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MHHHCTEPCTBO HAYKH U Bhiciiero obpasosanus Poccuniickoit dejepaniu

dejepaibHOe rocyapersentoe 010/uKeTHOe
06pa3zoBaTelbHOC YUPCHJICHHUC BLICIICIO 0OpasoBaliys
«KoMcoMOoIIbCKUM-Ha-AMYyPC IOCY IapCTBCHIBIN Y HMBCPCUTCT

3AIAIIALE
ia pa3zpadorKy

Hazpanue npoekra: VoxArm: MuTeiIekTyaibioe rojocoBoc ylpaBicHue podo-
pyxoit Ha 6asze Arduino u Raspberry Pi

Hasnauenue: [Ipoext "VoxArm" Harnpasiien na cosjianuc MIHOBAIIMOHHOU CHUCTE-
MBI TOJIOCOBOIO yIIpaBlieHusi POOOPYKOH, 4T0 1HO3BOJISIET 3HAYUTCILHO YIPOCTUTE
B3aMMOJICHCTBIE YellOBCKA C poboTH3MpoBalHbIMK ycTpolicramu. OcroBHOE
HA3HAUEHHUE NPOEKTA 3aKIH04acTes B pazpaboTKe JIOCTYIHOIO W MHTYWUTHBHO 110-
HATHOIO MHTep(eiica, KOTOPLIA 1103BOJIMT HOJIL30BATCIAM YIPABISITE pobororex-
HAYECKHAMH CHCTEMaM# C MOMOILILIO TOJOCOBBIX KOMAil D10 0COOCHHO BaXkIO
JUISL TIOBBIICHHsT YPPEKTUBHOCTH U yJI00CTBA B PasjMUHbIX 00JACTAX LpUMEeHe-
HUSI, @ TaKkKe JUIS paciIMpenusi BO3MOKHOCTEH aBTOMaTH3allMK [POIECCoB, IIC
TpebyeTcs TOUHOEe ¥ OBICTPOE BBIIIOJIHEHHE 3a)1a4.

O61acTh UCIOJB30BaHMS: 1 IpOMBIIILIICHHOCTB, OBITOBBIC 3a/la49H, Hay4HbIC HCCIIe-
JTOBaHUs.

dynkimonaibioe onucanue tpoekrta: Ipoekr "VoxArm™ npejcrasisct coboi
CHCTEMY, KOTOpasi 1103BOJISICT HOJIB30BATEIIIO YIPABISATE POOOPYKOH € [IOMOIIBIO
FOI0COBBIX KoMaiyL. 110Jb30BaTeinh 110J1aCT MOJIOCOBBIE KOMAH/(bl, TAKKE KaK "BJiC-
0", "BrpaBo", "Beepx", "Buu3", "3axBarurs” u "oruycrurs". CHCTEMA HCTIOIL3YCT
nporpaMmHoe obecriedenne Ha Gase Raspberry Pi Juisi 1ipcobpazoBanusi roioco-
BBIX KOMAIJL B TCKCTOBBLIC KOMAIU(bl. TeKCTOBBIC KOMAIILI LICPE/IAIOTCs Ha MUKPO-
KoHTpoJulep Arduino, KOTOPBIA MHTEPHPETUPYCT WX W YUPABISICT JIBAKCHUAMU
poGopyku. Ha ocrose [oiydeHnsix Komaiyt Arduino akTuBHpyCeT CCpBOMOTOPEL,
KOTOPBIE YIPABIISIOT JIBIDKCHUAMH CYCTaBOB POOOPYKH, obecrieuuBasi TOYHOE Bbi-

[IOJIHCHHUE KOMAaH]I. Cucrema MOXKeT HpejlocrapBlidTh [10J1L30BATCIIO BU3YAILHYHO



WK 3BYKOBYIO OOPATIYIO CBSI3b O BLIIOJIICIMH KOMaH)L, 410 1I03BOJISCT 1103082~
TEJIIO 3HATh, YTO €0 KOMaH (bl ObUIKA YCICIIHO BLIIOJIICIIBL.

TexHuueckoe onmcanue ycTpolcrsa: Alliaparibic KOMIOHCHTR: raspberry Pi -
MHHHU-KOMIILIOTCD, O'I'BCLlaIOllU’lI‘;I 3d 06]3?.’16()'1'?\‘}" 1 paclosliaBatiic I'OJIOCOBLIX KO-
mam. On ochaien MUKpOQOHOM JUls lipyema ay/IMo-BBOjla M 1POrpaMMHbIM
obecriedeHreM Julsi paciioznasanus peun. Arduino - MUKPOKOHTPOILICP, KOTOPbIX
rnomyuaeT komanjibl o1 Raspberry Pi n yipasisier cepsomoropamu podopyku. Me-
XaHUYECKas PyKa ¢ HCCKOJILKUMM CTCHCHSIMH CBOOOJbI, OcHAalleHas CePBOMOTO-
paMu JUlsl BBITOJHEHHMs JiBukeinit. CepBOMOTOPBI — YyCTPOHCTBA, KOTOPBIC PE0d-
pasyroT EKTpUYCCKUe curuainsl o1 Arduino B MEXarmiccKoe JIBHKCIKC, 110380~
nss pobopyke JHrarhes. llporpammusic  komuonentsl,  Mcroiszyerces  Ha
Raspberry Pi juist ipeo6pazoBaHus I0JI0COBBIX KOMAILL B TCKCT PCallM30Bano ¢ 1C-
nons3oBanuem oubdmorek Google Speech APIL. porpammiioe obeciiedcHue Juist
yrpasiienusi pobopykoi narnucano na CH++ juis Arduino u ynpasiscer ccpBoMoTo-
pamu, obecriedrBas BBIIOJIICHMC KOMAIUL, TAKMX KaK ICPCMCIICHUC 1 3axBar
npeaMeToB. 1°0s10coBoil uirrepdeiic 1103B0ISCT H0JIL30BATCIIO B3aUMO)ICHCTBOBATE
C CHCTEMOM uYepe3 I'0JI0COBBIC KOMaHJIbI, YTO JIeJiacT yIpaBlCiue Uity THBHO 110~
HATHBIM M y1006HBIM. [lporpammubiii uurepdeiic obecricunBact CBSA3bL MEALY
Raspberry Pi u Arduino, 11o3soiisisi riepejiaBarh KoMatj(bl ¥ 110Jy4arh o0parHyIo
CRBSI3E O COCTOSIIWHU CHUCTEMBI.

