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PE®EPAT

[TosscautenpHas 3anucka 31 c., 21 puc., 12 ucTOYHUKOB, 5 TpUIIOKEeHHH, 4
TaOJIUIIBI

POBOT-ACCUCTEHT, ITPOEKTUPOBAHUWE, MOJIEJIMPOBAHUE,
PA3PABOTKA, ABTOMATU3ALUA.

OOBEeKTOM WUCCIEeIOBaHMs SBISIETCA TPUMEHEHHE TNPOTOTHNA PpoOOoTa-
aCCUCTEHTA B TOPOJICKOM Cpejie.

[IpeameTom wuccienoBaHus  SBISIETCS MPOTOTUN  POOOTU3UPOBAHHOU
TEJIC)KKH TTOBBIMICHHON TIPOXOIUMOCTH.

Ilens mpoekTa - co3maHWE MPOTOTHIIA TEJIEKKH, CIIOCOOHOW TEPEBO3UTH
rpy3bl Maccoit 10 20 KT, ¢ BO3MOKHOCTBIO CAMOCTOSITEIBHOTO JIBUYKEHHUS 32 CBOUM
BIAJCIBIIEM W TPEOJOJICHUS PA3JIUYHBIX TMPEMATCTBHMA, MPUCYTCTBYIOIINX B
TOPOJICKOM Cpelie.

B xoze paboThl Hat TPOEKTOM OBLT ITPOBEACH aHAIN3 MPEAMETHON 00J1acTH,
YCTaHOBJICHBI 3aJ]a4M, 00JIaCTh MPUMEHEHHsS MpoekTa. Tak ke ObUl MPOoU3BEICH
aHaJIn3 aHaJoroB pOOOTOB-aCCUCTEHTA.

B kadecTBe METOMOB HMCCIIEIOBAHUS MCIIOJIB30BATUCH KaK TEOPETUUECKUE
(aHAJIM3 aHAJIOTOB M MX TEXHUYECKUX XaPAKTEPUCTHK), TaAK U KOMITbIOTEPHBIN
skcepumeHT (3/[-moaenupoBanue poborta, coOopka mnportoruna B CAIIP,
IporpaMMHUpOBaHKe podoTa).

B pesynbrare pa®oThl Haj MPOEKTOM OBUT CIPOEKTUPOBAH U coOpaH
MPOTOTUN POOOTA-aCCUCTEHTa, KOTOPBIM yMEET CJIeIOBaTh 3a YEJIOBEKOM IIPHU
MOMOIIIM KaMephbl U JaT4uuKa paccTosHus. Takxke peann3oBaHa BUACO CBS3b, NMPHU
TTOMOIIIN KOTOpOH MO>KHO JTUCTAHITMOHHO YIPABIIATH poboTom,
3alporpaMMHpOBaHbl  MUKpOKoHTposuiep (Arduino Un0) ¥ MHKPOKOMIIBIOTED
(Raspberry Pi 3). ITocne TectoB mpoToTuiia Oblia MOJIyYCHA MOJIOKUTCIIbHAS

PCUCH3MA Ha IMTPOCKT.



Coxpamenus

[1O TlporpammHoe obecrnieueHue

YITY YucnoBoe nmporpaMMHOE yIIPaBJIECHUE

CAITIP Cucrema aBTOMaTU3UPOBAHHOTO MMPOCKTUPOBAHUS pabOT
IDE Integrated Development Environment

IDLE Integrated Development and Learning Environment



CnuCcoK HCMOJIb30BAHHBIX TEPMUHOB
Po00T- mOMONIIHHUK - criell. poOoT, paboTaroIIMii BMECTE C UETIOBEKOM,
TIOMOTAIOIINN B KAKOU-THOO0 IEATETHPHOCTH; pOOOT, 00CTYKNBAIOIINN YEIOBEKA.
Arduino Uno — xoHTpOIep, mocTpoeHHbIH Ha 6a3e ATmega328.
Raspberry pi 3 - ogHOIUIATHBIN KOMITBIOTEP, U3HAYATIBHO pa3pabOTaHHBINA KakK
Oro/pKeTHAs cucTema Jijist 00y4eHuss HHGOPMATHKE, HO MTO3Ke TTOTYIHBIIHI Ooee
IIMPOKOE MPUMEHEHNE U N3BECTHOCTb.
IIporoTun — padoTaromias Moiejb, ONBITHBIM 00pa3ell yCTPOCTBA WK JETaNIU B

z:maﬁHe, KOHCTPYUPOBAHHUHN, MOACINPOBAHUMU.
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BBEJAEHUE

B coBpemeHHOM Mupe pOOOTHI-ACCHUCTEHTHI WIPAIOT BAXKHYIO pOJIb B
yJIy4IIEHUU TPOU3BOACTBA M OOECIEUEHUH IIOMOIIM B Pa3IMYHBIX cdepax
JeSTeNbHOCTH. B 4acTHOCTH, B KOHTEKCTE (PH3MUYECKHX TPYAOBBIX Harpys3ok [1],
0COOCHHO B 00JIaCTSIX, TJ€ MEPEHOCKA TSKENbIX U TPOMO3IKUX MPEIMETOB — HE
TOJILKO PYTHHHAs, HO M HEOOXoaumas 3ajada, poOOThI-aCCUCTEHTHI MPU3BAHbI
IpEeIOCTaBUTh OeclieHHYI0 mMomolls. CyIiecTByeT MHOKECTBO Pa3zHOOOpPa3HbBIX
TENEKEK U MEXaHMYECKUX YCTPONCTB, HO IOMCK YHUBEPCAIbHOIO pEIICHUS,
CIOCOOHOTO 3(PPEKTUBHO CHPABIATHCA C PA3HOOOpPA3HBIMHU 3ajayaMH, BCErna

OKa3bIBaeTCs CJIOKHOM 3a7auei.

