OJIMMIINA JA IITKOJIbBHUKOB «IIAI' B BY AYIIEE»

HAYYHO-OBPA30BATEJIbHOE COPEBHOBAHUE
«ULIAT B BYJIVIIIEE, MOCKBA»

ny-5
CUCTEMBI ObPABOTKN NTHO®OPMAILIVU U YITPABJIEHUA

KBAJIPOKOIITEP HA OCHOBEVHOHETHOFO KOHTPOJUIEPA
COBCTBEHHOMU PA3PABOTKU

ABTOD:
Hopommn Makcum EBrenbeBuy

MOY TI'mmnazus Ne4l, r. JIroOepiis

kiacc 10b

HayuHb11 pykoBOAUTEND:
Tokapes Bsuecias Biranumuposuu
MOY I'mmnazus Ne4 1, r. JIrobepip
Yuutens Qusuku

KanauaaT ¢pusuko-MareMaTHYECKUX HAYK.



BBE/IEHHE

B HACTOAIICC BPCMS KBAAPOKOIITCPBI AKTUBHO BHCAPAKOTCA B HAILY KHU3Hb.
Hx HUCIIOJIB3YOT A1 H3YYCHHA MCCTHOCTH, (1)OTO u BI/IILCOC'I)éMKH B
TPYAHOOOCTYIIHBIX MCCTAX, IJIs1I IIOMCKAa W CIIACCHUA JIIOI[eﬁ. B ICPCIICKTUBE
TPAHCIIOPTHUPOBKA TOBAPOB H JICKAPCTB, YTO 0COOCHHO AKTyaJIbHO CCroJH:A, B

nepunoa maHJICMHUH.

Lenp paboThl: co3aaTh MOJETHBIA KOHTPOJUIEP M cOOpaTh Ha €ro OCHOBE

KBaJIPOKOTITED.
3agaun:

1. V3y4yuTh CTpOEHHE U TIPUHIIUI pabOThl KBAJAPOKONTEPOB;

2. BwIOpaTh OCHOBHBIE TTapaMETPHI CBOETO KOHTPOJIIEPA,;

3. Pa3paboTtaThs 1 mpou3BECTH MEUATHYIO MJIaTy KOHTPOJUIEpa MOJIETa,
4. Pazpabotath nporpammy Jjisi yJIbTa U MOJIETHOTO KOHTPOJLIEpa U

MPOTECTUPOBATH BCE €r0 (PYHKIINH;

o

Cobpatb KBapOKOITEp HA OCHOBE Pa3pabOTaHHOTO KOHTPOJLIEPa;
6. PazpaboraThs mpuiioKeHUE I aHATN3a JaHHBIX TEIEMETPUU
KBaJIPOKOTITEPA;

7. IlpoBecTu ucnbITaTEeNIBLHBIN TOJET KBAAPOKONITEPA.

Metoapl: 31 MOAEIMPOBAHHWE, TPABJICHUE IMEYATHOW IUIaThl, BO BpeMs
TECTUPOBAHUS IUIATHl HCIOJB30BAIMCh MYJIBTUMETP M ocuuuiorpad, maiika,

nporpaMmupoBanue Ha si3bikax C u CH#,



OCHOBHAA YACTb
N3VUYEHUE TEOPETUYECKHI OCHOB PABOTHI KBAJIPOKOIITEPOB
Cocmaenble yacmu K6aopokonmepa

Pama — BakHelas aeTaib, BBIIOJHEHHAsA B BUJAE JIBYX IEPECEKAIOLIUXCS
pEeK C KPECTOBUHOM IIOCEPENMHE, HAa PAME pPaCIOJaralOTCs COCTAaBHBIE YaCTU
KBaJIPOKOIITEpa, MO3TOMY OHA JOJKHA OBITH JEerkod M mpouHoil. KpectoBuHa —
MECTO JUIsl KPEIUIEHUS 3JIEKTPOHHBIX AJIEMEHTOB JPOHA, OHA MU3rOTaBIMBACTCS W3
TEKCTOJUTA WM IUIACTHKA, a JIy4d, Ha KOTOpbIE KPEIATCS BUHTBI, MOTYT OBITh
clleJlaHbl U3 IUIACTUKA, aTFOMUHUEBOrO Mpoduis Wik KapOOHOBBIX TpyOok. Pama

JJIA y,[[06CTBa HCIIOJIB30BaHUs OBIBACT CKJIElI[HOﬁ.

K nmnonerHoMy KOHTpoOJUiepy MPHUKPEIUIAETCS pa3iuyHble JIATUYUKU:
TUPOCKOI, akceinepomerp, Oapometrp, GPS. Ilmara-xonTposep omnpenenser
GyHKIMOHATBHBIE XapaKTEPUCTHUKU, KOTOPbIMU OynerT o0jagaTh B IOJETe
KBaJPOKONTEP, MO3TOMY Ba)XHO, YTOOBI KOHTPOJUIEp ObUI XOPOIIO 3alIUIIEH OT

BI/I6paI_IHH H IIbUJIN Y pacCIiojarajcs Ha YPOBHC JIMHHUH BPalllCHUA POTOPOB.