Tpe6opanus: Cucrema JI0JoKIa OBITH YCTOHUMBOI 1 O€3011aCHO KOH(MJIeHI A b-
HOH.
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1 OO6mmue noioxeHust

Hacrosinmii  naciiopr siBisiercss  JIOKYMEHTOM, 1Ipe/iHazHaAYCHIbIM - JUIs
O3HAKOMJICHHMSI C OCHOBHBLIMH TCXHHYCCKUMHU XapaKTepUCTUKAMHU, YCTPOHCTBOM,
npaBriiaMmu yCTaHOBKH 7 IKCILIyaTaluu ycTponcTsa «VoxArm:
VHTennekTyalbHoe T'0J0COBOC ylipasieHue pobopykoit na 0Oase Arduino u
Raspberry Pi».

[laciopr BXOjT B KOMIUICKT [OCTaBku  u3jienms.  llpexe, dem
[10JIb30BATECS M3/ICJIMEM, BHUMATECILHO M3Y4YUTEe IpaBuiia oOpalieius U MmopsioK
paboTsl ¢ HMM. B cBs3M ¢ IOCTOSIHHONW PabOTOM 110 YCOBEPIICHCTBOBAHMIO
U3JIEJH, TIOBBIIIAIONIEH ero HaJICKHOCTL U YJIyUIIIaloCH yCIIOBHs dKCILlyaTalluH,
B KOHCTPYKITHIO MOL'YT OBITh BHCCCHLI M3MCHCHHS, 1IC OTPAKCHHLIC B JIAHHOM
U3J1aHUH.

1.1 HaumenoBanue u3jiesiusi

Ilonnoe wHamMmenosanue u3jienust — «VoxArm: MureiekryaibHoe
roJIocoBoe yrpasienue pobopykoii na 6ase Arduino u Raspberry Pi» (VoxArm).

1.2 HaumenoBanusi JOKYMEHTOB, Ha OCHOBAHHH KOTOPbIX BeJCTCs

POCKTHPOBAHHE H3/IC/IHS

[Tpoextupsarnue «VoxArm» OCYIICCTBISIETCs 1A OcloBaluK TpedoBanuii 1
IOJIOKEHUN CIIe/IYIONUIUX JIOKYMEHTOB!

- 3ajanue Ha pazpadoTKy.

1.3 Ilepedens opranusaiimii, y9acTByoumnx s pa3padorke n3jejust

3akazurKom 11pockTa « VOXArmy sisisicrcest Pejiepalibioe rocy/laperBeHHoce
610JKETHOE obpazoBareibioe yupeK/ieHmue BBLICIICI'O oOpazoBanusi
«KOMCOMOJICKUT-HA-AMYpPE I'OCY JIapCTBEHIbIA YIHBEpCHTeT (Jlajiee 3aKa34nK),
Haxousmmicst o ajpecy: 681013, XabGaposckuit kpail, 1. KomcomolisCck-Ha-
Awmype, Jlenuna tp-xr., ji. 17.

Ucnonnurensmu  npoekta  «VoxArmy»  ssisiorest  KoHCTpyKTOpbl
CTYIEHYECKOI'O KOHCTPYKTOPCKOro 061opo «llpombiiuicnias podOTOTeXnKay

(nanee CKDB), cryenrst rpyiimst 41 1OM — Misuenxo 1.C..
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1.4 Cgeaenust 00  HCHOJNB30BAHHBLIX  HPH  HPOCKTHPOBAHMU
HOPMATHBHO-TEXHUYCCKHX JIOKYMEITaX

Ilpy  npockTHpOBAHMKM  MCLOJIL30BAILI  CIC)YIONMC  HOPMATHBHO-
TEXHHYECKHUC JIOKYMCITTLL

I'OCT 2.001-2013. Ejwmuas cucreMa KOHCTPYKTOPCKOM JIOKYMCHTAIIMH.
OO1ue 110J0KCHHUS.

[OCT 2.102-2013. Ejmuas cucreMa KOHCTPYKTOPCKOM JIOKYMEHTallMH.
Bup!l ¥ KOMILIEKTHOCTH KOHCTPYKTOPCKHUX JIOKYMCHTOR.

