPrOCIIOKHBAHHAM, IIIO HAACKHTH AO CIMEIICTBA «HAHOY» 3 BOYAOBAHHM KIHIIEBIM
ABTOMATOM, AKHAN MOKHA 3aIIPOIPAMYBATH AAfA peaaisarii aBroHoMHux rporpam. LIS3DSH mae
noBHi mkaan *2g/t4e/+06g/+8g/+16g 1 BiH 3AaTHMIT BUMIPIOBATH IIPHCKOPEHHS 31
IIBUAKICTIO BUXIAHEX AaHHX BIA 3,125 I't A0 1,6 KI'i. MoOKAUBICTD CAMOIIEPEBIPKH AO3BOASE
KOPHCTYBAa4eBl IIEPEBIPUTH POOOTY AATIHKA B KIHIIEBOMY 3aCTOCYBAHHI.

[IpucTpiii MOKHA HAAAIITYBATH AAfl TEHEPYBAHHA CHUTHAAIB IepEepHBAHHA, aKTHBOBAHHX
LHa6AOHaMI/I pYXy, BH3HAYCHUMU KOpI/ICTYBa‘ICM.

LIS3DSH wmace iarerpopanunii Oydep — «iaeprinm ysiimos, neprrum Buimosy (FIFO), mo
AO3BOAfIE KOPHCTyBadeBl 30epiraT AaHi AASl 3MCHINICHHS BTPYYaHHA TOAOBHOIO IIPOLIECOPA.
LIS3DSH aocrymmuii y HeBe AMKOMY TOHKOMY ITAacTukoBomy Kopiryci (LGA), 1 BiH rapaHTOBaHO
IIPALIFOE B PO3IIUPEHOMY Alarraszoi temireparyp ia —40°C a0 +85°C.

Yymausicms. UyrAuBicTb MOMKE OYTH BH3HAYEHA, HAIIPHKAAA, IIPUKAGAAIOYH AO HBOTO
npuckoperns 1g. OCKIABKH AATYHK MOKE BUMIPIOBATH IIPUCKOPEHHSA IOCTIHHOTO CTPyMY, Iie
MOJKHA AETKO 3POOHTH, HAIIPABHUBIIH BiCh IHTEPECY AO LIEHTPY 3€MAl, BIASHAYHBIIIN BHUXIAHE
3HAYCHHSA, TOBEPHYBIIN AaT9rK Ha 180° (Bkazyroum Ha HeGO) I 3HOBY 3aITaM’ATABIIN BHUXIAHE
sHaveHHsA. [Ipy mpoMy AO AaTdmKa mprkAasaeTbes npuckopenss t1g. Bianimauus 6iapmmoro
BUXIAHOTO 3HAYEHHSA BIA MEHIIIOTO Ta AIACHHA PE3YABTATYy HA 2 IPU3BOAUTH AO (DAKTHIHOL
YyTAMBOCTI AaT9mKa. [le 3HageHHA AyKe MAAO 3MIHFOETBCA 3 TEMIIEPATYPOIO, 4 TAKOK 3 YACOM.

Hyivosuii pisens nepesanmancena. 3cys piBuA HyApoBOi mepeBantaxkenusa (TyOff) omucye
BIAXHACHHA (DAKTUIHOTO BUXIAHOTO CHTHAAY BIA IA€AABHOTO BUXIAHOTO CUTHAAY 32 BIACYTHOCTI
IPUCKOpeHHA. AATYHK ¥ CTAIIIOHAPHOMY CTaHI Ha TOPH3OHTAABHIN mOBepxHI BuMiproe 0 g 1o
oci X10 gmo oct Y, ToAl Ak Bick Z Mace 1 g. Buxianunii curaas iA€aAbHO 3HAXOAUTHCA B CEPEANHI

AMHAMIYHOTO Alarmazony aatauka (Bmict pericrpis OUT 00h, Aamui BupaixeHi AK AOIIOBHEHHS AO
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2). BiaxuAeHHS BiA IA€AABHOIO 3HAYEHHSA B IIbOMY BHITAAKY HA3HBAETHCA HYABOBHM 3CYBOM.
3MIIIEHHA IIEBHOIO MIPOIO € PE3yABTATOM HaBaHTaKeHHA Ha AaTduk MEMS, Tomy 3mirmenss
MOIKE ACIO 3MIHHTHCS IIICASl BCTAHOBACHHA AATYHKA HA APYKOBaHY ITAATy. 3CYyB HE3HAYHO
3MIHIOETBCS B 3AACKHOCTI BIA TEMIIEPATYPH.