AKTYaJIbHOCTH

B ycioBusix, Koraa noapeM TSHKEITbIX TPY30B MOKET OKa3aTh OTPUIIATEIEHOE
BO3/eiicTBUE Ha 370poBbe [1], poOOT-accHCTEeHT mpeacTaBisieT coOOW KpalHe
aKTyaqTbHOE€ W WHHOBAI[MOHHOE pemieHue. Bmecte ¢ Tem, umess cmocoOHOCTH
NEPEHOCUTh BEIIM, OH 3(PPEKTUBHO paszpemiaeT MpodsieMy TpPaHCIOPTUPOBKU
TSKEJBIX MPEIMETOB, OCBOOOXK1asi PYKH ISl BBIIIOJIHEHUS APYruX 3aaad. Takum
oOpazoMm, pa3pab0oTka U  BHEApPEHHE pPoOOTA-aCCUCTEHTa, CIOCOOHOIO
CaMOCTOSITEIbHO BECTHM BEIIM 32 YEJIOBEKOM CTAaHOBUTCS HEOTHEMIIEMOM
COCTAaBJISIIOLIEH B MOBCEAHEBHOM KU3HM, oOecreunBast KOMPOpT, 6€30MaCHOCTh U

3(1)(1)6KTI/IBHOCTI> B BBIIIOJITHCHHUH ITIOBCCIHCBHBIX 3aa4.

Leab nmpoexkra

Co3znanue mpoTOTHITA TEJIEKKH, CTIOCOOHOM MEepEeBO3UTH TPY3bI Maccoit 10 20
K[, C BO3MOXHOCTBIO CaMOCTOSITEJIBHOTO JBM)KEHHUSI 32 CBOMM BJIAJEIbLEM U
MPEOIOJICHUS] PA3JIMYHBIX TMPEMSITCTBUM, MPUCYTCTBYIOMMUX B TOPOACKON Cpejie

(OOpaIOPBI, CTYIIEHBKH).



3agauu

— O3HAKOMMTHCS C AHAJIOTAMU;
— onucaTh QYHKIIMOHAT OyIYIIETO YyCTPONCTRA;

— M3YYUTHh BUJIBI TEJIEKEK Ha JUCTAHIIMOHHOM YIIPABICHUU M C TOBBIIICHHOM
IPOXOJUMOCTBIO;

— co3natb 3D-monens pobora B KOMITAC-3 /1.

— pa3paboTaTh KOJECO TOBBIIIEHHON MPOXOJAWMOCTH Uil IIPEOAOJIEBAHUS
npensaTcTBuid (60patop U JIECTHUIIA);

— MPOBECTH UCTIBITAHUSI KOJIECA MOBBIIIEHHON MPOXOIUMOCTH;

— pa3paborats 1 oTIaauTh 110 1715 MUKPOKOHTpOIIEpa U MUKPOKOMIIBIOTEPA;

— pa3paborats u oTnaauTh 110 115 Moayss BUIEO 3peHus;

— U3TOTOBUTH JEKTPUUECKYIO TUIATY;

— HamucaTb BeO-NPUIIOKEHHUE JIJIsl YIIPABJIECHUS POOOTOM;

— UCHBITaTh MPOTOTUII pOOOTa B YCIOBUAX TOPOJICKOU CPEBI;

— anpoOUpoBaTh U3JEIHE.

T'unoresa

PoGoT-accucTeHT MOKET ObITh MOJIE3EH B KAUECTBE MOMOIIIHUKA YETIOBEKY:

JUTS TIOMOIIM TTPY MIEPEBO3KE MPEAMETOB.

MeToabl uccjie10BaHuA

Teopernyeckue (W3ydeHHME HAy4HBIX W3JaHHUM; paboTa C MHTEPHET-
pecypcamu):

1. MHccnenoBanue wuHpoOpMaIuy, cojaepKaliell peKoOMEHAAIuu 110
MaKCUMAaJIHbHO JOIMYCTUMOMY U PEKOMEHAYEMOMY BECY ISl IEPEHOCKU Pa3THIHbIX
NpeMETOB Pa3IHUHBIMU TpyInamu Jroaei [1].

2. AHanu3 JaHHBIX, MOJTYYEHHBIX U3 JINTEPATypPhl U TECTOB COBPEMEHHBIX

pOOOTOB-TIEPEBO3YUKOB [4];



3. IlpoexTupoBanue PpyHKIIMOHANIA poOOTa;

4. [TonOop HEOOXOIUMBIX JIJISl CO3/IaHusl pOOOTa MaTepUaIOB;

5. [TonGop HEOOXOAMMBIX AJIsl CO3/IaHUS pOOOTA IEKTPOHUKH.

