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1. Obwmne cBeaeHus

UAVPROF Drone Simulator: Autonomous —3ato obfyvatowmin npogykt (nanee — Cumynstop) ons
pa3paboTkM anropuTMOB yNpaBreHns ApOHaMMU.

MpooyKkT no3BoNAeT UCNoNb3oBaTb €ro And [OBYX YPOBHEW CIIOXHOCTU — CTYOEHYEeCKOro W
npodeCccmnoHasnbLHoro.

[na 3anycka npogykta mucnonb3yetca kKomangHas ctpoka, a MO nonb3oBartens nogknidaeTcs K
aBtonunoty no cetn yepe3 MAVLink no UDP n k CumynaTtopy 4Yepe3 ROS 2.

1.1. Mogenu annapartos

B 3aBucMMoOCTM OT AOUCUMNAWHBI U YPOBHSA CMOXHOCTW, WCMNOMb3yeTcsa ogHa wunu rpynna wus
cnepytowmx mogenen BIJIA MynsTUPOTOPHOroO TUNa:

« FPV F5D Auton;
e FPV F5D Auton GPS (goctynHa GPS);
e FPV F5D Auton LPS (goctynHa LPS — cuctema nokanbHOro nosvumoHNpoBaHus).

Habopbl nmapameTpoB aBTOMWUIIOTOB YyKas3aHbl B dpainiax, pacnosioKEHHbIX B OUPEKTOPUM params
COOTBETCTBYIOLLIEN BEpCUU Cumynsatopa (https://qitflic.ru/project/uavprofsim/parma-bas/file?
file=docs%2Fparams):

o fpv_f5d_auton.params — gna FPV F5D Auton;
« fpv_f5d_auton_gps.params — gnsa FPV F5D Auton GPS;
« fpv_f5d_auton_Ips.params — gnst FPV F5D Auton LPS.

Onucanne napameTpoB aBronusoTa cMm. https://docs.px4.io/v1.13/en/advanced_config/
parameter_reference.html.

1.1.1. Obwaga nHpopmauma anst Bcex annapaTos

e Macca: 0.696 «r;
o pasmep: 0.263 x 0.316 x 0.089 w;
e [OCTYMNHa KaMepa;
e PX41.13.2.
Tabn. 1. KoopanHatbl nponennepoB OTHOCUTENbLHO LieHTpa Mmacc
Ne X, M Yy, M zZ,M
1 0.068 -0.094 0.010
2 -0.068 0.082 0.010
3 0.068 0.094 0.010
4 -0.068 -0.082 0.010

1.1.2. Kamepa

Ha Bcex mogensix annapartoB AOCTyNHa Kamepa COo crneayrwnMmn Xxapaktepuctnkamm:

« LBeTHoe usobpaxeHne (RGB);
e BepTuKanbHbIn yron o63opa (VFOV) — 86.8 rpagycos;
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paspeleHme 1280x720 nukcenen;

MakcMmarnbHoe Konn4ecTBo kagpoB B cekyHay (FPS) — 60;
n3bpakeHus nepegatotca yepes Tonmk ROS 2;

KOoopAnHaTbl OTHOCUMTENBLHO LieHTpa macc: (0.107 m, 0.000 m, 0.000 m);
yron HaknoHa (TaHrax): 20 rpagycos.

1.2. Cncrembl KoopauHar

|/|C|'IOJ'Ib3yI'OTC9-| cnegywune CUCTeMbl KOOpAUHAT:

e JlOKanbHas cuctema KoopauvHaTt aBTONUNOTa;
 JlOKanbHas cuctema koopamHat CumynaTopa;
« rnobanebHas cuctema koopauHat F€HCC.

Bbasuceil, COOTBETCTBYHOLLME OCAM X, Y, Z nokanbHbIX CUCTEM KoopAauHat:

« ENU (BocTtok-CeBep-BBepx) ansa nokanbHown cuctemol koopanHat Cumynatopa, coobLeHui
ROS/MAVROS;
« NED (Ceep-BocTok-BHu3) ansa asronunota PX4 n coobweHun MAVLink.

