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PE®EPAT

[TosicHroBasibHa 3amucka: 63 cTopiHku (0e3 1oaaTkiB), 41 pucyHok, 22 jmxepena,
2 nonatku Ha 34 CTOpiHKaX.

Kitro4oBi citoBa: aBTOHOMHHME poOOT, HelipoHHa Mepexa, Raspberry Pl, Python,
Donkey Car.

OO0’ ekTOM JOCHIPKEHHS €: aBTOHOMHUH MOOUIbHUNA poOOOT Ha OCHOBI
MaIIMHHOTO HAaBYaHHS.

Merta pobGoTu: AHai3 Ta po3poOka aBTOHOMHOTO MOOLIBHOTO poO0Ta Ha OCHOBI
MAaIIMHHOTO HaBYaHHS U1 y4acTl Y MIKHApOJAHOMY KOHKYpCi 3 pOOOTOTEXHIKH SUMO
Challenge.

CrHcnnil ONKC TEKCTY MOSCHIOBAJIBHOL 3aIIACKU:

B naHomMy AMIIOMHOMY HpPOEKTI PO3MVIAJAETHCS PO3poOKa MPOrpaMHOro Ta
amapaTHOro 3a0e3NeYeHHs], a TAKOX iX apXITeKTypH Uil aBTOHOMHOTO MOOLIBHOTO
po0oTa Ha OCHOBI MAIIMHHOTO HAaBYaHHS. KW MpuiiMaB y4yacTh Y MIKHApOAHOMY
KOHKYpci 3 podoToTexHiku Sumo Challenge, Ta 3100yB nepiie micie B kareropii Fast

and Safe (mBuakicTh Ta Oe3meKa).



ABSTRACT

Explanatory note: 63 pages (without appendix), 41 figures, 22 references, 2
appendix on 34 pages.

Key words: autonomous robot, neural network, Raspberry PI, Python, Donkey
Car.

Object of study: Analysis and development of an autonomous mobile robot
based on machine learning to participate in the international robotics competition Sumo
Challenge.

Brief description of the text of the explanatory note:

This diploma project considers the development of software and hardware, as
well as their architecture for autonomous mobile robot based on machine learning. He
took part in the international robotics competition Sumo Challenge, and won first place

in the category of Fast and Safe.
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BCTYII

Ha croromuimHiii 1eHb MM MOXEMO CIIOCTEPIraTH, K IIBUAKO PO3BUBAIOTHCA
TEXHOJIOT1i, 1 TTOCTYIOBO KOMII IOTEp MOYMHAE 3aMIHATH JIOJUHY B Pi3HHX cdepax
TISUTBHOCTI. AJDKE JIFOJIMHA HE B 3MO31 TaK IIBUJKO OMEPYyBaTH BETUKUMH 00’ €MaMU
JAHUX Ta Ha iX OCHOBI MPUUMATH MPABUJIBHI PilIEHHS. X04Ya JOCUTh YacTO BIJ IIUX
PIIICHb 3aJICKUTH KUTTS 1HIIUX Jojed. CaMe 1€ 1 € IPUINHOIO TOT0, YOMY aBTOHOMHI
aBTOMOOLJ1 3apa3 HACTUIBKM TOMYJSAPHI Ta PO3BUBAIOTHCA 3 HEHMOBIPHOIO
IIBUIKICTIO.

3aBIaHHsAM AUIUIOMHOI POOOTH € PO3pOoOKa aBTOHOMHOTO MOOUTFHOTO poOOoTa
Ha OCHOBI MAalIMHHOIO HaBYaHHA JJI1 Y4yacTl y MIDKHApOJHOMY KOHKYpCl 3
poboTtorexHiku Sumo Challenge. 3axin npoxogus y TexHosoriuHOMy Y HIBEpCUTETI
Jlon3i (Politechnika *.6dzka) (m. Jloass, Pecrry6ika Ilomnbia).

PoGot rotyBaBcs mns kareropii TomTom Self-Driving Cars. B miii kareropii
MaIInHa, o0JaJHaHa KOMIT IOTEPHUM 30pOM Ta IITYYHUMU HEHPOHHUMH MEpEeKaMH,
IOBHHHA OyJa MpOixXaTH Tpacy, fKa BIAITBOPIOBaja yMOBH peasibHOI JOpory, 6e3 Oyab-
SIKO1 JIOTIOMOTH 31 CTOPOHU JitoJuHU. O1IHIOBAJIM aBTOMOOLITb 3a T€, SIK IIBUJIKO BiH i€
Ta MOro aKypaTHICTh Ha Tpaci.

JIis NOCATHEHHS] METU JUIIOMHOI pOOOTH OCTABJIEHO TaKl 3aBJAAHHS:

~ Po3ryiiHyTH OCHOBHI HMPHUHLMIM 1 METOJIM PO3POOKHA Ta MOAEIIOBAHHS
aBTOHOMHOT'O MOO1JTLHOTO po00Ta;

- IlpoananizyBatu nmpaBuiia KOHKYPCY Ta 3HAWTH ONTHUMAJIbHE BUPILICHHS
MOCTaBIICHOTO 3aBAaHHS;

- Ha ocHoBI mpoaHasnizoBaHUX JaHUX PO3POOUTH MPOTrpaMHe 3a0e3eUeHHS
Ta poOOTa /1715l y4acTi B KOHKYPCI 3 pOOOTOTEXHIKH.

Ha mpoanainizoBaHuX NaHUX, PO3POOUTH MpOrpaMHe 3a0e3meueHHs Ta podboTa
JUTSL y4acTl B KOHKYpPC1 3 pOOOTOTEXHIKH.
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1 AHAJII3 MIPEJMETHOI OBJACTI TA IOCTAHOBKA 3AJIAUI

1.1 Po3BMTOK aBTOHOMHHUX MOOLIbLHUX POOOTIiB

Po6oT — 11e MalrHa, sika mporpamyeThCs JTFAUHOO 3a JOITOMOI0I0 KOMII'FOTEpA,
Ta 37aTHa aBTOMAaTUYHO BUKOHYBATH BU3HA4YeHWM psin aiid. PobGotu mmpoxo
3aCTOCOBYIOTHCSI HA BUPOOHUIITBI JIsl BUKOHAHHS 0arato MoBTOPHUX MPOCTUX 1M, 1110
3a3BUYail BUKOHYBAJIKCH Jr0AbMH [1].

[lepmi poGotu Oynu MaHIMyJISATABHUMHU, TOOTO KEpyBaHHS 31HCHIOBANIOCH
JIOAMHOI0 32 JOMOMOIOI0 30BHIIIHBOTO KEPYHUOro MNpUCTporo. Taki MaliuHH
MpU3HAYEeH] JJISI BUKOHAHHS OJIHOMAHITHOI poOOOTH, Takoi SIK CKJIQJIaHHS,
nepeminieHHs. Jlo Takux poOOTIB TaKOX HaJEXaTh PSATYBAJIbHI MAlllMHU — TPUCTPOI,
Kl 3aMIHIOIOTh JIIOJJUHY B HeOe3NeuHOMYy cepeloBullll. BoHM BHKOHYIOTH Taki
PU3HMKOBI 3aBJIaHHA, K MOIIYK BLUIUIMX JIOJEH MICis KaTacTpodu, NpalioloTh Ha
BEJIMKUX BOJAHMX IITMOMHAX, y KocMocl. Hampukian, miciis SoHCHKOTO 3eMJIETPYCY B
Anonii 2011 poxy, 3arin PackBot (BiiickkoBi po0OOTH) OyJi0 HaNpaBIEHO Ha
pO3CiiAyBaHHs aTOMHOI enekTpoctaniii @ykycima Jlaidil 11 OMIHKY CTYIEHS IKOIU
[2].

[Ticns 3akiHueHHs pyroi CBITOBOT BIifHU CIIOCTEPIraBCsl CTPIMKHI PICT B raty3i
poboTtoTexHikH. Po3noyanace TEXHOJIOTIYHA TOHKA 3 METOIO CTBOPEHHSI aBTOHOMHOTO
pobora.

ABTOHOMHUI POOOT — 1€ poOOT, KUl BUKOHYE MOBEAIHKY ab0 3aBHaHHS 3
BUCOKHM CTYIEHEM CaMOCTIMHOCTI (0€3 3OBHINIHBOI JOMOMOTH). ABTOHOMHA
poOOTOTEXHIKA 3a3BHUYaii  BBAXKAETHCS  TOEAHAHHSIM  INTYYHOTO  IHTENEKTY,
poOOTOTEXHIKH Ta iHPpOpMaiiHoT iHxkeHepil [1].

Pob6oTa MoxHa BBaXKaTu aBTOHOMHUM, SIKIIO BIH BUKOHY€E HACTYIIHI BUMOTH:

- Otpumye 1H(}pOpMaIIitO PO 30BHIIIHE TOBKIJIIS;
~  YHHKae cuTyaIliu, mKiaIuBux 11 cede, MaitHa abo JTI0uHY;

— Tlpamroe 6e3 BTpydaHHS JTIOANHY;
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- Tlepemimye cebe MOBHICTIO a00 YaCTKOBO B MEKaX CBOT'O POOOYOro MpOCTOPY
0e3 BTpy4YaHHS JIIOIUHHU.

J1Jist aBTOHOMHOI'0 po00Ta TaKoK BJIACTHUBA aJanTailisi JO HOBOrO Cepe/loBHUIIIA,
Ta 3HaXOJ/IP)KEHHS HOBUX IUIAXIB PO3B’s3aHHS MOCTABJICHUX MEpPe/l HUM 3a/1au.

[ToBHiCTIO aBTOHOMHa pOOOTH30BaHAa CHUCTEMa, 3'SBUJACS JHIIE y IPYTii
nosioBuH1 20-ro cromitts. [lepmmii nporpamMoBanuii poOOT 3 IUPPOBUM KEpyBaHHSIM
Unimate 06yno BctaHoBieHo 1961 poky anst MiAHATTA rapsyux HIMATKIB METaly 3
MAIIMHH JUTS JTATTS T TACKOM 1 iX CKiIajaHHs [2].

[cTopiss aBTOMaTH3alll] 3a3HANIa YITKOTO MPOPHUBY B PO3BUTKY TEXHOJIOT1M Ha
no4arky 90-x pokiB MUHYJIOro cTOMITTS. NASA po3ropHyna cBOO Mepury aBTOHOMHY
pOOOTOTEXHIUHY cHcTeMy Sojourner Ha moBepxHi Mapca. et HeBenukuii poOOT
(Bcroro 23 ¢gyHtu abo 10,5 Kr) BUKOHYBaB HalllB aBTOHOMHI ONepallii Ha MOBEPXHI
Mapca B pamkax Micii Mars Pathfinder; oOnagHanuii mporpamMor0 yHHKHEHHS
nepeukoa, ComkopHep MaB 3MOTY IUIAHYBaTH Ta OPIEHTYBATUCA HAa MapLIPYTH Jis
BHBUEHHS MOBEPXHI MNIaHETH. MOKJIIMBICTh MPUDKIKUX OPIEHTYBATUCS 3 HEBETUKUMU
JaHUMHM IIPO CBOE OTOUYEHHS Ta HABKOJIUIITHE OTOYEHHS J03BOJIMIIA HOMY pearyBaTu Ha
He3aruIaHOBaHI MoJIi1 Ta npeameru [2].

VY 1994 poui FDA ouyucTuB oAMH 3 HaAlyCHOIIIHIMIKMX XIPYPriuHUX anaparis, 110
niaTpuMytoThes podotamu. Kibepuixk OyB BuHaiinenuit Jxonom P. Annepowm, 1 mepia
cuctemMa Oyna BcraHoBieHa B CreHdopacekkoMy yHiBepcuteTi B 1991 pomi. s
pamioxipypriyda CcuUCTeMa IHTeTpyBajia KepoBaHl 300pakeHHSMHM orepamii 3
poOoTOTEXHIYHUM TO3uIlioHyBaHHSIM. 3apa3 Cyberknife posropHyTo njsi JiKyBaHHS
MAalI€HTIB 3 NyXJIMHAMU MO3Ky a0o XxpeOrta. PeHTreHiBcbka Kamepa BIJICTEKYE
3MIIIICHHS 1 KOMIICHCYE PyX, BUKITMKAHUN JUXaHHAM [2].

[Ti3n1me 2000 poui Honda crBopuna ASIMO - gxuii, Ha TOW 4Yac, BBa)KaBCs
"HallJOCKOHAMIIIKUM Yy CBITI TyMaHOiZHUM poboTtoM". ASIMO Moxe OiraTu, XOAHUTH,
CHIJIKYBaTUCA 3 JIOJIbMHU, PO3II3HABATH O0JINYYsl, HABKOJUIITHE CEPEIOBUIIE, TOJIOCH,
MOCTaBY 1 HaBITh B3aEMOIISITH 3 Moro otoueHHsM. Kommnanist Sony Takoxx po3poOuia
CBOIX BJIACHMX aBTOHOMHHUX po00TiB Sony Dream, MajleHbKHX T'yMaHOTIHUX POOOTIB,

po3pobieHux s po3sar [2].
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Ha cporonni aBTOHOMH1 MOOUIbHI POOOTH 3aCTOCOBYIOTHCSA B Pi3HHX cepax
TISUTBHOCTI, OCh JEKUIbKa HaWMOMyJSIpHIIIUX cdep B AKUX BOHU BXe J00pe
3apeKOMEHTyBaju cebe:

- Mapcoxoau, Kl MpaloTh B aBTOHOMHOMY PEXKHMI, JOCHIDKYIOUU Pi3HI

IJIAHETH, Ta Tepeaarody 1HGOPMAIIITO JTFOIMHI;

- HapanTaxyBaui Ha ¢abpukax Ta BETUKHUX MIAIPUEMCTBAX;

— CimpchKOroCToIapCchKi poOOTH JIT aBBTOMATUYHOTO 300py/TIOCIBY BpOXKaIo;
~ Pobotu - kyp’epu;

~ BiiicbkoB1 poboTH;

- Asrominorwu.

VY xoBtH1 2000 poky OOH migpaxyBana, mo y cBiTi HamiuyeTbcs 742 500
IIPOMHMCIIOBUX POOOTIB, MPUYOMY OLIbIIE€ MOJOBUHU 3 HUX BHKOPUCTOBYIOTHCSA B

Snonii [3].

Estimated worldwide operational stock of
industrial robots 2015-2016 and forecast for 2017*-2020*
3,500
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3,000

13
2,500 44
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2,000 +12% M.
1,828
1,500 2
1,472

1,000 he2e

500

0

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017* 2018* 2019* 2020*
*forecast IFR World Robotocs 2017

'000 of units

Pucynok 1.1 - I'padix mpupocTy KiabKOCTI MPOMHUCTIOBHX POOOTIB

Ha cporojHimHiii JeHb CHOCTEPITa€ThCS EKCHOHEHIIaTbHE 3POCTaHHS

KUIBKOCTI aBTOMAaTH30BaHMX pPOOOTIB, 1[0 BUKOPHUCTOBYIOTHCS Yy TNPOMHCIOBOCTI

(puc.1.1).
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Ile cipyUMHUIO CTPIMKUN PICT MOIMYJISAPHOCTI PI3HOTO POy 3MaraHHs cepen
aBTOHOMHMX MOOUTbHHX poOotiB. Came Tomy KomaHma [IpukapmaTchkoro
HAI[IOHAJTLHOTO YHIBEPCHTETY B3sla yYacTh y MDKHapOJHOMY KOHKypcCi 3
pobororexniku Sumo Challenge. 3axim mTpoXoauB BXKE BABAHAIIATE Y
Texnonoriunomy YHiBepcuteTi Jloasi (Politechnika t.odzka) (m. Jlonss, PecniyGmika
[Tonwia).

Komanga pobGorotexHikiB [Ipukapnarcbkoro  yHIBEPCUTETY  YCHIIIHO
Bructynmmia B kateropis TomTom Self-Driving Cars. 3a nporpamoro TyT BinOyHcs
3MaraHHs MailvuH, 00JIaJHAHUX KOMIT FOTEPHUM 30pOM Ta IITYYHUMH HEHPOHHHMHU
Mepexxamu. Haropony 3a Haiikpanly mBuaKy Ta O6e3neuny mammHy (Fast and Safe)
3100yB aBTOHOMHMH pOOOT, KM OyB CIIPOEKTOBAaHMW Ta PO3pOOJIEHHHA B MexKax

JHUITIOMHOTO TIPOEKTY [4].

1.2 llomyk Ta aHAaJIi3 iCHYIOUHX aHAJIOTIB HA PUHKY

CporojiHi TpOBIHI aBTOMOOUIbHI KOMITaHII HAmNpaBWIM CBOI 3yCWIIS Ha
po3poOKy Ta OyAIBHMIITBO MAIlMH, IO SBJISIOTHCS aBTOHOMHUMH poOOTamu, a
KEpyBaHHS SIKUMU BIiJOYBA€ThCA 3a JIOMOMOIOI0 IITYYHOTO IHTEJIEKTY Ha OCHOBI
MaITUHHOTO HAaBYaHHS.

TBepaum JiepoM B po3po0OI1li aBTOHOMHUX aBTOMOOLTIB (aBTOM1I0TA) HA TaHUH
MOMEHT MOKHa BBakaTh kKommaHiro Tesla. CamMe BOHHM TIepIini 3aIllyCTHIN CEpiiHE
BUPOOHUIITBO aBTOMOO1IIB, sIKI OyJu 00JIafHaH1 aBTOMIJIOTOM Ta MOTJIM KE€PYBATHUCh

0e3 BTpy4JaHHs Bois [5].
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Rearward-looking Narrow forward

side cameras Wide forward camera

Max distance: 100 m cainelka
Max distance: 60 m Main forward

camera
Max distance: 150 m

Forward-looking
. side cameras
Ultrasonics Max distance: 80 m
Rear-view camera Max distance: 8 m Radar

Max distance: 250 m

Max distance: 50 m Max distance: 160 m

Pucynok 1.2 - ImtocTparis po6otu ceHcopiB aBTomo01s Tesla

[Tapk Tesla wamiuye npubmuzno 500 000 TpaHcmOpTHUX 3aco0iB — II€
danTactmunuii pecypc. Koxken 3 aBTOMOOUTIB 00MaHaHUN BEIHMKOIO KUIBKICTIO
CEHCOPIB, 30KpeMa BICIM Kamep 00'eMHOro 3BYKYy, 110 3abe3neuytoTs 360 rpamyciB
BUIMMOCTI HABKOJIO MAalllMHU Ha BiAcTaHl 10 250 MeTpiB; ABaHAILSThH OHOBJICHUX
yIBTPa3BYKOBUX JATUYHKIB, SIKi JOITOBHIOIOTH 1€ OAYCHHS Ta TOTIOMAraroTh BHSIBUTH SIK
TBEP/Ii, TaK 1 M'AK1 MPeMETH Ha BijicTaHl Maiixke 500 MeTpiB; pagap, 110 CIPSIMOBAHHIMA
BIIEpE]I, 1 HaJla€ JOJATKOBI JIaHi 3 MTOKPAIICHOK 00POOKOIO MPO CBIT, SIKi JAIOTh 3MOTY
no6aunT 00’ €KTH Yepe3 CUIIBHUI N0, TyMaH, M 1 HaBITh aBTOMOOLUTb TOTIEpeLy
(puc. 1.2) [5].

[ITo6 3po3ymiTH Bcl 111 JaHi, 00PTOBUI KOMITHOTEp 3allyCKae HOBY PO3pOOJIeHY
Tesla HelipoHHY MepexXy ISl poTrpaM 30py, COHAPHOI Ta pajiiooKaIlitHOT 00pOOKH

naHux. Pa3om 118 cuctema Hajae YSABJICHHS MPO CBIT, JO SIKOTO BOJIM HE MOXeE
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OTPUMATH JIOCTYT, OCKIIBKH MOXKJIMBOCTI JIFOJICBKOTO 30pY HE Jal0Th 3MOTU OAYUTH B
yCiX HampsiMKax OJHOYACHO, a TAKOXK MPOrparoTh JaTYMKaM B 3AaTHOCTI Oa4yuTH Ha

AAJICKYy Bi,Z[CTaHB Ta B YMOBax 00MEKEHOTO oriaay, CIpUYUMHCHOIO ITOTrOJHHMHA

YMOBaMH, MEPEIIKo1aMu ToIo [6].