MeTo KOHCTPpYHPOBaHUS, KOMITBIOTEPHBINA SKCIIEPUMEHT, BKIIIOYAs:

1. MoaenupoBanue aeranei B CAIIP;

2. Obmas coopka nporotumna B CAIIP;

3. [IporpamMupoBaHue MUKPOKOHTPOJIIEPA U MUKPOKOMITBIOTEPA.

st paboThI C 3D-monenpoBaHueM, IPOrpaMMHUPOBAHUIO
MUKPOKOHTPOJUIEPOB

po0oTa 1 BUAEO 3pPEHUIO, JUIsl pabOTHI C AIEKTPOHUKOM Opanack uHGpopManus

U3 CIIMCKA UCTOYHHUKOB [2,3,5-12].



1. MIOUCKOBO-UCCJIENOBATEJIbCKHUMA JTAIL

1.1 Anajgorun

B nacrosiee Bpemsi MPakKTUYECKH OTCYTCTBYIOT YCTPOWMCTBA, CIIOCOOHBIC
MPEIOCTABUTD JNYHOE II0JIb30BAHUE, pu 3TOM oOnanaromue
(GYHKIMOHATBHOCTHIO JTVCTAHIIMOHHOTO yIpaBJICHUS, BO3MO>KHOCTBIO
CaMOCTOSITEJIbHOTO MPEOJOJICHUSI NPEMATCTBUM W IMPH 3TOM COYETAIOIIMECS C
JIOCTYITHOM IIEHOBOW MOJIMTUKOM.

Tabnuna 1 - AHanoru pazpadaTbiBaeMOro poOOTOTEXHHUUECKOTO MPOEKTa

"PoBep" - poOor-kypbep oOT SHpaekca,
MTOJTHOCTHIO COBMECTUMBIH ¢ CEpBHCAaMU KOMITAaHUH 1
l 001a1ar0MKi BRICOKOH aBTOHOMHOCTBIO. OJTHAKO, B

Cuily CBOEH CJI0XKHOM KOHCTPYKIHHU, OH HC 06JIa,Z[aeT

CHOCOOHOCTBIO MOIHUMATHCS IO JIECTHHUIIAM. TaKKe

HC HpeHHaSHaquHBIﬁ JJIA IHYHOI'O UCITOJIb30BaAHUA.

"Vmupii uyemoman LEED Luggage" ot
npousBogutenss Cowarobot — 3T0 yemojaH,
CIOCOOHBIM  CaMOCTOSITENIbHO TEpeIBUTaThCs 32

BJIaACIbICM, HO TOJIBKO I10 POBHBIM ITOBCPXHOCTAM.

"Spot" - BBICOKOTEXHOJIOTHYHAS poOOT-cobaKa
or kxommnanuu Boston Dynamics, oOnamaromas
BBICOKOH TIPOXOAMMOCTBIO U Pa3HOCTOPOHHUMU

(GyHKIIMOHATBHBIMA BO3MOXKHOCTSIMU, XOTS TpeOyeT

MOCTOSTHHOTO ~ DHEPronoTpeOjeHusT W UMeeT

OOJBIIYIO TICHY.

[Tpoananu3upoBaB aHAIOTH, OBLIO OMPEAEICHO, YTO HEOOXOAMMO CO31aTh

TEJIEKKY C TIOBBIIIIEHHOM MPOXOANMOCTHIO, a TAKXKE T00aBUTh Takre QyHKIIUU KaK:

9



CaMOCTOATCIIBHOC TIIPCOJO0JICHUC HpeHHTCTBHﬁ, JAUCTaHIIMOHHAasA €314, €34a C

PYUYHBIM YTIpaBIIEHUEM Yepe3 BEO-TIPHUIIOKEHHE.

1.2. Buasbl TeJ1exKeK

Jns  mpoBeleHHWs — aHaiW3a ObUIM  PAacCMOTPEHBI  Pa3sHOOOpa3HBIC
KOHCTPYKIIUU TEJEKEK, BKIIOYas H3YyYEHUE HUX CTPYKTYpbl U OCOOEHHOCTEH,
pe3yibTaThl IPUBEICHBI B TAOJIULIE.

Tabnuna 2 - Tumnsl Tenekek Mo KOHCTPYKIIHH.

['yceneunas Teekka IMPUBIIEKAET CBOEH BBICOKOMN
IIPOXOJUMOCTBIO, YCTOMYMBOCTBIO U IIOTCHLMAIOM I
MepeBO3KU OOJBIINX IPy30B. OIHAKO, €€ 3HAUNTEIbHBIN
BEC, CJIIOKHAsI KOHCTPYKLHS U OTHOCUTEIIBHO HEBBICOKAS

CKOpPOCTb IICPCABUKCHUSA OI'paHUYIHBAIOT e€

YHUBCPCAJIIBHOCTb B HCKOTOPLIX YCJIOBUAX.

Konecnas Tenexka mpeacraBisieT u3 cedst oopaszenn
BBICOKOM HAJAEKHOCTH, TPEOYIOWUA MHUHUMAIbHOTO
oOcnmyxuBaHus, OOJAAIONIUN OTIMYHOM CKOPOCTHIO
NEPEABIKEHUST U yCTOMYMBOCTBIO. Tem He MeHee, €€

HCBBICOKAsA IIPOXOJHMMOCTL, OI'paHHYCHHAs pPaauyCcomM

KOJICCa, OCTaBJIKICT OI'PAHUYCHHBIC BO3MOXXHOCTH B

YCJHOBHUSIX C HEPOBHOW MECTHOCTBIO.