IOCT 2.105-95. Ljumnas cucremMa  KOHCTPYKIOPCKOW  JIOKYMCHTAIMH.
OObmme TpedoBaHUs K TCKCTOBLIM JIOKYMCHTAM.

IOCT 2.610-2006. Ejunas cucremMa KOHCTPYKTOPCKOM JIOKYMEHTaIIUH.
[TpaBuiia BBIIOJIHEHUs DKCILLy aTAllMOHHBIX JIOKYMCHTOB.

I'OCT 2.004-88. [Ljmnas cucreMa KOHCTPYKTOPCKOM  JIOKYMEHTallMH.
O6nwe TpeGoBanusi K BBIIOJHCHUIO  KOHCTPYKTOPCKUX — TCXHOJIOIHYCCKUX
JIOKYMEHTOB Ha 1IeYaTaIoNuX 1 I'pauuecKux yCTpoicTBax Bbiso/ia DBM.

I'OCT 2.051-2006. Iijpmunas cucrema KOHCTPYKTOPCKOH JIOKYMCHTAIMH.
DIeKTpOHHBIE JIOKyMeHThl. OOIIMe MOJI0KCHUS.

[OCT 2.052-2006. Ejmnas cucrema KOHCTPYKTOPCKOW JIOKYMCHTAIIUH.
DneKTpoHHAs MOJIelb 13)iesust. OO1IMe HOJIOKCHMSL.

'OCT 2.601-2013. Ejuuas cucremMa KOHCTPYKTOPCKOM JIOKYMCHTAIIMH.

DKCIL [yarallMOHHBIC JIOKYMCHTDI.

flucm
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2 Ha3nauenue n NPUHIMI JICHCTBHSE

2.1 Haszunauecuue usjeus

VoXArm — cucreMa TIoJiocoBoro yipasienust podopykoil. IHasmnauernne
U3JENHS 3aKITI0YacTCsl B CO3J[aiuy UITHOBAIMOIION CUCTCMBI, KOTOpast I103BOJISCT
[OJIB30BATENSIM YIIPABIISITL POOOPYKOH ¢ HOMOIIBIO 0JI0COBBIX Komatl. OctoBHas
[eJlb [IPOCKTA — YHPOCTHTL B3AUMOJICICTBUC YeIOBCKa ¢ POOOTH3MPOBAHIBIMU
YCTPOMCTBAMH, CJIC]AB CI'o 00JCe MITYHTHBIILIM U JIOCTYIIBIM. D10 0CO0CHIIO
BaYKHO JUISl JIIOJIEH ¢ OrpaHUUCHHBIMU (U3MHYCCKMMU BO3MOKHOCTAMM, & TAKIKC JUIs
ABTOMATM3ALIMK  3aja4 B pasziMuHbIX  00JacTsax, TakMx Kak MeAuluHa,
IPOMBIILIEHHOCTH U oOpasoBanue. Cucrema VOXAImM HO3BOJSCT [10JIb30BATCIIAM
YIPaBJIATh JIBHIKCHUSIMU POOOPYKH, UCLOJB3YS IIPOCTHIC I'OJIOCOBBIC KOMAHJIBL,
takue Kax "Bieso", "Bupaso", "seepx", "Buus", "saxsarurs” 1 "oTHyCTUTE". DTO
obecrieqnsaet yjobnoe u dQ(PEKTHBHOC YUpaBJICIHEe POOOTOTEXHUYCCKUMHU
CHCTEMaMHM, pACIIUPsiss BO3MOKHOCTH HX HPUMCHCHMS B PasjIMTHbIX cepax
NESITeNIBHOCTH.

B cocras u3Jleius BXOJT: raspberry pi, arduino nano, cepBolpHBO/bL, OJIOK
nutanust, 110, nporpaMmibiil nirrepdeic.

2.2  O06JjacTu NCHOJIb30BANHMS H3/IC/IHS

Usjenue MOXKCT — HPUMCHSTBCS B MEJMIMHC  MCIOJIBL30BATHCS B
pea6HJ1111“aL[HOI-IIII>[X errpax JLILS ITOMOIILH JIHOJM c O!'palll/[‘-{CII[Il'ﬂMl/l
(QU3MYECKUMH  BO3MOXKHOCTAMM, — [03BOJIsiSL  YHPABJSTH  BCHOMOIATCILHLIMH
ycTpoiicTBamu  rojiocom. B 1pOMBIILICHHOCTH VoxArm  criocoderByer
ABTOMATH3ALIMH [IPOM3BOJICTBCIILIX [POLECCOB, obectieuunBas OBICTPOC U TOHIOC
BLITIOJIHEHHE TTOBTOPSIONIMXCS 3aj1a4. B oOpazoBareibHbIX YUPCK/ICHUSIX CHCTEMA
roMoraer obyuarh OCHOBaM POOOTOTEXHHKM M I[IPOIPAMMUPOBAHHMS, Pa3BHBAs
HABBIKU CTYJICHTOB. B GLITOBBIX YCIylraxX M3JICIMC MOKCT OBITH HIITCIPHPOBALO B
CHCTEMBl YMHOI'O JIOMA JUlsi BBINOJIHCHHS PA3jMUIbIX 334, TaKux Kak
COPTHPOBKA MPEIMETOB HJIM 1OMOLIb B IIPUIOTOBJICHAM IAILH. B nay4dnbIx