. 17.41 Draw {ps: 17.01 Display 387 P T
'NL(0.00), £(0.99), F(0.01), TF(0.00), SI L:2 RO Fi1 ON:2
NRW: FLP(0.00), FRP(0.00) w:9.4 AP:0B 11

VS: 25.4 MPH  St: 1

CutinExcited (Prb 0.98)
+0.0000 AUTO_HIGH BEAM
+0.0000 BUINDED
+0.0001 RAINING

+0.0001 TIRELSPRAY
+0.0013 WET_ROAD

merge: 1.0 1 83.1

"hheriee

0.0008 CONTROLLED_ACCESS

p

-, wn.ouwno.a’ b

Pucynok 1.3 - AGctpakTHe 300paskeHHs CIICHH 3 Bi3yalli30BaHUMHU 00'€KTaMu

Bynp-sikuii pa3, KoM aBTOHOMHUM POOOT pOOUTH HEBIPHHM MPOTHO3 IIOA0
MAaIlTMHY Y9 ITII0X0/a, BIH MOKe 30€perTH 3HIMOK JaHUX, 00 Mi3HIIIe 3aBaHTAXKUTH
Ta JI0AaTH 10 HaB4aIbHOTO HaOopy Tesla. Ha choroaui, MaimHa Moxe 3aBaHTaXyBaTH
abcTpakTHi 300pakeHHS CIeH (e 00'€KTH Bi3yami3yIOThCS K KOJIBOPOBO-KYyOOBI
dbopMu Ta BuAaeTbcs iHOpPMAIlS MPO PiBEHb MIKCENiB), CTBOPEHI HEWPOHHUMU

MepekaMu Ta KOMII'IOTEpHUM 30pOM, a He 3aBaHTaxyBaTu Bigeo (puc 1.3). lle

KapJIWHAJIBLHO 3MEHIIY€ TPOMYCKHY 3JaTHICTh 1 BHMOTHM J0 30epiraHHs Ta

3aBaHTa)KCHHS IUX JaHuX [6].
Hacnpapai Bci TpancnoptHi 3acoou Tesla - He3aneKHO BiJl TOrO, BBIMKHEHO

aBTOMNUIOT YM HI — HAACWIAIOTh JlaHi Oe3mocepeaHh0 B xmapy. lle 3ymoieHO
MOCTIHOIO POOOTOIO PI3HOTO POIY CEHCOPIB Ta Kamep.
[Iporpamnue 3abesneueHHs €(PEKTHUBHO aHAII3ye OTpPUMaHiI JaHl 3 YCIX

TpaHCIOPTHUX 3ac00iB Tesla 3a 7OMOMOror0 30BHIIIHIX CEHCOPIB, a TAKOXK 00pOoOIIsie
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iH(opMariiro Ipo BOIiB, OTpUMaHy BHYTPIIIHIMU CEHCOPAaMH, SIKi 30MparoOTh Pi3HOTO
poay HaHi, Takl SIK PO3MIIIEHHS PYyK BOIS Ha OpraHax KEpyBaHHS Ta CIOCOOHM iX
B3aeMO/Ii1 3 aBTOMOO1IeM. Le mormomMarae mokpairyBaTi poOOTy IITYYHOTO 1IHTEJICKTY
aBTOHOMHOTO po0oTa.
Ha ocHOBI mpoaHali30BaHUX [aHUX, MOKHA BUIUIMTH JIEKUIbKA Ba)KIUBUX
eTarliB po3poOKH aBTOHOMHOTI'O poOoTa:
~ 3abe3meueHHsT aBTOMOOLIb IOCTAaTHLOKO KUIBKICTIO JATYHKIB, 3311 OXOILICHHS
1H(bOpMaIlii PO HABKOJIMIITHE CEPEeIOBUIIE, 00’ €KTH Ta MEPEIIKOIN B HHOMY,
- IIBuaka Ta cBoedyacHa 00poOKa iHpopmallii, sika OyJjia OTpuMaHa 3 pi3HOTO POy
CEHCOPIB;

~ TloOynoBa anropuTMiB MPUAHATTS PIICHs HA OCHOBI TPOAHAII30BAaHUX JIAHUX.

1.3 IIocTranoBKa 3axau4i

[Ipn mpoekTyBaHHI Ta MNpPOrpaMyBaHHI ABTOHOMHOI'O MOOLIBHOTO po0OTa,
HEOOX1THO 3a3/]aJIeT1[b YITKO BU3HAYUTH THII 33]1a4l, Ky BiH IOBUHEH BUKOHYBaTu. B
MOEMY BHUIIQJIKy METOIO OyJjia y4acTb B KOHKYpPCl 3 POOOTOTEXHIKH, TOMY MOTPIOHO
OyJI0 YITKO 3pO3yMITH MpPaBHIIa KOHKYPCY, Ta BIAIITOBXYIOUUCH B1Jl HUX, PO3IIOYATH
pO3poOKy poboTa, IKKi BiAMOBIaB OM BUMoOTaM 3mMaranb. B kareropii “TomTom Self-
Driving Cars” Oynu 4iTKO BU3HA4Y€H1 HACTYITHI MTpaBUJa;

- Pobotm BuHCTynmamTh 10 dep3l, OJAWMH 3a OJHUM, OTXE, HEMae
noTpebu TypOyBaTHCs Mpo Te, IK O0'DKIPKATH IHIIUX POOOTIB Ta YHUKATH
31TKHEHb 3 HIMH;

~- ABTOHOMHMI aBTOMOOUIb TOBHMHEH 3poOuTH 10 Kii mocmiiab 0e3 CTOPOHHBOT
JIIOJCHKO1 JOIIOMOTIH;

~ ¥V BUNaAKy NOBHOTO 3’131y poO0Ta 3 Tpacu (BCl HOTUPH KOJIeca 3HAXOIAThCS 3a
MexaMu 011101 JIiHiT) mependadeHo AoaBaHHs MTpaHOro yacy — 2 CEeKyHIU.
bina niHis BBa)Xka€ThbCs YACTHMHOKO Tpacu, a 3ai3l Ha HEl HE BBAXKAEThCS

MIOPYLLECHHSM;
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Yac npoxomkeHHs Kojla He OyJe 3apaxoBaHO Y BHUIIAJKY, SKIIO POOOT
3HAXOAMBCS 32 MEKaMH TPaCH;

[IpoTsirom oHOTO KOJ1a pOOOT MOBUHEH MPOiXaTH BCl YOTHPH YaCTHUHU TPACH,
1HaKIIIE Yac KoJjia He Oy/ie 3apax0oBaHMil;

[Tepemory 3100yBae aBTOHOMHUHN pOOOT, KU MPOIXaB KOJO 32 HAWUTITBUIIIHIA
yac;

JlronHa MOXKEe 3aMIHHTH MOJENb HEMpPOHHOI MEpexi JHIle pa3 B Mepiof
MIPOXOJKCHHS JIECATH KiJT;

ABTOMOOUIH BiAmoBigae ymoBam kateropii "llIBuakuii Ta be3neunuit", sxmo
npoTsiroMm 10 KiJI mocMuib € xoua 0 oJHe O€3/10TaHHE KOJIO;

Koo BBaxkaeTbcst O€3/I0raHHUM Yy BHUIIAJKY, KOJH aBTOMOOLIb 3aIMIIAETHCS
BCEPE/IMHI Tpacu Ha OJIHE MOBHE KOJIO 1 HE TOPKAETHCS O17101 JiHIT )KOJHUM 3

KOJIIC.

Pucynok 1.4 - Cxema Tpacu KOHKYpCY
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Ha pucynky 1.4 HaBeneHa cxema tpacu koHKypcy Sumo Challenge B kareropii
TomTom Self-Driving Cars, o sikiii OyayTh epecyBaTHcs aBTOHOMHI POOOTH.
Pyx Oyne BinmOyBaTucs 3a TOAMHHUKOBOIO CTPUIKOI0. Mexa crapTy Ta (iHimry
MO03HAaYEHa YEPBOHOIO JTIHI€I0. Y CKIaIHEHHSI JJIsl TPOXOJI>KEHHS TPACH I0JIa€ Te,
II0 BOHa € 3a0KpPYyIJICHOI0, a TakoXX Ha HIA po3TalloBaHa IIMKaHa
(TOCI1TOBHICTH TOBOPOTIB Ta 3a0KPYIJICHBb Ha Tpaci y GopMi JJATUHCHKOI JTITEpH
«S») 3 METOI0 YMOBUIbHEHHsSI poOoTa. B mpaBunax 3rajyBajioch MpoO YOTHPHU
KOHTPOJIbHI TOUKH, 1110 3HAXO/ISATHCS Y BEPXHBOMY JIIBOMY, BEpXHHOMY IPABOMY,
HUKHBOMY JIIBOMY Ta HI’)KHBOMY IIpaBOMY KyTax Tpacu. KoxkeH poOOT moBUHEH
IpoiXaTh yCl YOTUPU KOHTPOdbHI Toukd. Lle 3pobneHo mist Toro, 1moo

aBTOMOOLITb MTPOiXaB MOBHE KOJIO, HE 3pi3al0uu TOBOPOTIB.

Pucynok. 1.5 - 3i6pana moaens podoTa

Jlnst oTpUMaHHS TIEPEeMOTH Yy 3MaraHasx OyJ0 CTBOPEHO TMOETAHUN IJIaH

po3poOKu poboTa:
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Kpok 1. CTBOpeHHSsI KOHCTPYKIIii poOoTa:
— IlepeBipka HasIBHOCTI Ta CIPABHOCTI BCIX MOJIYJIIB;
— TIlig'enHanHs Ta TeCTyBaHHS POOOTH MOTYJIIB;
Kpok 2. Kondiryparis podora:
— BcranoBieHHs HE0OX1JHOTO MPOrPaMHOI0 3a0€3NCUeHHS;
— HanamryBanHs mBHIKOCTI poOOTa Ta €JIEMEHTIB YIPaBIIHHSA HUM;
Kpox 3. IlinroToBKa Moaei HEHPOHHOI MEpexKi:
— 30ip 1aHUX, OTPUMAHUX POOOTOM, IIJISXOM YIPABIIHHS HUM JIIOJIUHOIO;
— TpenyBaHHs MOJieJli Ha OCHOBI 310paHUX JTaHUX;
Kpok 4. TecryBanHs Mmojeni:
— IlepeBipka cTaOLIBHOCTI POOOTH Mojemi (MakCUMallbHa KUIBKICTh
NPOWIEHUX K11 0€3 BTpYYaHHS 31 CTOPOHU JIFOJIUHU);
— IlepeBipka 0€3MEYHOCTI MNPOXO/KEHHS Kia (MiHIMalbHA KUIBKICTh
MepeTrHIB 017101 JIiHIT 32 OJHE KOJIO);
— TlepeBipka MIBUIKOCTI MPOXO/KEHHS Koyia (MIHIMAJIbHUM CepesiHIi yac

IMPOXO?KCHHA ACCATHU KIJ'I)
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2 BUBIP TEXHOJIOT'IH JIUISI PKAJIIBAIII 3ABJJAHHSI.
APXITEKTYPA TA AJIT'OPUTMHU

2.1 Python

Python — 1ie inTepnpeToBana, BUCOKOPiBHEBA, AMHAMIYHA MOBA IIPOTPAMYBaHHS,
gKa Ha CHOTOJHINIHIM JEHb BHKOPUCTOBYETHCS MalXKe Yy BCIX HaIpsMKax
nporpamyBaHHs. BaroMmoro nepeBaroto € Te, 110 MoBa (POKyCY€eThCSl Ha UNTA0EIBbHOCTI,
OCKUITBKH TI€ € OJTHUM 3 ABaAlsATH porpamuanx npuHnumiB (The Zen of Python by Tim

Peters: Readability counts) [7].

python E——

Java

e m 2017
40,000 w 2018
JavaScript 35,00 Jo15

73,733

20,000 40,000 60,000 80,000

PucyHok 2.1 - PeATUHT MOB porpamMyBaHHs

CuHTakcuc Ta BeauKa KUIbKIiCTh 010110TeK B Python monmomarae nporpamictam
BUPIIIMTY TOCTABJIEHY Mepe]] HUMH 337ady 3a 3HAYHO MEHINY KUIbKICTh KpOKIB
nopiBHsHO 3 Java a6o C++. Python, six MoBy nporpamyBaHHs, 0ys10 3acHOBaHO B 1991
poui pospoOuukoM IBino Ban PoccymoM. Benuka KibKicTh Oprasizaiiii LIMPOKO

BUKOpUCTOBYE Python He TUIbKM SIK OCHOBHY MOBY MpPOTrpaMyBaHHS, a SIK MOBY JJIs
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HANMCaHHS OKPEMHUX CEpBICIB Ta CKPUIITIB JJIi aBTOMATHU3allili, CIPUYUMHEHO II€
BHCOKOIO THYYKICTIO Ta IIBUIKICTIO BHUpIIICHHA 3a7ad. 3a3Buuail Ha Python
nepeadavyaroTh  IMIEpaTUBHE  Ta  OO0'€KTHO-OpI€EHTOBaHE  (PyHKIIIOHAJIbHE
nporpamyBaHHs. Huxde HaBefeHudl rpadik MomyJIsspHOCTI MOBU IMPOTpaMyBaHHS
Python 3a 2017-2020 poku (puc.2.1) [7].

Python mpomonye ctucnuii 1 untabenbHU Koj. Xouda CKIaIHI aTOPUTMHU Ta
yHiBepcajabHI po00Yl MPOIECH CTOSITh 3a MAIIMHHUM HaBYaHHSIM Ta IITyYHUM
iaTenexkToM (Al), mpocroTta Python mo3Bosisie po3poOHUKaM MHUCATH HAIWHI CHCTEMH.
[IporpamictTd MOXYTh JOKJIAJaTH BCIX 3yCWJIb JJisi POOOTHM HaJ BHUPIIIEHHSIM
npo0yieMd MAaIIMHHOTO HaBUaHHS, a HE 30CEPE/KYBAaTHCS Ha TEXHIYHUX HIOAHCAX
MOBH.

Kpim Toro, Python mpuBabmoe Oararbox po3pOOHUKIB, OCKIIBKH ii JIETKO
BuBUuTU. Kox Python 3posyminuii moasM, mo cropolirye noOynoBy Mojeied s
MaITMHHOTO HAaBYaHHS.

barato nporpamicTiB KaxyTh, 0 Python OuibmI iHTYITHBHO 3pO3yMUIUHM, HIK
1HIIIT MOBM TpOrpaMyBaHHs. [HINI BKa3ylOTh Ha Oe€314 paMok, Oi10T10TeK Ta
PO3IINPEHDb, SIKI CIPOIIYIOTH peanizaiiio pi3HUX (YHKIIOHATBHUX MOKIUBOCTEH.
3arajibHOBU3HAHO, 1110 Python migxoauTs 11t CIUIBHOI peati3allii, KO 3a11sH1 KiJIbKa
po3poOHuKkiB. Ockinbku Python € MoBOw 3araabHOTO TpPU3HAYEHHS, BIH MOXKE
BUKOHYBAaTH HaOlp CKJIQJHUX 3aBJAaHb MAIIMHHOTO HAaBYAHHS Ta JO3BOJIAE IIBHJIKO
OyayBaTh TPOTOTUIIM, IO JO3BOJSIIOTH MPOTECTYBATH Ball MPOIYKT MM IIiIel
MAITUHHOTO HAaBYaHHS.

BnpoBamxenns anroputmiB Al Ta ML mMoxe OyTu CKJIaJHUM 1 BUMarae 6araro
yacy. BaxnuBo cTBOpUTH 10OpE CTPYKTypOBaHE Ta IMEPEBIPEHE CepeOBHILE, 1100
PO3pPOOHUKH MOIJIM PO3POOMTH HaWKpalll pILIEHHS 010 PO3POOKH.

{06 ckopoTUTH Yac porpaMmyBaHHs, PO3POOHUKHU 3BEPTAIOTHCS 10 ACKITHKOX
dpeitmBopkiB 1 6i6mioTexk Python. biGmioreka mporpamHoro 3a0e3medeHHs - 1€
MOTIEPETHRO HAMKMCAHUN KOJ, KW MPOTPaMiCTH BUKOPHUCTOBYIOTH JJISI BHPIIICHHS

3arajJbHUX 3aBJIaHb IporpaMmyBaHHs. Python Mae GaraTuii HaO1p TEXHOIOTIH, ITUPOKHIA
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CIIeKTp O10I0TeK AJI IITYYHOI'O 1HTENEKTY Ta MAalIMHHOTO HaB4yaHHSA. Och Aeski 3
HUX:

- Keras, TensorFlow ta Scikit-learn g1 MalmMHHOr0 HaBYaHHS;

~ Pandas nns ananizy gJaHux 3arajJbHOTO MPU3HAYCHHS,

—  NumPy ans BuCOKO€(EKTUBHIX HAYKOBUX OOYUCIICHB Ta aHAJI3Y JaHUX;

~  SciPy nns po3mmpennx oOYUCIeHb;

—  Seaborn nns Bizyamizarii JaHuX.

Came ToMy 51 00paB MOBY niporpamyBaHHs Python sk ocCHOBHY MOBY peai3artii

JUIINTIOMHOTO ITPOCKTY.

2.2 Python 0i0sioTexn

bibmiorexka Python — e cykymHicTh (QYHKIIA Ta METOMIB, IO JI03BOJISIE
BUKOHYBaTHu Oe3miu niii 6e3 HamucanHs koxy. Hampukiman, 6i0mioreka 300pa’keHb
Python PIL (Python Image Library) € ogHi€to 3 0CHOBHHMX O10110T€K AJI YIIPaBIiHHSA
300pakeHHsMH B Python. Pillow - e aktuBHO po3BuHeHa rinka PIL. Open-CV (Open
Computer Vision) - me 6i6mioreka Python (takox mo'sizyerbest 3 C++, C# ToImo),
CIpsiMOBaHa Ha KOMI'IOTepHE OaueHHs Ta 0O0pOOKYy 300pakeHb Y peallbHOMY Haci.
Bona BukopuctoBye Numpy, iHmry 0i0mioTeky ans uucioBux omepaiiid. Koskna
010s10Teka B Python MICTUTB BeTMUY€3HY KUTbKICTh KOPUCHUX MOJTYJIB, K1 BU MOYKETE
IMIOPTYBaTH I CBOTO MIOJICHHOTO MporpaMmyBaHHs [8].

Benuka cranpapthHa 6i0mioreka Python, siky 3a3Buyail Ha3UBarOTh OAHIEIO 3
HaWOIBIIMX 11 CUIIBHUX CTOPIH, HaJla€ IHCTPYMEHTH, MPUIATHI JIJIs 0araThoX 3aBAaHb.
J1ist iHTepHET-10AaTKIB MIATPUMYIOTHCS 0araTo CTaHAAPTHUX (POPMATIB 1 MPOTOKOJIIB,
takux sk MIME 1 HTTP. Bin Bkitouae B cebe MOIyJl AJii CTBOPEHHS rpadiuyHuX
iHTepdeiciB KopucTyBaya, MiAKIIOUEHHS 10 PeNsUiMHUX 0a3 JaHWuX, TeHEepyBaHHS
MICEBIIOBUITAIKOBHUX YMCEN, apU(METUKY 3 IECITKOBUMH 3HAKAMH JOBLITHHOI TOUHOCTI,
110 MAHIIYJIIOE PETYJIIPHUMHU BUPa3aMH, Ta TecTyBaHHs [8].