[Mararomiast Tenexka oOJamaeT BIIEYATIISIONIEN
- MPOXOJAUMOCTBIO, TPAKTUYECKA B TOJTOpAa  pasa
IIpEeBBILIAIONIECH paauyc Koisieca. Hecmotps Ha at10, €€
HEYCTOWYHMBOCTb, CIIO)KHOCTh KOHCTPYKLIHHU U BBICOKMH
YPOBEHb DHEpros3arpar JENaroT eé MEHEe
IPUBJICKATEILHBIM ~ BBIOOPOM B OMPEJCICHHBIX

cCuTyalusx.

10



C y4eroM BCECTOPOHHErO PAacCMOTPEHUs IUIIOCOB M MHHYCOB
MHOTOKOJIECHBIX TEJEKEK, OBbUIO MPHUHSATO PEIICHHE O COBEPIICHCTBOBAHUH

TPOMHBIX KOJIEC.

1.3 PazpaGoTka uaeu U KOHIeNIUU podoTa

1.3.1 ®opMyIMpPOBKa TEXHHYECKOTO 3aaHUs

bbulo  pemieHo co3garb NOPOTOTUN  POOOTA-aCCUCTEHTa, OCHOBHBIMHU
(GYHKIUSMHA KOTOPOTO OYAYT:
— CaMOCTOSITEIIbHOE NPEOJIOJIEHUE PA3JIUYHBIX MPEMATCTBUNA B TOPOACKOM Cpene
(6oparop M JECTHUILIA);
— CaMOCTOSTENIbHOE NIEPE/IBHIKEHHE 32 CBOMM BJIAJIETBLIEM.

Jlns poOoTa-accucTeHTa, 00€CIeUMBaIOIIETO MEPEBO3KY Bellel, TpedyeTcs
0€30MacHOCTh BO B3aUMOJIEUCTBUM C JIFOJIbMHU, a TAKKE€ radapuThl, YUYUTHIBAIOIINE

OKPYXAIOILYIO Cpeay.
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2. KOHCTPYKTOPCKO-TEXHOJIOTHMUYECKHWH DTAIL.

2.1 IlpoekTHpoOBaHue NPOTOTHIIA

Hcxoms n3 TeXHUYECKOT0 3a/1aHus, OBIJIO PUHSTO peaan30BaTh KHHEMATHKY
tpoitHoro kojieca (ITPUJIOKEHUE A), Tak kak 3TO TMO3BOJUT poOOTY
IpeooseBaTh MPEMATCTBUS [0 MOJNyTOpa paauycoB camoro kojeca. Koprryc
JOJKEH OBITh MPOYHBIM, JIJISI 3TOTO OBUIM TPUMEHEHBI AIFOMHHHUEBBIC YTIIBI U
HECKOJILKO CJIOCB CTEKJIOBOJIOKHA (cM. puc. 2). Kpeimka crenuansHO OblIa
paspaboTaHa co CKOCaMH, TaK KaK 3TO 3alIUIIACT KOPITYC OT MOMagaHus BO BHYTPh
Biaru (cM puc.l). [Ins aHanuza paccTosiHus 10 OOBEKTOB OBUIM HCIOJIb30BAHBI
Ja3epHbIC TATYNKH, IS YIIPABICHUS KaMepOi M MOTOpaMH OBLIH UCIIOJIB30BaHBI |
mukpokommbioTep (Raspberry Pi 3) u 1 mukpokontposutep (Arduino Uno).

Jlanee Oblia cOCTaBICHA CTPYKTYPHAs cxeMa po0oTa (CM. PHCYHOK 2)

Pucynok 1 — 3JI-monens kopmnyca

Pucynok 2 — Kopriyc, HOKpBITBIA W KPBIILIKH CTEKIOTKAHBIO

12



NasepHblX

JansHoMep
— AKEYMYNATO
Analog L P
LLaroBkIi
oswratens [ | F7.28 MoTop
LaroBwin ;
[BMraTens '_l LLIAM I_' Motop
Arduing Uno LUV
c ATmega 328
LlaroBemt ||
JBMraTenk M
L7 2B oTop
- MoTop
LUaroenim .
OBWraTeNnks
Raspbermry Pi 3 USE
AKKYMYNATOP poerry 1 Kamepa

AKEYMYNATOD B

Pucynok 3 — CtpykrypHas cxema poboTa
UepTtexk  mpoTOTUNA  POOOTU3UPOBAHHOM  TEJIEKKHU  IMOBBIIIEHHON

MpOXOAUMOCTH npenoctaniieHsl B paznaene [IPUJIOXXEHUE B.