Camonepesipka. CamorepeBipka AO3BOAfIE TIEPEBIPUTH  IPAIE3AATHICTD AATYHKA, HE
repemiraroun foro. OyHKINA caMO TeCTyBaHHA BHMKHEHA, KOAM OIT camo TectyBanHsA (ST)
samporpamoBanuii Ha «0». Koau 6it camorectyBanHA 3amporpaMoBanuii Ha «1», A0 AaT4mKa
IIPUKAAAAETHCA CHAQ IIPUBEACHHSA B ALFO, IMITYIOYH II€BHE IIPUCKOPEHHSA BXIAHOTO CHTHAAY. Y
IIbOMY BHITAAKY BHXIAHI CHIHAAM AQTYHKA AEMOHCTPYIOTH 3MIHY CBOIX PIiBHIB HIOCTIITHOTO
crpymy. KoAm camorecTyBaHHA aKTHBOBAaHO, BHUXIAHHUN pPIBEHb HIPHCTPOIO BU3HAYAETHCA
aAreOpaiYHOIO CYMOIO CHTHAAIB, CTBOPEHHX IIPHUCKOPECHHAM, INO Al€ Ha AQTYHK, 1
€AEKTPOCTATHYHOIO BUITPOOYBAABHOIO CHAOKO.

Yymausuii eaemerm. MEMS TeXHOAOTIIA BUKOPHUCTOBYETBCA AAA CTBOPEHHS ITOBEPXHEBOIO
akceaepomerpa. TeXHOAOIIl AO3BOASIE CTBOPIOBATH INABIIIEHI KPEMHIEBI CTPYKTypH, K
IIPUKPIIAEH] AO IAKAAAKH B KIABKOX TOYKAX, fIKI HA3UBAIOTHCA AKOPAMH, 1 MOKYTh BIABHO
PyXaTHCA B HAIPAMKY BHMIPFOBAHOIO IIPUCKOPEHHS.

KoAnm A0 Aar9mKa HPUKAAAAETBCA IIPUCKOPEHHA, HIPOOHA Maca 3MIIIyeThCA 31 CBOrO
HOMIHAABHOTO TIOAOKEHHS, BUKAUKAIOYH AUCOAAQHC Y EMHICHOMY HariBMOCTy. Lleit Anchananc
BUMIPIOETBCA 32 AOIIOMOTOIO IHTEIPYBAHHA 3apAAY Y BIAIIOBIAb Ha IMIIYABC HAIIPYTH,
IIPUKAAAEHHH AO KOHACHCATOPA.

V cramionapHOMY peKuUMI HOMIHAABHE 3HAYEHHSA KOHACGHCATOPIB CTAaHOBHUTH KiAbka m®.
[ToBHMIT AQHITIOT BUMIPIOBAHB CKAAAA€THCA 3 MAAOIIYMHOIO €MHICHOTO INACHAIOBAYA, AKUI
[IEPETBOPIOE eMHICHUN AncOasanc Aarguka MEMS B aHAAOroBy Hampyry, fika BPEIITi CTa€
AOCTYITHOXO AASl KOPHCTYBAada Yepe3 aHAAOTO-IIH(PPOBUIT IIEPETBOPIOBAY.

AOCTYIT AO AAHEIX TIPHCKOPEHHS MOMKHA OTpuMaTh uepes inrepdeiic I2C/SPI, o poburs
HIPHUCTPI OCOOAUBO IIPUAATHUM AAA IPAMOI B3aEMOAILL 3 MIKPOKOHTPOAEPOM.

Lugpposi mazicmpanvni baoxu IIS3DSH. LIS3DSH mictiTh ABa KIHIIEBUX aBTOMATH, 3AATHI
3AIyCKATH BU3HAYCHY KOPHCTYBAYEM IIPOTPAMY.

[Iporpama ckaapaeTbesl 3 HAOOPY IHCTPYKIIH, fAKI BU3HAYAIOTH IIEPEXIA AO ITOCAIAOBHHUX
craniB. MOKAMBI YMOBHI PO3TaAY/KEHHH.

3 KOKHOTO CTaHy () MOKAHBHI ITEPEXIA AO HACTYIIHOTO crany (n+1) ado ckuaaHHA cTaHy.
ITepexia AO TOYKH CKHAAHHS BIAOYBAETHCA, KOAU «YMOBA CKHAAHHM» BUKOHYEThCA; [lepexia A0
HACTYIIHOTO KPOKY BiAOyBa€Thbcs, kKoAu BUkoHYyeThC «HACTVIIHA ymosay.