Touke otcyeta (0, 0, 0) nokanbHOW cucTeMbl kKoopanHat CumynsaTopa cooTBeTcTByeT Touka (LLupoTa,
Honrota, Bbicota) rmobanbHoW cucTembl koopauHat, 3agaBaemas B JSON-canne napameTtpos
(cBovictea latitude, longitude, altitude obbekta /session/world). Bce koopanHathbl
0ObeKTOB B TeKyLleM JoKyMeHTe 3aaaHbl B 6asnce ENU (Boctok-CeBep-BBepx) nokanbHON CUCTEMBI
koopauHat CumynsaTopa.

1.3. AnropuTtm yrnpasneHuns

YnpaeneHve kaxablM annapaToM B rpynne NpoMcxoauT C NOMOLLbI0 anroputma, paspabaTbiBaemoro
nonb3oBaTenem.

YHpaBnmow,vle BO34ENCTBMS Ha annapartbl Bbl4akTCA B OOQHOM U3 CrieyroWnX BapnaHTOB:

e M0 TOYKaM B FlOKanbHOM CUCTEME KoopAaunHar;

« 10 TOYKaM B rnmobanbHom cucteme KoopAauHart,

e [10 CKOPOCTAM B nokanbHOW 1 rnobanbHOM cucteMax KoopAaunHarT,
e MO YCKOPEHUAM;

e IO TAre n OpVIeHTaLI,I/II/I/yFJ'IOBbIM CKOpPOCTAM annapara.

ANroputMbl  JOMKHbI  ObITb  WMAM  YHUKANbHBIMW UM MMETb  MPUHLMMMANbHbIE  OTNMYMS  OT
06LWenoCTYNHbIX.

1.3.1. YnpasnsawLwime BO3OeNCTBUSA

lMporpammHOe ynpasreHWe asTOMUIIOTOM W3BHE BbINOSHAETCA C  nomowbio Tpex MAVLink-
COOOLLIEHUN:

o« SET_POSITION_TARGET_LOCAL_NED;
o« SET _POSITION_TARGET_GLOBAL_INT;
o« SET ATTITUDE_TARGET.

Coobuwenna ROS/MAVROS, cooteetctBytowme MAVLiInk-coobLleHnam:

« PositionTarget;
« GlobalPositionTarget;
« AttitudeTarget.
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Kog 06paboTku Ha CTOpOHe aBTONUIIOTA (4S9 CNPaBKM M YTOYHEHUS OeTanen peanvsaumm):

o SET_POSITION_TARGET_LOCAL_NED;
o SET_POSITION_TARGET _GLOBAL_INT;
o« SET_ATTITUDE_TARGET.

MepBoe coobLieHne NO3BOMSET YNPaBnsATb B NOKarbHON CUCTEME KOOPAMHAT MO TOYKaM, CKOPOCTSIM,
YCKOPEHUSIM, PbICKAHMIO Y CKOPOCTU PbICKaHUS.

BTopoe—B rnobanbHOM cucteme KoopaAuHaT Nno TOYKaMm (LIJVIpOTa, OoIroTa, BbICOTa), CKOPOCTAM,
YCKOPEHUAM, PbICKaHUIO N CKOPOCTU PbICKaHUA.

TpeTbe — N0 NOMNOXEHUO B NMPOCTPAHCTBE (KBAaTEPHUOHY), CKOPOCTSIM KpeHa, TaHraxka U pbiCKaHus,
HOPMMPOBaAHHOMY 3HAYEHUIO TSN,

B «kaxgom COO6LLI,eHI/1VI BO3MOXHbl pa3Hble KOM6VIHaLI,I/IVI ynpaeneHnda, KOTOopble 3adarkTcAd
cneuuanbHbiM Nonem-mackon. He Bce KOM6VIHaL|,I/IVI MOTryT nNpuHUMaTbCA aBTONUIIOTOM, AOnA
YTOYHEHUA HeO6XO,EI,VIMO O6anJ,aTbCFI K UCXOAHbIM KoAdaM (CM. BbIUJe). rlpI/IMepr peann3aunn
ynpasneHua rno To4KkamM 1M CKOpoCTAM B nokarnbHOW cucteme KoopAaunHaTt npeactasBli€Hbl B ¢>al7|nax:

« ros1-group — npumep ynpasrneHua rpynnown annapartos Yyepe3 ROS;
e r0S2 — NpuMep ANs CTYAEHYECKOW FOHKM;
e ros2-group — NpuMep ynpaeneHusa rpynnon annapartos Yyepe3 ROS 2.