HUcCcJIeJ0BaHMAX VoxArm 1103B0JIsICT HPOBOJIUTD DKCHCPHUMCHTDI, 'I‘})C-G)"l()llll'lc
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TOYHOTO yIpaBiieHus o0opy/loBanreM, 0cBo00K/ s yUCHBIX JUlsl aHan3a JJaHHbIX.
B chepe obciryxuBanusi CUCTEMa aBTOMATU3UMPYCT PYTHHILIC 3a)la41, HAlpUMEp,
Ha CKJIalax Julsl liepeMelienust 1 copTuposku roBapos. Takum obpasom, VoxArm
yIydllaeT B3auMOJICHCTBMC 4YCJIOBCKA € MalllMilamMu, 1OBbUIACT JIOCTYIIHOCTD
TEXHOJIOTUH ¥ CIIOCOOCTBYCT aBTOMATU3AIIMH PA3IIUYILIX 1IPOIICCCOB.

2.3 Ilpunnmn jeHcTBHS H3/1e/IHs]

Upuunun Jiedicreust  u3jicins  VOXArm ocuosan na  1peodpasosanny
rOJIOCOBBIX KOMAIHJ| B MCXaHHYECKHE JIBUKCHUS podopyku. | losnn3osatels nojaer
roJI0COBYIO KOMAILY, KOTOpasl YJIaBJIMBACTCS MHUKPO(OHOM, HOJKIIOYEHHBIM K
Raspberry Pi. Ilporpammmnoe obecnedcne 1a Raspberry Pi obpabarbsaer
ayIMOCHIHAIl ¥ [IPEoOpasyet ero B TeKCT ¢ IIOMOIILIO TCXHOJIOIMH paciio3HaBaHys
peurd. llonmyduenmass TekcroBasg Komaijia licpejlacres 1a  MHUKPOKOHTPOIUICD
Arduino, KOTOpbLIA wuHTEpHperUpyer e ¢ aKTUBHPYCT COOTBCTCTBYIONIMC
cepBoMOTOpbl. CepBOMOTOPBI, B CBOIO OYCPC)ib, LPCOOPA3yIOT HICKTPUICCKUE
CHUI'HAIBI B MEXaHUMYCCKOC JIBHMIKEHUE, oOcclcumnBas BbIIOJIICHHAC KOMalbl
poGopykoi. Takum oOpaszom, cucrema IO3BOJSCT 10JL30BATENIO WHTYHTHBHO

YIPABJISTEL POOOPYKOM € HHOMOIIBIO I'0IOCOBBIX HHCTPYKILHHL.

Jluem
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3 CocraB H3/1eJIHSl H KOMINICKTHOCTL

B xoMIuiexT 1ocraBKu BXOUHT:

- Pobopyka,

- Rasspbery Pi;
- Arduino nano;
- biok nurauus;

- Ilacnopr.

Ham.

fluem.

Ne doxymenma | [lodn. | [Hama.
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4 Texuuyeckue XapaKTepUCTHKH
4.1 OcHOBHBbIC TEXHHYCCKHE XAPAKTCPHCTHKH ANNAPATHONH YacTH
OCHOBHBIE TEXHUUYECKUC XapaKTePUCTUKN alllfapaTiion 4acT 1IPUBC/ICHBI B

tabaune 1.

Tabmuna 1 — Texuuyeckue XxapakTepucTUKy 0JI0Ka ariapaTHon 4acTu

Haumenosanue riapaMerpa _ 3uavenue -
MUKpOKOHTpOJIEp B B Arduino nano
OpmoruiaTHbii KoMmnpiorep | Raspberry Pl |
IToTpebiisiemas MOIIHOCTE, BT 15
Hutepdelicsl | USB,HDML GPIO, UART
Iluranne, B R - =y
['abaputsl, MM _ | 200x150x200 -
Macca HeTTo, KI' 1

4.2  OcHOBHBIC TCXHHYCCKHE XaPAKTCPHCTHKH IIPOI'PAMMIOH 4acTH
OCHOBHBIC TEXHUYCCKHC XaPAKTCPUCTUKU IIPOIPAMMHON HaCcTH IIPUBEICHDI

B TabsuLe 2.

Haumenosanue rapamerpa -

' Ocuosiasi 1atdopma pazpaborku Python, C
Raspberry Pi OS, Jipyrue coBMecTuMbie
¢ Raspberry Pi

Google Speech AP, CMU Sphinx
GPIO, UART Juis  cBsizH MY

3HageHue

[Tomnepxkusaembie OC

Bubnuorexu

gHTepcpeﬁcm [IpOIpaMMUPOBAHUS

Raspberry Pi u Arduino

Juem
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5 VYerpoiicTBo u onucanue padoThl W3ac/usi

5.1 VYerpoiieTrBo n3jaeins

Wzjenmme  VoxArm  npejcranisier  co00M  KOMILIEKCHYIO — CHCTEMY,
[pejHa3HAYeHIYIO JUls  TOJOCOBOIO  ylipasiciis podopykoi. OCroBibIMH
KOMIIOHEHTAMK CUcTeMbl siisitorest Raspberry Piow o Arduino. Raspberry Pi
BpIIONHSAET (DYyHKIMK O0OpabOTKM M PacHO3HABAHMS  I'0JIOCOBLIX  KOMAaH/L,
nocTynaomux 4epe3 Mukpodon. Ha 5Tom MHHH-KOMIILIOTEPE  3arlyCKacTes
ClelMalu3UpOBaHHOC [IPOrpaMMHOE 0OeCIeYeHHE, HCIHONIL3YIONIEe oubnoTeKu
pacrio3HaBanus peuu, takue kak Google Speech APL, juist npeodpasosanust ay)tuo-
BBOJA B TEKCTOBBLIC KOMAIIbl. DTH  KOMAaI[Lbl  3aTcM  LIEpeJlaloTes  Ha
MUKPOKOHTpoJUIep Arduino, KOTopbid orsedact 3a ylpaBieHue CCpBOMOTOpaMH
pOOOPYKH.