Koxen KiHIIEBHI aBTOMAT AO3BOAfE PEaAl3yBaTH PO3IN3HABAHHA PI3HUX CTAaHIB: BIABHE
naainus, npobyaxkenns, 4D/6D opienTanis, AIMMABHUK IIYABCY Ta PO3II3HABAHHS KPOKIB,
KAQUAHHS/TOABIHE — KAALUAHHS,  CTPYLIYBAHHS/IIOABIIHE  CTPYLIYBaHHS,  OOAHYIHYAM
Aoropu/OOAMIUSIM BHU3, IIOBOPOT/ ITOABITHUIT ITOBOPOT.

FIFO. B LIS3DSH BoyaoBane FIFO aaHIX IPHUCKOPEHHA AAA KOKHOIO 3 TPHOX BUXIAHUX
kaHaAiB, X, Y 1 Z. e 3abe3neuye crabiAbHE €HEPro30epeKEHHA CHCTEMH, OCKIABKI TOAOBHOMY
IIPOLIECOPY HE HOTPIOHO IOCTIFHO OIMUTYBATH AAHI BiA AATYHKA, A€ BIH MOKE BUITH 3 PEKIMY
CHy AwWIIe 3a IOTpeOm Bupasfarty Baxambl Aami 3 FIFO. Lleit Oydep moxe mparroBaty y
YOTUPBOX PIZHUX PEKUMAX: PEKUM 00XO0AY, pexxnm FIFO, peskum IOTOKy Ta PEKHM IIOTOKY AO

FIFO. Koxen pexum Budbupaerses 6itamu FIFO_MODE.
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Ompumamyu dani 3 FIFO. Aami FIFO szunryrorsca wepes perictpu OUT_X, OUT_Y i
OUT_Z. Koau FIFO 3nmaxoaurscs B pexumi Stream, Trigger abo FIFO, omepariia unranas
perictpiB OUT_X, OUT_Y abo OUT_Z maaae Aaui, o 30epirarorsca B FIFO. Koxuoro pasy,
koAn AaHi 3untyroteca 3 FIFO, aani X, Y 1 Z nomimmarorscs B pericrpu OUT_X, OUT_Y i
OUT_Z, i MOxHAa BUKOPUCTOBYBATH OIIEPAIlii K OAHOIO YNTAHHA, TaK 1 omepariii read_burst.

Lugpposi inmepgpedicu. Aocrymr ao pericrpis, BoOyaoBarux y LIS3BDSH, moxkua orpumarn fx
depes moCAIAOBHEH iHTEpdetic | 2C, raki gepes SPI. Ocramne mporpaMue 3a0€3IEUCHHS MOKE
OyTH HAAAIIITOBAHE AAF POOOTH B peskuMi 3- 200 4-poBIAHOTO IHTEpPEIiCy.

[TocaipoBui  iHTEpdeticn  BianOOpaxaroTbcss Ha 11 cami  konrtakra.  [IloO
BuGpaTH/Bukopucrosysaty irrepdeiic 12C, Aimis CS moBHHHEA GYTH THAKATOYEHA AO BHCOKOTO
piBHA (TOOTO miAKAIOYeHA A0 Vdd_IO).

[ocaidosrui inmepgpedic 1*C. B TIS3DSH [2C BUKOPHCTOBYETBCA AASl 3AMHCY AAHHX Y
PEeTiCcTpH, BMICT AKHX TAKOXK MOKHA IIPOYHTATH.

€ aBa curHasm, nos'ssami 3 mmEO [%C: mocAiAOBHA Aimis cmExpomizarii (SCL) i
rmocAipoBHA AlHIA AaHEX (SDA). OcraHHA € ABO HAIIPABACHOIO AIHIEIO, KA BUKOPUCTOBYETHCH
AAfl HAACHUAAHHA Ta OTPUMAHHA AQHHX AO/3 iaTepdericy. OOuABI Almii mOBuHHI OyTH
miakaroueHi Ao Vdd_1O uepes 3oBHirmmHIN miaTaryiounii pesuctop. Koan iHTepderic BiAbHMIA,
OOMABI AlHii MaroTh BuCOKuil piBeHb. luTepdetic [ 2C CYMICHHH 31 CTAHAAPTAMH IITBUAKOTO
pexumy (400 kL) [ 2C, a TAKOK 13 3BHYANTHIM PEAKIMOM.