1.3.2. N"ameHeHue koadpdpuumeHTos MNL-perynaropos
aBTonumnoTa

3HaveHua koapdpumumeHTtoB [U[-perynatopoB aBTONMMOTa BbIBEAEHbI B  COOTBETCTBYHOLLME
napameTpbl (onucaHwe napamMeTpoB CM. B pasgene Mogenu annapartoB). Onucanue [MAL-
perynaTtopoB M pekoMeHgauun no nx uameHeHuto npeactaerneHbl B Multicopter PID Tuning Guide
Basic n Advanced.

1.4. dopmauumn

dopmaummn npeacTaBnstoT cOOON COBOKYMHOCTb TOYEK NMPOCTPAHCTBA, B KaXA0W U3 KOTOPbIX OOMKEH
HaxoouTbCsl OAMH M3 annapaToB (MGoi annapaTt) rpynnbl. [py 3TOM HaxoXAEHWE Kaxgoro u3
annapaToB rpynnbl 3agaeTcs anropuTMoMm, pa3paboTaHHbIM Nonb3oBaTenem.

1.5. Icnonb3oBaHWe Kamepbl annapara

[Mpy BKMOYEHUM KaMepbl MNPOUCXOOMT MOBbIWEeHMe Harpy3km Ha CPU un GPU.
| yl Mony4aembin FPS 3aBMcnT OT TexHMYeckux xapaktepucTuk MNK. Ytobbl noBbicutb FPS
(B paMkax orpaHu4eHus1), MOXXHO YMEHbLLWTb pa3mep okHa Cumynsitopa.

(]
Lt
YToObl BKNIOYMTL KamMepy B OKHE CwmynﬂTopa, HaXXMUTE Ha KHOMKY . .

[ns nonyyeHus nsobpaxkeHun ¢ kamep annapara ucnonbdynte ROS 2. [1ns nonyyeHus nsobpaxkeHun
peKkoMeHayeTCa HanvcaTb NOANMCYUKA C MCNOoNb3oBaHMeM bnbnuoTtekn image_transport.
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https://github.com/PX4/PX4-Autopilot/blob/v1.13.2/src/modules/mavlink/mavlink_receiver.cpp#L1004
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https://github.com/PX4/PX4-Autopilot/blob/v1.13.2/src/modules/mavlink/mavlink_receiver.cpp#L1544
https://docs.px4.io/v1.13/en/config_mc/pid_tuning_guide_multicopter_basic.html
https://docs.px4.io/v1.13/en/config_mc/pid_tuning_guide_multicopter.html
https://docs.ros.org/en/humble/index.html
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1.6. ['opsa4vme knasumn nepekntoyYeHnsa BNaoB

B CumMynsaTope OOCTYMHbI creaytoLlime BUabl:

« BuUA o1 nepsoro nuua (F1);

» BuA o1 TpeTbero nuua (F2);

e BUA co cBoboaHom kamepsbl (F3);

« BUA o1 nuua nunota (F4);

e BMJ OT TPETLErO Nuua Ans rpynnsl Mmogenen annapatos (F5).

Mo knaeuwe C NpoMcxoauT LUMKIIMYECKOE NEPEKITIOYEHME MeXY BUOaMM.
MepeknoveHre Mexay annaparamy ocyLLeCTBSEeTCs:

« M0 HOMepy annaparta (HyMmepauns HaunmHaeTcd ¢ 1) C NOMOLLBbIO LIMGPPOBLIX KNaBuLL;
e Ha crnegyroLwmin n Npegbiaywmn annapartbl C NOMOLLBIO Knaeuw X n Z COOTBETCTBEHHO.

1.7. lNepekntovyeHne Ha Vulkan

Mo ymonuaHuio Cumynatop ucnonb3yet OpenGL, HO ANs NOBbILEHUS NPOU3BOAUTENBHOCTN UMEETCS
BO3MOXHOCTb nepeknovntbcsa Ha Vulkan.