PoGopyka, ocHalleHHas — HECKOJLKAMH  CCPBOMOTOPAMH, criocob1a
BBIIIOJIHSATE Pa3JIMyIIbIe JIBUKCHUS, TAKUEC KAK 1IEPCMCIICHUC U 3aXBaT MPCAMCTOB.
CepBOMOTOPSLI [IPEOOPazyIOT MNICKTPUUECKHUE CUITAlIbI, TOCTYHAIOIIKC OT Arduino,
B MEXaHM4YecKue JBHKeHus, obcciieduBas TOYHOC BBIIOJIHCHUE  KOMaH)L.
Mukpo(hOH, MOJKIIOUCHHBIH K CUCTEME, CIYKUT JUlsl 3aXBaTa I'oJIOCOBBIX KOMal/l
M0JIb30BATEIS], KOTOPBIE 3aTeM 00pabaThIBalOTCs IPOrPAMMHbIM 00CCIIeYCHIEM Ha
Raspberry Pi. Takum 00pa3zoM, B3aUMOJICHCTBUC ITUX KOMIIOHCHTOB 1103BOJIACT
cucreme VoxArm obeciieduBarh MIABHOE U TOYHOC yIpaBicHue podopyKo# 1epes
rOJIOCOBBIE KOMaH JIbI.

[Iporpammuoe obecriederne, padoraioniee fa Arduino, Harmcalo Ha s3bke
C++ wu mpeamasHadycHoO Juis  YUPaBJICHHsS — CCPBOMOTOPAMH, obecrieunBas
BBINOJNHCHME KOMAII, TAKMX KaK IepeMelicHne 1 3axsatr upejmveros. Bes cucrema
CIIPOEKTUPOBANa TAaKuM 00pasoM, 4T00bI 00CCICUNTE UITYHTHBIO ITOHATHOC 1
y106HOE B3aMMOJIEHCTBIE 110JIb30BaTENsl ¢ POOOTOTEXHMUCCKIMM Y CTPOHCTBAMMY,

pacuupss BO3MOKHOCTH HX HNpUMEIHCHHS B pa3jindibIX C(l)Can JICSITCIILHOCTH.

Jluem

CKBE®JIY.1.1IM.01000000

Ham.

Nucm. | Ne Goxymerma | Modn. | Hama.




CrpyKTypHasi cXema U3/IeJIdst 1IpeJIcTaBiieHa Ha pucy ke 1.

— k| RaspberryPi »|  Arduino nano

Cepsonpuieoab

Pobopyka

Pucynox | — CTpyKTypHas cXcMa n3/IC/1us

Cucrema VoxArm Bxiodaer B ceOsi HCCKOILKO KIIOYEBBIX KOMIIOHCHTOB,
KasK)[bIil U3 KOTOPBIX MI'PaeT BaKHYIO Poilb B obccuieuenun e€ Gy HKIMOHAILHOCTH.
OCHOBHBIM 2JIEMCHTOM siBJIsICTCS MUKpOQOI, KOTOPLIH OTBeYaetT 3a 3axBar
FOJIOCOBBIX KOMAH/L [I0JI530BATe/Is. DTO KOHIEHCATOPHBIH MUKPOOH ¢ H4aCTOTHBIM
muanazorom ot S50 ' j1o 16 kI 1 uyBeTBUTCIHBLHOCTRIO -44 b, 9T0 obecricyuBact
YeTKHH IpUeM  ay/(Mo-CHrHaloB. MuKpodoH 1epeact 3axBaucHubIc ayino-
jannble Ha Raspberry Pi juist Jrausuiciticii o0padoTKH.

Raspberry Pi 4, ocnaieHHbld 11POIECCOPOM Broadcom BCM2711 ¢
TakTOBOM wactoroii 1.5 1T u oneparusuoil ramsiteio Jio 8 I'b, BBIIOIHACT
dyHKIME 06pabOTKU ¥ paciio3naBaims peun. IToT MUIH-KOMIILIOTEP HCIIONIL3YCT
CIENUAIM3UPOBAIIIOe [1POIpaMMIOe odeclieuenne Juis 1peodpasoBalius ayo-
BBOJIA B TEKCTOBBIC KoMmam/bl. Raspberry Pi raioke ocmamien pasjindibiMu
uarepdeitcamu, Takumu kak USB, HDMI u GPIO, dro nossoiser ey
B3aUMOJIEHCTBOBATh C JIPYIMMHM KomIiloHenTamn cucrembl. llocie obpabork,

TEKCTOBBIE KOMAH/IbI TIepeJlaloTes Ha MUkpokoHTposiep Arduino Nano.