Poboma 12 C. Tpamsakiia ma rmusi mounmnaacThest uepes curmaa sarmycky (ST). Tlouarkosa
ymoBa BusHavaeThes Ak rmepexia HIGH ma LOW ma ainil AaHmX, y TOM wac Ak Almia SCL
yrpumyerbess HIGH. Tlicas Toro, sik 1e OyAO IIepeAaHO TOAOBHHM IIPHA2AOM, iHTEpderic
BBaKA€ThCA 3aiHATHM. HactymHuil GafiT AaHNX, IIEPEAAHHH IICAA YMOBH 3aIIyCKy, MICTHTbH
aApEeCy IIAAETAOTO IIPUCTPOIO B IEPIINUX 7 OITaX, 2 BOCBMUM OIT ITOBIAOMAAE, YU TOAOBHHIT
HIPUCTPIIl OTPHUMYE AaHI BiA ITAAETAOTO IIPHUCTPOIO YH IIEpeAdc AaHi miaseraomy. Koanm
HAACHAAETBCA aAPECA, KOKEH IIPUCTPIH y CHCTEMl ITOPIBHIOE IIEPIi CiM OITiB ICASl yMOBH
3AIYCKy 31 CBOEIO aApecyro. SIKIo BOHHM 30IraroThcs, IPHCTPIH BBa)ae cebe aApECOBAHIM
TOAOBHHM IIPHCTPOEM.

[TiamopsaakoBana aapeca (SAD), mop’asanma 3 LISBDSH, aopisaroe 00111xxb, ToAl Ak 6ita
xx MoAHMikyroTBCs BuBoAOM SEL/SDO, 11106 3mirmTy aapecy npucrporo. ko korraxt SEL
IIAKAFOYIEHO AO Arkepeaa Harpyra — aapeca 0011101b (traxmre aapeca 0011110b, Aximo korTakT
SEL miaxarodeHO AO 3eMAl). Lle pIIlIeHHA AO3BOAfE INIAKAIOYATH TAa AAPECYBATH ABa PI3HI
AKCEAEPOMETPH AO THX camux Aimiit [2C.

[Tepeaada AaHUBX i3 HIATBEPAKEHHAM € OOOB’fA3KOBOIO. [lepeAaBad ITOBHHEH 3BIABHUTH
ainiro SDA mia gac imiyabcy miaTBepAkeHHA. [1OTiM IpHIIMAY ITOBHHEH INATATHYTH AiHIFO
Aarnx LOW, mo0 BoHa 3aAmImasaca crabiAbHO HH3BKOIO 1potsarom nepioay HIGH rakrosoro
immryabcy miatBepAkerHA. OAEpKyBad, AKOMYy OYAO aAPECOBAHO, 3000B'SM3aHHUII ICHEPYBATH
IATBEPAKEHHSA IICAS KOKHOTO OANTY OTPUMAHHIX AAHHX.

12C, 86yaosanmit y LIS3DSH, IIPAITIOE K IMAAETAUH IIPUCTPIN, TOMY CAIA AOTPHMYBATHCSA
HACTYIIHOTO IIpOTOKOAY. Ilicada Bukomamua ymosu 3amycky (ST) mascmaaerbes aapeca

IIAAETAOTO IIPHUCTPOIO, IICASl ITOBEPHEHHA INATBEPAKEHHSA IiAAeraoro mpuctporo (SAK)
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repepaeteca 8-OitHa i aapeca (SUB): 7 LSb mpeacraBase dpakrudny aapecy pericrpa, a 01T
ADD_INC (CTRL_REGO) BusHauae IpupicT aApPecH.

ITianeraa aapeca AOHIOBHIOETBCA Oitom wwmramms/samucy. Sxmo 6ir AopiBuroe «1»
(auranHA), yMOBa ITOBTOpHOrO 3amycky (SR) moBmHHA OyTH BHAAHA IIICAA ABOX OQMTIB ITA
aApecH; AKIIO 01T AOpiBHIOE «0» (3aI11C), TOAOBHII IIEPEAAE HA INAACTAUIL O€3 3MIHH HAIIPAMKY.

Aami repeaarorsca B OaiiroBomy dopmati (DATA). Koxkaa epeaada aaHux Mictuts 8 OIT.
KiapkicTp OafiTiB, IO IIEPEAAIOTBCA 32 OAHY IEpeAady, HeoOMexeHa. AaHi ITEpPEAArOTHCA
cro4artky 31 crapium 6itom (MSb). fkiro mpuiimad He MOKe OTPHUMATH IIIE€ OAMH ITOBHUN OalT
AQHIX, AOKHM BIH HE BHUKOHA€ AKYCh IHIINY (DYHKIIIO, TO BIH MOME YTPHMYBATH AiHIIO
cuaxpomnizamnii, SCL. LOW, mo0 3Mycnti mepeaaBad nepeity B craH ouikybanua. [lepeaaua
AAHHUX IIPOAOBKYETBCA AHIIE TOAI, KOAM HPHHMA4d TOTOBUNM OTPUMATH IIE OAWH Oattr i
3BIABHHTB AIHIIO AAHUX. SIKIIIO IMAAETAHE IpUIMad HE BU3HAEC aAPECY IAAETAOTO (TOOTO BiH
HE MOJKE OTPHUMATH, OCKIABKI BUKOHYE IIEBHY (DYHKIIIO B PEKUMI PEAABHOTO 9aCy), IAACTATE
npuCTpiil moBuEeH 3aammaTH Aimito Aarmx BUCOKUWI. Toal mafictep Moxke mepepsati
repepady. Iepexia Bia LOW a0 HIGH ma aimii SDA, xoan ainia SCL € HIGH, Busnauaerscs
Ak ymoa STOP. Koxxna mepeaada AaHHX ITOBHHHA OyTH HpHIIHHEHA reHeparieio ymosu STOP
(SP). V mpeacraBaeromy dopmati 38’a3ky MAK — miatBepamxenns rorosroro, a NMAK —
IATBEPAKEHHA O€3 TOAOBHOTO.