OnextpomoTopsl. Kaxknplii KBagpOKONTEp HMEET 4YEThIpe JBHUIraTes,
KOTOpbhle O00O€creyuBalOT BpalleHue BHHTOB. Ha kaxaoM u3 MOTOpOB
KBaJIPOKONTEPA HAXOAMTCS PETYJATOp OOOPOTOB JBUTATENs, C €ro0 MOMOUIBIO

KOHTPOJUIEP U YIIPABJISIET BAHTOMOTOPHOM YaCThIO IPOHA.

[Iponennepbl. AspoauHamuyeckass TOAbEMHAs CHJIa CO3/IaeTCs Y
KBaJIPOKONTEPA MOCPEACTBOM BpAIICHUSI YETHIPEX POTOPOB, BUHTHI MOJOUPAIOT C
Y3KUMU JIONACTSIMU M HEOOJIBIIIUM JUAMETPOM, OBIBAIOT MPOTEIIEPHI C IBYMS U C

TpeMsl JIONACTIMHU, OJIHA [Mapa POTOPOB BpalllaeTcsl BIIPaBO, a BTOpasi - BIIEBO.

Axkymynarop. Ksagpokonrepsl paboTarOT Ha  DJIEKTPUYECTBE  OT
aKKyMYJISITOpa, HAuOOJIBIIEH MOMYJISIPHOCTHIO TOJIB3YIOTCS JIUTUNH-TIOJMMEPHBIC
aKKyMYJISITOpBI, TaK KaK OHU OOJaJaloT HauOOJbIIEH IHEProEMKOCTHIO TpHU

HeOOJIBIIION Macce.



Paauonpuemnuk/nepenaryuk. [lepenaer u npuHUMAaeT CUTHAJIBI C MyJIbTa
yIpaBJICHUS Ha IUIATY-KOHTposuiep. JanbHOCTh N1eMCTBUS 3aBUCUT OT KOHKPETHOM

MOJIETIH paJroanmnaparypsbl.
Ipunyun pabomul keadpoxonmepa

DneMEeHTHI IS IPOHA MOXKHO TPHOOPECTH MO OTACIBHOCTH WU JaKe
cienatb COOCTBEHHBIMU pykamu. OJHAKO [ TOro, 4YTOOBI KOHCTPYKITUS
MOJHSUIACh B BO3MyX HYXXHO TOHMMATh NPHHIMIBL, MO KOTOPHIM IMOCTPOEHO
YCTPOMCTBO KBaJIpOKOIITEpa. BUHTHI, MOJHUMAIOIINE €TO B BO3AYX, YIPABISIOTCS
NapHBIMU CUHXPOHHBIMH JBUTATENISIMH, KOTOPHIE MOTYT OBITh KOJUIEKTOPHBIMH U
OECKOJIEKTOPHBIMH. PacrionoXeHHbIe M0 KPaHUM MPOTHBOMOIOKHBIM TOYKAM
JMaroHajel Mpomeiepbl IBUTAIOTCS B OJJHOM HallpaBjeHUH (110 YaCOBOW CTpEJKe
uiu  HaoOopoT). JIlBa Apyrue aHaNOTM4YHBIC OSJIEMEHTA  JBUTAIOTCS B
NPOTUBOMOJIOKHYIO CTOpPOHY. 3a uX paboTy oTBe4aeT OJIOK yHpaBlIeHUS
(koHTpOJIIEp TONETA) U AKKYMYJIATOP, MUTAONIMHA UX. [locpecTBOM MpUEMHHUKA
YIPABJISIIONIAS TJIaTa MOTyYaeT CUTHAIBI OT JUCTAHITMOHHOTO MyJbTa. [IyasToM, B
CBOIO OUY€pE/Ib, YIPABIIAET MOJIH30BATENh, HAXOAAIIUNACS HA YIaJICHUH OT armapara.
Curna, moJaBaeMbIi OT ammapaTyphbl, JaeT KOMaHy MOJETHOMY KOHTPOJUIEpY, U

OH YCWJIUBAET WJIM ocliabisieT paboTy JBUTATENEH.

B 3aBucumocTu ot TOI'0, CKOJIBKO I[BI/IF&TCJ'IGIZ IMPHUOCTAaHABJIMBAIOT UJIN
YCUIIUMBAIOT CBOIO ACATCIIBHOCTDb, MCHACTCA XaPAKTCP U TPACKTOPHA ABUKCHUA

npoHa. OH MOXeET:

e [lomHuMaThCS BBEPX;

e (CryckaThcs;

e JlBUrarhcs 110 TOPU30HTAIH,;
e Brepen;

e Hagzan;

e Biueso;

e Bmnpaso.



AHaJIOTUYHO TOMY, KaK IPOHUCXOAUT ABHUIKCHHUC, TAKIKC ITPOU3BOIUTCA U

HAaKJIOH allllaparTa. KpOMC TOT'0, HCKOTOPBIC MOJICIIN MOT'YT KPYKUTBLCA HAa MCCTC U

JAa’KC BBIIMOJHATH IICPCBOPOTHI BOKPYI' OCHU HA MCCTC.

PA3PABOTKA KOHTPOJUIEPA ITOJIETA

Kontposnep kBajgpokonrepa OyneT COCTOSATh W3 IE€YATHOM IUIATBl M

HareyaTaHHoO! Ha 31 mpuHTepe M1aTGOPMbI 17151 KPETUICHUS K paMe KBaIPOKONTepa.

Ha neuarnoii miiate OyayT HaXOsATCS

N o o bk~ DN

8.