Jleski dvacTMHH  cTaHAApTHOI  OIOMIOTEKM  OXOIUICHI  crerudikamisaMu

(mampukiiaz, peamizaiis iHTepdeiicy numo3y Beo-cepepa (WSGI) wsgiref Bianoinae
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PEP 333). Bonn BU3HA4aI0ThCSA KOJOM, BHYTPIIIHBOIO JOKYMEHTAIIIEI0 Ta HabopamMu
tecTiB. OnmHaK, OCKIIbKM OuTbIIa YacTWHA CTaHAAPTHOI  Oi0miOTEeKH €
KpocrmaTGopMHUM KofoM Python, nuine aexijibka MOAYJIB MOTPeOYIOTh 3MIHU a0o0
HepenrucyBaHHs I BapiaHTiB peaisarii [9].

Cranom Ha nucroman 2019 poky inaexc makyHkiB Python (PyPl - odimiiine
CXOBHIIE CTOPOHHIX MporpamMHuX MpoAykTiB Python), mictuts monan 200 000 makeTiB
3 HIUPOKUM CHEKTPOM (DYHKIIOHAIBHOCTI, BKIIIOUAIOUH:

- ABTOMAaTH3aIlIO;

- AHami3 JaHux;

- JlokymeHTaIli1o;

- MamunHe HaBYaHHS;

~ CucreMHe agMIHICTpYBaHHS;
- O06poOKky 300pakeHb;

- Beb6-dpeiimBopku;

- OO6poOka TekcTy;

- Pobota 3 6a3zamu JaHMX;

- Ta 06araro 1HIIHX.
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Pucynok 2.2 - Haitnonynsipuimn 016:1i0teku Ha Mol Python

yMC

Ha pucynky 2.2 300paxkeHi  HaunmomymsipHimn  O10mioTekH,  sKi
BUKOPUCTOBYIOTHCA 1HKEHEpPaMH MPHU pO3poOIll MPOrpaMHOro 3a0e3reyeHHsl Ha MOBI

nporpamyBaHnHs Python.
2.3 bioaiorexa Donkeycar

Donkeycar — 1i¢ MiHIMaJiCTHYHA Ta MOAYJbHA O0i0JiOTeKa IS PO3POOKHU
aBTOHOMHHMX MOOLTbHUX poOoTiB Ha Python. Bona cTtBOpena misi moOuteniB Ta
CTYJICHTIB 3 aKIICHTOM Ha IIIBUIKE CKCIICPUMEHTYBaHHS Ta MPOCTOTI BHECCHHS 3MiH Ta
JONOBHEHb KopucTyBayamu [10].

JluBHE 1M’ 51 pO3pOOHUKH 010J110TEKH MOSICHIOIOTH TUM, 1110 METOI0 010JTI0TEKH €

mo0y10Ba 4OrOCh KOPUCHOIO, @ CAM€ BICIIIOKM OyJIM OJHUMHU 3 MEPUINX 0JI0MAITHEHUX
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3rpaiHUX TBApUH, TAKOXK BIJIOMO 110 BOHU BIIEPTI Ta O€3IE€UHI 11 MATIOKIB. SIK TITbKU
MaIliHa 3MOKe MePeCcyBaTUCS 3 OAHOTO OOKY MICTa B 1HIIHA, PO3POOHHUKHN OOIISIOTH
nepeliMeHyBaTH ii B Ha3By sKOichk HeOecHoi icTtotu [10].

bi6moTreka Mae BenUKy KUIBKICTh BOYJIOBAaHUX Ta MPOTECTOBAHUX PIIICHb, SIKI
MPAITIOIOTh «3 KOpoOKkmy». [le mo30aBise mporpaMicTa BiJl 3aiBOTO KJIOMOTY Ta HAIa€
3MOry Kpaiie c(oKycyBaTHCs Ha BHUPIIIEHI OCHOBHOI 3ajayl. TakoX HE MEHII
BKJIMBUM ILTIOCOM € Te, 1o Donkeycar miaTpuMye BEIHKY KiJTbKICTh CEHCOPIB.

Jliist Toro, o0 Bam poOOT 3ampalfoBaB, BaM TOCTaTHLO OyJI€ HAIMCATH BChOTO
JECATOK PAIKIB KOy, B IKUX HEOOX1THO OMKMCATH MO, SIKl MPUCYTHI Ha poOOTi, B
SKOMY PEXHMI 3alycKaTh poOoTa Ta 3 SIKOK YacTOTOIO OHOBJIIOBATH BXIJIHI JaH1
(macmpapai 616;10TeKa o0aHaHa MOMIIUBICTIO OUTBIIT TOHKOI KOH(Irypatii podoTa,

po 1110 KOHQIrypailito 0yjae po3Ka3aHO B TPETHOMY PO3/1II TUILIOMHOTO MPOEKTY).

#Define a wvehicle to take and record pictures 18 times per second.

import time

from donkeycar import Vehicle

from donkeycar.parts.cv import CwCam

from donkeycar.parts.datastore import TubWriter
V = Vehicle()

IMAGE_W 160
IMAGE H 120
IMAGE_DEPTH = 3

#Add a camera part

cam = CwvCam(image_ w=IMAGE_W, image_ h=IMAGE_H, image_ d=IMAGE_DEPTH)
V.add(cam, outputs=["image'], threaded=True)

#wWarmup camera

wWhile cam.run() is None:
time.sleep(1)

#add tub part to
tub = TubWriter(path="'./dat’,

inputs=["image"'],

types=['image_array'])
V.add(tub, inputs=['image'], outputs=['num_records'])

record images

#start the driwve loop at 1@ Hz
V.start(rate_hz=10)

Pucynox 2.3 - Tlpukiian BUX1THOTO KOy IPOTPAMH

Apk.
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Ha (puc. 2.3) HaBeneHO NMPHUKIIAA BUXIIHOTO KOAY, KWW IHIIIATI3y€e€ CaMOro
poOoTa, micis 4oro iHimiaii3ye Ta AoJa€e A0 poboTa KaMmepy, sIKk OKpEeMHUN MOAYIb,
TaKOX BU3HAYae, 0 poOoT Oyae pooutu 10 ¢hoTo 3 Kamepu 3a CeKyHIy, Ta 30epiraTu
ix. [IpoanamizyBaBiM el KOJ, MOXHa 3 YINEBHEHICTIO CKa3aTH, IO MPOrpamicTy
AIICHO MOTPiIOHO AyMaTH TUIBKH PO OCHOBHY 3ajady Ta HE MeperiMaTHCs THM, SIK

caMe IMAKII0YA€ThCS TOW UM 1HIIUH MOJTYITb.

Control Mode a Max Throttle Throttle Mode

Joystick  Gamepad evice Til Select Max Throttle v User v

Angle &
Throttle

and

Mode & Pilot

User(d) v Click/touch to use joystic.

Start Recordi

Start Vehicle

Pucynok 2.4 - Be0 intepdeiic 610mo0Texn

Takoxx B 016mi0Teni TPUCYTHIN 3py4yHUl Ta 3po3ymunnii BeO 1HTEepdeiic (puc.

2.4). Ilicns npueaHAHHS O HBOTO, BaM CTaHYTh JOCTYIHI HACTYIIHI JIii:
— 3anmuc. Heob6xinno HatucHyTH Start Recording (po3nouatu 3amuc), o6 moyatu
3aMyucyBaTH 300pa)K€HHs, OTPUMYBATH JIaHl MPO KYyT MOBOPOTY Ta MOTOYHY

IIBUJIKICTh PO0OOTA;

Apk.
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~  Pexum aBTOoMaTHuHOI MBUAKOCTI. Hamae MOXIMBICT BCTAHOBUTH MOCTIAHY
MIBUIKICT. [le BUKOPHCTOBYETHCS B TOHKAaX, SIKIIO y Bac € MOJEHb, sKa
KOHTPOJIIOE TIIbKU KYT MTOBOPOTY KOJIIC, ajleé HE KOHTPOJIIOE IIBUJIKICTH;

—  Pexwum ninora. BMukae pydne kepyBaHHs poOOTOM;

- MakcumaneHa IBUAKICTh. BMHKae MakCHMalbHy IIBHAKICTh, SKY MOXE

PO3BUHYTH MOOUTHHUN aBTOMOOLITb.

BukonyBaTH 111 BCi KOMaHIA MOKHA HaBiTh 3 MOO1IBHOTO Tenedony. st iboro
HEe MOTPiOHO BCTAHOBIIOBATH AKICh CTOPOHHI J0AaTKH. Bee 1m0 3HaHOOUTHCS — 1€
TUIBKU Opay3ep.

Ax anbrepHatuBy BeO 1HTepdelcy, Uil KepyBaHHS pPOOOTOM MOKHA
BUKOPUCTOBYBATH ITPOBUN KOHTPOJIEP, SKUH CIIKYETHCA 3 pOOOTOM 3a JIONTOMOTOIO
Bluetooth curnamy. baratboM mrofsM Jiermie KepyBaThd MOOLIBHUM pOOOTOM 3a
JIOTIOMOT'O10 IrPOBOT0 KOHTpoOJIepa. ICHye KibKa 4aCTHH, K1 3a0€3ME€YYIOTh 1[0 OILIIO.

Beb-koHTposiep (skuif BBIMKHYTO 32 3aMOBUYYBaHHSIM) MOXeE OyTH 3aMiHEHUIN
JofaBaHHSIM OJHi€l JiHii komy. Ilicns mporo poboToM MoxkHaA OyJe KepyBaTH 3a
JIOTIOMOTO10 JiKOMCcTHKA. bi0mioTeka marpumMye BeIuKy KUTbKICTh JIKOHCTHKIB, IPOTE
Ha MPaKTUIIl TTOBEAIHKA MOXKE 3MIHIOBATHUCS 3aJIEKHO BiJl MOJenl Jpkorictuka. Kop 3a
3aMOBUYYBaHHsIM OyB HaIllMCaHWW Ta MPOTECTOBAHUM 13 KOHTposiepoMm Sony PS3
Sixaxis. [HIIII KOHTpOJEpH MOXKYTh NPAIFOBATH, ajieé 3HAJAOOSATHCS aJbTEPHATHBHI
nuIsixu BcTaHoByieHHS Bluetooth Ta HamamTyBaHHS mporpaMHOro 3a0e3nedeHHs JIst

MPaBUJILHOI OC1 Ta KHOIOK.

2.4 TlporpamHa apxiTeKTypa

ApXITEKTypa MPOrpaMHOTo 3a0e3MeUeHHs sBJsie COO0I0 paHHINA HaOlp BUPIIIECHb
3amaul abo K cucteMu 3a1a4d. BoHa npescraisie co00r0 aOCTPAKITIO IO CUCTEMU B
1JIOMY, BPaXOBYIOUM HaBITh HalMEHIII MPOrpaMHi MOJYJIl Ta CIOCOOM iX B3aEMO/IIi
M co6oro. [Tpu po3po0ili mporpaMHOi apXiTEKTYpH CITiJ1 3BEpTAaTH yBary Ha HACTYITHI

ITyHKTH:

Apk.

JIT1LIT13-29.113

3m. | Apk. Ne doxym. Hionuc | Aama

25




- Ilintpumka. IIporpama posaijieHa Ha OKpeMi MpoTrpaMHi MOy, SKI MOXKHA
JIETKO MATPUMYBATH, IOBTOPHO BUKOPHCTOBYBATH, aHATI3yBaTH, TECTYBaTH Ta
3MIHIOBATH;

-  @OyHKIIOHAJIbHA CTa0lIBHICTh. IIporpamMa moBuMHHA CTaOUIPHO BUKOHYBAaTH
cBoio (yHKII0. Km0 B omHOMY 3 ii MOAYJIB CTajJlach MOMMIJIKA, CHCTEMa
MOBWHHA BMITH MPABUIIBHO 11 0OpPOOUTH Ta MPOJIOBKUTH CBOIO POOOTY;

- EdextuBnicts. [Iporpama noBuHHa BUKOHYBATH TIOCTABIIEHY MEepE HEIO 3a/1a4y
YU CUCTEMY 3aJ1ad 32 PO3YMHHUH MPOMIKOK Hacy, P IbOMY BUKOPHUCTOBYIOUH
MIHIMaJIbHY KUIBKICTh PECYPCIB;

- 3pyuHicTh BUKOpUCTaHHS. [Iporpama MoBHHHA BOJIOAITH 3PYYHHM Ta JETKUM
iHTepdenicoM, 3aXUCTOM BiJl BBOJY HEKOPEKTHUX JAaHUX 3 CTOPOHH

KOpHUCTYyBaya.

Run the “vehicle loop” 30 times per second.

Get i ‘
Take ‘ Getuser | 2 : Update || Update J |
| 1 ' L = { S
picture. " input. | al:;%[ﬂ{ot : SLuS Eolcn ’ Save data. —

Pucynox 2.5 - OcHOBHI MO1yJTi MPOTPAMHOTO 3a0€3MEUECHHSI

B aumiomuomy mpoekTi Oynia po3pobiieHa MOyJIbHA TIPOrpaMHa apXiTeKTypa,
JIe KOYKEH MPOTrpaMHU MOJyJIb BUKOHYE TIEBHY 3a/1a4uy a0o ii 4acThHY, 110 T03BOJISE
3a0€3Me4YnTH BCl BULIE NEpeiyeHl MyHKTU. Y ciMa MOAYJISIMU Kepye TOJIOBHHI Kiac
Vehicle. Mu mMoxemo 101aBaTv, BUJAISITA 3MIHIOBATH Oyllb SIKHH MOJIYJIb OKPEMO,
IiCJsl YOoro TeCTyBaTH HOro MpOCTO JOJABIIM 10 OCHOBHOro kjacy. S BUIUIUMB 6

OCHOBHHUX MOAYJIB (puc. 2.5).

Apk.
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OcHOBHMI [MKJ TIporpamu, SKUH peanizoBaHo B kiaci Vehicle, mae

BukoHyBaTHcs 30 pa3iB Ha CEKyHAy Ta ONUTyBaTh ab0 KepyBaTh OKPEMHMHU

nporpaMHUMHU MonysisiMu. Hibkue HaBeneH1 Aii, siki Oy1yTh BUKOHYBAaTHUCS KOKHOTO

pasy npu MPOXOHPKEHHI OCHOBHOT'O ITUKITY:

vehicle state

Take

o3,

picture.

Get user
input.

Get i
— autopilot =
. input

PucyHok 2.6 - OTpuMaHHsI KapTUHKH 3 KaMepHu

Update || Update
servo. || motor.

—| Save data.

—

HeoOximno otpumatu 300paxkeHHS 3 KaMmepu, oOpi3aTH HOro A0 TMEBHUX

po3mipiB (B Hamomy Bunaiaky — me 120 x 160 mikcemniB) Ta HOpMalTi3yBaTH.

Takox MoxuBuHM 301p 1H(POpPMAIIii 3 IHIIUX CEHCOPIB AKIIO TaKi MPUCYTHI Ta

nigkarodeHi (puc. 2.6);

3m.

Apx.

Ne doxym.

Iionuc

Hama
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vehicle state

Take Get user | |
picture. || input. [
Http POST

Browser

Get !

. .| Update ||
aqtopllot A e, [
input

Update ||
motor. ||

Save data.

Pucynok 2.7 - OTpuMaHHs KOMaH]I BiJ] KOpUCTyBaya

—

- HaCTyrIHI/IM KpPOKOM H€O6XiI[HO IIOKa3aTn KOPHUCTYBady 306pa)KCHHH, SKC

O6aunTh pob6oT. Ile MoxkHaA 3poOUTH 3a AOMOMOror BeO 1HTEepdeiicy, B SKOMY

KOPHCTYBau 3MOK€ B peallIbHOMY 4aci 0a4uTH, T€ 10 0a4uTh poOOT. A TaKOX,

AKIIO POOOT TMpaloe B PEXKUMI PYYHOTO KEPyBaHHs, HEOOXITHO 3YUTATH

KOMaHIH, sKi Oysu BianpasiieHi kopuctyBaueM (puc. 2.7):

vehicle state

Take
picture.

Get user
input.

Get

. input

Neural net

— autopilot = Uleaki2

servo.

Update
motor.

Save data.

—

Steering &
Throttle

Pucynox 2.8 - O6po6xa 300pakeHHS HEUPOHHOIO MEPEKEIO

3m.

Apx.

Ne doxym.

Iionuc

Hama
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—  SIxuio poGOT mpailftoe B peKUMi aBTOIIOTA, OTpUMaHe 300paKeHHST HE0OX1THO

00poOHUTH 3a JOMOMOTOI0 HEHPOHHOT MEPEXi, MICISI YOro MOTPIOHO OTPUMATH

BUXI1JIH1 3HaueHHs (puc. 2.8);

vehicle state

Take
picture.

Get user
input.

50% duty cycle

4o L

: Get

— autopilot —

. input

75% duty cycle

AU UL

25% duty cycle

1T T]

Example PWM Signals

—

Update Update
servo. motor. || Save data.
PWM PWM
Value Value

Motor Controller

PWM PWM

Signal Signal

Servo ESC
Motor

Pucynox 2.9 - Iloaya curHasiB Ha OpraHu yIpaBJiIiHHSI poOOTOM

[licnss oTpuMaHHS KepylOuuX KOMaHJ BiJ KOpPUCTyBauda, abo X BiJ MoJemi

HEHWPOHHOI Mepexi, MOTPiOHO 0OpOOUTH 111 KOMAHAM Ta B MPaBUIbHIA QopMi

MO/ATH Ha BIJAIMOBIIHI OpraHu yHpaBiiHHS poOOTOM. I'eHepyeThbCsl IUPOTHO-

imrynbcHa monyisist (PWM), ska #t Oyae kepyBaTu CEpBOMPUBOJIOM Ta

X0JIOBUM MOTOPOM B 3aJICKHOCTI BiJl TPUBAJIOCTI IMITYJILCIB (pHC. 2.9);

3m.

Apk.

Iionuc

Ne 0okym. Jlama
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vehicle state

5 Get :
Take | Getuser | . .| Update || Update ||
picture. | input. [ aL;;%;Slot ‘| servo. [| motor. [] SENEETEL g

.json

w

user/steering: .
user/throttle: .4

Pucynox 2.10 - 36epexeHHss OTpUMaHOTO 300pakKeHHS Ta IAaHUX

~ OcTtanHIM KpOoKOM OyJe 30€pekeHHs OTPUMAHOro 3 KaMepu 300pa)KEHHS B
dbopmarti .jpg Ta CTBOpEHHS BiAmoBigHoro 3anucy B popmari JSON (JavaScript
Object Notation). B sxomy Oyne MicTuTUCH iHPOpPMALLiS TIPO T€, B IKY CTOPOHY
MOBEPTaB poOOT, 3 SIKOIO MIBUAKICTIO BIH iXaB B IaHWA MOMEHT 4Yacy Ta LUISAX J0
300paXK€HHs, HA OCHOBI SIKOIO aBTOMUIOT a00 XK KOPUCTYBau IMPHUMHSB Take

pimenHs (puc. 2.10).

2.5 ApxiTeKkTypa HeilipOHHOI Mepe:Ki

OCK1JIbKM OCHOBHUM Ta HaWOUIbII 1HPOPMATUBHUM JHKEpeNioM iHpopMallii, siKy
OTpUMYE€ pOOOT MPO HABKOJIMIITHE CEPEIOBUIIIE, € KaMepa, HEHPOHHA Mepe)ka TOBUHHA
BMITH PO3II3HABATH 300pKCHHS, 3HAXOJUTU HA HUX KJIIOYOBI €JIEMEHTH Ta Ha iX
OCHOBI MpUNMAaTH PIIIEHHS, BiJ AKUX OyJe 3ajekaTH alrOpUTM il B KOHKPETHIM

curyarrii [19].

Apk.