Inmepgpeic wunu SPI. 1L.ISSDSH SPI e Beaenoro mmmnoro. SPI Ao3Boafe 3ammcysarty Ta
qpTati perictpu npuctporo. IlocaipoBHuil iHTEpdElic B3aEMOAIE i3 30BHIIIHIM CBITOM 3a
Aomomororo 4 BuBoaiB: CS SPC, SDI ta SDO.

CS — 1me axrmBaIlif IOCAIAOBHOIO IIOPTY, 1 BOHA KOHTPOAIOE€TBhCA roroBummM SPI. Bim
3HHUKYETBCA HA ITOYATKY IepeAadl 1 IoBepTaeThcsd A0 BUcCOkoro B kimmi. SPC — e Taiimep
ITOCAIAOBHOTO IIOPTY, 1 HUM Kepye roroHuil npuctpiii SPI. Bin symuusersca Ha BHCOKOMY
piBH1, koAu CS e Bucokum (Hemae nepeaadi). SDI ta SDO e BIAITOBIAHO BXIAHIMU Ta BUXIAHIMUI
AQHHIMH ITOCAIAOBHOTO 110pTy. LI AlHIT poxoaaTs Ha crraparouomy pporti SPC 1 moBuuHI OyTH
3axomAeH] Ha HapocTarogomy dpponti SPC.

I xomaBAM pericTpy UmTaHHSA, 1 PErICTPY 3aIUCY BHKOHYIOTHCA 32 16 TAKTOBUX IMITYABCIB
a0o kpatHi 8 y pasi YMTAHHA/32UCY KIABKOX OaifTiB. TpuBaaicTp OiTa — Iie 9ac MK ABOMA
cnaparounmu dpponramu SPC. Ileprmit it (6it 0) moYMHAETBCA 3 MEPIIOTO CIIAAAIOYOTO
dporry SPC micas cmaparogoro dponty CS, TOAl Ak ocrammiii 6it (6it 15, Oir 23, ...)
ITIOYHHACTBCA 3 OCTAHHBOTO crraparogoro dppoury SPC GesrmocepeAHbO Iepes HAPOCTAIOTUM
dponTom CS.

bir 0: 6ir RW. Koan 0, aami DI(7:0) sarmcyrorecsa B npucrtpiit. Koan 1, aani DO(7:0) 3
IIPUCTPOIO 3YUTYIOTHCA. B ocranHbOMy Bumaaky 4in kepye SDO ma mogatky Girta 8.

bir 1-7: aapeca AD(6:0). Lle rmoae aapecu IHAEKCOBAHOTO PETiCTpYy.

bir 8-15: aami DI(7:0) (pexmm 3armcy). Le Aani, ki 3a1IICyIOTHCA HA IPUCTPIH (CIIOYATKY
MSDb).

bir 8-15: aani DO(7:0) (pexum unrtannsa). Lle Aani, Akl 34nTyIOTHCA 3 TPUCTPOIO (CIIOYATKY
MSDb).

V KIABKOX KOMaHAQX YUTAHHS/3AIIHCY AOAAIOTBCS AOAATKOBI OAOKHM 3 8 TAKTOBHX IIEPIOAIB.
Koan 6ir ADD_INC(CTRL_REGO) aopiBHIOE «O», aapeca, fiIka BHKOPHCTOBYETHCA AAS

YMTAHHSA/32IIUCY AAHUX, 3AAHIIAETHCA HE3MIHHOIO AASL KOKHOTO 6A0Ky. Koan 6ir ADD_INC
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AopiBHIOE «1», aapeca, siKka BUKOPHUCTOBYETHCS AAS YHUTAHHS/3AIHCY AAHUX, 30IABIIYETHCS B
KOJKHOMY OAOII.

@ynxmii Ta moseatuka SDI ta SDO 3aaurmaroTscad HE3MIHHIMH.