MuKpOKOHTpOJILIED;

IMU cencop (rupockor, akcenepoMeTp, MarHETOMETD);

bapomerp;

Pagnonpuémuank/mepenaTyuk;

Pa3bpEMBI U1l NOAKIIOYEHNS K ApaiiBepaM MOTOPOB;

Pa3béM 17151 mporpaMMUpOBaHUS;

Pa3sém moaxitoueHHs K BCrioMoratesibHoMy kKomibtorepy (Raspberry
Pl u ap.) U1st aBTOHOMHO# paOOTHI 1O H300paKEHUIO C KaMmep,
panapoB U IPYTUX JaTYMKOB (Ha JaHHBIM MOMEHT HE HCIIOJIb3YETCS);

Crabunuzarop HanpsbkeHus Ha 3.3B.

Ha3panus u OCHOBHBIE napamMcCTphI BBI6paHHBIX KOMIIOHCHTOB KOHTPOJIJICPA

pUBECHBI B Ta0MIE 1.

Tabnuma 1 — [TapameTpsl BEIOpaHHBIX KOMIIOHEHTOB KOHTPOJIEpa KBaIPOKONTEPa

HasBanue

KOMIIOHEHTA

[Touemy ObLT BEIOpAH JAHHBIN KOMIIOHEHT

MHUKpPOKOHTpOJIIED | ®  JlaHHBIN MHUKPOKOHTPOJLIEP COACPKUT 32 OUTHOE SAPO

STM32F103C8T6 apxurektypsl ARM-Cortex M3, kotopoe obnamaer

JOCTAaTOYHO BBICOKOM IMPON3BOAUTCIBHOCTBIO

o Ects DMA (dbyukuus mis nepeaadn JaHHBIX

nepudepuitHbIM YCTPOHCTBaM 0€3 UCTIOIb30BaHUS




OCHOBHOTO IPOIIECCOPA), UTO IMO3BOJISIET OTIPABIISATH
JIAHHBIC PETYJIATOPAM CKOPOCTH MOTOPOB MapalieIbHO
¢ oopabotkoit napopmaruu ¢ IMU cercopa u mynbsTa
ynpasieHus. TakuM 00pa3oM MOKHO 3HAYUTEIBHO
YBEIUYUTh YaCTOTY CUYMTHIBAHUS YCKOPCHHUS U YTIIOBOM
CKOPOCTH, YTO HEOOXOIUMO JJIsi TOYHOTO OIPECIICHHSI
OpHUCHTAIUH

JloctynmHOCTH

IMU cencop BBICOKOTOUYHBIN TMPOCKOM C HYJIEBBIM cMelleHrneM +1
BMX055 °/c u pazpemienueM 0.06 °/c npu 1uanasoHe U3IMEpeHHit
+2000 °/c
Bricokas ckopocTs namepenuit (rupockon — 2000 pas/c,
akcenepomeTp — 1000 pas/c, maruerometp — 100 paz/c)
bapomertp Bricokast TouHoCcTh n3MepeHuit +8 Ila (=66 cm)
BMP388
Pannonpuémuauk Bricokasi MOIITHOCTH TIepeiadu U 4YyBCTBUTEIBHOCTD
/nepenaTuuk npuéma 00ecreunBaroT JajdbHOCTh nepeaadu 1 km
S14432 B03MOXHOCTB IIPUEMA ¥ OTHPABKH JAHHBIX C TIOMOIIBIO
OJIHOTO YCTPOMCTBa
Bo3MoxHOCTb BbIOOpa Hecyiel yacToThl ot 240 10 930
MI'1p
Crabumsarop Bricokast TOUHOCTH BBIXOJIHOTO HampspbkeHus (+15MB)
HaIpsKCHUSA JOoCTyITHOCTh
AMS1117-3.3

Muxkpokontpoiiep, IMU cencop u OapoMeTp BBINIOJTHEHBI B BHUIE

MukpocxeM. PamunonpuéMHUK cocTouT u3 MuKpocxembl Sl14432, aHTEHHBI,
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MEYaTHOM IIJIAThI C KOHTAKTaMH JJIs1 y,Z[O6HOFO IMOAKJIFOYCHUS K MaK€THOM IJIaTe UJIN

APYI'UM IICHATHBIM ILJIaTaM.

N3navanpHO B IIPOEKTE MCTIONTB30BaJICS TpyTOoit
paguonpuémuuk/nepenatank NRF24L01+, HO nmaHHBIH mepenaTyvik oOJamaeT
MEHBIIIEH MOIIHOCTRIO M OBUI CIIMIIKOM YYyBCTBUTEIBHBIM K TIOMEXaM OT
3NeKTpoMOTOpOB. S14432 ucnonb3yer muHy AanHbix SPI, kak 1 NRF24L01+, no
ATOMY IS TOJKIIOYSHHs JAHHOTO MOAYJIS 51 HE TiepeieibIBal MeUaTHyIo Iiary, a

TOJIBKO CACJIAJI IICPCXOJHUK IJIS1 U3MCHCHUA PACIIOJIOKCHHA KOHTAKTOB HA MOJAYJIC.