JIT1LIT13-29.113

3m. | Apk. Ne doxym. Hionuc | Aama

30




i
X
X
X
X
X
X

=
]

xX X X X
nnun

~tonnriral ~11+¥nnt

Keras / Tensorflow Autopilots

img in

Convolution2D(24,
Convolution2D(32,
Convolution2D(64,
Convolution2D(64,
Convolution2D(64,

Dropout(.1)(x)

Dropout(.1)(x)

wwouohuhom

~ ~ ~ ~ -~

mg in = Input(shape=(120, 160, 3), name='img_in')

strides=(2,2), activation='relu’
strides=(2,2), activation="relu’
strides=(2,2), activation='relu’
strides=(2,2), activation='relu’
strides=(1,1), activation='relu’

wwouohuoho;m
— — — — —
AN L
T N— N— —w “—
— — — — —

X X X X X
N S S S—

Flatten(name="'flattened') (x)
Dense (100, activation='relu')(x)

Dense(50, activation='relu')(x)

~F +heo

n ame]e
c -

ahgié;buf'=\Dense(15; activatioh='softmax', name="angle out')(x)

+ nf

throttlé_out =vDen$e(

+h
{

VI
(08 LE

1, activation="relu', name='throttle out')(x)

Pucynok 2.11 - ApxiTekTypa HEMpOHHOI MEPEXKI.

ApXiTeKTypa HEHPOHHOI MEPEXK1 BUTIIAIa€ HACTYITHUM YUHOM (puc. 2.11):

5 mapiB 3roptkoBoi HeilponHoi Mepexi (CNN a6o ConvNet). B mammnanOMYy

HaBYaHHI JIAaHUW TUIT MEPEX aKTHUBHO 3aCTOCOBYIOTH JJIS aHAJ3Yy 300pakeHb,

Bijico, Kiacudikallii 300paxkeHb, a Takox 1jsi oOpoOku moBieHHs (Natural

Language Processing)

Flatten (BupiBHIOBaHHS) mepeadavyae nMepeTBOPEHHs BCi€l 00'eAHAHOI MaTpuLl

Marl 300paxeHHs B OJUH CTOBITYUK, SIKUI TIOTIM MTOJAAETHCS B HEHPOHHY MEPEKY

1St 0OpOOKU;

HaCTyHHI/IM KPOKOM € BUKOPHCTAHHA BCKTOpA, SIKUH MU OTpuUMaJIKM BHUIIC, SIK

BX1J] JUTSI HEMPOHHOT Mepexi, BUKOPUCTOBYIoun (QyHKIII0 Dense B Gibmiorerti

Keras [22];

Dropout peani3yeTbcsi IUISIXOM BUITaIKOBOIO BUOOPY BY3JIB Il BUKUIAHHS 3

3a/1aHor0 WMOBIpHICTIO (Hampukian, 20%) KOKHOTO IUKITy OHOBJICHHS Barw.

Apk.
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DI'OpOllt BHUKOPUCTOBYETLCA  JIMIIC l'Ii,Z[ yaC HaB4YaHHI MO,ZICJ]i Ta HE

BUKOPHUCTOBYETHCA TP MPOTHO3YBAHHI.

Image Array Neural network.

Convolution layers

120 pixels high
160 pixels wide
3 RGB channels

Fully connected layers

- — Steering + Throttle

Pucynox 2.12 - CxemaTuuHuii BUTIIS HEUPOHHOT MEPEKI.

CxemaTUyHUM BUTJISA] HEUPOHHOT MEpEeXl Ta Te, K 300paKEHHS KPOK 3a KPOKOM

MIPOXOIUTH IO Hil, 300pakKeHo Ha PUCYHKY 2.12.

Model Predictions
Tubs: ./data/avc/good _fast laps_sat_at_3,./data/avc/barrels_sat_at 3
Model: ./models/avc_custom_train_r3.h5

Can we test " L E

an autopilot o Y L ol 1 )w muEnenr
WG N JH.‘ ”"F?r"/"r"w {l ﬁ] | I_nﬂg. l, llﬂLﬁlLWWWLr y I.’HMI
driving? o ! ‘

— pilot_angle
-1.00 user_angle

— pilot_throttle
— user_throttle

0 2000 4000 6000 8000 10000 12000 14000

Pucynok 2.13 - EpexkTuBHOCTI HEHPOHHOI MEPEXKI .

Apk.
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Ha pucynky 2.13 300paxeno rpadik, sKuid JOMOMOXKE OIIHUTH €(EeKTUBHICTh
TpeHoBaHoi Mozeni. JKoBTa JiHis MoKa3ye 3HaAUY€HHs, iKe BUOpaB KOpPUCTyBay IiJ] 4ac
TPEHYBaJIbHOI i3]I, a CHHBOIO JIIHI€IO TOKA3aHO 3HAYCHHS, sIKE BUOpaa HaTpEHOBaHA
MOJIeNTh HEHPOHHOT Mepexki. Mo)kHa TTOMITUTH, 10 B OLIBIIOCTI BUMAAKIB 3HAYCHHS
30iratoThCsi, a B JESKUX B3arajii iieHTu4Hi. lle roBopuTh HaM Mmpo Te, MO0 Mepexa

HaTpEeHOBaHA JIOCTATHHO Ta il MOYKHA IepeBipATH Ha Tpaci [12].

2.6 ApxiTeKkTypa anapaTHOi YaCTUHHU

®diHanbHUM eTaroM Oy/ie MiIKII0YEHHS anapaTHOl YaCTHHH.

.| XonoBuH
BATAPESA » " nBUrYH CEPBONPUBIJ
v | |
RASPBERRY
CTAEGINI3ATOP
HAMPYTH Pl HAT
A
»| RASPBERRY PI
A\ 4
KAMEPA

Pucynok 2.14 - Cxema miJIKJIFOYEHHSI allapaTHO1 YaCTHHH.
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3po0uTH 11€ HEOOX1AHO TaK, K MOKa3aHO Ha pUCYHKY 2.14. EnemMeHT KUBJICHHS
(Oatapest) HaM HEOOXIAHO MIAKIIOUUTH 0 CTAOUII3aTOpa HANpyTrd Ta IO XOJOBOTO
MoTOpa ogHodacHo. CTabuni3aTop HANPYTy HANAIITYBAaTH Ha BUXIJHY Hampyry B 5B
(1106 Ge3neuny Hanpyry ais Raspberry Pi), micis 4oro miakIrOUUTH 10 TOJIOBHOTO
koM torepa (Raspberry Pi). Jlo Raspberry migkmiodaemo kamepy 3a JOIOMOTOIO
crietiasibHOr0 po3’emy. Ilicis doro HeoOximHO mpuenHatu Raspberry Pi1 Hat, 3a
JIOTIOMOTOI0  SIKOTO OyJe 3MIMCHIOBAaTHCS KEpyBaHHS XOJOBUM MOTOPOM Ta

cepBompuBoioM [15].
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3 PEAJIIBALIA ITPOI'PAMHOT O 3ABE3IIEYEHHSA

3.1 Koa npoekTy

CtpykTypa mpOoeKTy BUTJISIAE HACTYITHUM YUHOM (puc. 3.1).

Project - B - o —
mycarbuster /work/projects/mycarbuskter
car
__init__.py
camera.py
controller.py
» .gitignore
config.py
manage.py
myconfig.py
requirements.txt
train.py

Pucynok 3.1 - CtpykTypa npoekTy

Yepe3 ckpunT manage.py MOXKHA 3allyCKaTh aBTOHOMHOTO po0oTa B Pi3HUX
pexuMax pobOTH, a TAKOXK TPEHYBATH MOJIeJIl HEHPOHHUX MEPEX Ha OCHOBI 310paHuX
poboTom maHux. Hwkde HaBeIeHO KOPOTKY JOTIOMOTY IO BUKOPHUCTAHIOK CKPHIITA.
OTo%, B CKpHIITA € ABA pSKUMHU poOOTH. Po3rissHeMo iX meraibHiIe:

—  Pexwum drive. BukopucToByeThCs /Uil 3amycKy poboTa B peskumi i3au. Takox

MOYKHA JIOJATH HACTYMH1 JOIaTKOBI OTIIIIi:

o --model — myst BHOOPY MoeNi Ky Oy/ie BUKOPUCTOBYBATH POOOT;
e --JS — aKTHBYE PEKUM 31 3 KOHTPOJUICPOM;
o --type —no3BoJisie BUOpATH TUI HEUPOHHOI MEPEXKI;
o --Camera — BuOIp TUITY KaMepH;
e --Mmeta — MmeTa gaHi.
~  Pexwum train. BUKopucToBy€eThCs TSl TPEHYBaHHS MOJIEII HEHPOHHOT Mepeki Ha

OCHOBI 310paHKX JaHUX:

Apk.
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o --tub — mIsEX 70 AUpPEKTOPIl i3 31I0paHUMHK JaHUMH,

o -file — muax mo ¢aiury, B sikoMy 3amucaHi IDISIXH A0 JUPEKTOPiH 3
TaHUMH TSI TPCHYBaHHS;

o --type — g omiris 103BOJISIE BUOPATH THIT HEHPOHHOT MEPEXKI;

¢ --CONtINUOUS — 3aCTOCOBYETHCS /TSI BAOCKOHAJICHHS BXKE HETPEHOBAHOI

MOJIEI.

Pucynok 3.2 - KopoTka qonomora 1o BUKOPUCTaHHIO CKPUIITa

Takosx MOXHa 3aITyCTUTH CKPHIIT 3 TOAATKOBHM TapamMeTpoM --help a6o -h, moo

oTpuMatu gornomory (puc. 3.2).
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absl-py=0.8.1
appdirs=1.4.4

astor=0.8.0
astunparse=1.6.3
attrs=19.3.0
black=19.16b@
cachetools=4.1.0
certifi=2019.9.11
chardet=3.0.4
Click=7.0
decorator=4.4.0
dnspython=1.16.0
docopt=0.6.2
donkeycar=2.5.8
eventlet=0.25.2
Flask=1.1.2
gast=0.3.3
google-auth=1.14.3
google-auth-oauthlib=0.4.1

moviepy=1.08.3
numpy=1.17.2
pauthlib=3.1.0
opt-einsum=3.2.1
pandas=1.0.3
pathspec=0.8.0
Pillow=7.1.2
proglog=0.1.9
protobuf=3.12.0
pyasnl=0.4.8
pvasnl-modules=0.2.8
python-dateutil=2.8.1
python-engineio=3.12.1
python-socketio=4.5.1
pytz=20819.3
regex=2020.5.14
requests=2.22.0
requests-oauthlib=1.3.0
rsa=4.0

google-pasta=0.2.0
greenlet=0.4.15
grpcio=1.29.0
h5py=2.10.0

idna=2.8

imageio=2.8.0
imagelio-ffmpeq=0.4.2
itsdangerous=1.1.0
Jinja2=2.11.2
Heras-Preprocessing=1.1.2

scipy=1.4.1

six=1.12.0

tensorboard=2.2.1
tensorboard-plugin-wit=1.6.0.post3
tensorflow=2.2.0
tensorflow-estimator=2.2.0
termcolor=1.1.0

toml=0.10.1
tornado=4.5.3
tgdm=4.46.0

Markdown=3.2.2
MarkupSafe=1.1.1
monotonic=1.5
moviepy=1.0.3

typed-ast=1.4.1
urllib3=1.25.9
Werkzeug=1.0.1
wrapt=1.12.1

Pucynok. 3.3 - Cicok HeoOXi1HUX 010T10TEK

3m.
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Takoxx mnus poOOTH mporpaMd HaM HEOOXIJTHO BCTAHOBUTH JOJATKOBI
010110TE€KH, CIIMCOK SIKUX MepeniueHuil y aitni requirements.txt Ta HaBEACHUN HUKUIE
(puc. 3.3)

He MeHIII BaXXKITMBOIO YaCTHHOO MPOCKTY € (haii 3 KoHpiryparnismu (config.py),
B SIKOMY IepesliueHl BCl HaJalITyBaHHS, 3 SIKUMU OyJe MpalfoBaTH aBTOHOMHHIA
MOOUTbHUM poOOT. OCKUIBKU € BENUKa KUIBKICTh PI3HOTO poay KoHbIrypaiii, 0yue

MEePEITIYCHO TUTHKY HAWBAKITUBIIII 3 HUX:

DRIVE_LOOP_HZ = 20

MAX_LOOPS = None

CAMERA_TYPE = "WEBCAM"
IMAGE_W = 160
IMAGE_H = 120

IMAGE_DEPTH = 3
CAMERA_FRAMERATE = DRIVE_LOOP_HZ

Pucynox 3.4 - ®aitn konpirypariii podorta

— Kondirypartisg yactotat oHOBJIEHHS (puc. 3.4) OCHOBHOTO IUKITY, SIKHIl BUKOHYE
yrnpaBiiHHS poOoToM. Takok Ha PUCYHKY MPUCYTHI KOH(QITYypallis KaMepu, a
came i TUI, IIMPUHA, BHUCOTA Ta TNIMOWHA KApTUHKH 1, 3BICHO, YaCTOTAa, 3 SIKOIO

Kamepa OyJie poOuTH HOBI 3HIMKH Ta 30epiratu ix.

Apk.
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STEERING_CHANNEL = 1

STEERING_LEFT_PWM = 500

STEERING_RIGHT_PWM = 290

THROTTLE_FORWARD_PWM = 700 lue f x f throttle
THROTTLE_STOPPED_PWM = 378 lue f ement
THROTTLE_REVERSE_PWM = 220 lue f x reverse throttle

Pucynok 3.5- ®aiin koHdiryparii podora.

Hwxue (puc. 3.5) mokazaHa KoH]iryparilisi IMOJOXKEHHS KEpyr4HX KOJIIC,
MaKCUMAaJIbHOTO KyTa iX MOBOPOTY (K B JIIBY TaK 1 B IIpaBy CTOPOHY), TAKOX
MaKCHMAaJIbHOI IIBUJIKOCTI poOOTa (K MpH 13711 BIEpe ] TaK 1 MpH 13/l Ha3a.), a

TaKOX HYJbOBa MIBUIKICTH (IIPH SIKIM pOOOT HE pyXa€ThCs).

DEFAULT_MODEL_TYPE = "linear"

BATCH_SIZE = 128

TRAIN_TEST_SPLIT

1|
=
[==]

MAX_EPOCHS = 100

Pucynok 3.6 - ®aiin koupirypaiii poborta

Takox B oMy (aitmi Mu MoxkeMo 3amatu KoHpiryparii (puc. 3.6) BiTHOCHO
TUITy MOJEN, CKUJIbKA 3alHCiB BUKOPUCTOBYBATH MPH BHUKOHAHHI OJHOTO

MPOXOJy TPAAIEHTHOTO CITYCKY, SIKUM B1JICOTOK 3aIlCiB BUKOPHUCTOBYBATH JIJIsI

Apk.
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TpeHyBaHb (peliTa BUKOPUCTOBYETHCS JUISI TIEPEBIPKH) Ta CKIIbKH €IO0X

TPEHYBAaTH MOJIETb.

class CameraConfiguration:
def _ init_ (self, vehicle: Vehicle, cam_type: str = “"single"):
self._vehicle = vehicle
self._cam_type = cam_type

def configure_camera(self):
print(f"[*] Camera type = {cfg.CAMERA_TYPE}")
self._configure_single_camera()

def _configure_single_camera(self):
if cfg.CAMERA_TYPE = "PIC#M”J
cam = PiCamera(
image_w=cfg.IMAGE_W, image_h=cfg.IMAGE_H, image_d=cfg.IMAGE_DEPTH
)
elif cfg.CAMERA_TYPE = "WEBCAM":
cam = lWebcam(
image_w=cfg.IMAGE_W, image_h=cfqg.IMAGE_H, image_d=cfqg.IMAGE_DEPTH
)
elif cfg.CAMERA_TYPE = "CVCAM":
cam = dk_image.CvCam(
image_w=cfg.IMAGE_W, image_h=cfg.IMAGE_H, image_d=cfg.IMAGE_DEPTH
)
elif cfg.CAMERA_TYPE = "MOCK":
cam = MockCamera(
image_w=cfg.IMAGE_W, image_h=cfg.IMAGE_H, image_d=cfg.IMAGE_DEPTH
)

else:
raise Exception(f"Unknown camera type: {cfg.CAMERA_TYPE}")

self._vehicle.add(cam, inputs=[], outputs=["cam/image_array"], threaded=True)

Pucynoxk 3.7 - Kitac CameraConfiguration

Buiie HaBeneHi TUTbKM OCHOBHI KOH(ITYpaIlii, Ha K1 CJI1J 3BEpHYTH yBary mpu
CTBOPEHH1 aBTOHOMHOT'O MOO1JIBHOTO po0OTa.

B monymi car 3Haxonmsthes aBa (paitniu camera.py Ta controller.py. ¥V daiin
camera.py imruieMeHToBaHo kiac CameraConfiguration (puc. 3.7) ocHOBHa 3ajada
SAKOTO — 1€ BU3HAYEHHS TUIy KaMmep (TUN KaMepu BKa3aHUN B KOHQIrypauiiHOMY
daiii) Ta B 3aJIeKHOCTI Bl TUIY KaMepu 11 KOH(ITyparltis, MpaBWiIbHE MAKITIOYEHHS
10 poboTa 3 yciMa HEOOXITHUMH NapameTpaMu. Y BHIMAJKY, SKIIO TUI KaMepu He

BKa3aHUW abo X HECYMICHUH, IpOrpaMa BUAACTh IOMUJIKY.

Apk.
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class ControllerConfiguration:
def __init_ (self, vehicle: Vehicle):
self._vehicle = vehicle
self._controller = None

def configure(self, use_joystick: bool):
if use_joystick or cfq.USE_JOYSTICK_AS_DEFAULT:

self._controller = controller.get_js_controller(cfg)

if cfg.USE_NETWORKED_JS:

network_js = controller.JoyStickSub(cfg.NETWORK_JS_SERVER_IP)
elf._vehicle.add(network_js, threaded=True)
elf._controller.js = network_js

S
5

else:

self._controller = LocalWlebController()

self._vehicle.add(
self._controller,
inputs=["cam/image_array"],
outputs=["user/angle", "user/throttle", "user/mode", "recording"],
threaded=True,

)

@property

def controller(self):
return self._controller

Pucynox 3.8 - Knac ControllerConfig

Bianosinno y daitni controller.py immiemenToBano kiac ControllerConfig (puc.
3.8), 3a71aua SAKOro BU3HAYMTH, UM POOOTA 3AMYIICHO B PEXKUMI KepyBaHHS (i3HIHUM
KOHTPOJIEPOM, Ta SIKIIO 1I€ TakK, TOJI MPAaBUIbHO CKOH(IrypyBaTH i A0AaTH HOro siK
00’exT 10 podoTa. dyHKIis configure mepeBipsie, uu Oyio nepenano use joystick abo
qu OyJio CKOH(IrypOoBaHO BUKOPHUCTOBYBAHHS JKOWCTHKA 3a 3aMOBYYBAHHSIM Yy
KoH(pirypamiiitHomy @aitmi. [ sxoo me Tak, BOHAa KOH(Irypye KOHTposiep 3
BIIMIOBITHUMH ITapaMeTPaMHu, IICJIs 9Oro JI0a€ HOTo J0 caMoro aBTOMOOLIS, a TAaKOX
30epirae cam 00’ €KT KOHTPOJUIEpa, SIKUM MU MOKEMO OTPUMATH 3a JIOTIOMOT'OF0 METOTY

controller.
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def drive(
cfg,
model_path: str = Naone,
use_joystick=False,
model_type=None,
camera_type="single",
meta="1linear",

print("[+*] Started configure vehicle...")

dk.vehicle.Vehicle()

vehicle =

print("[*] Setup camera...")
CameraConfiguration(vehicle, camera_type).configure_camera()
print("[+*] Camera is ready...")

print("[*] Setup joystick...")
ControllerConfiguration(vehicle).configure(use_joystick)
print("[*] Joystick is ready...")

Pucynok 3.9 - CtBopeHHs 00’€KTy poOOTa Ta J0JaBaHHS KaMEpH Ta KOHTPOJLIEPA.

¢byukiis  (drive), mo peamdizoBaHa B CKpUNOTI manage.py

HaJlalITOBye Ta KOH(QIrypye BCl HEOOXiAHI Moaysi mjisg pobota. s moyaTtky

OcHOBHa

HEOOXITHO CTBOPUTH 00’e€KT Kiacy podoTa (Vehicle) Ta momatu o Hei kamepy Ta

koHTposutep (puc. 3.9).