Jiucm
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Arduino Nano, OCHOBaHHBIM Ha mukpokomrpoiviepe Almega328P,
ananornuno Arduino Uno, Ho B Gosee komiaktHOM (Gopm-(paxkrope, 10iydaer
komamzsl 0T Raspberry Pi u yipasisier cepsomoropamu. Ilecmorps ta MCHBIIIH
pasmep, Arduino Nano coxpauscr OCHOBIbIC XapakTCPUCTUKH, TAKMC KaK
takroBas uvacrtora 16 M, 4ro nossomsict oMy O(QCKTUBHO YUPABIATH
CEpPBOMOTOpPAMH, [PCOOPA3yIONIUMK ICKTPUUCCKUE CHUITIAJLI B MEXaHNICCKOe
newkenue. Cepsomoropsl, takue kak MGI96R, obnajiaior BLICOKUM KPYyTAIIMM
MOMEHTOM M CLIOCOOILI  O0ecHeYuBaTh TOYHOC  YIIPABICHUE JIBHIKCHHAMH
pobopyku. PoGopyka, H3roTOBJICIHAs W3 JIEIKUX M HPOYHBIX MarTepualos, TakuX
KaK aJIOMHHUN MM IUIACTHUK, BBITOJHSCT MCXAHMYCCKHUC JIBMIKCHMS, TAKHC Kak
nepeMelIeHne U 3aXBaT LHPEJIMETOB, B COOTBETCTBUM C HOJIYUCHHLIMU KOMAH/IAMHU.
BsauMojieiicTBIE YTUX KOMIIOHEHTOB odccrieyuBacT (py HKIHOHAILHOCTE CUCTCMBI
VOoxArm, Mo3B0Jisist 110JIL30BATEIIO YIIPABISITL POOOPYKOH € HOMOMILIO IOJIOCOBLIX
KOMaH/L.

5.2  Ounucanue padoThl H3)ICJIHS

JUis  ycranosBkd cucrembl  VoxArm - paumarh € HOJIOTOBKM - BCEX
HeoOXOoMMBIX KoMIloHeHToB: Raspberry Pi, Arduino Nano, cepBoMOTOpSI,
pobopyka, MHUKpO(OH M COOTBETCTBYIOUIMC kabesn. YOcursesi, 4ro BCC
KOMITOHEHThI HAXOJSITCSl B HCIIPABIOM COCTOSIKMKM W I'OTOBbLI K HCIOJIL30BAHUMIO.
3areM NpUCTYIUTH K cOopke aunapatHoll 4acru. HojkinounTh CCpBOMOTOPLL K
poGOpYKe B COOTBETCTBUKM ¢ MHCTPYKIMEH 110 cOOpKe, a 3a1eM COC/MHUTD UX C
Arduino Nano, ucliols3yst COOTBCTCTBYIONKME KOHTAKTbl. [ Io)KII0uMTh MUKPOOH
k Raspberry Pi uepes USB mimn ayjino-sxojl. YOCMTHCs, 41O BCC COC/MIICTIHS
HAJIEXKHBI ¥ [PAaBUIILIO 110)[KJIIOYCHBI.

[Tociie cOOpKHM armaparioi 4acTh 1ECPEeXo)MTh K HACTPOHKE 1IPOIrpaMMIOIo
obecriedenmsi. Ha Raspberry Pi ycranoButh HEOOXO/MMBIC OHONMOTEKH JUIA
pacriosnasanus peuu, rakue kak Google Speech APL 3arpy3uTh 1POIPaMMIOC
obecrieuenue Juis 00paboTKKM ay)IMo-BBOJIA M lLICpe/ladn KOMaml Ha Arduino.

HacTtpours 1apamerpsl MHUKPO(OHA 1 Ay IHO-BXOJA B 1IPOIPAMMIOM 00eCHEUCHUHY.

Jluem

CKE®3Y.1.1I1.01000000

Mam.

Tuem. | Ne oxkymerma | [odi. | Hama. 76_1




st Arduino Nano ycranosuth Arduino IDE na sanr komubioTep, mHaimcarhb
[porpaMMHoOc obecriedcHue Julst ylpasliciusi cepBomoropamu Ha spike CH u
3arpy3uth ero Ha Arduino Nano. YOepurhes, 4r0 BCE KOMIIOHEHTBI HPABHILHO
B3aMIMOJICHCTBYIOT JIPYT C JIPYIOM.

[locme 3aBepuicHUst HACTPOMKHM — 1LIPOBCCTHM  TCCTUPOBAHME  CHCTEMBL.
Bxmounts nuranue Raspberry Piu Arduino Nano u 1rpoBeputh, 4T0 MUKPO(OH
NPaBMIILHO 3aXBaThIBACT Ay IMO-BBOJL 1 1iepe/iaet ero na Raspberry Pi. Yoemrnest,
yro Raspberry Pi 1ipaBuiibHO paciio3HacT I'ojoCoBbIe KOMAILIbl U [Iepe/laeT uX Ha
Arduino. IlpoBeputh, YTO CEPBOMOTOPHI PABUIILHO PCArdpyioT Ha KOMaH/Ibl M
BBITIOJIHSIIOT COOTBETCTBYIOIIUE JIBHKCHHUS. Y OC/IMThCs, 4TO poOOpYKa BLINOJHSET
KOMaH/[bI TOUHO 1 0C3 3ajlCpiKeK.