HpI/IHI_[I/IHI/IaJII)HaH cXeMa M IleyaTHas Iuiata ObLIM pa3pa60TaHI>1 B CpCac

“Easy EDA”.

v L.
% | i%F| izeF

BMHz

2 3
1 2 [
utian

Pucynox 1 — [IpunnunuanbHas cxema KOHTpoJiepa KBaJIpoKoNTepa



Pucynok 2 — Cxema neyaTHOM IIJIaTh

I[J'ISI KpCILUICHUA K paMC KBAaAPOKOIITCpa OnL1a cO31aHa 3,[[ MOJICIIb

KpPEIUICHMS M HalleyaTaHa Ha 31 IPUHTEPE.

Pucynok 3 — mara ¢ HaneyaTaHHBIM KpETUIEHHEM
M3TOTOBJIEHUE ITEYATHOM ITJIATBI

[Inaty OBLIO pemieHo c€o03/JaTh B JOMAIlHUX YCIOBMSIX, TakK Kak
M3rOTOBJICHUE TIEUATHBIX IJIAT Ha 3aKa3 Ha 3aBojax B Poccum 10CTaTOYHO JA0pOTO,
a eclim 3aka3ath B Kurae, To ocTaBKa MOXKET 3aHATH OT HECKOJIBKHUX HEIENb 10 2

MCCALICB.

Ecth 2 croco0a M3roToBIEHHS NMEYATHBIX IIJIAT B AOMalIHUX YCJIIOBUAX: C

nomoIblo Goropesucta kak Ha 3aBojax u JIVT (nazepHO-yTIOKHAS TEXHOJOTHSA).
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HOCJ’IG,Z[HI/Iﬁ TaK HAa3bIBACTCA, TdK KaK B JaHHOM crocooe PUCYHOK OOPOKCEK
HaHOCHUTC: Ha I'IIHIOCBYTO 6yMary JIA3CPHBIM IIPUHTCPOM U 3aTCM IICPCHOCHUTCS Ha

IJ1aTy € IOMOIIBIO HAI'pCBaHHA YTIOI'OM.

Tabmuma 2 — CpaBHEHHE CIOCOOOB M3TOTOBJICHUS MTEYATHOM TIJIATHI !

doTope3ucT JIVYT

[ Lmrocsr: [Lntocer:
e BpICOKasg TOYHOCTh, MOYKHO e He Tpebyercs mokymnka
JeNaTh JOPOKKU IUPHUHOU OT CIICLIMAJIbHBIX MATEPUAJIOB U
0.2mMm YCTPOMCTB
e MOXHO U3rOTaBIMBAaTh
OJINHAKOBBIEC IJIATHI OJTHUM U
TEM ke 11a0JI0HOM
e Jlerde noyiy4uTsb sK€IaEMbIN

pe3yabTaT

MunycsI: Munycsr:

e TpebOyercs MOKyIKa MPO3pavuHOi e Hwuskas TOYHOCTH

TUICHKY TS TICYaTH U e JJ1s1 U3rOTOBIIEHUSI HECKOJIBKUX

dboTopesncra

JKenarenbHO MCIIOIb30BaHUEC
VO pam1iel 11 3acBEeYUBaHUS
dboTope3uncra (MOKHO
3aCBEYMBATH I10]] COJHIIEM, HO

9TO 3aliMET MHOT'O BPEMEHH)

OJIMHAKOBBIX IJIAT HAJ0
reyaTarb Ha IPUHTEPE PUCYHOK
JUISL Ka)KJIOM MIaThl 3aHOBO
TpyIHO JOCTHYB XOPOIIETO

KadyecTBa MMeYaTHOU IJIaThl

Kak BHIHO M3 TaGaMIBI, TPOU3BOJICTBO ILIATHI ¢ TOMOIIBI0 (hoTOpe3nucTa
SABJISIETCS 00JIe€ COBEPIICHHBIM METOJIOM M3TOTOBJICHUS MEUYATHBIX IUIAT, TOITOMY

CBOIO IIIATy i CACIa]l HMCHHO 9TUM MCTOAOM.



DTalbl CO3IaHUs IT€YaTHOM IUIATHI.

1. CsepiieHH€ MOHTAXHBIX U MIEPEXOIHBIX OTBEPCTUH;

2. IlpukienBanue poTope3ucra,;

w

[IpunokeHre HareyaTaHHOTO Ha IPUHTEpE MIabJI0Ha U 3aCBEUMBaHUE
yIbTpadUOIETOM;
IIposiBKa B pacTBOpe KaJIbIIUHUPOBAHHOW COJBI;

TpaBneHue Menu B pacTBOpPE JINMOHHOW KUCJIOTBI U IIEPEKUCH BOJOPOJIA;

4
3)
6. CwmbiBaHue GoTOpE3UCTa PACTBOPUTETIEM;
7. TlpoBepka AOPOKEK Ha pa3pbIBbl U KOPOTKUE 3aMbIKaHUSI MYJIbTUMETPOM;
8. Hanecenwue nasjibHOI MacKH,

9. 3acBeunBaHME NMASUIBHON MAacKU yIbTpaHOIETOM Uepe3 M1adioH;
10.ITposiBKa masmpHOM MAacKH B PaCTBOPE KAIBIIMHUPOBAHHOMN COJIBI;
11.Cymika nasuibHOM MacKH;

12.TlpunavBanue IpOBOJIOKU Yepe3 MEPEXOIHBIE OTBEPCTHUS I CO3TAHUS

3JICKTPHUYECCKOI0 COCAMHCHMS MCXKAY ABYM: CJIOSIMU,

13.HpI/IHaI/IBaHHe QJICKTPOHHBIX KOMIIOHCHTOB.

|

PucyHnok 4 — ®otorpaduu cBepiaeHUs OTBEPCTHI U CO3AaHUS JOPOKEK
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Pucynox 5 — @otorpadgum HaHECECHUS NASIIFHON MAaCcKH, MIeTKorpaduu 1

IIpHUIIaBaHWsA KOMIIOHCHTOB

Pucynok 6 — ['oToBas meuaTHas miata
CBOPKA KBAJIPOKOIITEPA
Pama kBagpokomnrepa Obl1a codpana u3 amroMuHreBoro mpodust 25x10.