JIT1LIT13-29.113
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th_filter = ThrottleFilter()
vehicle.add(th_filter, inputs=["user/throttle"], outputs=["user/throttle"])
class PilotCondition:
def run(self, mode):
return mode == "user"
vehicle.add(PilotCondition(), inputs=["user/mode"], outputs=["run_pilot"])
class RecordTracker:
def __init_ (self):
self.last_num_rec_print = 0
self.force_alert = 0
def run(self, num_records):
if num_records is None:

return 0

if self.last_num_rec_print == num_records or self.force_alert:
self.last_num_rec_print = num_records

if num_records % 10 = 0:
print(f"[I] Recorded {num_records} records")

return O

rec_tracker_part = RecordTracker()
vehicle.add(rec_tracker_part, inputs=["tub/num_records"], outputs=["records/alert"])

Pucynox 3.10 - CtBopenns ta nogaBanHsi ThrottleFilter Ta PilotCondition

Komnu kamepa Ta KOHTpoJsiep TOTOB1, HACTYITHUM KPOKOM OyJ1e HAAIITyBaHHS Ta
nomaBanHg (puc. 3.10) mo pobora o06’extiB ThrottleFilter (HeoOXimHuit s
BU3HAYEHHS HANpsAMKY pyxy poOota. Bmepen abo nazan) ta PilotCondition (monae

YMOBY sIKa BU3HA4Ya€ XTO KEPye poOOTOM).

Apk.
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class RecordTracker:
def __init_ (self):
self.last_num_rec_print = 0
self.force_alert = 0
def run(self, num_records):
i1f num_records 1is None:
return 0
if self.last_num_rec_print == num_records or self.force_alert:
self.last_num_rec_print = num_records

if num_records % 10 = 0:
print(f"[I] Recorded {num_records} records")

return @

rec_tracker_part = RecordTracker()
vehicle.add(rec_tracker_part, inputs=["tub/num_records"], outputs=["records/alert"])

if cfg.AUTO_RECORD_ON_THROTTLE and isinstance(ctr, JoystickController):

def show_record_amount_status():
rec_tracker_part.last_num_rec_print = @
rec_tracker_part.force_alert = 1

# Todo: move to controller

ctr.set_button_down_trigger("circle", show_record_amount_status)

Pucynox 3.11 - CtBopenns ta nonaBanHsi RecordTracker

HacTtymauMm kpokom Mu foaemo 10 podora 06’ext RecordTracker (puc. 3.11),

SIKUH OyJ/ie BUBOJIUTH ITOBIIOMJICHHS B TEpMiHAJ, KOJIM KIJIbKICTh 30€pEKSHUX 3aIUCIB

Oyne kpatHa 10, mo B cBOro yepry Oyae iHPOpMyBaTH KOPUCTyBada MpO KUIbKICTh

30€peKEHUX 3aMMCiB MiJ 4yac HaBuyaiabHOi 131u. I[licias Toro, sk 0O’€KT A0JaHO,

HeoOximHo nepeBipuTH, 4 yBiMkHeHa onilis AUTO RECOED ON THROTTLE ta

Yy TMPUCYTHIM JKOHUCTHK. SKII0O L€ Tak, MU BMHUKA€EMO JIOTYBaHHS KUIBKOCTI

3pO0JICHHUX 3aIMCIB, a TAKOXX PEECTPYEMO (DYHKIIIIO, sika Oy/e BUBOJIUTH KIJIBKICTh

3p0o0JICHUX 3alMCiB Ha JaHUM MOMEHT MpPU HATUCKaHHI Ha KOJO (KHOMKAa Ha

JKOUCTHUKY).

Apk.
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class ImgPreProcess:

def __init__(self, cfg):
self.cfg = cfg

def run(self, img_arr):
return normalize_and_crop(img_arr, self.cfg)

inf_input = "cam/normalized/cropped”
vehicle.add(
ImgPreProcess(cfg),
inputs=["cam/image_array"],
outputs=[inf_input],
run_condition="run_pilot",

)

inputs = [inf_input]

Pucynok 3.12 - CrBopenns ta nonaBanss ImagePreProcessor

JlomaBanns 00’exty ImagePreProcess (puc. 3.12), skuii Bignorigae 3a o00poOKy
300pake€Hb J0 TOTO, sIK BOHU OYIyTh 30epexeHi, HeoOXITHUM Il HopMasi3allli Ta
oOpi3aHHs KapTUHKU BIAMOBIIHO A0 KOHPIrypaliii, siki Oyiau 3a7aHi KOPUCTYBadueM.
Hopmanizaiiis 300pakeHHs — 11e TUTIIOBUH Mpo1iec 00poOKH 300paxeHb, SKU 3MIHIOE
Jiara3oH 3HA4YeHb IHTEHCHUBHOCTI TIKCENiB. 3a3BHYall MOro MpU3HAYCHHS —
NEPETBOPUTH BX1JHE 300paKEHHS B J1alla30H 3HAYEHb MIKCENIB OLIbII BIZOMHUX a00
HOPMAaJIBHUX JJIs1 OpPraHiB YyTTA — 3BIJCH MOXOJUTh TEPMIH «HOpMaTizalis». O0pizka
300paskeHHs] HeoOX1Ha JIJIsl 3SMEHIIICHHS KUTBKOCTI MIKCENiB, PO3MIpy 300pakeHHs, a
TaKOX, 1€ JIO3BOJIUTH 30€epiratu 300pake€HHs 3 0JTHAKOBOIO IITUPUHOIO Ta BUCOTOIO, 1110

3HAQYHO MOJIETIINTh MOAAJIBIIY X 00POOKY.
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class DriveMode:
def run(self, mode, user_angle, user_throttle, pilot_angle, pilot_throttle):
if mode = "user":
return user_angle, user_throttle

elif mode = "local_angle":
return pilot_angle, user_throttle

else:
return pilot_angle, pilot_throttle * cfg.AI_THROTTLE_MULT

vehicle.add(

DriveMode(),

inputs=[
"user/mode",
"user/angle",
"user/throttle",
"pilot/angle”,
"pilot/throttle",

1,

outputs=["angle", "throttle"],

Pucynok 3.13 - CtBopenHns ta nogaBanss DriveMode

O6’ext DriveMode (puc. 3.13) HeoOXimHMI I BU3HAYEHHS, XTO B JaHUI

MOMEHT K€py€ aBTOHOMHUM MOOUIBHUM pOOOTOM.

from donkeycar.parts.actuator import PCA9685, PWMSteering, PWMThrottle

steering_controller = PCA9685(

cfg.STEERING_CHANNEL, cfg.PCA9685_T2C_ADDR, busnum=cfg.PCA9685_TI2C_BUSNUM
)
steering = PWMSteering(

controller=steering_controller,

left_pulse=cfq.STEERING_LEFT_PWM,

right_pulse=cfg.STEERING_RIGHT_PWM,

throttle_controller = PCA9685(

cfg.THROTTLE_CHANNEL, cfg.PCA9685_TI2C_ADDR, busnum=cfg.PCA9685_TI2C_BUSNUM
)
throttle = PWMThrottle(

controller=throttle_controller,

max_pulse=cfg.THROTTLE_FORWARD_PWM,

zero_pulse=cfg.THROTTLE_STOPPED_PWM,

min_pulse=cfg.THROTTLE_REVERSE_PWHM,

vehicle.add(steering, inputs=["angle"])
vehicle.add(throttle, inputs=["throttle"])

Pucynok 3.14 - CtBopenns ta nonasanas PWMSteering 1 PWMThrottle
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Tenep HeoOXigHO H0oAaTH ABa 00’ €KTH (pHcC. 3.14), 63 IKHX aBTOHOMHHUH po0OOT
HE 3MOXKE MePEeCyBaTUCS B IPOCTOPI.

PWMSteering — 00’ekT, sSIKAK BIAMOBIZA€ 3a YIPABIIHHSI CEPBOIPHBOIOM.
CepBomnpuBi — I1€ HEBEJIUKHI MPUCTPiH, IKUN BKITFOYA€ B ceO€ TBOIIPOBITHUMN TBUTYH
MOCTIMHOTO CTPyMy, 3yO4YacTHil TpPHBIA, TMOTEHIIIOMETP, IHTETPAIbHY CXEeMy 1
BUXIJHUHM BaJsl. 3a JOMOMOTOI0 CEPBOMPUBOJLY, POOOT 3MOKE BUKOHYBATH KEPYBaHHSI
KEPYIOUUMH KOJIECAMH.

PWMThrottle — 00'exT, skl BiAmoBigae 3a yNpaBIiHHSI XOJOBHM MOTOPOM.
CamMe BiH JI03BOJIsIE€ KEPYBATH MIBUAKICTIO 13711 poOOTa Ta HAMPSIMKOM PYXY.

Ha mpomy mnporpamHa yacTuHa, SKa BIJINOBIJAE 32 KEPYBaHHS pOOOTOM

3aBCPILICHA.

3.2. Peasizanis anapaTHOl YaCTUHH

Peanizariisi anapaTHOT YaCTUHU € HE MEHIII BaXJIMBOIO, TOMY IO came BiJ Hel
3aJIeKaTh BCl TEXHIUHI XapaKTEPUCTUKH Ta MOXKJIMBOCTI aBTOHOMHOI'O MOOLIBHOTO

pobora.

Apk.
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Pucynox 3.15 - baza aBToHOoMHOT0 po6oTa

ba3y aBToHOMHOT0 po00Ta B35TY 3 MAllIMHKX HA pajiiokepyBaHHi Mozeni Himoto

(puc. 3.15). Bona o0najmHaHa TOBHUM NPHUBOJOM, SIKUW 3a0e3mnedye OJHAKOBUMN

KpPYTHUH MOMEHT Ha YOTHUPHOX KOJIecax, 110, B CBOIO YEPry, J0MoMarae poOoTy Kparie

TpuMaTHucs Ha Tpaci. Takox 6a3a Himoto Boiosie HAaCTYMMHUMH XapaKTePUCTUKAMH:

Macmrab: 1:18;

Tun nuryna: Enexrpuynnii;

MakcuManbHa mMBUAKICTE: 40 KM./TO.;

Bara: 600 rp.;

Axymynstop: LiPo, emnictio: 1500 MA ‘rox, Hanpyroto: 7.4 B;
I"aGaputu: 255 x 185 x 90 mm.

Apk.
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Pucynok 3.16 - Raspberry Pl 4 model B

Raspberry PI 4 model B (puc. 3.16). Came 1m0 miaty Oyno oOpaHO st
BUKOHAHHS BCiX 00YUCIIEHb, 00pOOKH 300paKeHb, 3UNTYBAHHS MMOKA3HUKIB 3 Pi3HOTO
poay ceHcopiB, 0OpoOkH 1H(oOpMaIlii Ta MOJaHHS BIANOBIIHUX CUTHAJIIB Ha OpraHu

yHOpaBIiHHS (CEPBOMPHUBII 1 MOTOD).

Pucynok 3.17 - Servo Driver HAT

Apk.
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[ToTpi6HO cka3atu, mo Raspberry Pi € 1ocuth NoTy>KHUM y O1IBIIIOCTI BUMIAKIB,
ajie BIH HE HACTUIbKU XOpomui y 3abe3nedeHHi ToyHoro Buxonay LIM (mmpoTtHO
iMynbcHoi Moxayisuii). Ham motpiben Servo Driver HAT (puc. 3.17) uepes
obmexxeny kuibKicTh Buxiguux IIIM kananiB Ha Raspberry, a Takox udepes Te, 110

Servo Driver HAT 3a6e3neuye Oi1bIlI YUCTHI CUTHAIL.

Pucynox 3.18 - Moayns nepeTBoproBaya 0JI0KY KUBJICHHS

Jns toro, moO 3abe3medyyBaTu cTabuIbHE JXKUBJICHHS 11 Raspberry Pi, s
BUKOPUCTAaB MOJyJIb TepeTBOpioBada 00Ky >kuBieHHs (puc. 3.18) depes iioro
0COOJIMBOCTI:

— boproBuii MUYUIBHUK HANpyrd MOXKE BiOOpa)kaTW 3HAYEHHS BXIMHOI abo

BHUX1JIHOI HAlpyTrH, a JiBa CBITJIOAI0M BKA3yIOTh Ha MOTOYHUI BiIOOpaKeHHS

(Bx17 2060 BUXiN);

- Kwuomnka BiakiIro4eHHs. (HATUCHITH Ha HET, 1100 3aKPUTH BUXI1);

—~  MoOXIHMBICTh BCTAHOBHTH HAIPYTy BUXO/TY 3a 3aMOBUYBAHHSIM;

- Bci 3amani mapameTpu eHeproHe3aneKHi,

- 5A, BHCOKa MOTYKHICTh, BUCOKA €()eKTUBHICTh, HU3bKA MYJIhCAIlis;
- Bxiana nanpyra 5,0 ~ 36B;

— PerynwroBanuii gianazon BuxigHoi Hanpyru 1,2 B ~ 32 B;

—  Buxignuii ctpym 10 S5A;

Apk.
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- Buxigna notyxHicTh 10 75 BT;
- Bucoka edextuBHicTh KOHBEpCii 10 96%;
- BOymoBaHuMii TepMO3aXHUCT Ta 3aXHCT BiJI KOPOTKOTO 3aMHKAHHS;

— Poswmip: 66 * 39 * 18MmmMm.

Pucynok 3.19 - Raspberry PI 8MP Camera module V2

Raspberry PI 8MP Camera module V2 (puc. 3.19) € roJoBHUM MOIyJeM IS
CpUUHATTS 1HGOpPMAaIlil PO HABKOJUIIHIN CBIT Ha poOoTi. BiH Mae Han3BU4aitHO
sakicHui 8 Mn (MerarmikcenbHuit) natuuk 300paxkenHs SONY IMX219 ta 00'ekTuB 13
dikcoBanum ¢okycom. Lleit momynp kamepu V2 37aTHUN 0 CTATUYHUX 300pa’KeHb
3280 x 2464 mikceniB, a TAKOXK MIATPUMYE BIJIEO B HACTYITHHUX PO3IIMPEHHSX:

o 1920 x 1080 mikcemniB 3 yactororo B 30 fps;

o 1280 x 720 mikceniB 3 gacToToro B 60 ps;

o 640 x 480 mikceniB 3 yacToToro B 90 fps.

Apk.

JIT1LIT13-29.113

3m. | Apk. Ne doxym. Hionuc | Aama

o1




Pucynox 3.20 - 3’enHaHHs BCIX CKJIaJI0BUX alapaTHOI YaCTUHU

[Ticns 3'eqHaHHA BCIX HEOOXITHUX I pOOOTH pobOTa anapaTHUX YaCTHH (puC.
3.20) Ta mepeBipKHU iX CIIPABHOCTI, K HE3aJEKHO OJMH Bij OJJHOTO, TaK 1 B 310paHOMY
BUTJIAIL. TakoX HEOOXI1THO MEePEeKOHATHCS, 10 KHOMKA aBapiiiHO1 3yNMUHKU poOOTa
MIpaIfoe CIIPaBHO, a BC1 JIaHi 310paHi aBTOHOMHHUM POOOTOM 11/l 4ac HaBYAJIbHOI 131U
30epiratoThcs KOPEKTHO. Temnep yac 3apsauTyu 0aTtapero Ta MiAroTyBaTUCS 0 300py

JAHUX JUJISl TPEHYBAaHHSI HEMPOHHOI MEpPEexKI.

3.3 TpenyBaHHsI HeIliPOHHOI Mepe:ki

[lepm HIX mepelTH A0 TPEHYBAHHS HEUWPOHHOI MepexXi, HEOOXITHO YITKO
PO3YMITH, IO JOCTAaTHHO JAHUX JJIsl TPEHYBAaHHS Ta BOHM BiA(IIbTpoBaHI. SKIIo
TOBOPHUTH TPO KIIBKICTh, TO YAM OLIBIIE JaHUX MU 3MOXKEMO 310paTu, TUM KpaIle
poOoT Oyzae OpieEHTYBAaTHCS Ha Tpacl Ta 3MOXK€ NpUMMaTH MpPaBUIIbHI PIIICHHS B

PI3HOMAaHITHUX CUTYaIlisiX.

Apk.
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Pucynox 3.21 - 36ip nanux A TpeHyBaHHS HEHPOHHOT MEpexi

Hac BiamToBye BUIIaIOK, KOJIM pOOOT MOBHICTIO BUBYUTH Tpacy 1 Oyjae 4iTKO
3HATH, K1 KOMaH/1 Ha OpTraHu KepyBaHHs HEOOX1IHO M0/IaBaTH B TaHUH MOMEHT 4Yacy.
16000 3ammciB — came CTUTBKH BIajocs 310patu mija yac HenepepBHoi i3au (puc. 3.21),
aye 1e 1me He Bce. Tenep Il BCl J1aHI HEOOX1THO TIEPEBIPUTH, a B JESKUX BHUMAJKaX
ckoperyBaru. lleli mporec 3aliMae HaiOinblIe yacy Ta BuMarae yBakHocTi. [1]o6
CIIPOCTUTH 1IeH TOBruil mpoiiec, 0yso po3podsieHo ckpunt (Ha moBi Python) 3 GUI
(rpadiunuM iHTEpdErcoM KOPUCTyBayda), SIKHM 3YMTYBaB KapTUHKH 3 BIIMOBITHUMU
MeTaJaHUMH, sKi 3anucyBainuch B (ain 3 ¢opmarom JSON (JavaScript Object
Notation), Ta BigoOpaxkaB kopuctyBauy. [licis 1poro MoxkHa 0ysi0 CKOperyBatu JaHi
Ta 30eperTy 3amnuc ado X BUAATUTH MOBHICTIO [16].

CaM mporec TpeHyBaHHS BHKOHYETHhCS 3a JOMOMOIOI0 CKpHMTa train.py.
3a3Buyaii et mpouec 3aiimae Big 10 10 40 XBUIIMH — BCE 3aJI€KUTh BiJl MOTYXHOCTI
KOMIT'FOTepa, Ha SKOMY TPEHY€EThCS MOJEIb, BiJl KITbKOCTI TaHUX JIJIsl TPEHYBaHHS Ta,

3BICHO, BiJ KIJIBKOCTI 3aJaHUX €IO0X.
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3.4 TecTyBaHHS Ta NOPIiBHAHHS Mo/iejieil HEHPOHHOT Mepe:Ki

Hns  Ttoro, moO BuOpatn HaWKpamly MoOJedb, HEOOXIJHO BHU3HAYUTH
HaWBaXUIMBIIII KPUTepii, HA sKI MOTPiOHO 3BepTatu yBary. Yac, cTaOUIBHICTH Ta
aKypaTHICTh — caMe Il TPU CKJIAJ0B1 OyiIH B3STI 32 OCHOBY Ta caMe BOHM BU3HAYAIN

SKICTh HEHPOHHOI MOJIEIII.
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Pucynok 3.22 - I'padik epexTuBHOCTI MOAEII

Ha pucynky 3.22 300paxkeHo rpadik, Ha SKOMY MOKHA MOOAYUTH HaWKpaIui
yac, 3a AKUi poOOT MOJ0JIaB KOJIO. 3eJieHa JIiHIsA MOKa3ye HalKpaliuid yac, 3a KUl
poOOT 3MIT MOM0JIATA KOJIO TiJ YHPABMIHHAM JIOJUHU. YepBOHI Ta CHHI TOYKH
TOKA3yI0Th Pi3Hi BAPiaHTH TPEHOBAHUX MOJENel HEHPOHHUX MepeX. [X TpeHyBaHHs

BiZIOyBaJIOCS O PI3HOMY, SIKICh TPEHYBAJIM Ha MEHIIIN KijbKocTi ganux [15].

Apk.