A CrabunbHag pabota npu nepekntoveHun ¢ OpenGL Ha Vulkan He rapaHTupyeTcs.

Ona nepekntoyeHns Ha Vulkan B channe client/start.sh nocne nepson cTpokn gobaBbTe CTPOKY:

GAPI="vk"
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2. Havano paboTtsbl

3anycTtuTe Knactep cumynsaTopa:

./cluster.sh settings/IMA.json

NMMA —uma carina napameTpoB 3anycka, KOTOpoe 3aBUCUT OT OUCLUMNMUHBLI U YPOBHSA CIOXHOCTU
(oaomnH un3 json-chbannos anpektropun settings).

| yl YcTaHasnvBas 1 3anyckas CI/IMyﬂFlTOp, Bbl COornatllaeTtechb C yCrioBUuAMU JIMLUEH3UN.
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3. AducumnnuHsbl

NHTepdeiic CumynsiTopa No3BonsieT TPeHMPOBaTLCS B CNeAyHLMX AMCUMMINNHAX:

e CUHXPOHHbIV NONET;

o KomaHaHas roHka;
e YX0[ OT CTOJIKHOBEHMS.

3.1. CUHXPOHHbIN MOneT

B pamkax gucumnnuHbl «CUMHXPOHHBLIA MoneT» 3agada — paspabotaTb M 3anporpamMmmpoBaThb
anropvTM, MO3BONAOWMIA rpynne M3 6 GecnunoTHbIX annapaToB MPeoaoneTb FOHOYHYH Tpaccy,
BbICTpauBasicb nepeg TpubyHamu 3putenen B reomeTpuyeckme doopMaumm pasnmnyHon CroXHOCTH.

3.1.1. ToHo4Has Tpacca

i | B
(o @ TEEES.
— 4 -
R

Puc. 1. CuHxpoHHbIl rnoném. Tpacca

MoneT rpynnbl annapaToB OCYLECTBASETCA Hag BblAEMNEHHbIMX 30HaAMW MONSA MO HanpasneHuto
NPOTUB YacOBOW CTPESIKN.
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Puc. 2. 3oHbI nons

30HbI nponerta —4yacTtu nornd, oTMe4YeHHble XeNnTbiM LBETOM.

Hapg 3oHamu nponeta rpynna annapartoB AOJKHA OBUraTbCA, nogaepXxXmBad cbopmau,vno (B3aMMHO€
NPOCTPaHCTBEHHOE pacnono»(eHme) B COOTBETCTBUM C NONMy4YEeHHbIM 3adaHUEM.

Pa3mepbl 30H npornerta, B MeTpax:

e OnnHa — 87;

e wnpuHa — 20;

e BbicoTa —40.

30HbI NEPECTPOEHNST — YaCTU MOIIsi, OTMEYEHHbIE 3EMIEHbIM LIBETOM.

I'IponeTaﬂ Ha[ 30HaMWU nepecTpoeHua, rpynna annapatoB AOSKHa MnepecTtponuTtbCA B HOBYIO
d)opmau,vno B COOTBETCTBUM C NOJTy4YEeHHbIM 3aaHNEM.

Pa3mepbl 30H nepecTpoeHnsi B METpax:
e ONMMHa — 82;

e WwnpuHa—15;
e BbicoTa—40.

LleHTpbl 30H nponeta pacnonoXeHbl No cnegytowmm koopguHatam: (0, 31) n (0, -31). LleHTpbl 30H
nepectpoenus: (51, 0) u (-51, 0).

MecTo cTapTa HaxoguTcs B NnepBor 30He nepectpoeHus (51, 0).

3.1.2. dopmauymn

dopmauumn 3agatoTcsl B OTHOCUTENBHOM cUCTEME KoopamHat (6asnc cuctembl coBnagaeT ¢ 6asncom
CUCTEMbI CUMYNATOPA, a TOYKa OTcYeTa NPON3BOSbHA).