Motopsi ObutH BeIOpanbsl RS2205 u poniesuiepsr 5045. Takast komOUHAIHS

MOTOPOB U MponesiepoB odecneunsaet Tary 712r npu 12B u 1024r npu 16B.

HpaiiBepst MmoTopoB - BLHeli 30A-S. Jlannbie npaiiBepbl MOTOPOB MOTYT
paboTarh 1Mo HUGPOBOMY MPOTOKOIY MEepeaau JaHHBIX, 3TO JEIACT BO3MOXKHBIM
Ooliee TOYHOE pETYJMPOBAaHHE CKOPOCTHIO BpAIIEHHS BHE 3aBHCUMOCTH OT
BO3MOJKHBIX 3JICKTPOMAIHUTHBIX TOMEX. BOJBIIMHCTBO JPYTHX PEryJsITOPOB

CKOPOCTH ITOJYYarOT JaHHBIC OT KOHTPOJICpA 110 JJIMHC UMITYJIbCAa, HO TaKOH croco0
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Ooee BOCIIPpMUMYHMB K IIOMEXaM, TaK KaK HET KOHTpOJ'IBHOﬁ CYMMEBI U TOYHOCTD

3aBHCHT OT TaiiMepa Ha CaMOM PETYJIATOPE U B MUKPOKOHTPOJIIEPE.

Jlns mutanust KoHTposuiepa monéra ucnoisiyetcs DC-DC npeobpazoBarens
LM2596, Tak kak cTaOuiIM3aToOp, HAXOMSIIUNUCS HA TUIATE KOHTPOJUIEpPA, MOXKET

neperpeBaThes MPH JI0JITOM MCIOIB30BAHUM OT HampskeHus 12B ot akkymyssitopa

AKKyMYJISITOp HMCHOJIB3YeTCS JIMTUU-TIONUMEpHBbI ¢ 3 suelikamu HBR

5000mAh 11.1V ¢ MakcUMaIbHBIM TOKOM Harpy3ku 250A.

Kpernnenue my1s muaTel, akKyMysTOpa U HOKKH JUIS TTIOCAIKU HaIedaTaHbI
Ha 31 npuntepe u3 PETG mnactuka. PETG mactuk obnagaet Oosee BBICOKOM
MPOYHOCTHIO YeM PLA 11acTUK KOTOPBIN OOBIYHO UCIIONIB3YETCS JIJIS 311 eUat, HO

€ro TaKke MOXKHO TeuaTaTh Ha JTI000M 311 IpUHTEpE.

Pucynok 7 — @ororpadusi CoOOpaHHOTO KBaIpOKOITEPA
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Pucynok 8 — KonTposnep nonéra ¢ moakIt04eHHBIM PaIuOTPUEMHUKOM Ha

KBaJPOKOITEPE

CBOPKA ITYJIbTA YIIPABJIEHUA U IIPUEMHUKA TEJJEMETPUU

[TynbT 1 npuEMHUK TeIeMETpUU coOOpaHbl Ha OecraeyHoO MaKeTHOM Iiate,
TaK KaK dTO 3aHMMAeT MEHBIIE BPEMEHHM W JJIsi HUX HE TpeOyeTcs MPOYHOCTD,

KOMITAKTHOCTh M MAJIbIM BEC B OTJIMYUM OT KOHTPOJUIEPA KBAJPOKOIITEPA.

[TynbT cocTouT M3 2 IKOUCTUKOB, 3 CBETOAMOAOB, KHOMKH, OTJAJI0YHOU
IJIaThl C MUKPOKOHTPOJUIEPOM M PaJUOIEpeNaTUYMKa, 3aKPEIJICHHBIX HA MAKETHOMN

IjIaTe.

Knomnka wucnosb3yercs IJsi BKJIIOYEHHS M BBIKIIOYEHHUS CTaOMIA3AIUU
BBICOTHI C TIOMOIIbIO OapomeTpa. JIeBbIM JHKOWCTUKOM M3MEHSIETCS BBICOTA WIIU
CKOPOCTh BpAalllEHUSI MOTOPOB M BpAIllCHUE 110 BEPTHUKAIBHOM oOcH. I[IpaBbiil

JOKOMCTUK HCTOJIb3YyeTCS JUIsl TEepeMelieHuss Mo Topu3oHTainu. CBETOIUOIbI
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HCIIOJB3YIOTCA A MHAWKAIKWK PEKUMaA CTa6I/IJ'II/ISaI_II/II/I BBICOTbI, YPOBHs CUI'HAJIa U

3apsa 6aTapeu mysbTa.