2.2 KoJieco noBbINIEHHOI MPOX0IMMOCTH.

MHuo1o Ob110 pa3paboTaHO KOJECO MOBBIIMICHHON MPOXOJUMOCTH, KOTOPOE
MPEACTABIAET COOOM KOJIECHBIM y3ell C peaykTopoMm. M3HauanbHO OHO OBLIO
cobpaHo u3 KOHCTpykTopa (cMm. puc. 4). Jlasee ObLIM BhIpE3aHbl KPECTOBUHBI U3
daneps! (cM. puc. 5). B utore peaykTop ObLI 3aKpHIT (CM. puc. 6). 3acueT cBOero
CTpOCHHMSI Kojieco OyjaeT ‘‘3aje3aTh Ha MPEMATCTBUE M IEIUIATHCA (CM. puc. 7).
Takke wHMeeTcss BO3MOXKHOCTh HW3MEHEHHSI TMOJIOKEHUS KPECTOBUHBI U €€
dukcanus, 3a CUET IIaroBbIX JBUTATENlied M CHEUUAJbHOW HaKJIaIKH,
pacneyatanHor Ha 3/[-mpunTtepe. [lpm momomm AaHHOW CHOCOOHOCTH POOOT
CIIOCOOEH TPOM3BOAUTH TMEPEX0J]] C BOCBMH KOJEC Ha YEThIpE, YTO TO3BOJIUT
YIyYIIUTh MAaHEBPEHHOCTh ycTporcTBa. LLIuHbI A1 Kosleca ObLIM pacreyaTaHbl U3
miactuka FLEX (cMm. puc. 8), 9TO MO3BOJMWIO YBEIUYHUTH CIETUICHHE C

MTOBEPXHOCTHIO.
13



3D-Mopenp KoJieca MOBBIIIEHHOM MTPOXOUMOCTH MPEOCTABICHBI B pa3ieie

I[TPMJIOXKEHUE b.

Pucynok 4 - C6opka kojeca u3 KOHCTPYKTOpa

Pucynox 5 — [lepBas Bepcus KpeCTOBUH

Pucynok 6 — KpectoBuHa 3akpeITOro tuna

Pucynoxk 7 — npumep 3aiiena kosieca

14



Pucynok 8 — meuats kosieca u3 FLEX na 3 /[-npuntepe

2.3 bokc AJ1s1 Bewueil 1 NPOAYKTOB

boin pa3paboTraH ChEMHBIM OOKC Ha KpBIINIKY poOOTa ISl TEPEeBO3KU
pa3IUYHBIN Bemiei. YCTAaHOBIGHHBIM Ha KpbIMIe poOOTa-acCUCTEHTa, OOKC
MpEACTaBIIeT cO00M ynoOHOE CpencTBO Uil mepeBo3kd. OH OCHAIIEH JBYMS
OTJICTICHUSIMHA: OJTHO TIPETHA3HAYCHO JIJIS DJICKTPOHUKH, BTOPOE — JUIsl POTYKTOB U
JMYHBIX Belei, o0mmm o0beMoM 12 autpoB. (cm. puc. 9). Bokc ObL1 BhIpe3aH u3
danepsl, ckieeH (cMm. puc. 10) u mokpanieH MOKCUIHON KPacKOM, 4TO JaJi0 eMy

3alIUTy OT BJIAru.

Pucynok 9 — 3J1-monens Ookca
15



Pucynok 10 — CoGpannblii 60k

2.4 YupaBieHue NpoTOTHIIOM POOOTA-aCCHCTEHTA.

B poGore wHaxomarcs matumk paccrosHus  (Sharp  GP2Y0A41),
mukpokoHTposutep (Arduino Uno), mpu noMomu BeAeTCs ypaBieHUEe MOTOPOB U
mukpokomibioTep (Raspberry Pi 3b), 6maronaps koropomy obecriednBaeTcs CBSI3b
C TMOJIb30BATENIEM, YIPABICHHE MUKPOKOHTPOJUIEPOM M aBTOHOMHBIM DPEKHMOM

€3/1b1.

2.5 Bugeo3penue nporoTumna pooora.

Jlns ompeaeneHus IMOJb30BaTeIs B IMPOCTPAHCTBE OblIa HMCIOJB30BaHA
kamepa (cm. puc. 11), a 15 paboThl ¢ Hel OBUIM UCTIOIb30BaHbl OnMOMoTeka Open

CV, s3p1k porpamMmmupoBanus Python.

Pucynoxk 11 — USB kamepa Microsoft LifeCam Cinema.
16



Tabnuia 3 — OCHOBHBIE XapaKTEPUCTUKU KaMepPbl

HaumenoBanue XapakTepuCTUKA
Pasmepsr (L1IxBx/]) 46 x 40 x 56 MM
Tun Matpuibl CMOS
Pa3pemienne matpuibl 1 Mn
Pazpemenue kaapa (MakcUMaabHOE) 1280 x 720 nukcenei
VYrom 0630pa 73
Nurepdeiic USB2.0

P060T, OCHaHleHHLIﬁ KaMepoﬁ CIT0COOE€H CaMOCTOSTEIILHO MnepeMeIIaToeCAa B
FOpOI[CKOﬁ Cpeac, IO3BOJIAA II0JIB30BATC/IIO YIIPABJIAITH HaAa JUCTAHIIMOHHOM

YIPaBJICHUH.

2.6 Dy1eKTPOHHBbIE KOMIIOHEHTHI MPOTOTHUIIA POOOTU3MPOBAHHOM TEJICKKH.

Hepe‘-H/ICJ'H/IM OCHOBHBIC 3JICKTPOHHBIC KOMIIOHCHTHBI, UCIIOJIb3YCMBIC B
IIPOTOTHUIIC pO6OTH3HpOBaHHOﬁ TEJICKKHU ITOBBIIIICHHON IMPpOXOAUMOCTH.