OTpumaHni pe3yabTaTn

Amapathe 3a0e3nedenss cucremu mooyaosano Ha MK STM32F407VG i tppoxocsoBOMy
nudposomy axceaepomerpi  LIS3DSH. Akceaepomerp BCTaHOBAIOETBCA Ha  00’€KTi
MOHITOpHHTY 1 miAKkAIouaeTbed 110 muHi SPI Ao MK. MikpokonTpOAep 30upac AaHi 3 AaBava Ta
ix ompanpoBye. AKCEACPOMETP BHKOPHCTAHO AK AaBad AAA BumiproBauus BiOpamnii. LIS3DSH
— Ie MIHIATIOPHHUN TPbOXOChOBHH mudposuii akceaepomerp cdipmu STMicroelectronics 3
maaum eHeprocnokubaHHAM. LIS3DSH BiaHOCATD AO KAacy emHicHUX akceaepomerpis. [lein
IIPUAAA € IACAABHHUIT AASl BUMIPIOBAHHA AMHAMIYHUX IIPUCKOPEHDb, HU3bKOYACTOTHUX BIOpAIIiH,
CTATHYHHUX IPHCKOPEHb Ipabitarii, pyxy 1 kyrTiB HaxmAy. CMmyra IpOIyCKaHHA XapaKTepH3ye
3AATHICTD AaBaYa IOMIYATH 3MIHM IIPHUCKOPEHHSA, IO BIAOYBAIOTBCA 3 BHCOKOIO HYACTOTOIO
(Hampukaaa, BiOpamia 3 wactororo 1000 I'm). Ha 1mro xapaxkrepuCTHKY BIAHBAE YaCTOTA
auckperusaiii Boyaosarnoro ALITT akceaepomerpa, fika ITOBHHHA OYTH AK MIHIMyM B ABa Pa3u
OiABIIIEC CMYTH IIPOITYCKAHHA.

B LIS3DSH makcumym Bumipy — Ao 16 6ir npu BumiproBanHi mpuckopenus £16 g 3
nocTiitaoro uyrausictio — 4 mg/LSB y Bcix Alarrasonax BUMIprOBaHHS g. AKCEACPOMETP Ma€e
pyHKII] BUSBACHHS OAMHOYHOIO Ta IOABIFIHOIO IIOIITOBXIB, KOHTPOAO AKTHBHOCTI/HE
AKTHBHOCTI, (DYHKIIIIO BUABACHHA BIABHOIO ITAAIHHS; € MOMKAUBICTD THYYKOTO 3aAAHHS PEIKIMIB
IIEpEPUBAHHSA 3 BHOOPOM OYAB-AKOIO (3 2-X MOMKAHUBHUX) BHBOAIB IIEPEPHUBAHD; 3MiHA AlAIIa30HY
BUMIPIOBAHHA, K 1 CMyI'H IIPOIYCKAHHA, BUOHPAETHCA ITOAAYCIO BIATIOBIAHOI KOMaHAM. Taka
BOYAOBAaHA CHCTEMA IIOCTIHHO BIACAIAKOBYE BIOPAIIifO, HAIIPHUKAAA, IIPAIFOIOYOIO BEPCTATY, B
peXKIMI peaABHOTrO 9acy i aHaaisye mapamerpu BiOparii. Cucrema BHAA€ ITOIIEPEAKYBAABHI
ITOBIAOMACHHS 20O 3YIIMHAE BEPCTAT Y BHUIIAAKY BHHUKHEHHf HEIIPUIYCTUMHX BIOpariii —
3aI100IrafOYH TAKUM YMHOM MOKAUBI TOAOMKH i aBapil. Crcrema TakoK Ma€ HaAABATH AOCTATHIO
1HOPMAITIIO KOPHUCTYBa4dy, OO BIH 3MII PO3IN3HATH MOKAHUBI IIPOOAEMH 1 IIPHIHATH
IpoIAAKTHYHI 3aXOAU Ha OCHOBI aHAAI3Y CIIEKTPY BIOpAIli XapaKTepPHOrO AAf KOHKPETHOIO
BHPOOY.

Cucrema B 3M031 CBOE€IACHO ITOIIEPEAUTH IIPO IMOBIPHY HECITPABHICTb, ITIO AA€ MOKAHBICTD

KOPHUCTYBAYY 3AIICHHTH CBOCYACHI IIPO(IAAKTHIHI 3aXOAH.