B nynsre wucnone3yercs miara “Blue Pill” ¢ mukpokonTpoiiepom

STM32F103C8T6 u pannonpuémuuk/mepenatank S14432.

Pucynox 9 — ®otorpadus mynpra

[lpuémMHMK TenmemMeTpur UCHONb3yeTcsl sl oTnpaBku uepe3 USB
KOMIIBIOTEPY TEJIeMETpHH OT KBaapokomrTepa. [[is mpocMmoTpa TernemMeTpuu B
peaslbHOM BPEMEHH U JUIs aHaJIN3a JaHHBIX MOKET MCII0JIb30BaThCs pa3paboTaHHAs

MHOU MPOTpaMma.

[TpuéMHHMK CcOCTOMT U3 oOTIaAo4yHoM MmiaTel  “Arduino  Uno” ¢

mukpokoHntposuiepom ATMEGAS328P u panuonpuémuuka/nepeaarunka S14432.
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Pucynox 10 — ®ororpadust npuéMHUKA TeIEeMETPUU

PA3PABOTKA ITPOI'PAMMBI JIJIS ITYJIBTA AY U ITOJETHOI'O
KOHTPOJUIEPA

[TporpamMmbl [ IMyJIbTa ¥ KOHTpOJIIEpa MoyiéTa ObUTH HallMCaHbl B CpEIe
nporpammupoBanus Visual Studio 2019 ¢ mrarmaom Visual GDB koTtopsrit
MO3BOJISIET MTPOrPAaMMHPOBATh B JAHHOM Cpeie MUKPOKOHTPOJUIEPHI apXHTEKTYPhI

ARM. IIporpammebl Hanncansl Ha si3bike C.
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Ha4ano C4MTaTb JaHHbIE
C pagMonpHEMHMKE

!

HACTpPORKA TAKTOBOW
YacToTbl MMKPOKOHTpONnepa

!

2CTk HOEBIE
OaHHbIE

HAcTpOKa NoTpPoB
BBOMa-BblBOAA BKITKOYMTE BEIKIIOYHTE
| KpacHbIA CBETOANOA KpacHbIi CBETOAWON
HacTpoika ALLM l l
l NONYYMTL YTkl HAKIOHA
p——— [DKOICTMKOB C MoMOLLbio ALIM
paaMonpUEMHIKA |

| COXPaHWTb B NEPEMEHHYHD
HaxddaTa MW KHOMKR

2CTh HOELIE
OaHHBlE

BRIMTHOYATE BBIRMHONHTE
KpaCHbBIM CEBETOAWOL KpaCHEBIM CBETOAMOD

I |
!

0TNpaBuTbL KBaApPOKONTEPY
YITbl HAKNOHA LKOACTMKOB
M Ha%ara N1 KHoMKa

Pucynox 11 — bnok cxema nporpammsl myisra Y

[Mpoext mst Visual Studio u mporpamMma Jij1st myJibTa JOCTYITHBI B

penosuropun GitHub: https://github.com/maxus2004/quadcopter-remote.
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Ha4ano

1 CYWTATH JaHHbIE
C paguo

HaCTPOAKa TaKTOBOW
4ACTOTEl MHKDOKOHTROMNEPS

!

HACTDOIKA NOTPOE
BEOA3-BLIBONA

!

HacTpoHKa
PaAHONPUEMHHER

1 W3MEHWUTL LENEBYHD
HacTpoika IMU ceHcopa BbICOTY
H3IMEHUTE DEXHM
HacTpoHKa DapoMeTpa CTaOMNU33LMK BbICOTHI

I !

ECTh HOBbIE
NaHHbIE OT NyNkTa

M3MEHWUTE LI|EJ'IEB'DF1
YTon HaknoHa

OTNPABUTE TENEMETPHUID

HaCTPOMKa Qpaieepos MOTOPOS

I !

pac4uTaTh BpeMA npoleaiee
33 NpenbIgyLWWA LMK

!

CYWTaTb AaHHLIE
¢ IMU ceHcopa

!

1 CHWTaTE AaHHBIE
c GapomeTpa

OTKNHK4WTE MOTODBI I,

1 PACYUTATL OPMEHTALMIO NO AaHHLIM
OTNPEEMTE MO PAAHMO C IMU € noMOLLbH DUNbpa MagHEWKa
KOO OLUMDKK 1
pacyWTaTh OLWMOKY
NULWETE MOTOPaMK BLICOThI M YITIa HAKNOHA

pacy1TaTh HEOOXOOUMY K CKOPOCTH

noaokoaTe 1 Cex BpalleHHa MOTOpPOE
€ nomows NWO perynatopa

B !

3anycTuTe DMA AnA OTNpask
CKOPOCTH BpalleHWA QpafBepam MOTOpOE

HET NPOU30LWLINEa KPUTKH-
YecKan oWWbKa Bo BpemA paboTel

NporpamMml

na

Pucynok 12 — biok cxeMa nporpamMmmsl J1Jisi KOHTPOJIIEpa KBaIpOKOITepa
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ITpoext ms Visual Studio u mporpamma 17151 KOHTpoJLIEpa KBaJpOKOITEpa

noctymHsl B perosuropun GitHub: https://github.com/maxus2004/quadcopter.