JUist SKCIUTyaTali cucTeMbl BKIIouuTh tnaranue Raspberry Piou Arduino
Nano ® 3amycTuTh HOporpaMMHOe oOeclicHCHMC JUls paclio3HaBaHus pevn Ha
Raspberry Pi. ITofaTh rojocoBbie KOMaH)bl 4epe3 MUKPO(OH, TaKUe Kak "BICBO",
"prpaso”, "Beepx", "Bum3", "zaxsaTuth" U "OTIHYCTUTE". YOC/MTHCS, YTO KOMA/ bl
YETKHUE ¥ TIOHSITHBIC JUIsi CUCTEMbBI paciio3HaBaHust pCyu.

BII0K-CXeMBI paboThl YHPaBJISIONIUX IPOrpaMm rpusesietinl B I puioxkennn A,

Jluem
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6 YcioBus dKCILIyaTannm
Uzneime Boiiryckaercs B kiuMarudeckom uctosmenun YXJI 4.2 o 'OCT
15150-69 u mpejnaznadcH JUIS MCLOIBL30BAKMS B CTallMOHAPHBIX YCIOBHMAX B

3aKPBITBIX ITOMEUICHHMAX TIPH COOTBCTCTBYIONIHUX KIIMMaTHYCCKHX YCJIOBHSIX!

wHTepBan Temueparyp ot +10 no +35 °C;

OTHOCHTEJIFHAS BIAXKHOCTL Bo3jyxa Jio 80 % upwu remieparype +25 °C;

BeICOTA HaJl ypoBHem mops He 6ouee 2000 m;

|

armoc(epnoe jasienue or 86,6 1o 106 klla (o1 650 jio 800 mm pr. c1.).

B [OMEIICHHUH, 171 HCIIOJIL3YETCs M3JICIMe HE JIOJDKHO BO3HMKATh yCIIOBHUN
IUIS KOHZEHCAIMH Biard (BblIaJiennst pockl). M3jenmue sBIsieTcs: DJIEKTPOHHBIM
pubOpPOM, TPEOYIOMIUM OepeKIOro odpaliCHus.

Jist obeclicucrusi 0C30TKa3MOH padOThl, COXpalCHus TOYHOCTH K Cro
cbeperxeHus: HeoOX0MMO CODJIIOJIATh CIIC/YIOIIIE [TpaBuila:

- U3YYUTH [ACIIOPT, HPEX/IC YeM [IPUCTYITHTE K paboTe ¢ U3/ICIUCM;

- [PEJIOXPaHsTh U3JIeNHe OT Y/IapOB U [HOBPEK/ICHUIL;

- He JIOIyCKaTh CAMOCTOSITCIILHYIO Pa30opKy U3JIeiusl.

6.1 IlpaBuiia u 0cOOCHHOCTH Pa3MEIICHUSI H3/1CJIHs

Wznenie JIOJDKHO OBITH PACIIONOKEIIO HA paccrosiiuy ne menee 1 M or
HarpeBaTelbHBIX IPUOOPOB.

BHUMAHUWE! Tlpu »skcrutyatallid HW3JEIus  3alpeiiacres [poBOAUTH
CaMOCTOSTCIBHO Kakue-to Jinho paboTbl 110 W3BJICUCHUIO M yCTaHOBKE
BHYTPEHHUX KOMIIOHCHTOB U3)ICIIHSI.

6.2 Mepsnl 0e30n1aCHOCTH

Heo6Xx0/1uMO0 cobJ110/1aTh TpeOOBAHMST TEXHUKK OE301IaCHOCTH U CIIC/YIOIIHE
MEepBI IPEeJIOCTOPOKHOCTH:

- HE OCTABISITH M3/ICIMC BKIIIOUCHHLIM 0C3 11abIo) eI,

- [1ociic  TPAHCIOPTHPOBKM B XOJIOJUHOC  BpeMs  Iojia  U3Jieline

H€O6XO)Z[I/IMO BBIJIEPKATL 1IPH KOMHATHOWU TeMIeparype e MCHCEe JIByX HacoB,

Jluem
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- BHYTPEHHUE OCMOTPBI U PEMOHT HW3JCIMS JIOJUKHBL [TPOU3BOJIUTHCS
TOJBKO KBJIM(UIIMPOBAHHBIMY CIICIIHAIIMCTAME,

= He yCTaHABIMBAMTE W3JCIME HA HEYCTOMYMBOM IOJICTABKE, CTOUKE
WM HEHA/IeKHOM KPOHIIITEHHE.

6.3 IlpaBujia XpaHeHHsI H TPAHCHOPTHPOBAHHUSI

TpancriopTupoBanue U3/ICIUS B YIAKOBAIIHOM BH/IC MOKCT IIPOU3BO/IMTHCS
JKENEe3HOJOPOKHBIM, aBTOMOOMILHBIM (B 3aKPBITHIX TPAICIOPTHBIX CPEJICTBAX),
BO3JYIIHBIM, PEYHLIM M MOPCKUM BHJIAMM Tpaucliopra B COOTBETCTBHM C
NpaBUiaMy  [IEPCBO30K IPY30B, JICHCTBYIONMX Ha TPaNCIOPT JIAHHOro BHJIA.
YCI0oBUSL TPAHCHIOPTHPOBAHKS M3JICIMsS 110 4aCTH BO3JICHCTBHS KIMMATHYCCKHUX
(aKTOPOB JIOMKHEI cooTBETCTBOBATE Ipyle 5 1o 'OCT 15150.