OGroBopenH:

Momitopuar cymapHoi BiOparii Mae 3AICHIOBATHCA fIK B YaCOBOMY, TaK 1 B 9aCTOTHOMY
AlarrazoHax. B wacoBomy AlamasoHi cucrema Oe3repepBHO BIACAIAKOBYE CTAH BUPOOY B PEKIMI
PEaABHOIO  9acy, Ha OCHOBI IIHPOKOCMYIOBOIO  BHMIPIOBAHHA  BIOPOIIBHAKOCTEH,
BIOPOIIPHCKOPEHB 1 BIOpOIIEpEMIITICHb.

B wacrorHOMY AlamasonHi mMo)xe OyTH BCTAHOBAGHUI pAA TPAHUID IIOINEPEAKYIOYHX 1
aBapIITHUX CUTHAAIB AAfl PI3HIX YaCTOTHHUX Alama3oHiB. L1 AlaTta30HM ITOKPHUBAIOTE BECh CIEKTP
BiOparii i AAFOTH 3MOI'Y IIPOBECTH aHAAI3 PIBHA BIOPALIH B KOHTPOABOBAHII 0OAACTI HA IIPEAMET
IIEPEBUIIEHHA AOIIYCTUMUX MEK IO BCBOMY YaCTOTHOMY CIIEKTPI.

Pospobaenuii aAroput™ (OYHKIIOHYBAHHA CHCTEMU BKAIOYAE TaKl KPOKH:
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Kpok 1. Ininiaaisarisa akceaepomerpa LIS3DSH na i SPI.
Kpox 2. 3uwmrysamma smauenna 3 perictpa WHO_AM_I 1 mepepipka HOMepa

aKCEACpOMETpPAa.

Kpok 3. Hanarrrysamms akceaepomerpa LIS3DSH.

Kpok 4. BcranoBAeHHA 3HAYEHD AUCKPETH3AIII] TA PEKUMY ITIEPEPHUBAHE.

Kpoxk 5. BcranoBAeHHA AlalTa30HY BUMIPIOBAHHSA Ta PO3ITOAIABHOI 3AATHOCTI.

Kpok 6. CrapT BUMiproBaHHH.

Kpok 7. 3anuc 3uavens y 6ydep 1o rmepepuBaHHIO Ta OYIKYBAHHSA 3aIIOBHEHHA Oydepy .

Kpox 8. Ilican samoBHenHs Oydepy Buxopuctanaa FIFO aaf mepeBeaeHHA PAAY ¥

YACTOTHC IIPCACTABACHHS.

Kpok 9. ITepeaaua 3a aoorromororo USB.

Kpoxk 10. I'licas mepeaadi ITo9aToK BUKOHYBAHHA 3 KPOKY 0.

Pospobaeno HacTyHl OyHKIIL:

void Accel_Ini(void) — dpynxkiia iHiriaaizamii AaTauKa;

static void Error (void) — ¢yHKIIA-0OpOOHUK ITOMUAK;

Accel IO_Read(uintl6_t DeviceAddr. uint8_t RegisterAddr) — dpyHKkria duranHa AaHEX 32
aApECaAMH AATYHKA TA PETICTPY;

void Accel _IO_Write(uint16_t DeviceAddr, uint8_t RegisterAddr, uint8_t Value) —
(pYHKIIIA 3AIIHICY AAHHUX 32 AAPECAMH AATYHKA TA PETiCTPY;

uint8_t Accel_ReadID(void) — dyHKIifs YnTaHHA aAPECH MIKPOCXEMIT;

void Accel_AccFilterConfig(uint8_t FilterStruct) — dynxuif maAkArogeHHA DIABTPY;

void Acclnit(uintl6_t InitStruct) — dyHKIiA 1HimaAI3aI] HAAAIIITYBAHB;

void Accel_GetXYZ(intl6_t* pData) — ¢yHKIig 39nTyBaHHA IIOKA3HHUKIB AKCEABPOMETPA;
static uint8_t SPIx_WriteRead(uint8_t Byte) — dpyHkItia aad mpuiiomy Ta mepesadi AAHIX
o irrepdeticy SPI;

Acclnit(ctrl) — dpyrxIiro ocHOBHOI iHimiaAi3arii akceaepomMeTpa.

3 DATASHEET oTtpumMyeMO KOHCTAHTH AASl HAAAIIITYBAHHSA CHCTEMH:
LIS3DSH._DATARATE_100: sgauenua 0X60: AaHuM 3HAYEHHAM MH BKAIOYHUMO OITH
ODR1 12 ODR2, THM caMHM HaAAIITyeEMO IIBUAKICTD mrepeaaui Aaaux 100 I,
LIS3DSH_XYZ ENABLE: smavenns 0X07: BKAIOYMMO OITH BCIX OCEH, TUM CAMHM
BU3HAYAEMO PEKUM POOOTH AATINKA, IIPU AKOMY BIH 39UTYBATHME AAHi BCIX TPHOX OCEH (X,
y Ta z).