PA3PABOTKA I10 U1 CTAHIIMM ObPABOTKHU MTHOOPMAILIMA

[Iporpamma Juts puéMHHUKA TeJIeMeTpuH pa3paborana Ha si3bike C B cperie
Atmel Studio, koTopas chnemmadbHO cO37JaHAa I MPOTPAMMHUPOBAHHS

KOHTpOJUIepoB apxuTekTypsl AVR.

Havano

!

HacTpouTe USB nopt

A

HACTPOMTE PAAHONPHEMHUK

CYWTaTb AaHHbIe
C pagMonpHEMHUEA

!

OTNPaBWUTE JAHHBIE
KOMMbHTEPY N0 USB

Pucynox 13 — biok cxema nmporpaMmsl 11 IPUEMHUKA TEIEMETPUU

I'paduueckoe mnpusokeHwe s TpPocMOTpa W OO0pabOTKU JTaHHBIX
TEJIEMETPUU C KBaJIpoKomnTepa paspadoraHo Ha s3eike C# B cpeme Visual Studio
2019. Jlnsa orobpaxkenus unTepdeiica ucnonbzyercs ¢ppeiimBopk WPF, rpaduku

PHUCYIOTCS ¢ IOMOIIBI0 OnOMoTeku SCOottPlot.

B »TOM mpuiokeHuM MOXKHO ITPOCMATPUBATh JAHHBIE C KBaIPOKOINTEpA B
peaslbHOM BPEMEHH, CTPOUTDH IpaduKu, SKCIOPTUPOBATh AaHHbIe B EXcel. Takke
MOKHO CTPOUTH IpadUKu pe3yibTaTa MaTeMaTUYECKUX OINepaluii Mexay AByMs

NEPEMCHHBIMHU U3 TCIICMCTPHUHU KBAJIPOKOIITEPA.
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[Tpoext msg Visual Studio u Tekct nmporpaMMbl rpaduvIecKoro
IPUIIOKEHHS AOCTyIeH B periosutopun GitHub:

https://github.com/maxus2004/DroneControlPanel.

I'paguuecxuii unmepgetic npoepammol

B mpaBoii cTOpoHE OKHa OTOOpakaroTCsi HeoOpaOOTaHHBIE [TaHHBIE
IPUHATBIE OT KBaapokonrTepa. CHU3Y HaxoIATCs 3JIEMEHTHI ynpasiieHHsd. EcTb
TEKCTOBOE TMOJe Il BbIOOpa TMOpTa, K KOTOPOMY TMOAKIIOYEH NPUEMHUK
TEJIEMETPHUM, KHOIKA Ul MOAKItoueHus. [IpaBee HaxoAUTCsS TEKCTOBOE IOJIE IS
BbIOOpPa NEPEMEHHBIX, [UIsI KOTOpPhIX Tpedyercs MOCTPOUTh TpaduK WIn
aKCTOpTHPOBaTh B EXCel, kHomnka 1yt moGainenus u ynaneHus rpaduka. C npaBoit
CTOPOHBI BHU3Y HaXOJATCS KHOIIKH JUIsl OYNCTKH COXPAaHEHHBIX JaHHBIX U SKCIIOPTa
nanHbIX B EXcel. B nentpe Haxomutcs Mecto i rpadukoB. B mpaBoM HIKHEM
YTy KaXJ10r0 rpaduka oToOpaxaeTcsi Ha3BaHUE IEPEMEHHON WIIH BBIPAKEHHUSL, 1JIS
KOTOpPOro mocTpoeH rpaduk. MoXHO M3MEHATh MacmTad rpaduKoB KOJECUKOM
MBIIITU WA TTPABOM KHOMKOM MbIK. YTOOBI M3MEHATH CMEIICHUE Ha rpaduke, Ha/l0

Ha’>XaTb JICBYIO KHOIIKY MBIIIN U IICPCMCIIATL KYPCOP.

UtoOwsl n00aBUTH TpaduK aJisi ONPEACIICHHONW MEPEMEHHONW HaJI0 BBECTHU
Ha3BaHHE MMEPEMEHHON B TEKCTOBOE ToJie ciieBa oT kHonku «Add Ploty, Hampumep
«altitude» (B »TOl MepeMeHHON XPaHHUTCS 3HAYCHHUE BBICOTHI ITOJIETA), 3aTEM Ha)KaTh
Ha ATy KHOMKY. YT0oObI 100aBUTH rpadvK 3HAYECHUN MATEMAaTUYECKOTO BHIPAKCHUS
C OJHOHM WM Oojiee MEepPeMEHHBIMHU, HAJ0 BBECTH BBIpaXCHHE B TIOJIE, CJIEBa OT
kHonku «Add Ploty, mo0aBuB cuMBOJIBI «%» BOKPYT KaKIOW MEPEMEHHOM.
Hanpumep: «%orientation.roll%-%target.roll% (ITo nanHOMYy BBIpa)KEHHIO OYyICT
CTpouThCa rpaduK pasHULBl KpeHa, u3MepeHHoro ¢ nomomibio IMU cencopa u

KPEHA, 3aJJaHHOTO JPKOWCTHUKOM Ha MYJIbTE YIPABJICHUS ). 3aTeM HaXaTh Ha KHOIKY

«Add Plot»
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N Drone Control Panel