JIT1LIT13-29.113

3m. | Apk. Ne doxym. Hionuc | Aama

54




4 BIBHEC-IIVIAH

4.1 BizHec-mMoeJIb MPOXYKTY

[Ilo6 ekOHOMIYHO OOTIPYHTYBATH JAaHUM MPOIAYKT HEOOXITHO CKJIACTH Oi3HEC
IJ1aH, SKUM OyJie ONMMCyBaTH B3a€EMOJII0 JIBOX CYO’€KTIB - Hac, sIK BUPOOHHKA
MPOJIYKIlii, Ta KIHIIEBOTO CIOKMBAa4a, SKWW BUKOPHCTOBYBATHME aBTOHOMHOTO
pobora.

CTBOpeHHST aBTOHOMHOTO pPOOOTa 3 eJIeMEHTaMH MAIlIMHHOTO HaBYaHHS
BUpINIy€e MpoOJeMy AOCTYIHOCTI POOOTIB Ta CHpHUs€E MOMyJspHU3alii po3poOKu
IPOrpaMHOro 3a0e3MeUeHHs 3317151 33JI0BOJICHHSI TOOYTOBUX MOTPEO HACEJICHHS.

[ITabmon Oi3Hec-mozeni 1 TexHIKM MojenoBanHa A.OcTenbBabaepa
J03BOJISIIOTH  3pOOUTH  O13HEC-MOJIeNIb 1HTYITUBHO OYEBUIHOIO IS CIICIHIaJICTIB
pizHoro piBHs. bizHec-Mozaenb A.OctepBainbepa CKIaIaeThes 3 9 YaCTHH:

- KitrouoBi naptHepu;

- KitrouoBa JistabHICTB;

- Pecypcu;

- [IpoaykT (TIpomo3uiLis IIHHOCTI);

- B3aemo s 3 KJIl€HTaMu;

- JloricTuka;

- KitrouoBui KJTI€HT;

- CTpyKTypa BUTpaT;

- CTpyKTypa 10XO/iB.

OnucaBiy BCl MepepaxoBaHi BUILE MYHKTH MU OTPUMAEMO MITICHY KapTHUHY
pO3poOKM Ta peadizailii HamIoro NpoaykTry. Tomy mpoHaeMoch MO KOXHIA 13
CKJIaZIOBUX O13HEC-MOJIENI Ta po30epeMo TOJI0BHI TUTAHHS.

1. KimrouoBi napTHepu. ['0J0BHE MUTaHHS — XTO HaM JloriomMarae?

KitouoBuMH napTHepamu, siKi TOMOMOXKYTh HaM peali3yBaTH MPOEKT, OyAyTh,
MepII 3a Bce, BUPOOHUKH Irpariok, 30KpeMa KOMITaHii, K1 BUPOOJISIFOTH 1rpanikoBi

Mojiesll MalmuH. TakoX, BapTO 3aIyYUTH JONOMOTY MApPKETHMHTOBUX KOMIIAHIN, SIKi
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JOTIOMOXKYTh €(DEKTUBHO MPOCYBATH HAIll MPOAYKT 3a JONOMOIOK0 PEKJIaMH Ta IHIINX
3ac001B, Ta TOProBi KOMIIaHii, sIK1 JO3BOJISATH HAM YCHIIIHO MPOJaBaTH HAII MIPOIYKT.

Takox BaXJIMBUMH MapTHEpPAMU CTAHYTh Halll KIIEHTH, KI MAaTUMYTh 3MOTY
KOMYHIKYBAaTH 3 pO3pOOHMKaMH, BUCIIOBIIOBATH CBOi 3ayBa)KEHHS Ta MOOaXKaHHS
010 HOBOTO (¢yHKIioHany. KiieHTn 3MOXyTh HaJaTH BIATYKHA HPO CHUCTEMY Ta ii
dbyHKITIOHA, 110 JO3BOJIUTH IT1IBUIIYBaTH PIBEHB SKOCTI HAIIOTO MPOIYKTY, BBOJUTH
HOB1 (YHKIIIT Ta MOKpAIlyBaTH BKE HAsSBHI OCOOIMBOCTI CUCTEMH.

2. KirouoBa nisnpHICTh. ['0T0OBHE MUTaHHS — 10 MU POOUMO?

Hame mnpiopuTeTHe 3aBAaHHSA, 3BUYAHO XK, pO3poOKa, MIATPUMKA Ta
BJIOCKOHAJICHHSI aBTOHOMHOTO MAIlIMHHOTO po00oTa 3 eJIeMEHTaMH MAIIUHHOTO
HaBYaHHA. TakoXX BaXJIMBUMHM HalpsiMaMd Haloi JISJIBHOCTI € po3poOka
MapKETUHIOBOI CTpaTerii, aKkTUBHUN MapKETHUHI Yepe3 COollajbHlI MEPEXi Ta 1HIII
3aco0u MacoBoi iH(popMallii, MOIIYK HOBUX KJIIEHTIB Ta MapTHEPIB.

3. Pecypcu. I'osioBHE UTaHHS — SIKUMU pecypcaMu MU BOJIOJIIEMO?

JUist 3A1ICHEHHS 1[J1eH MPOEKTY MOTPIOHO MaTh HEOOX1THI EKOHOMIYHI peCypcH
— CYKYITHICTb 3ac00i1B, 32 JOIIOMOTOIO SKMX MM MOXEMO JIOCSITTH METH 1 OjepKaTu
OUIKYyBaHUUN pe3ynbTar. byayTh BUKOpPHCTaHI Taki EKOHOMIYHI PECypCH: TPYJOBI
(paxiBul 3 mporpaMHOi 1HXXEHepii), (iHAHCOBI (OIUiaTa Mpaii, KYMIBJIsS KOPIyCy
po0oTa, omiata iIHTepHETY, OIUIaTa MiATPUMKH pOOOUYOTO CepeOBHINa), MaTepiaibHi
(KOMILTIEKTYI041 CUCTEMU ), iHhOpMalliiiHi (MApKETUHTOBI KaMIlaHii) Ta 1HII PECYPCH.

4. Ilponykt. ['o0OBHE MUTaHHS — SIKY LIIHHICTh MU IPUHOCUMO KJII€EHTaM?

Po3pobnennii  aBTOHOMHHIT poOOOT 3IIHMCHIOE TOMYJSPU3AINI0 HAyKH Ta
pOOOTOTEXHIKH, B TOMY YMCIII CEpeJl CTYJIEHTIB TEXHIYHUX CHEIlalbHOCTEH BUILIUX
HAaBUYAJIBHUX 3aKJIaiB. 3aBISKH TaKUM pPOOOTaM CTYJEHTH MOXYTh CaMOCTIIHO
BUBYATH POOOTY KOMIUIEKTYIOUMX CHCTEM, a TaKOoX pO3pOoOJATH MpOrpaMHe
3a0e3MeyeHHs] 3 eJeMEHTaMH MAIIMHHOTO HaB4YaHHA. OKpiM MPOCTOTO MPOIAKy
IPOAYKTY MU IMPOMNOHYEMO TaKOX TEXHIUHY MIATPUMKY JaHOI CHUCTEMH, ii MOCTIiiHE
BJIOCKOHAJICHHS, J0JIaBaHHS HOBUX (DYHKIIIM Ta IMIUIEMEHTAIlIF0 HOBHX TEXHIYHHUX

3ac00iB. BaximBow XapakTepUCTUKOK pPo0OTa € MYJIbTUILIATGOPMHICT —
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yHOPaBIIiHHSI POOOTOM MOXKE 31HCHIOBATUCH HA OyAb-SKOMY MPUCTPOI 32 JOTOMOTOIO
Bluetooth Texnomortii.

5. B3zaemomis 3 kirieHTOM. ['0JI0BHE NUTAHHA — SIK MU B3a€EMOIIEMO 3 KJIIEHTOM?

3amoBJIeHHS poOoTa Oyne 31HCHIOBATHCh 3a JOIMOMOTOI0 PI3HHUX 3ac00iB
3B'SI3KYy, HANpPHKIAJ, EJICKTPOHHE JHCTyBaHHS, TeneoHH! I3BiHKH, Tomio. Lle
3a0e3reuyBaTUMe TICHY KOMYHIKAIII0 3 KIIEHTaMH Ta JIO3BOJIUTH OJIHOYACHO
OTPUMYBATH BIITYKH PO aBTOHOMHUN aBTOMOO1IIb.

6. Jlorictuka. ['oToBHE TUTAaHHS — SIK KJIIEHTH J13HAIOTHCS TIPO HAC?

PosnoscromkenHss 1Hpopmarllii mMpo aBTOHOMHOI'O poOOoTa BiIOYBAaTUMETHCS
yepe3 Mepexy IHTEPHET, OCKUIbKM JaHui crhocid €  HaiijemeBIuM Ta
HAUTIOMYJISIPHIIINM cepell IUIboBOI ayauTopii. HeoOXigHO OIIaTUTH XOCTHUHT Ta
po3poduTu caT-Bi3uTKy. Koormepaiiisi 3 MapKeTUHTOBUMU KOMITIAHISIMU J103BOJIUTH
HaM e(DEeKTUBHO TIPOCYBATH HAII POIYKT 3a JOTIOMOTOI0 PEKIIaMH, & TUCTPHO FOTOPH
OyIyTh BiABIJYyBaTH BUIII HaBYaIbHI 3aKJaad 3 METOI O3HAWOMJICHHSI MOXJIMBUX
KJIIEHTIB 3 HAIIOI0 CUCTEMOIO.

7. KirodoBuii kimieHT. ['0JJIOBHE MUTaHHS — KOMY MU JIOTIOMaraemMo?

Ha »xainb, nep:xaBH1 BUII HABYAJIbHI 3aKJIa1 HE 3aBKIU BCTUTAIOTh UTH B HOTY
3 Cy4aCHHMHM TEXHOJIOTISIMH, a OIOPOKpATUYHI MPOIIECH HE 3aBXKIU JA03BOJSIOTH
3MIMCHIOBATH 3aKyIIBIIO HEOOXIIHMX CHCTEM, 30KpeMa 3 1HO3EMHOIO pPHHKY.
Po3pobsiennii mpoayKT NpUAATHUN OoJpa3y s BUKOPHUCTAHHS Oe€3 OYlKyBaHb Ha
JIOCTaBKY KOMIUICKTYIOUHX.

Tomy HammMM{ OCHOBHMMH KJIII€EHTaMH CTaHYTh BHIII HaBYAIbHI 3aKJIajy,
0COOJIMBO MPUBATHOTO THUITY.

8. CtpykTtypa BUTpat. ['0JIOBHE MUTAaHHA — IO MU BKJIaAa€MO?

Bapro 3a3HaunTH, 110 BUTPATH OYIyTh CKJIAIaTUCh 3 TPHOX YACTHUH: BUTPATH HA
amapaTHe 3a0e3ledyeHHs, BUTpPATH Ha PO3pOOKY MPOrpaMHOro 3a0e3NedeHHs Ta
BUTPATH Ha MPOBEJECHHS MAPKETUHTOBUX KaMTIaHIH.

Jlo BUTpaT Ha anapaTHe 3a0€3MeYCHHS HAJICKAaTh:

- baza aBTomo011s Ha nuctanniitHoMy kepyBanHi (3000 rphH);

- Raspberry Pi 4+ (1800 rpr);
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- Kawmepa (500 rpn);
~ barapes (900 rpn);
— Servo Driver Hat (456 rpn);
- Moayne nepeTBoproBaya 010Ky >kuBiIeHHS KynuTH (150 rph);
— Bluetooth kouTpomnep (300 rpn).
3aranbH1 BUTPATH CTAHOBIISATH
33ar.an = 3000 + 1800 + 500 + 900 + 456 + 150 + 300 = 6 656 rpuBEHb.
Tenmep po3paxyemMo BHUTpaTH Ha PO3pOOKY MPOrpaMHOr0 3a0e3MeUCHHS.
CnioyaTKy BU3HAUYUMO CEPEIHIO TOAMHHY OIUIaTy mporpamicta. s 1poro HeoOx1qHO
CIOYaTKy BU3HAYUTU MICSYHE TpoOIIOBe 3abe3rneueHHsl nporpamicra. Kepyrouuch
nanumu Jlepskcrarciay»Ou, 3apruiata mporpamicta B perioHi CKIafae MpUOIU3HO
10000,00 rpuBeHb (B35TO CEpEeAHE 3HAUECHHS IPOUIOBOrO 3a0€3MeYeHHs MporpamMicra
3a 2019 pik). BusHaunmo 4nciio poO0Yux roJuH y Micslli 32 HACTYITHOI (POPMYJIOIO:
n(m) = (N - N(mm) - N(B)) - 8
ne N — 3arajgpHe 4KCIIO IHIB Y MICSII],
N(I1) — 4nco CBATKOBUX JHIB Y MICSII,
N(B) — 4KCIIO BUXITHUX JHIB y MICSIIL.
Yucno CBATKOBUX JHIB y MICSIl B CEpeIHROMY CTAaHOBHUTH | JIeHb, a BUXiAHUX — 8.
OT1xe, YuCI0 pOOOUYNX TOJUH Y MICSII JOPIBHIOE:
n(m)=(31-1-8)-8=184 [rogunu].
CepenHs roMHHA OIJIaTa MporpaMicTa BUSHAYAETHCS CIIBBIAHOIICHHSIM
Cposp. = ®3Pcu / n(m) ,
ne ®3PcH — MicsaHuil POH TPOIIOBOTO 3a0€3MEUEeHHS.
Cposp. = 10000/184 = 54,34 [rpuBeHb |
OT:xe, BUTPATH IO OILIATI Ipalll po3poOHHUKA IPOTPAMH CKJIA1al0Th:
3po3p. =368-54,34 = 19997,12 [rpuBeHs|
Butparu Ha MmapkeTuHroBy kammnanito ckianarTs 6000,00 rpuBeHb
OT1xe, cymMapHO BUTpPATH Ha OAHOTO POOOTa CKIIAIaTUMYTh
33ar = 33ar.amn + 3po3p + 3Mapk
33ar = 6656 + 19997,12 + 6000 = 32653,12 [rpuBeHb|
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9. CtpykTtypa moxomiB. ['00BHE MUTaHHS — IO MU OTPUMYEMO?

Koxen mnigmpueMenp mpar€He OTPUMYBaTH B TMIACYMKY CBO€I IiSUTBHOCTI
sSKOMOTa OUIbIIMK J0X17 1 NMpuOyTOoK. BiacHe mpojax aBTOHOMHHMX MOOUIBHHUX
po0OOTIB Oy/1e OCHOBHUM JIKepesioM aoxoay. Kopucrtysaui, ki BXXe KYITHINA MPOIAYKT,
OTPUMYIOTh TaK0X OE3KOIITOBHY TEXHIYHY MIATPUMKY. 3a JOJATKOBY OILJIATy KIIEHTH
MOXYTh 3aMOBUTH HOBI1 (DYHKIII1, KITBKICTb SIKMX 3 4acoM Oyjie 301biryBatucs. Jloxin:

- I[IHOYTBOPEHHS Ha YHIKaJIbHICTh mporpamHoro 3abesmeuyenHs — 11000
TPUBEHB.

- peHTa0eNIbHICTh — X3

- TEpMiH OKYIHOCTI — 3 MICSIIIB

- 3arajpHUN MpUOyYTOK 3a 1 pik podotu — 523837,44 TpUBEHb.

- noxizg 3a 1 pik po6otu — 132000,00 rpuBeHb.
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BUCHOBKHA

3riHO 3 TEMOIO JAMUIJIOMHOI poOOTH, MeTa JaHOi pOOOTH TMOJSATaE B CTBOPEHHI
aBTOHOMHOT'O MOOUILHOTO po0OTa Ha OCHOBI MAIIMHHOTO HABYAHHS JUJIS y4acTi y
MDKHApPOJHOMY KOHKypci 3 poboroTexHikd «Sumo Challengey», sikuil mpoxoaus y
Texnonoriunomy YHiBepcureti Jloasi.

Ha nepmomy erami Oysio mpoaHaai3oBaHO MPEAMETHY 00JacTh Ta PO3MIISTHYTO
MPUKIIAU 3aCTOCYBAHHS aHAJIOT1B MPOEKTY.

Ha npyromy erami Oymm po3rJISHYTI OCHOBHI BW3HAQUEHHS Ta TMOHATTS TIPO
TEXHOJIOT1i, K1 OYJIM 3aCTOCOBaH1 pU PO3POOIIL.

Ha TperboMy eTami AuMIOMHOI poOOTH Oyj0 peani3oBaHO NPOrpaMHy Ta
anmapaTHy 4acTHUHY IUIIOMHOTO mpoekty. IIporpamua dactuna Oyna cTBOpeHa 3
BukopucTanusaM Python 6i6miorekn Donkey Car. AnapaTHa yactuHa 0ysa po3po0JicHa
Ha Oa3i MamMHKH Ha JWCTaHIIWHOMY KepyBaHHI HIimOto Ta omHOmasaTHOMY
xomr totepi Raspberry Pl.

Ha yeTBepTomy ertami 0yJi0 pO3IisiHyTe EKOHOMIYHE OOTPYHTYBAHHS IPOEKTY Ta

CTBOPEHO HOTro O13HEC-MO/ICIIb.
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64
JTONATOK A

Cupuesuii koj daitny train.py.

#!/usr/bin/env python3

Scripts to train a keras model using tensorflow.

Uses the data written by the donkey v2.2 tub writer,

but faster training with proper sampling of distribution over
tubs.

Has settings for continuous training that will look for new files
as it trains.

Modify on best model if you wish continuous training to update
your pi as it builds.

You can drop this in your ~/mycar dir.

Basic usage should feel familiar: python train.py --model
models/mypilot

Usage:

train.py [--tub=<tubl,tub2,..tubn>] [--file=<file> ...] (--
model=<model>) [--transfer=<model>] [--
type=(linear|latent|categorical|rnn|imu|behavior|3d|look ahead|ten
sorrt linear|tflite linear|coral tflite linear)] [--continuous] [-
—aug]
Options:

-h --help Show this screen.