Hanpvlmep, NnoCTpoEHNE B BUOE 6yKBbI «T» u3 wectun annaparoB MOXeT ObITb 3aaHO B TaKOM Buae:
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(01 _31 11)1 (01 _11 11)1 (@I 1! 11)1 (@I 3! 11)1 (@I @I 8)1 (01 0! 5)

3.1.3. 3apaHue

3agaya nonb3oBaTens — paspabotaTb anropuTM  yNpaBrieHUs TPynnor  annapaTtoB, KOTOpblii
aBTOMaTUYECKM:

e pacnpegenuT MecTopacronoXeHne annapartos B Kaxaon ua popmamim;

e BblAACT ynpasnsawoLLne BO3OENCTBMSA Ha annapathl 4Nng nogaepXxaHua popmauuiy;

e BblAACT ynpasnsawLLne BO3OENCTBMSA Ha annapathl 4Nd9 NepecTpoeHnsa mexay hopmauusamu;

 BblAACT ynpasndaoLLne BO3OeNCTBMSA Ha annapathl AN nepeMeLLeHnst N0 rOHOYHON Tpacce Ans
BbIMOSTHEHUS NOSIHOMO MOMETHOro 3aJaHns.

Ona CTyaeHYeCcKOro ypoBHA

MonHoe nonéTtHoe 3agaHve B BuAe nocneaoBateribHOCTU U Habopa HeobxoaMMbIX AMS BbINOMHEHUSA

dopmaLmin N3BECTHO 3apaHee:

« nepBas opmaumss — Byka « T»:

(01 _31 11)! (@I _11 11)! (@I 11 11)! (@I 31 11)! (@I @I 8)! (@I @I 5)

e BTOpasd — «E»:

(e, 0, 11), (0, 3, 11), (@, @, 8), (@, 3, 8), (@, @, 5), (@, 3, 5)

o TpeTbs — «Cx»:

(@I 11 9)! (01 @I 11)! (01 _21 9)! (01 _21 7)! (01 @I 5)1 (01 1! 6)

e YyeTBepTasi — CHoBa « T».

B kaxgon 30He nporneTa (0o Bbixo4a M3 Hee) AOMmKHa nogaepXmBaTbCa ogHa dopmauus CorfiacHo
nony4YeHHOMY MOMNETHOMY 3adaHuto. [locrne 4vero B 30HE NMEPECTPOEHUS] OOIMKHO ObITb BbIMNOMHEHO
nepecTpoeHne B Criedylolyo No MOMeTHOMY 3agaHunio dopMauuio, U noggepaHue co3naHHOM
dopMaumn B brnivkanwen 30He NposeTa Mo HanpaeneHno OBMKEHUS (MOKa3aHo CTpernkamm).

Onsa MNpodeccnoHanbHOro ypoBHA

Mpu 3anycke CumynsaTopa aBTOMaTMYeCcKM BblAAETCs NOMNETHoe 3adaHuve B Buae Heobxoaumow Ans
BbINOSIHEHMST popMauun B Onwkanwien 30He nponeta no HanpasreHulo ABWXKEHWUs (nokasaHo
cTpenkamu). B ToT MOMEHT, korga Bce annapatbl NepexoasiT U3 30Hbl NporieTa B 30HY NepecTpoeHus
(kpacHble nNUHWUK), BblOAETCS criegylollee MNOfeTHoe 3adaHve B Onwkanwen 30He nponeta no
HanpaBneHuIo OBUKEHNS.

Bblgaya nonetHoro 3agjaHusi npoucxogmt ¢ nomollbto cuctemel ROS 2. lMNpu 3anycke cumynaTopa
Takke 3anyckaetca ROS 2-Hoga, nybnukytowas B ROS 2-tonnk formation Tekywme
OTHOCUTENbHbIE KOOpAMHATLI ANsi NOCTPoeHust bopmaunn B popmare

geometry_msgs/msg/PoseArray
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3.1.4. 3anyck

Komanga ans 3anycka Cumynstopa BbIrmsguT cnegyowmm o6pasom.
CTyneH4YeCKU ypOBEHb:

./cluster.sh settings/formation_stud_test_settings.json

MpodeccroHanbHbIN YPOBEHL:

./cluster.sh settings/formation_prof_test_settings.json

3.1.5. Kputepun oueHnsaHmg

N3amepsitoTca cnegytoLime Kputepum:
o BpeMsi NPOXOXAEHMS TPaccChbl.