Tabnuua 4 - [TepedeHb UCTIOIB3YEMbIX JIEKTPOHHBIX KOMIIOHEHTOB B
MPOTOTUIIE POOOTUZUPOBAHHOM TEJICKKHU MOBBIIIIEHHON TPOXOAUMOCTH.

No | HammeHoBaHue KomnmuecTBo
1 | lIaroBslii MOTOP 4
2 | BeckomnekTopHBIN MOTOP 4
3 | Arduino Uno 1
4 | Akxkamynsarop 7.2B 3
5 | Raspberry Pi 3b 1

[ITaroBnie MOTOpPBI HYXHBI I HW3MCHCHHUS IIOJOKCHHUA KPECTOBHH B
IMPOCTPAHCTBC, 3aCUYCT HX II0OABCMA, KOTOpBIﬁ OCYIICCTBJACTCA IIPHU IMOMOIIU

CHelUaIbHOW HaKIagaku (cM. puc. 12), HaneuyaranHoi Ha 3 [[-ipuHTepe.
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Pucynoxk 12 — Haknagka Ha KpECTOBUHY.

[pu momorm 0ECKOIUIEKTOPHBIX MOTOPOB OCYIIECTBISICTCS JIBUKCHUE.
Arduino Uno ympaBisieTcsi MOTOpaMH U CHUMAET TOKa3aHHsI JaTIuKa IS
nepeaaye Raspberry Pi 3. Raspberry Pi 3b ocymiectsisier 00paboTKy BHI€0
CHTHaJIa, OCYIIECTBIISIET CBSI3b C TOJIb30BATEIeM Yepe3 BeO-PUIIoKEHHE U

ynpagsisger Arduino Uno.

2.7 IlporpammupoBaHue. AJIrOpUT™M padoTsl podoTa.

MHoro ObUT HaMMCaH PsiI POTrpaMM (ABMKEHHUE POOOTa, CUNTHIBAHHE
JTaHHBIX C JAaTYMKOB, Paclo3HAaBaHHE OOBEKTa, CBSA3h POOOTA C IMOIH30BATEIEM),

MO3BOJISIONINX PEaTu30BaTh OOIINIA alTOPUTM (CM. pUCYHOK 13).

Crout KHOMKa py4Horo
YNpaBreHna

awara KHOMKa
"Cton"

KHOMKa py4HOTO
YNIPaBNEHNA HaxaTa

Enet
CaMOCTOATENEHO

BrINONHAETCA
KOMaH[3 KHOMKAN

Puc. 13 — Biok cxema o0111ero airoputma
18



Taxoke nist mpoesna poboTa s pazpaboTan CUCTEMY HaBUTAIMH (CM. pUCYHOK
14). bnaromaps nazepHoMy naT4yuKy (OH HaXOAWTCS crepenu podoTa) U Kamepe,

pO6OT MOXKET ABUI'aThCA 3a CBOUM BJIAaACIIBIIEM CaMOCTOATCIIBHO.

Hayano

OObeKT Ha oNTUMaNbHOM
paccToaHue

HET a
OObeKT Onu3sko

YCKOPEHHOE 3amennexHoe
ABMKEHNE OBMKEHNE

aa
B LIEHTpe

[OBuxeHue
npamo

[BuxeHue [OBuxeHue
BNpaso BNEBO

Pucynok 14 — biok cxema airoputMa aBTOHOMHOM €3]1BL.

[Tpuniun pa®oThl aBTOHOMHOTO alTOpUTMA 3aKII0uaeTcss B 00paboTke
BujcocurHana Ha Raspberry Pi 3 npum momomm Oubmmorekun OpenCV [11].
[Iporpamma moxy4aer Ha BXOJl BUICOIOTOK M MIPHU MOMOIIH MTPEyCTaHOBICHHBIX
HACTPOEK IIBETa HAXOAWUT OTIUYETENbHBIA dJEMEHT (JKeNTas KUIeTKa) (CM. pHC.
15), mocie yero ompenensieT ee MoJoKEHUe B MPOoCTpaHCTBe (cM. puc. 16) u B
3aBHCHUMOCTH OT €€ PACIIOJIOKEHHSI IOChUIAET HA MUKPOKOHTPOJIIEP KOMaHIYy ISt

KOPPCKTHUPOBKH HAIIPABJICHU.

Pucynok 15 — XKunerka
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Pucynox 16 — IIpumep onpeneneHus KUIETKU B IPOCTPAHCTBE

Hwxe st mpuBen ¢parmeHT koja Ha sizbike Python [7] ¢ ucmonb3oBanuem
ouosmorekn OpenCV [11], koTOpbIii OTBEUaeT 3a OMNPEICICHHE IMOJOKCHHS
KUJIETKU B Kajzipe kamepbl (cM. puc. 17). Kaptunka paznensiercst Ha 3 308b1. Ecniu
XKUJIeTKa Oblla 0OHApY)KEeHA B IICHTPAIBHON 30HE, TO TEJICKKA JBMKETCS BIIEPE].
Opnako, ipu OOHAPYKEHUU KUJICTKWA B JIGBOW WIIM MPaBOM 30HAX, Mporpamma
OoTCchUIaeT  cooOleHne o0  W3MEHEHWM  HamlpaBlIeHUs  JIBWKEHUS B