-f ——file=<file> A text file containing paths to tub files,
one per line. Option may be used more than once.
import os
import glob
import random
import json
import time
import zlib
from os.path import basename, join, splitext, dirname
import pickle
import datetime

from tensorflow.python import keras
from docopt import docopt

import numpy as np

from PIL import Image

import donkeycar as dk

from donkeycar.parts.datastore import Tub

from donkeycar.parts.keras import KerasLinear, KerasIMU, \
KerasCategorical, KerasBehavioral, Keras3D CNN, \
KerasRNN LSTM, KerasLatent
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from donkeycar.parts.augment import augment image
from donkeycar.utils import *

matplotlib can be a pain to setup on a Mac. So handle the case
where it is absent. When present,
use it to generate a plot of training results.
LI |
try:
import matplotlib.pyplot as plt
do plot = True
except:
do plot = False
print ("matplotlib not installed")

Tub management

LI |

def make key(sample) :
tub path = sample['tub path']
index = sample['index']
return tub path + str(index)

def make next key(sample, index offset):
tub path = sample['tub path']
index = sample['index'] + index offset
return tub path + str(index)

def collate records(records, gen records, opts):
open all the .json records from records list passed in,
read their contents,
add them to a list of gen records, passed in.
use the opts dict to specify config choices

new records = {}
for record path in records:
basepath = os.path.dirname (record path)
index = get record index (record path)
sample = { 'tub path' : basepath, "index" : index }

key = make key (sample)

if key in gen records:
continue
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try:

with open(record path, 'r') as fp:

json data = Jjson.load(fp)

except:

continue
image filename = json data["cam/image array"]
image path = os.path.join(basepath, image filename)
sample['record path'] = record path
sample["image path"] = image path
sample["json data"] = Jjson data
angle = float(json_data['user/angle'])

throttle = float(json data["user/throttle"])

if opts['categorical']:
angle = dk.utils.linear bin(angle)
throttle = dk.utils.linear bin(throttle, N=20,
offset=0, R=opts['cfg'].MODEL CATEGORICAL MAX THROTTLE RANGE)

sample['angle'] = angle

sample['throttle'] = throttle

try:
accl x = float(json datal['imu/acl x'])
accl y = float(json datal'imu/acl y'l])
accl z = float(json datal'imu/acl z'])
gyro x = float(json data['imu/gyr x'])

gyro y = float(json data['imu/gyr y'l)

gyro z = float(json data['imu/gyr z'])
sample['imu array'] = np.array([accl x, accl y,
accl z, gyro x, gyro y, gyro z])
except:
pass

try:
behavior arr =
np.array(json _data['behavior/one hot state array'])

sample ["behavior arr"] = behavior arr
except:

pass
sample['img data'] = None

# Initialise 'train' to False
sample['train'] = False
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# We need to maintain the correct train - validate ratio
across the dataset, even if continous training
# so don't add this sample to the main records list
(gen_records) yet.
new records[key] = sample

# new records now contains all our NEW samples

# - set a random selection to be the training samples based on
the ratio in CFG file

shufKeys = list(new records.keys())

random.shuffle (shufKeys)

trainCount = 0

# Ratio of samples to use as training data, the remaining are
used for evaluation
targetTrainCount = int (opts['cfg'].TRAIN TEST SPLIT *
len (shufKeys))
for key in shufKeys:
new recordslkey]['train'] = True
trainCount += 1
if trainCount >= targetTrainCount:
break
# Finally add all the new records to the existing list
gen records.update (new records)

def save json and weights (model, filename):
LI |
given a keras model and a .h5 filename, save the model file
in the json format and the weights file in the h5 format
LI |
if not '.h5' == filename[-3:]:
raise Exception ("Model filename should end with .hb5")

arch = model.to json()
Json fnm = filename[:-2] + "Json"
weights fnm = filename[:-2] + "weights"

with open(json fnm, "w") as outfile:
parsed = json.loads (arch)
arch pretty = json.dumps (parsed, indent=4, sort keys=True)
outfile.write (arch pretty)

model.save weights (weights fnm)
return json fnm, weights fnm

class MyCPCallback (keras.callbacks.ModelCheckpoint) :
custom callback to interact with best val loss during
continuous training
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def  init (self, send model cb=None, cfg=None, *args,
**kwargs) :
super (MyCPCallback, self). init (*args, **kwargs)
self.reset best end of epoch = False
self.send model cb = send model cb
self.last modified time = None

self.cfg = cfg

def reset best(self):
self.reset best end of epoch = True

def on epoch end(self, epoch, logs=None):
super (MyCPCallback, self).on epoch end(epoch, logs)

if self.send model cb:
LI |

check whether the file changed and send to the pi
LI |
filepath = self.filepath.format (epoch=epoch, **1logs)
if os.path.exists(filepath):
last modified time = os.path.getmtime (filepath)
if self.last modified time is None or
self.last modified time < last modified time:
self.last modified time = last modified time

self.send model cb(self.cfg, self.model,
filepath)

when reset best is set, we want to make sure to run an
entire epoch
before setting our new best on the new total records
Tr
if self.reset best end of epoch:
self.reset best end of epoch = False
self.best = np.Inf

def on best model (cfg, model, model filename):
model.save (model filename, include optimizer=False)

if not cfg.SEND BEST MODEL TO PI:
return

on windows = os.name == 'nt'

#If we wish, send the best model to the pi.
#0On mac or linux we have scp:
if not on windows:

print ('sending model to the pi')
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command = 'scp %s %$s@%s:~/%s/models/;' % (model filename,
Cfg.PI_USERNAME, Cfg.PI_HOSTNAME, Cfg.PI_DONKEY_ROOT)

print ("sending", command)
res = os.system(command)
print (res)

else: #yes, we are on windows machine

#0n windoz no scp. In order to use this you must first

setup
#fan ftp daemon on the pi. ie. sudo apt-get install vsftpd
#and then make sure you enable write permissions in the
conft
try:
import paramiko
except:
raise Exception("first install paramiko: pip install
paramiko")

host = cfg.PI HOSTNAME
username = cfg.PI USERNAME
password = cfg.PI PASSWD
server = host

files = []

localpath = model filename

remotepath = '/home/%s/%s/%s' % (username,
cfg.PI DONKEY ROOT, model filename.replace('\\', '/'"))

files.append((localpath, remotepath))

print ("sending", files)

try:
ssh = paramiko.SSHClient ()

ssh.set missing host key policy(paramiko.AutoAddPolicy ())

ssh.load host keys(os.path.expanduser (os.path.join("~", ".ssh",
"known hosts")))

ssh.connect (server, username=username,
password=password)

sftp = ssh.open sftp()

for localpath, remotepath in files:
sftp.put (localpath, remotepath)

sftp.close()

ssh.close ()

print ("send succeded")
except:
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print ("send failed")

def train(cfg, tub names, model name, transfer model, model type,
continuous, aug):

LI |

use the specified data in tub names to train an artifical
neural network

saves the output trained model as model name

verbose = cfg.VEBOSE TRAIN

if model type is None:
model type = cfg.DEFAULT MODEL TYPE

if "tflite" in model type:
#even though we are passed the .tflite output file, we
train with an intermediate .h5
#output and then convert to final .tflite at the end.
assert (".tflite" in model name)
#we only support the linear model type right now for
tflite
assert ("linear" in model type)
model name = model name.replace(".tflite", ".h5")
elif "tensorrt" in model type:
#even though we are passed the .uff output file, we train
with an intermediate .h5
#output and then convert to final .uff at the end.
assert (".uff" in model name)
#we only support the linear model type right now for
tensorrt
assert ("linear" in model type)
model name = model name.replace(".uff", ".h35")

if model name and not '.h5' == model name[-3:]:
raise Exception("Model filename should end with .h5")

if continuous:
print ("continuous training")

gen records = {}
opts = { 'cfg' : cfg}

if "linear" in model type:
train type = "linear"
else:
train type = model type

kl = get model by type(train type, cfg=cfg)
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opts['categorical'] = type(kl) in [KerasCategorical,
KerasBehavioral]

print ('training with model type', type(kl))

if transfer model:
print ('loading weights from model', transfer model)
kl.load(transfer model)

#when transfering models, should we freeze all but the
last N layers?
if cfg.FREEZE LAYERS:
num to freeze = len(kl.model.layers) -
cfg.NUM LAST LAYERS TO TRAIN
print ('freezing %d layers' % num to freeze)
for 1 in range (num to freeze):
kl.model.layers[i].trainable = False

if cfg.OPTIMIZER:

kl.set optimizer (cfg.OPTIMIZER, cfg.LEARNING RATE,
cfg.LEARNING RATE DECAY)

kl.compile ()

if cfg. PRINT MODEL SUMMARY:
print (kl.model.summary())

opts['keras pilot'] = kl
opts['continuous'] = continuous
opts['model type'] = model type

extract data from pickles(cfg, tub names)

records = gather records(cfg, tub names, opts, verbose=True)
print ('collating %d records ...' $ (len(records)))

collate records(records, gen records, opts)

def generator (save best, opts, data, batch size,
isTrainSet=True, min records to train=1000):

num records = len(data)
while True:

if isTrainSet and opts['continuous']:
LI B
When continuous training, we look for new records
after each epoch.
This will add new records to the train and
validation set.
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records = gather records(cfg, tub names, opts)
if len(records) > num records:
collate records(records, gen records, opts)
new num rec = len(data)
if new num rec > num records:
print ('picked up', new num rec -
num records, 'new records!')
num records = new num rec
save best.reset best()
if num records < min records to train:
print ("not enough records to train. need %d,

have %d. waiting..." % (min records to train, num records))
time.sleep (10)
continue
batch data = []

keys = list(data.keys())
random.shuffle (keys)
kl = opts['keras pilot']

if type(kl.model.output) 1is list:
model out shape = (2, 1)

else:
model out shape = kl.model.output.shape

if type(kl.model.input) is list:
model in shape = (2, 1)

else:
model in shape = kl.model.input.shape

has imu = type(kl) is KerasIMU
has bvh type (kl) is KerasBehavioral
img out = type(kl) is KerasLatent

if img out:
import cv2

for key in keys:

if not key in data:
continue

record = datalkey]

if record['train'] != isTrainSet:
continue

if continuous:
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#in continuous mode we need to handle files
getting deleted
filename = record['image path']
if not os.path.exists(filename) :
data.pop (key, None)
continue

batch data.append( record)

if len(batch data) == batch size:
inputs img = []
inputs imu = []
inputs bvh = []
angles = []
throttles = []
out img = []
out = []

for record in batch data:
#get image data if we don't already have

it
if record['img data'] is None:
filename = record['image path']
img arr =

load scaled image arr(filename, cfg)

if img arr is None:
break

if aug:
img arr = augment image (img arr)

if cfg.CACHE IMAGES:
record['img data'] = img arr
else:
img arr = record['img data']
if img out:

rz_ img arr = cvZ.resize(img arr, (127,
127)) / 255.0

out img.append(rz img arr[:,:,0].reshape( (127, 127, 1)))

if has imu:
inputs imu.append(record['imu array'])

if has bvh:

inputs bvh.append(record['behavior arr'])
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inputs img.append(img arr)
angles.append (record['angle'])
throttles.append(record|['throttle'])
out.append([record['angle'],
record['throttle']])

if img arr is None:
continue

img arr =
np.array (inputs_ img) .reshape (batch size,\

cfg.TARGET H, cfg.TARGET W, cfg.TARGET D)

if has imu:

X = [img arr, np.array(inputs imu) ]
elif has bvh:

X = [img arr, np.array(inputs bvh) ]
else:

X = [img arr]

if img out:
y = [out img, np.array(angles),
np.array(throttles)]
elif model out shape[l] ==
y = [np.array([out]) .reshape (batch size,
2) ]
else:

y

[np.array (angles),
np.array(throttles)]

yield X, vy
batch data = []

model path = os.path.expanduser (model name)

#checkpoint to save model after each epoch and send best to
the pi.

save best = MyCPCallback (send model cb=on best model,
filepath=model path,
monitor='val loss',
verbose=verbose,
save best only=True,
mode="min"',
cfg=cfq)

train gen = generator (save best, opts, gen records,
cfg.BATCH SIZE, True)

val gen = generator (save best, opts, gen records,
cfg.BATCH SIZE, False)
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total records = len(gen records)
0

num train =
num val = 0

for key, record in gen records.items() :
if record['train'] == True:
num train += 1
else:
num val += 1

print ("train: %d, val: %d" % (num train, num val))
print ('total records: %d' %(total records))

if not continuous:
steps per epoch = num train // cfg.BATCH SIZE
else:

steps per epoch 100

val steps = num val // cfg.BATCH SIZE
print ('steps per epoch', steps per epoch)

cfg.model type = model type

go train(kl, cfg, train gen, val gen, gen records, model name,
steps per epoch, val steps, continuous, verbose, save best)

def go train(kl, cfg, train gen, val gen, gen records, model name,
steps per epoch, val steps, continuous, verbose, save best=None) :

start = time.time ()
model path = os.path.expanduser (model name)

#checkpoint to save model after each epoch and send best to
the pi.
if save best is None:
save best = MyCPCallback (send model cb=on best model,

filepath=model path,
monitor='val loss',
verbose=verbose,
save best only=True,
mode="min"',
cfg=cfq)

#stop training if the validation error stops improving.
early stop = keras.callbacks.EarlyStopping (monitor="'val loss',
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min delta=cfg.MIN DELTA,

patience=cfg.EARLY STOP PATIENCE,

verbose=verbose,
mode="auto')

if steps per epoch < 2:
raise Exception("Too little data to train. Please record

more records.")

if continuous:
epochs = 100000
else:
epochs = cfg.MAX EPOCHS

workers count = 1
use multiprocessing = False

callbacks list = [save best]

if cfg.USE EARLY STOP and not continuous:
callbacks list.append(early stop)

history = kl.model.fit generator (
train gen,
steps per epoch=steps per epoch,
epochs=epochs,
verbose=cfg.VEBOSE TRAIN,
validation data=val gen,
callbacks=callbacks list,
validation steps=val steps,
workers=workers count,
use multiprocessing=use multiprocessing)

full model val loss = min(history.history['val loss'])
max val loss = full model val loss +

.PRUNE VAL LOSS DEGRADATION LIMIT

duration train = time.time() - start

o)

print ("Training completed in %$s." %

str (datetime.timedelta (seconds=round(duration train))) )

print ("\n\n----------—- Best Eval Loss :%f —--—-—--—--—- %

save best.best)

if cfg.SHOW PLOT:
try:
if do plot:
plt.figure (1)
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# Only do accuracy if we have that data (e.g.
categorical outputs)
if 'angle out acc' in history.history:
plt.subplot (121)

# summarize history for loss
plt.plot(history.history['loss'])

plt.plot (history.history['val loss'])
plt.title('model loss')

plt.ylabel ('loss')

plt.xlabel ('epoch')

plt.legend(['train', 'validate'], loc='upper

right')
# summarize history for acc
if 'angle out acc' in history.history:
plt.subplot (122)
plt.plot (history.history['angle out acc'])
plt.plot (history.history['val angle out acc'])
plt.title('model angle accuracy')
plt.ylabel ('acc')
plt.xlabel ('epoch')
#plt.legend(['train', 'validate'], loc='upper
left')

plt.savefig(model path + ' loss acc 3f.png' %
save best.best)
plt.show ()
else:
print ("not saving loss graph because matplotlib
not set up.")
except Exception as ex:
print ("problems with loss graph: {}".format( ex ) )

#Save tflite, optionally in the int quant format for Coral TPU
if "tflite" in cfg.model type:
print ("\n\n--—————-—--—- Saving TFLite Model ----—-————- ™)
tflite fnm = model path.replace(".h5", ".tflite")

assert (".tflite" in tflite fnm)
prepare for coral = "coral" in cfg.model type

if prepare for coral:
#compile a list of records to calibrate the
quantization
data list = []
max items = 1000
for key, _record in gen records.items():
data list.append( record)
if len(data list) == max items:
break
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stride =1
num calibration steps = len(data list) // stride

#a generator function to help train the quantizer with
the expected range of data from inputs

def representative dataset gen():

start = 0

end = stride

for in range(num calibration steps):
batch data = data list[start:end]
inputs = []

for record in batch data:
filename = record['image path']
img arr = load scaled image arr (filename,
cfqg)
inputs.append(img arr)

start += stride
end += stride

# Get sample input data as a numpy array in a
method of your choosing.
yield [ np.array(inputs,
dtype=np.float32) .reshape(stride, cfg.TARGET H, cfg.TARGET W,
cfg.TARGET D) ]
else:
representative dataset gen = None

from donkeycar.parts.tflite import keras model to tflite
keras model to tflite(model path, tflite fnm,
representative dataset gen)
print ("Saved TFLite model:", tflite fnm)
if prepare for coral:
print ("compile for Coral w: edgetpu compiler",
tflite fnm)
os.system("edgetpu compiler " + tflite fnm)

#Save tensorrt
if "tensorrt" in cfg.model type:
print ("\n\n--——-————-—--—- Saving TensorRT Model --———————- ")
# TODO RAHUL
# flatten model path
# convert to uff
# print ("Saved TensorRT model:", uff filename)

if cfg.PRUNE_CNN:
base model path = splitext (model name) [0]
cnn_channels = get total channels (kl.model)
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print ('original model with {}
channels'.format (cnn_channels))
prune gen = SequencePredictionGenerator (gen records, cfg)

target channels = int(cnn channels * (1 -
(float (cfg.PRUNE PERCENT TARGET) / 100.0)))

print ('Target channels of {0} remaining with {1:.00%}
percent removal per iteration'.format (target channels,
cfg.PRUNE PERCENT PER ITERATION / 100))

from keras.models import load model
prune loss = 0
while cnn channels > target channels:
save best.reset best()
model, channels deleted = prune(kl.model, prune gen,

1, cfqg)

cnn_channels -= channels deleted

kl.model = model

kl.compile ()

kl.model.summary ()

#stop training if the validation error stops
improving.

early stop =
keras.callbacks.EarlyStopping (monitor="val loss',

min delta=cfg.MIN DELTA,
patience=cfg.EARLY STOP PATIENCE,
verbose=verbose,

mode="auto')

history = kl.model.fit generator(
train gen,
steps per epoch=steps per epoch,
epochs=epochs,
verbose=cfg.VEBOSE TRAIN,
validation data=val gen,
validation steps=val steps,
workers=workers count,
callbacks=[early stop],
use multiprocessing=use multiprocessing)

prune loss = min(history.history['val loss'])
print ('prune val loss this iteration:
{}'.format (prune loss))

# If loss breaks the threshhold
if prune loss < max val loss:
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model.save ('{} prune {} filters.h5'.format (base model path,
cnn_channels))
else:
break

print ('pruning stopped at {} with a target of
{}'.format (cnn_channels, target channels))

class SequencePredictionGenerator (keras.utils.Sequence):
Provides a thread safe data generator for the Keras
predict generator for use with kerasergeon.
def init (self, data, cfg):
data = list(data.values())
self.n = int(len(data) *
cfg.PRUNE_EVAL PERCENT OF DATASET)
self.data = datal:self.n]
self.batch size = cfg.BATCH SIZE
self.cfg = cfg

def len (self):

return int(np.ceil (len(self.data) /
float (self.batch size)))

def  getitem (self, idx):
batch data = self.datalidx * self.batch size: (idx + 1) *
self.batch size]

images = []

for data in batch data:
path = data['image path']
img arr = load scaled image arr (path, self.cfqg)
images.append (img arr)

return np.array(images), np.array([])

def sequence train(cfg, tub names, model name, transfer model,
model type, continuous, aug):

LI B |

use the specified data in tub names to train an artifical
neural network

saves the output trained model as model name

trains models which take sequence of images

assert (not continuous)

print ("sequence of images training")
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kl = dk.utils.get model by type (model type=model type,
cfg=cfqg)

tubs = gather tubs(cfg, tub names)

verbose cfg.VEBOSE TRAIN

[]

records

for tub in tubs:
record paths = glob.glob (os.path.join(tub.path,
'record *.json'))
print ("Tub:", tub.path, "has", len(record paths),
'records')

record paths.sort (key=get record index)
records += record paths

print ('collating records')

gen records = {}

for record path in records:

with open(record path, 'r') as fp:
json data = json.load(fp)

basepath = os.path.dirname (record path)

image filename = json data["cam/image array"]

image path = os.path.join(basepath, image filename)

sample = { 'record path' : record path, "image path"
image path, "Json data" : json data }

sample["tub path"] = basepath

sample["index"] = get image index (image filename)

angle = float(json data['user/angle'])

throttle = float(json_data["user/throttle"])

sample['target output'] = np.array([angle, throttle])
sample['angle'] = angle

sample['throttle'] = throttle

sample['img data'] = None

key = make key (sample)

gen records[key] = sample
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print ('collating sequences')

sequences = []

target len = cfg.SEQUENCE LENGTH
look ahead False

if model type == "look ahead":
target len = cfg.SEQUENCE LENGTH * 2
look ahead = True

for k, sample in gen records.items () :
seq = []
for 1 in range(target len):
key = make next key(sample, 1)

if key in gen records:
seq.append (gen records[key])

else:
continue
if len(seq) != target len:
continue

sequences.append (seq)

print ("collated", len(sequences), "sequences of length",
target len)

#shuffle and split the data
train data, val data = train test split(sequences,
test size=(1 - cfg.TRAIN TEST SPLIT))

def generator (data, opt, batch size=cfg.BATCH SIZE):
num records = len(data)

while True:
#shuffle again for good measure
random.shuffle (data)

for offset in range (0, num records, batch size):
batch data = dataloffset:offset+batch size]

if len(batch data) != batch size:
break

b inputs img = []
b vec in = []
b labels []
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b vec out = []

for

it

seq in batch data:

inputs img = []

vec _in = []

labels = []

vec out = []

num_ images target = len(seq)

iTargetOutput = -1

if opt['look ahead']:
num_ images target = cfg.SEQUENCE LENGTH
iTargetOutput = cfg.SEQUENCE LENGTH - 1

for iRec, record in enumerate (seq) :
#get image data if we don't already have

if len(inputs img) < num images target:
if record['img data'] is None:
img arr =

load scaled image arr(record['image path'], cfg)

if img arr is None:
break

if aug:
img arr =

augment image (img_arr)