Tarimep 3anyckaetcsa npu B3néTte xota Obl OQHOrO annapara, a 3aBepLlaeTcs nocne nNpoxoxaeHus
30HbI NponéTta nocnegHen hopmamu.

« KonnyectBo cTONKHOBEHUN.

MoBTOpPHOE CTOMKHOBEHME 3acyuTbiBaeTcs Tonbko uYepe3 0,5 cekyHObl nocne nepBoro
CTONKHOBEHMSI. [1Ba CTONKHOBEHUS YYMTbIBAOTCA €QUHOXIbI, €Crv MeXay HUMK npowro meHee 0,5
CeKyHabl.

. ,D,J'IVITGJ'IbHOCTb BblJi€Ta 3a npeaernbl OrpaHVI‘-II/ITeJ'IbHOIZ 30HbI.

CymmapHoe BpeEMA, I'IpOBe,EI,éHHOG Kak MWHMMYM OOHMM  annapatoMm 3a npegernamum
OFpaHVI‘-II/ITeJ'IbHOIZ 30HbI BO BpeMsA NpoxXoXxXaeHns 30HbI nponéTa.

o OTKNOHEHMe OT hopmaLmm.

Mpn nponeTe 30HbI MoKas3a B KaXOblh MOMEHT BpeMeHW Yepe3 paBHble MPOMEXYTKA BpeMeHU
namepsieTca cpegHekBagpatudeckoe oTknoHeHne (CKO) nonoxeHus annapaTtoB OT TOYeEK
dopmaumn. [Onga Kaxoon 30HbI MoKasa BblMUCAAETCS cpefHekBagpatuyeckoe 3HadeHue CKO
(CKCKO). Nocne atoro Bbivncnserca cymma CKCKO no 3oHam nponéTa.

3.2. KomaHgHas roHka

B pamkax aumcumnnuHbl «KomaHgHas roHka» 3agada — paspabotatb M NpOAEeMOHCTPUMPOBATb
paboTocnocoBHOCTb anropuMTMa, Mo3BoMAWero 6ecnuinoTHOMY annapaTty MpOoNeTeTb TOHOYHYHO
Tpaccy C UCNOMb30BaHNEM TEXHUYECKOTO 3PEHNS.

3.2.1. [oHo4YHas Tpacca

loHO4YHasa Tpacca npeacTasnseT cobon nocneaoBaTenbHOCTbL U3 7 BOPOT B MOMELLEHUN C pa3mepamm
2594 x 3919 x 841 M. Tpacca 4aBMASETCA KPYroBOW: OOHM BOpOTa  ABNAOTCH
CTapToOBbIMU/PUHNLLIHBIMW, @ OCTanbHble — NPOMEXYTOYHbIMU. MONOXEeHNa 1 NocnegoBaTeribHOCTb
BOPOT HE M3MEHSAIOTCS. Tpacca HaxoanTcs B 30He pasmepom 20 x 25 x 6 m.

AnnapaTy Heo6xoamMmo B3feTeTb CO B3NETHOW MoLWaAK/ 1 NponeTeTb 3 Kpyra.
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Puc. 3. KomaHdHas 2oHka. Tpacca

BopoTta — 06bekT ¢ kBagpatHbiM oTBepcTnem 1.54 x 1.54 m, yepes KOTOpoe HeobXoAUMO NPOSETETb
annapaty. Ytobbl nponeTeTb BOpOTa, annapaty HeobXoAMMO LEHTPOM Macc nepecedb MMOCKOCTb
OTBEpPCTUSA (BHYTpY OTBEPCTUS) B MPaBUIbHOM HanpasrieHUN.