ITPOTHUBOIIOJIOKHYIO CTOPOHY.
if dArea > :
(dM10 / dArea)
(dMe1 / dArea)
.circle(img,

¢ <= (width / + edge)+10)and (x >= (width / - edge)-10) and x
("6")

if (x > (width / + edge)+10) and x !=
( )

.rectangle(img, (8, 8), (30, height), (

if (x < (width / - edge)-10) and x !=
( )
rectangle(img, (width - , 8), (width, height), (8,

Pucynox 17 — ®parmeHT KoAa ¢ anrOPUTMOM OOHAPYKEHUS KUICTKU
st ynoOHOTO ympaBiieHus poO0TOM ObLT pa3paboTaHO BeO-PUIIOKEHNE

(cm. pucyHok 18). Ha Hem o4eHb y100HO ynpaBisTh poOOTOM.
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Stream for Control

Bnepen Hasap Bneso Bnpaeo Cron ABTO

Pucynox 18 — BeG-nipritoskeHue I yIpaBJICHHS] pOOOTOM

Be6-mpuioxkenue ObUIO HAMKMCAaHO C HUCIOJb30BAHUEM TaKUX S3BIKOB
nporpammupoBanus, kak Python [7], HTML [9], JavaScript [12].
Ha pucynkax 19, 20 mpexacraBieHsl peHaep © TojdHas cOopka

POOOTHU3UPOBAHHON TEIICIKKH IMTOBBITICHHOW MPOXOIUMOCTH.

Pucynox 19 — Pennep monenu po6ota B CAIIP
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Pucynok 20 — Ilosnnast coopka poboTa

2.8 Co3nanue 3J1eKTPUIECKOM IJIAThI

bruta paszpaboTtana snexTpuueckas miaaTa s ONTUMAIbHOTO pa3MEICHHUS
WCTOYHHUKOB MHUTAHMS U ApaiiBepoB MOTOpoB. Ilmara Obwia ciemana B mporpamMme
Fritzing [10]. danee Obl1a oHa co3mana myteM (pesupoBku Ha UITY cranke (cM.

puc. 21). IlpuHuunuansHas cXeMa u TpacCUpOBKa  IUIAThl  MPEJICTaBIEHbI B

[MPUJIOXEHHUUT.

Pucynok 21 — ®@pesepoBka mnatel Ha UITY cTanke
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2.9 Moaudukanus npoeKTa

B nanpHelimem s miaHupyro 10padoTaTh MporpaMmbl poOOTa, Tak Kak B
JAIIbHEUIIIEM TUITAHUPYETCS MPOBOJAUTH TECTHI B TOPOJCKOM MECTHOCTH. Takke B
OyIylieM MOKHO HCIOJIb30BaTh TEXHOJIOTUU (POPMOBKHU JJISI U3TOTOBJICHUS
JeTaneil, TeM caMbIM VYJCLIEBIsAs MPOU3BOACTBO pobota. [lmanupyercs
pa3paboTaTh CTAHIMIO POOOTA, I/Ie MOXKHO OyAET MPOU3BOIUTH 3apsIKy poOoTa,
TaKXe UCMOJIb30BATh JINAAP U SJIEKTPOHHBIE KAPTHI 7151 YIyUIICHUS] aBTOHOMHOCTH

po6ota. C TEXHOJOTHYECKOW KapTOH TPOEKTa MOXKHO O3HAKOMHUTHCS B

[TPMJIOKEHHNU A.
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3AKJIIOYEHUE

B urtore paGoTsl Hago0 pabOTOTEXHUUYECKUM IPOEKTOM OBLIM BBITIOJHEHBI
CJIeIyIOUIUE 3a/1auu:

— U3YYEHBI aHAJIOTH;

— onrcaH GyHKIIMOHAT OyAyIIETO yCTPOHCTRA;

— U3YYEHBI BUJIbI TEJIEKEK 110 KOHCTPYKIIMHU U TUIIAM YIIPaBJICHUS;

— co3nana 3D-monens pob6ora B KOMITAC-3 /1.

— pa3paboTaHO KOJECO MOBBIIIEHHOW MPOXOJWMOCTH M TPOBEACHBI €ro

UCTIBITAHUS,

— paspabotaHo u ontumuzupoBaHo [IO mng MHUKpOKOHTpoIUIepa,

MUKPOKOMITIBIOTEpPA U MOAYJIS BUAEO 3PCHMUS;

— U3rOTOBJIEHA JEKTpUYECKas IUIaTa,;

— HalMCcaHO BeO-TIPUIIOKEHUE I YIIPaBICHUS pOOOTOM;

— UCIBITaH NPOTOTUII pOOOTa B YCIOBUAX TOPOJICKOU CPEMbI;

Taxxe Obula MoJyueHa peleH3Msl Ha MPOEKT. biaronaps TakoMmy U3IENHI0

MOBCEIHEBHAS JKU3HB JII000T0 YejoBeKa CTaHeT 0oJiee YI00HOM U MPOCTO.
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HNPUJIOKEHUSA