{

“rotation™: {
"roll™: 0.0,
“pitch": 0.0,
“yaw"™: 0.0

3

“target™: {
“roll™: 0.0,
“pitch": 0.0,
"yaw™: 0.0

1

"altitude™: 0.0,
“target_altitude™ 0.0,
“sonar_altitude™: 0.0,
"PPS": 0.0

SRR coonect (RN o ot [remoe il ies Dsa Jport s

Pucynox 14 — CKpUHIIIOT OKHA MMPOTPaMMBI Cpa3y MOcCye 3amycKa

O Drone Control Panel

RGN o . N < o: Jverove icf o oo feoon 0

Pucynoxk 15 — CkpUHIIOT OKHa MpOrpaMmsbl Tociie J00aBlieHUs rpaduKoB

Y MOJKJIIOYCHUS K IPUEMHUKY TEIEMETPUH.
VCITBITATEJIBHBIN TTOJIET KBAJIPOKOIITEPA

Bo BpEMA HCIBITATCIIBHOI'O Mmoj€ra S CcHavanga BJICTCJI, 3aTCM H3MCHIJI

BBICOTY TOJIETA KBaJpoOKoNTepa 0€3 CTaOUIU3aK BICOTHI, TIOCIIE 3TOTO BKITFOYHII
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CTa6I/IJ'II/IBaHI/IIO BBICOTBI, 34aTCM IIOJICTCJ BIIPpABO, OCTAHOBWJI KBAaAPOKOIITEP HaA
MCCTC, 3aTCM IIOJICTCII B JICBO, IIOCAAMUJI KBAAPOKOIITCP. Bo BpCM:A mojéra Oblia

BKIIFOYCHA 3aITMCh TCICMCTPUHN Ha KOMIIBIOTCPC.

Pucynok 16 — CKpHHIIIOT TPOTpaMMBI JIJIsl IPOCMOTPA TEIEMETPHH MOCIE

TOJIETA KBAIPOKOIITEPA

Pucynox 17— ¢otorpadus kBaapokonTepa B mojaeTe

CcbUika Ha BUJIE03aMUCh MOJIETA KBAAPOKONTEPA:

https://youtu.be/iUX74krvOD0
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3AKJIIOUEHUE
Pesynbrarsr:

e 3yuun cTpoeHue U MPUHIUI pabOTHI KBAIPOKONTEPOB,;

e BriOpan 0CHOBHBIE MapaMeTPhl CBOETO KOHTPOJLIEPA;

e Paspabotan 1 mpou3BEN MEYATHYIO IJIATy KOHTPOJIIEpA MOJETa,;
e Pazpabotan nporpammy ajisi KOHTpoJUIepa MoNETa;

e CoOpaJ KBaApOKOIITEP HA OCHOBE pa3pabOTaHHOTO KOHTPOJIEPa,;
e Paspalotan npuiokeHue A aHaJIn3a TaHHbIX TeJIEMETPUH,

e [IpOBEN TECTOBBIN MOJET KBAIPOKONTEPA.
BriBogbI:

e JlocTurHyTa 1enab MPOEKTa;

e KouTpoJsep nosiéta UCIPaBHO BBIMOJIHSIET BCe (DYHKIUU;

e lcneiTaTenbHbIN NONET KBaAPOKONTEPA ObLI YCIIECUIHBIN;

e [IpunoskeHune /Ui aHaIM3a TaHHBIX [T03BOJISIET AHAIU3UPOBATh

Pa3JIMYHBIC JAHHBIC OT KBAAPOKOIITCpaA.

B Oynymem s miuaHupyro MOAKIIOYUTH K JaHHOMY KoHTposuiepy GPS
MPUEMHUK, KAMEPBI U YCTPOMCTBO JJISI TPAHCIIOPTHUPOBKH HEOOJBIITUX TPY30B. ITO
MTO3BOJIUT, HAPUMEP OCYIICCTBIATh OBICTPYIO JTOCTaBKY TOBApOB M3 WHTEPHET-

MarasuHa.

CIIMCOK UCIIOJIbB3OBAHHBLIX NCTOYHMKOB

o [lpunnun paboTel kBagpokonTepos: https://iot.ru/gadzhety/kak-ustroen-

dron;
e Anroput™m ¢punbTpa MaKBUKa 111 OTIPEICTICHUSI OPUEHTAIINH C

nomorisio okasanuii IMU cencopos: https://x-10.co.uk/open-source-imu-

and-ahrs-algorithms/;

e CnpaBounuk 1o s3eiky C/C++: https://cppreference.com/;
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CrpaBOYHUK 1O NPOrPaMMHPOBAHUIO MUKPOKOHTPOJIEPOB apXUTEKTYPbI

ARM: https://narodstream.ru/programmirovanie-mk-stm32/;

Joxymenrarus Ha IMU cencop BMXO055: https://www.bosch-

sensortec.com/media/boschsensortec/downloads/datasheets/bst-bmx055-

ds000.pdf;
HoxymenTarus Ha MukpokoHTposuiep STM32F103C8T6:

https://www.st.com/resource/en/datasheet/stm32f103c8.pdf:

Joxymenrarus va 6apomerp BMP388: https://www.bosch-

sensortec.com/media/boschsensortec/downloads/datasheets/bst-bmp388-

ds001.pdf;

JlokymeHTaus Ha paguonpuéMuuk/mepenatauk S14432:

https://www.silabs.com/documents/public/data-sheets/Si4430-31-32.pdf.
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