Ha BopoTax CO CTOPOHbI, B KOTOPYI HYXHO BRETETb, PSAOM C yriamu OTBEpCTUA HaHeceHbl ArUco-
mapkepbl pa3amepom 0.19 x 0.19 M (koabl MapkepoB B3sTbl 13 cnosapa DICT 4X4 250 6ubnuoteku
OpenCV). Homep mapkepa B cnosape BblUUCRseTcs no popmyne:

M=N*4+C

roe:

* N € [0..6] — nocnepoBaTternbHbI HOMEpP BOPOT;
* C € [0..3] — Homep yrna:
e 0 — neBbIN HWKHUIA;
1 — npaBbIt HAXHUN,
2 — npaBbl BEPXHUN;
3 — neBbI BEPXHUN.
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Ans Bu3yanu3aumm (He MPUCYTCTBYIOT Ha M300paeHWsx C Kamepbl annapata) rnokasaHbl: 30Ha
Tpaccbl (BugHa BOMM3M), NMHMA TpacCbl U OTMeYeHbl BopoTa. BopoTta, KoTopble Heobxogumo
nponeTeTb, OKpalleHbl B 3enéHbln uBeT. [lpy HapyweHun HanpaeneHus nponéta BopoTa
OKpaLLMBAKTCS B KpacHbIN LBET. CriegytoLme BopoTa — XENTble, NpeablayLime — KpacHble.
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Puc. 5. BHewHul sud sopom ripu rponéme yepes HUx

06BbEKTbl Tpacchl SIBMSOTCS HENpPOXOAMMOW nperpagor Ans annapaTtoB—Ha HUx paboTtaeT
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MEXaHW3M YMNpyroro CTONMKHOBEHMs. B GonbluMHCTBE criydaeB 3TO MNpaBuIo OelcTByeT U Ans
nomeLleHust (BHe 30Hbl TPAcChl MOTYT BCTPeYaTbCs HEBMANMBIE Nperpagbl).

3.2.2. Annapat

Mopgenb annapara 3aBUCUT OT YPOBHA CITOXXKHOCTU!

o ansa CtyoeHyeckoro — FPV F5D Auton LPS;
« ans MNpodeccnoHansHoro — FPV F5D Auton.

3.2.3. 3apaHue

3apaya annaparta — B3neTeTb M NporeTeTb 3 Kpyra roHOYHOW TPaccehl.

3apgaya nonb3oBarenein — paspaboTaTtb anropuT™M ynpaeneHus annapatoM, KOTopbli aBTOMaTUYECKH
BblAacCT yrnpaBnsioLiMe BO3OENCTBUS Ha annapaT Ans BbiNOMHEHUs 3a4a4yn annapara.

3.2.4. 3anyck

KomaHga ans 3anycka Cumynsitopa BbIrmsauT crneayowmum obpasom.
CTyAeHYeCKUI YpOBEHb:

./cluster.sh settings/race_stud_test_settings.json

MpodeccruoHanbHbLIN YPOBEHL:

./cluster.sh settings/race_prof_test_settings.json

3.2.5. Kputepun oueHnBaHug

N3mepsitoTca cnepytoLime Kputepum:
o Bpemsi NPOXOXAEHMS TPaccehl.

Tanmep 3anyckaeTca npu B3nETe annaparta, a 3aBeplUaeTcs Mocre MpPoXoXOeHNa nocregHmnx
BOPOT.

« KonnyectBo CTONKHOBEHU.

[MoBTOpHOE CTOMKHOBEHME 3acyUTbiBaeTcs ToNbko 4epe3d 0,5 cekyHObl nocne nepeoro
CTONKHOBEHMS. [1Ba CTONKHOBEHMS YYNTBIBAKOTCA €OUHOXAbI, €Cnn Mexay HUMu npowno meHee 0,5
CeKyHAbl.

o [InuTenbHOCTb BbISIETa 3a npeaenbl Ol'paHVIL-IVITeJ'IbHOVI 30HblI.

CymmapHoe BpeMsi, NpoBeAEHHOE anmnapaTtoM 3a Npeaenamn orpaHnYnTENbHON 30HbI.

3.3. YXoO oT CTOfIKHOBEHUSA

B pamkax gucumnnuHbl «Yxon OT CTOMKHOBEHUS» 3ajadva Morb3oBaTensd — peanu3oBaTb anropuTm
ynpasnexus, nossonstowuin BIJTIA nponeteTb 3agaHHbI MapLipyT, u3bexaB CTONKHOBEHMM C
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NpensaTCTBMSAMN (BO3AYLIHBIM LWAPOM / ATuuamm).