MPUJIOKEHHUE A
Onucanue Hcnonb3yemoe Bpewms Ccpuika Ha
TE€XHOJOTUYECKOM o0opynoBaHue (uacel) | pucyHnok I13
orepanuu
MopenupoBaHue B Kommnac 3D 150 [Tpunoxxenue
CAIIP nporpamme b,B
Puc.2,7
JlazepHas pe3ka UITY na3epHbIil CTaHOK 10 -
(banepsl
O0bpaboTka neranei PydHoit HHCTpYMEHT, 50 -
AIEKTPOUHCTPYMEHT.
[Taitka 3neMeHTOB [TassmpHAs cTaHIUA 5 -
[IpoexTupoBanue Kommsrotep, 110 5 [Ipunoxenue
MEYATHOM TIJIATHI r
[IporpammupoBanue KowmmeroTep, 1O 30 -
Arduino Uno
[IporpamMmmupoBanue Kommerorep, [10 50 Puc. 17
Raspberry pi 3
[TocToOpaboTka Haxxnaunas Oymara, 10 -
JeTalen Kpacka
COopka mpoToTHIa Py4HoOIi UHCTpYMEHT, 10 Puc.8
ANEKTPOUHCTPYMEHT
Otnanaka MpoToTUIIA Kommnserep, I10, 70 -
IIPOTOTHUI

HUroro: 390 yuacos

Pucynok A.l — TexHonoruueckas kapra
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HNPUJIOKEHUE b

Pucynox b.1 — 3-J1 Mozenp KoJieca MOBBIIICHHON TIPOXOIMMOCTH
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HNPUJIOKEHUE B
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Pucynoxk B.1 — Ueprexx KpecTOBUHBI KOJI€Ca MTOBBIIIEHHON TPOXOAUMOCTH
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29




HPUJIOXEHUE I

u"i Knema 2
l I Driyer S
Q 195520
Driver 9 . : MOS Mol o
— F—— ——
— —— - Driger 6
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—_ Uno —— —_— p——
Driver 3 S (Rev3) Y
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noA
B
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0o digys

Pucynok I'.1 — IlpuniiunuansHas cxema
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Pucynok I'.2 — TpaccupoBka miaThl
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MMPUIIOKEHUE

Peuensus Ha npoexr
I'pauesa H. FBOY Ilxona Ne 1502 (Mockga)

"Po6oTu3uposaktas TeekKa NOBLIIEHHO npoxoauMocTH"

3aseayomuit kadeapoit
PMJInIIM HHY MDH
Mepxkypoes WU.B.

Ha pacemotpenne npesicrasien npoext "PofoTusnposanHas Tenexkxka
NMOBLILIEHHOH NPOXoANMOCTH", [1PoeMOHCTPHPOBAHO yNpaBIeHHE TEACHKKOH ¢
HCTOJIB30BaHHEM GECIPOBOIHBIX KAHAIOB CBS3M U MPHJIOKEHa TeXHUYECKas
JIOKYMEHTaLHs,

Hauubiit nporoTun, npeactasnser coboii MoGHABHYIO naaThopMy ¢ He
CTaHIAPTHBIM KOJECHBIM y3i1oM. Kopryc cenan 13 GaHepHsIX IMCTOB, MOKPLITHIX
KOMIO3HTHBEIM MATEPHAJIOM, HTO NPEAALT ICTETHUECKHI BU M TPOYHOCTE
xoueTpykuus. Ha Gopry Teneskku umeercs web-kamepa i MHHM KOMITBIOTED /1A
obpaboTky 1 nepesaun usoGpaxenus Ha ceppep. [U1s YIpaBiIeHUS ABHTATE/SMH
ucnonssytores apaisepst VEX u nnara Arduino uno.

PacemoTpes dyHKUHOHAT POGOTHIHPOBAHHOI TENEKKH MOBLILICHHOH
NPOXOAUMOCTH ¥ CPABHMB C JIPYTHMH AHATOTAMH, MOXKHO OTMETHTD ABHOC
NPEHMYILECTBO JaHHOIO anmapara B MPOXOJAHMOCTH 10 TIEPECEUEHHON MECTHOCTH.
OrcyTeTBie MOABECKH KOHEUHO HAK/IA/IBIBACT OIPAHHUEHHA HA THII [IEPEBO3HMOTO

Ipy3a, HO OTHM YBCJAHYHBACTCH HAACKHOCTH M YMEHBLIACTCS 1leHa CaMoit KOHCTPYKIHH
TENEKKH.

K nenocrarkam paGoTsl MOKHO OTHECTH OTCYTCTBHE TEOPETHHECKHX PACUETOR
HArpY3KH Ha ABUIATE/IN KOJIEC U LICCTEPEHKH PEAYKTOPA, YTO HEOOX0AMMO s BEIGOpa
THNa JiBMraTesieil. Tak e He paspaGoTaHE! ONOPLI BANOB ABHraTenei i MeCTEPEHOK

PEIYKTOPOB, YTO NPUBOIHT K OLICTPOMY H3HOCY KOPITyCa TENeHKN U GONbImM
nodram.

Peuensupyemuiit npoekT "PoboTH3HpOBaHHAs TE/EkKKA TOBBILCHHO
NPOXOAMMOCTH" COOTBETCTBYET BEICOKOMY YPOBHIO TpeGoBaHMit K MOGHIBHEIM,
ABTOHOMHBIM CHCTEMaM H MOXeT ObITh PEKOMEH/I0BAH K peanu3aliiy,

3apenyromnii kapenpoit

PMJTulIM HUY MDH Y Z/é’\—/ /Mepkypoes U.B./

v .

Pucynok /I.1 - Peuensus
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