#record['throttle'])

seqgl[iTargetOutput] [

if cfg.CACHE IMAGES:
record['img data'] = img arr
else:
img arr = record['img data']

inputs img.append (img_arr)

if iRec >= iTargetOutput:
vec out.append(record['angle'])
vec out.append(record['throttle'])
else:
vec in.append(0.0) #record['angle'])
vec_in.append (0.0)

label vec =
target output']

if look ahead:
label vec = np.array(vec_out)

labels.append(label vec)

b inputs img.append(inputs img)
b vec in.append(vec_in)
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b labels.append(labels)

if look ahead:
X =
[np.array (b inputs img) .reshape (batch size,\
cfg.TARGET H, cfg.TARGET W,
cfg.SEQUENCE LENGTH) ]
X.append(np.array (b vec in))
y = np.array (b labels) .reshape (batch size,
(cfg.SEQUENCE LENGTH + 1) * 2)
else:
X =
[np.array (b inputs img) .reshape (batch size,\
cfg.SEQUENCE LENGTH, cfg.TARGET H,
cfg.TARGET W, cfg.TARGET D) ]
y = np.array (b labels) .reshape (batch size, 2)

yield X, vy
opt = { 'look ahead' : look ahead, 'cfg' : cfg }

train gen = generator (train data, opt)
val gen = generator(val data, opt)

model path = os.path.expanduser (model name)

total records = len(sequences)
total train = len(train data)
total val = len(val data)

print ('train: %d, validation: %d' $(total train, total val))
steps per epoch = total train // cfg.BATCH SIZE

val steps = total val // cfg.BATCH SIZE

print ('steps per epoch', steps per epoch)

if steps per epoch < 2:
raise Exception("Too little data to train. Please record
more records.")

cfg.model type = model type

go train(kl, cfg, train gen, val gen, gen records, model name,
steps per epoch, val steps, continuous, verbose)

kl.train(train gen,
val gen,
saved model path=model path,
steps=steps per epoch,



85
MpoaosKeHHA JoaaTky A
train split=cfg.TRAIN TEST SPLIT,
use early stop = cfg.USE EARLY STOP)

def multi train(cfg, tub, model, transfer, model type, continuous,
aug) :

choose the right regime for the given model type
LI |

train fn = train
if model type in ("rnn",'3d',6 'look ahead'):
train fn = sequence train

train fn(cfg, tub, model, transfer, model type, continuous,
auqg)

def prune (model, validation generator, val steps, cfqg):
percent pruning = float (cfg.PRUNE PERCENT PER ITERATION)
total channels = get total channels (model)
n channels delete = int (math.floor (percent pruning / 100 *

total channels))
apoz_df = get model apoz (model, validation generator)
model = prune model (model, apoz df, n channels delete)

name = '{}/model pruned {} percent.h5'.format (cfg.MODELS PATH,
percent pruning)

model.save (name)

return model, n channels delete

def extract data from pickles(cfg, tubs):

Extracts record {id}.Jjson and image from a pickle with the
same id if exists in the tub.

Then writes extracted Jjson/jpg along side the source pickle
that tub.

This assumes the format {id}.pickle in the tub directory.

:param cfg: config with data location configuration. Generally
the global config object.

:param tubs: The list of tubs involved in training.

:return: implicit None.

t paths = gather tub paths(cfg, tubs)

for tub path in t paths:

file paths = glob.glob(join(tub path, '*.pickle'))
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print ('found {} pickles writing Jjson records and images in
tub {}'.format (len(file paths), tub path))
for file path in file paths:
# print('loading data from {}'.format (file paths))
with open(file path, 'rb') as f:
p = zlib.decompress (f.read())
data = pickle.loads (p)

base path = dirname (file path)
filename = splitext (basename(file path)) [0]
image path = join(base path, filename + '.jpg')
img =

Image.fromarray (np.uint8(data['val'] ['cam/image array']l))
img.save (image path)

data['val'] ['cam/image array'] = filename + '.jpg'

with open(join (base path,
'record {}.json'.format (filename)), 'w') as f:
json.dump (data['val']l, f)

def prune model (model, apoz df, n channels delete):
from kerassurgeon import Surgeon
import pandas as pd

# Identify 5% of channels with the highest APoZ in model
sorted apoz df = apoz df.sort values('apoz', ascending=False)
high apoz index = sorted apoz df.iloc[0:n_channels delete, :]

# Create the Surgeon and add a 'delete channels' job for each
layer
# whose channels are to be deleted.

surgeon = Surgeon (model, copy=True)
for name in high apoz index.index.unique () .values:
channels = list (pd.Series (high apoz index.loc[name,
'index'],

dtype=np.int64) .values)
surgeon.add job('delete channels', model.get layer (name),
channels=channels)
# Delete channels
return surgeon.operate()

def get total channels (model):
start = None
end = None

channels = 0
for layer in model.layers[start:end]:
if layer. «class . name == 'Conv2D':

channels += layer.filters
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return channels

get model apoz (model, generator):
from kerassurgeon.identify import get apoz
import pandas as pd

# Get APoZ
start = None
end = None
apoz = []
for layer in model.layers|[start:end]:
if layer. class . name == 'ConvzD':
print (layer.name)
apoz.extend ([ (layer.name, i, value) for (i, value)
in enumerate (get apoz (model, layer,

generator))])

def

def

layer name, index, apoz value = zip(*apoz)

apoz df = pd.DataFrame ({'layer': layer name, 'index': index,
'apoz': apoz value})

apoz df = apoz df.set index('layer')

return apoz df

removeComments ( dir list ):
for 1 in reversed(range(len(dir list))):
if dir list[i].startswith("#"):
del dir list[i]
elif len(dir list[i]) ==
del dir list[i]

preprocessFilelList( filelist ):
dirs = []
if filelist is not None:
for afile in filelist:
with open(afile, "r") as f:
tmp dirs = f.read().split('\n")
dirs.extend (tmp_dirs)

removeComments ( dirs )
return dirs

if name == " main ":

args = docopt(_ doc )

cfg dk.load config()

tub = args['--tub']

model = args|['--model']

transfer = args|['—-—-transfer']
model type = args['--type']
continuous = args|['--continuous']
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aug = args|['—--aug']
dirs = preprocessFilelList( args['--file'] )
if tub is not None:
tub paths = [os.path.expanduser(n) for n in

tub.split (', ")]
dirs.extend( tub paths )

multi train(cfg, dirs, model, transfer, model type,
continuous, aug)
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CuprieBnii kof (haimy manage.py

#!/usr/bin/env python3

wiren

Scripts to drive a donkey 2 car

Usage:
manage.py (drive) [--model=<model>] [--]s]
[__

type=(linear|categorical|rnn|imu|behavior|3d]|localizer|latent)]

[-—-camera=(single|stereo)] [--meta=<key:value> ...]
manage.py (train) [--tub=<tubl, tub2,..tubn>] [--file=<file>
.
(-—-model=<model>) [--transfer=<model>]

[__

type=(linear|categorical|rnn|imu|behavior|3d]|localizer) ]

[--continuous] [--aug]
Options:
-h --help Show this screen.
--Jjs Use physical joystick.

-f ——-file=<file> A text file containing paths to tub files,

one per line.
Option may be used more than once.
--meta=<key:value> Key/Value strings describing describing a
piece of meta
data about this drive. Option may be used
more than
once.

wiren

from docopt import docopt
import donkeycar as dk

from donkeycar.parts.transform import TriggeredCallback,

DelayedTrigger

from donkeycar.parts.datastore import TubHandler

from donkeycar.parts.controller import LocalWebController, \
JoystickController, get js controller, JoyStickSub

from donkeycar.parts.throttle filter import ThrottleFilter

from donkeycar.parts.file watcher import FileWatcher

from donkeycar.parts.launch import AiLaunch

from donkeycar.utils import *

from tensorflow.python import keras

from car.camera import CameraConfiguration
from car.controller import ControllerConfiguration

89
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def drive(cfg, model path: str = None, use joystick=False,
model type=None,
camera type='single', meta="linear"):

mwmwn

Construct a working robotic vehicle from many parts. Each part
runs as a

job in the Vehicle loop, calling either it's run or
run_threaded method

depending on the constructor flag " threaded . All parts are
updated one

after another at the framerate given in cfg.DRIVE LOOP HZ
assuming each

part finishes processing in a timely manner. Parts may have
named

outputs and inputs. The framework handles passing named
outputs to parts

requesting the same named input.

print ("[*] Started configure vehicle...")

# Initialize car
vehicle = dk.vehicle.Vehicle ()

print ("[*] Setup camera...")
CameraConfiguration (vehicle, camera type) .configure camera ()
print ("[*] Camera is ready...")

print ("[*] Setup joystick...")
controller = ControllerConfiguration (vehicle)
print ("[*] Joystick is ready...")

# this throttle filter will allow one tap back for esc reverse

th filter = ThrottleFilter ()

vehicle.add(th filter, inputs=['user/throttle'],
outputs=['user/throttle'])

# See if we should even run the pilot module.
# This is only needed because the part run condition only
accepts boolean
class PilotCondition:
def run(self, mode):

return mode != "user"
vehicle.add (PilotCondition (), inputs=['user/mode'],
outputs=['run pilot'])

class RecordTracker:
def  init (self):
self.last num rec print = 0
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self.force alert = 0

def run(self, num records):
if num records is None:
return O

if self.last num rec print != num records or
self.force alert:
self.last num rec print = num records
if num records % 10 == 0:

print (f"[I] Recorded {num records} records")
return O

rec_tracker part = RecordTracker ()
vehicle.add(rec tracker part, inputs=["tub/num records"],
outputs=['records/alert'])

if cfg.AUTO RECORD ON THROTTLE and isinstance (ctr,
JoystickController) :
# then we are not using the circle button. hijack that to
force a
# record count indication
def show record amount status():
rec _tracker part.last num rec print = 0
rec_tracker part.force alert =1

# Todo: move to controller
ctr.set button down trigger('circle',
show record amount status)

class ImgPreProcess:

preprocess camera image for inference.
normalize and crop if needed.

def init (self, cfqg):
self.cfg = cfg

def run(self, img arr):
return normalize and crop(img arr, self.cfq)

inf input = 'cam/normalized/cropped’
vehicle.add (ImgPreProcess (cfqg),
inputs=['cam/image array'],

outputs=[inf input],
run_condition='run pilot")
inputs = [inf input]
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def load model (kl, model path):
print (f"[*] Starting loading model from {model path}")
start = time.time ()
kl.load(model path)
print (£f"[*] Model loaded in {time.time() - start} sec.")

def load weights(kl, weights path) :
try:
print (f"[*] Starting loading model weights from
{weights path}")
start = time.time ()
kl.model.load weights (weights path)
print (£"[*] Model weights loaded in {time.time() -
start} sec.")
except Exception as e:
print (e)
print (f"[!] Problems loading weights from
{weights path}")

def load json model (kl, Jjson filename) :
print (f"[*] Starting loading model json from
{Jjson filename}")

try:
start = time.time ()
with open(json filename, 'r') as handle:
kl.model =
keras.models.model from json (handle.read())
print (£f"[*] Model loaded in {time.time() - start}
sec.")
except Exception as e:
print (e)
print (f"[!] Problems loading model json from

{Json filename}")

if model path:
# When we have a model, first create an appropriate Keras

part
keras model = dk.utils.get model by type (model type, cfg)
if not model path.endswith(".h5"):
raise Exception (
"[!] Unknown extension type on model file! Use
.h5™"

)

# when we have a .h5 extension
# load everything from the model file
load model (keras model, model path)

def reload model (filename) :
load model (keras model, filename)
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model reload cb = reload model

# this part will signal visual LED, if connected
vehicle.add (FileWatcher (model path, verbose=True),
outputs=['modelfile/modified'])

# these parts will reload the model file, but only when ai
is
# running so we don't interrupt user driving
vehicle.add (FileWatcher (model path),
outputs=['modelfile/dirty'],
run_condition="ai running")
vehicle.add (DelayedTrigger (100),
inputs=['modelfile/dirty'],
outputs=['modelfile/reload'],
run_condition="ai running")
vehicle.add (TriggeredCallback (model path,
model reload cb),
inputs=["modelfile/reload"],
run condition="ai running")

outputs = ['pilot/angle', 'pilot/throttle']

if cfg.TRAIN LOCALIZER:
outputs.append ("pilot/loc")

vehicle.add (keras model, inputs=inputs,
outputs=outputs,
run_condition='run pilot")

# Choose what inputs should change the car.

class DriveMode:
def run(self, mode,
user angle, user throttle,
pilot angle, pilot throttle):
if mode == 'user':
return user angle, user throttle

elif mode == 'local angle':
return pilot angle, user throttle

else:
return pilot angle, pilot throttle *
cfg.AI THROTTLE MULT

vehicle.add (DriveMode (),
inputs=['user/mode', 'user/angle',
'user/throttle’,
'pilot/angle', 'pilot/throttle'],
outputs=['angle', 'throttle'])
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# to give the car a boost when starting ai mode in a race.
ailLauncher = AiLaunch(cfg.AI LAUNCH DURATION,
cfg.AI LAUNCH THROTTLE,
cfg.AI LAUNCH KEEP ENABLED)

vehicle.add (ailLauncher,
inputs=['user/mode', 'throttle'],
outputs=['throttle'])

if isinstance(ctr, JoystickController):
ctr.set button down trigger (cfg.AI LAUNCH ENABLE BUTTON,
ailauncher.enable ai launch)

class AiRunCondition:

wiren

A bool part to let us know when ai is running.

def run(self, mode):

return mode != "user"
vehicle.add (AiRunCondition (), inputs=['user/mode'],
outputs=['al running'])

# Ai1 Recording
class AiRecordingCondition:
return True when ai mode, otherwize respect user mode
recording flag

def run(self, mode, recording):
return recording if mode == 'user' else True

if cfg. RECORD_DURING_AI :
vehicle.add (
AiRecordingCondition (),
inputs=['user/mode', 'recording'],
outputs=["'recording']

)

# Drive train setup
if cfg. DONKEY GYM:
pass

elif cfg.DRIVE TRAIN TYPE == "SERVO ESC":
from donkeycar.parts.actuator import PCA9685, PWMSteering,
PWMThrottle

steering controller = PCA9685 (cfg.STEERING CHANNEL,
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cfg.PCA9685 I2C ADDR,

busnum=cfg.PCA9685 I2C BUSNUM)
steering = PWMSteering(controller=steering controller,
left pulse=cfg.STEERING LEFT PWM,
right pulse=cfg.STEERING RIGHT PWM)

throttle controller = PCA9685 (cfg.THROTTLE CHANNEL,
cfg.PCA9685 I2C ADDR,

busnum=cfg.PCA9685 I2C BUSNUM)
throttle = PWMThrottle (controller=throttle controller,
max pulse=cfg.THROTTLE FORWARD PWM,

zero pulse=cfg.THROTTLE STOPPED PWM,
min pulse=cfg.THROTTLE REVERSE PWM)

vehicle.add(steering, inputs=['angle'])
vehicle.add (throttle, inputs=['throttle'])

elif cfg.DRIVE TRAIN TYPE == "DC STEER THROTTLE":
from donkeycar.parts.actuator import
Mini HBridge DC Motor PWM

steering = Mini HBridge DC Motor PWM(cfg.HBRIDGE PIN LEFT,

cfg.HBRIDGE PIN RIGHT)
throttle = Mini HBridge DC Motor PWM(cfg.HBRIDGE PIN FWD,
cfg.HBRIDGE PIN BWD)

vehicle.add(steering, inputs=['angle'])
vehicle.add (throttle, inputs=['throttle'])

elif cfg.DRIVE TRAIN TYPE == "DC_ TWO WHEEL":
from donkeycar.parts.actuator import
TwoWheelSteeringThrottle, \
Mini HBridge DC Motor PWM

left motor =
Mini HBridge DC Motor PWM(cfg.HBRIDGE PIN LEFT FWD,

cfg.HBRIDGE PIN LEFT BWD)
right motor =

Mini HBridge DC Motor PWM(cfg.HBRIDGE PIN RIGHT FWD,

cfg.HBRIDGE PIN RIGHT BWD)
two wheel control = TwoWheelSteeringThrottle ()

vehicle.add (two wheel control,
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inputs=['throttle', 'angle'],
outputs=['left motor speed',
'right motor speed'])

vehicle.add (left motor, inputs=['left motor speed'])
vehicle.add (right motor, inputs=['right motor speed'])

elif cfg.DRIVE TRAIN TYPE == "SERVO HBRIDGE PWM":
from donkeycar.parts.actuator import ServoBlaster,
PWMSteering
steering controller = ServoBlaster (cfg.STEERING CHANNEL)
# really pin
# PWM pulse values should be in the range of 100 to 200
assert (cfg.STEERING LEFT PWM <= 200)
assert (cfg.STEERING RIGHT PWM <= 200)
steering = PWMSteering(controller=steering controller,
left pulse=cfg.STEERING LEFT PWM,
right pulse=cfg.STEERING RIGHT PWM)

from donkeycar.parts.actuator import
Mini HBridge DC Motor PWM
motor = Mini HBridge DC Motor PWM(cfg.HBRIDGE PIN FWD,
cfg.HBRIDGE PIN BWD)

vehicle.add (steering, inputs=['angle'])
vehicle.add (motor, inputs=["throttle"])

# add tub to save data

inputs = ['cam/image array',
'user/angle', 'user/throttle',
'user/mode"' ]

types = ['image array',
'float', 'float',
'str']

if cfg.TRAIN BEHAVIORS:

inputs += ['behavior/state', 'behavior/label',
"behavior/one hot state array"]
types += ['int', 'str', 'wvector']

if cfg.HAVE IMU:
inputs += ['imu/acl x', 'imu/acl y', 'imu/acl z',
'"imu/gyr x', 'imu/gyr y', 'imu/gyr z']

types += ['float', 'float', 'float',
'float', 'float', 'float']

if cfg. RECORD DURING AT:
inputs += ['pilot/angle', 'pilot/throttle']
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types += ['float', 'float']

th = TubHandler (path=cfg.DATA PATH)
tub = th.new tub writer (inputs=inputs, types=types,
user meta=meta)
vehicle.add (tub, inputs=inputs, outputs=["tub/num records"],
run_condition='recording')

if type(ctr) is LocalWebController:
print ("You can now go to <your pi ip address>:8887 to
drive your car.")
elif isinstance(ctr, JoystickController):
print ("You can now move your joystick to drive your car.")
# tell the controller about the tub
ctr.set tub(tub)

if cfg.BUTTON PRESS NEW TUB:
def new tub dir():
vehicle.parts.pop ()
tub = th.new tub writer (inputs=inputs,
types=types,
user meta=meta)
vehicle.add (tub, inputs=inputs,
outputs=["tub/num records"],
run condition='recording')

ctr.set tub(tub)

ctr.set button down trigger ('cross', new tub dir)

ctr.print controls()

# run the vehicle for 20 seconds
vehicle.start (rate hz=cfg.DRIVE LOOP HZ,
max loop count=cfg.MAX LOOPS)

if name == ' main_ ':
args = docopt(_ doc )
cfg = dk.load config()

if args(['drive']:

model type = args['--type']
camera type = args['--camera']
drive (cfg, model path=args['--model'],
use joystick=args['--Js'],
model type=model type, camera type=camera_ type,
meta=args['--meta'])

if args['train']:
from train import multi train, preprocessFileList

tub = args['--tub']
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model = args['—--model']
transfer = args|['--transfer']
model type = args['--type']
continuous = args|['--continuous']
aug = args['—--aug']
dirs = preprocessFilelist(args['--file'])
if tub is not None:
tub paths = [os.path.expanduser(n) for n in

tub.split (', ")]
dirs.extend(tub_ paths)

multi train(cfg, dirs, model, transfer, model type,
continuous, aug)