Tlocite TPAHCIOPTHPOBANHMS M3/ICIHUC JIOJIKHO OBITH BLIICPIKAIIO HE MeHee 2
yacoB B TpamcIOpTHOH Tape npu Temieparype 2045 °C 1 OTHOCHTCIBLHOM
BJIAKHOCTHU BO3jryxa e dosee 80 %o.

PacriakoBaHHOE M3Jle/IMe JIOJDKHO XPAaHUThCs B OTallIMBACMOM M BCHTHIIM-
pyeMOM JHCTOM TIOMEIIeHUK IIpK TeMiieparype ot +5 jio +40 °C u OTHOCHUTEJIbHOM
BJIAXKHOCTH BO3jIyxa He Oosee 60 %. llpu remmeparype wuke 25 °C jolycKaeTes
yBeJIMYCHUE OTHOCHTEILHOM Biaxnoctn Jio 80 %. Bo3jiyx B LIOMEHICHMH HE JI0JI-
JKEeH COZIEepXkKaTh MPUMCCCH, BLI3LIBAIONIMX KOPPO3MIO MCTaJLIOB, HAJICTBI HA 10~

BEPXHOCTSIX OINTHYECKUX JleTallei.

Jlucm
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MPUJIOKEHUE A

(00s13aTCIBLHOC)

Pucyniok 3 - Bujt usjieius
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e =
ViymeHHan  TOMHOCTE
.'E._NER:. 0-94 :

~# KoHBepTalWA  MONeN B!

_-con L

print(“Monenb yciieliHo KOHBEDTHPOBaHS

Pucynok 4 — Tounocts paborst Mojieimn 96%

Jlucm
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MPUJIOKEHHUE b

(00si3aTCiIbOC)
#Kon juist 00yyerust paclio3iaBaiius '0JI0COBBIX KOMAI)L
import os
import numpy as np
import tensorflow as tf
import librosa
from tensorflow.keras import layers, models
from sklearn.model selection import train_test_split
CLASSES = ["left", "right", "up", "down"|
DATASET PATIH = "speech_commands/"
SR = 16000 # Yacrora AMCKpCTU3ALMH
N _MFCC =20 # Konnuecrso MFCC ysejn4cHo
FIXED LLENGTH =32

def extract mfce(file path, st=8R,; n mfcc=N_MFCC,

fixed length=FIXLED LENGTLH):
audio, = librosa.load(file_path, sr=sr)
mfce = librosa.feature.mfcc(y=audio, sr=sr, n_mfcc=n_mfcc)
if mfcc.shape[1] < fixed length:
pad_width = fixed length - mfcc.shape| 1]
mfcc = np.pad(mfec, ((0, 0), (0, pad width)), mode='constant')
Blges
mfcc = mfcc|:, :fixed length|
return np.expand _dims(mfce, axis=-1) # Jlobasisiem och JuLst CNN
X,y=1[1
for label, command in enumerate(CLASSES):
folder path = os.path.join(DATASET_PATI, command)
for file in os.listdir(folder path):

if file.endswith(".wav"):

CKBE®3Y.1.11.01000000
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file path = os.path.join(folder_path, file)
featurcs = extract mfcc(file path)
X.append(features)
y.append(label)
X = np.array(X)
y = np.array(y)
X train, X test, y train, y test = train_test split(X, vy, test _size=0.2, ran-
dom_state=42)
X_train = np.expand_dims(X_train, axis=-1)
X _test =np.expand dims(X_test, axis=-1)
print(f"Jlanusie sarpysxenst! Pazmep o0ydaionici BLIOOPKM: {len(X train)j,
tectoBoii: {len(X test)}")
model = models.Sequential(|
layers.Conv2D(32, (3, 3), activation="relu", input_shape=(N_MFCC, 32,
1)),
layers.BatchNormalization(),
layers.MaxPooling2ID((2, 2)),
layers.Conv2D(64, (3, 3), activation="relu"),
layers.BatchNormalization(),
layers.MaxPooling2DD((2, 2)),
layers.Flatten(),
layers.Dense(128, activation="relu"),
layers.Dropout(0.3),

layers.Dense(len(CLASSES), activation="softmax") # 4 BbIxoja

),

model.compile(optimizer=t{ keras.optimizers. Adam(learning_rate=0.001),
loss="sparse categorical_crossentropy",

metrics=["accuracy"])

Jluecm

CKBEQ3Y.1.11.01000000

Man.| Mucm. | Ne oxymenma | [Nodn. | Hama. 23




history = model.fit(X_train, y train, epochs=40, baich size=16, valida-
tion data=(X test, y test))

test_loss, test_acc = model.evaluate(X_test, y test)

print("YirydiieHnas TO4HOCTh MOJICIH: | test acc:.2f}")

model.save("speech command model.h5")

print("Mojieins coxpanena kak speech_command model.h5")

Sluecm
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«Ucnonuurens»  nepepaer  npoekr  «VoxArm:  MureiuiekryalibHoe
rosiocopoe yrpasienue pobopykoii ra 6aze Arduino u Raspberry Pi», B cocrase:

1. Raspberry Pi;

2. Arduino;

3. Pobopyka;

4. ITactiopr.
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