LIS3DSH_SERIALINTERFACE_4WIRE: smauemna 0X00: meii OIT BIAIOBIA2E 32
BKAIOYCHHSA pexuMy iHTepdeticHol muau. 3asurnacmo 0, THM CaMHM MH BKAIOYHMO 4-
rposiaamit SPI.

LIS3ADSH_SELFTEST_NORMAL: 3magemaa 0X00: 1yr Mu HO3Ha4YUMO, INO HE
BrArouaTrMemo Oitu 11 2 (ST1 1 ST2), TuM caMuM BKAIOYHMO PEKUM CaMO TECTYBAHHSA
(3BUYAITHUI PEKIM).

LIS3DSH_FULLSCALE_2: 3aavenns 0X00: 6itu FSCALE Mu Takox He BKAFOYAEMO, TUM
CAMHM BH3HAYAEMO PEKUM POOOTH AKCEACPOMETPA, IIPU AKOMY BIH BUMIPIOBAE ITOKA3AHHA

IO BCIX OcAX B Mexkax Bia -2G a0 +2G.
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e LIS3DSH_FILTER_BWS800: srauerss 0X00: 6iTi MIupHHE CMyrH IPOITYCKaHHA (PIABTPa
3rAaAKyBaHHA. MU IX He BCTAHOBAIOEMO, TOMY IIHPHUHA CMYIU IIPOIIYCKAHHA y HAC OyAe
800 I'rr.

e LIS3DSH_SENSITIVITY_0_06G. Tyr Mu HasamrroByeMo 4yTAuBicTb AaTdamka Ao 0.06
mg.
3YHTYBAHHA MOAOAIIHX Ta CTAPIIHX OaiTiB 16-0ITHHX OKa3aHb, BUMIPAHIX 34 KOMKHOIO 3

TPBOX OCEH, BUKOHYETHCA HACTYIIHUM YHHOM:

e  Accel_10_Read(&ecrtl, LIS3SDSH_CTRIL_REGS5_ADDR, 1);

e  Accel_IO_Read((uint§_t*)&buffer[0], LISSDSH_OUT_X_I. ADDR, 1);

e  Accel_10_Read((uint$_t*)&buffer[1], LISSDSH_OUT_X_H_ADDR, 1);

e  Accel_I0_Read((uint$_t*)&buffer[2], LISSDSH_OUT_Y_IL._ADDR, 1);

e  Accel_IO_Read((uint§_t*)&bufter[3], LISSDSH_OUT_Y H_ADDR, 1);

e  Accel_I0_Read((uint§_t*)&buffer[4], LISSIDSH_OUT_Z_I._ADDR, 1);

e  Accel_10_Read((uint8_t*)&buffer[5], LISSDSH_OUT_Z_H_ADDR, 1).

b

b

BucnoBxu

CrpoexkToBaHO Ta peaAl30BaHO (DISUYHY MOACAD CHCTEMH, KA BKAIOYAE MIKPOKOHTPOAEP,
TppoxochoBuE 1udposuit akceaepomerp LIS3DSH, sAka xapaxrepusyeTbcs BHCOKAME
C€KOHOMIYHHIMU ITOKa3HUKAMH TE€XHIIHOTO PIIIICHHS.

PospobaeHo Ta peanisoBaHO creriaaizoBane [13 cumcremu, fike BKAIOYAE ApaiiBep AAA
HAAAIITYBAHHSA, 300PY 1 OIIPAIIOBAHHA AAHUX 3 aKCceAepoMeTpa Ta BIAToBiAHE [13 Aast ToOyAOBH
rpadikiB CUrHAAIB BIOPOIPUCKOPEHHA B YACOBIH 1 gacTOTHII 0oOAacTaAx. [ToOyaoBane I13 aae
3MOIY PeaAl3yBaTH IIUPOKI (PYHKIIIOHAABHI MOKAHUBOCTI T4 € BIABHO BUKOPHCTOBYBAHHM.

[TobGyaoBaHa cuCTEMa AA€ MOKAUBICTH IIPOBOAUTH aHAAI3 ITapaMeTpiB BiOparil 3 METOXO
repeAOAaYEHHA 1 3aITO0IrAaHHA MOMKAMBHX aBapiif, 3MCHINYIOYH TAKUM YHHOM 3aTPATH, fAKI

ITOB ’A32H] 3 BUXOAOM 13 AGAy AOPOTHX AETAAEH 1 BY3AIB.

KondaikT inTepecis
ABTOPH 32BASIFOTB, IO KOH(AIKTY iIHTEpECiB HEMAE.
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