3.3.1. [oHO4YHasa Tpacca

MonuroH npencrtaBndeT cobown y4acCTOK FOpHOIZ nepecequHon MECTHOCTMU.

Puc. 6. Yxod om cmornkHogeHusi. Tpacca

MaplupyT npencTaBnseT co6OM MOMaHyl NUHWI0, 3adaHHYyl KoopauHataMu ee BeplunH (ToYek
maplupyTa). MoneT no MaplpyTy HayMHaeTca Mpu B3neTe annapata W 3akaHuvMBaeTcs Mpu ero
nocajke Ha nocafo4Hyto NnoLaaKy ¢ pacctosaHmeM 3 MeTpa [0 LieHTpa aToi nnowaaku. MNpu nonerte
no MapLipyTy TpebyeTcs cTporoe nogaepXaHue TpaekTtopuu. [lonycTuMasi 30Ha HaxoOMUTCs BOKPYr
NMUHUW MapLLpPYyTa He Aanblie HeKOTOPOoro paccTosiHNsA R oT Hee.

B kauectBe npensiTCTBUMA BbICTYNAKT BO3AYLUHbIA Wap / NTULbl, MECTOMONOXEHNE KOTOPbIX He
3aBUCUT OT NepeMeLLeHnin annapara.
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Puc. 7. lNpumep npensmcmeusi

MTrubl nmetoT BHELWHMI Konnangep (06bekT, onpegensaowmnn hopmy 1 pasmep 30Hbl CTONKHOBEHWS).
MTuy cnegyet obneratsb:

e Ha paccTosiHUK 2-3 MeTpa BbiLLE UX TPAEKTOPUK NONeTa;
o 3-4 MeTpa HUXe NX TPaeKTopuu;
« 5 meTpoB cnesa/cnpasa.

BosaywHbin wap obrnagaet Konnangepom, COOTBETCTBYIOLIMM €ro Bu3yanbHOW MoAenu; ero
uenecoobpasHo obrnetartb criesa unu cnpasa.

3.3.2. 3agaHue

3agaya nonb3oBatens — pa3paboTaTtb anropuTM yrnpaeneHust annapartom, KOTopbli aBTOMATUYECKM:

* BbIJACT ynpaBnsioLlee BO3AENCTBME HA annapaT Ans NepeMeLeHns o MapLpyTy;
e onpeenuT NPensiTCTBUS, C KOTOPLIMU MOXET NMPOU30NTN CTONKHOBEHUE;
e BbIJACT ynpasnsioLlee Bo3aencTame Ans n3beraHna CTonKHOBEHUIA.

[na CTyneHYeckoro ypoBHS MONOXeHue NPensaTCTBUN, a Takke MX rabapuTHble pa3Mepbl BblAalTcs B
TeyeHue nomneTta annapata, Npu HaxoXOeHUW MPEnsaTCTBMSA Ha pPacCTosAHMU OoBHapyxeHus L ot
annapara.

Ans MpodeccmoHanbHOro YpoBHS NapameTpbl AMHAMUYECKMX NPenaTCTBUI HeobxoanMo onpeaensTb
C MOMOLLbIO ONTUYECKMX Kamep annapara.

KoopaunHaTbl Touek MapLipyTa B nokanbHOW cucteme KoopamHaTt CumynaTopa:

[ 549.75, 207.8, 98.56658],
[ 549.75, 207.8, 125.0 1,
[ 580.0, 366.0, 125.0 1,

[ 624.55501, 598.40931, 70.0 1,
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[ 928.84280, 947.73771, 95.0 1,
[ 965.0, 1238.0, 100.0 1,
[1108.28750, 1443.92409, 105.0 1,
[ 933.8, 1701.4, 140.0 1,
[ 933.8, 1701.4, 107.66052]

[onyctumoe pacctosiHne R BOKpyr nvHUKM MapLupyTa, B MeTpax: 7.5
PaccTtosiHue obHapyxeHusa npenatcTeui (ana CtyaeHveckoro yposHs) L, B meTpax: 10

Bbolgaya vHdopmauum o npenatctBuax (ona CTydeHYecKoro YpOoBHSI) MPOMCXOAUT C MOMOLLbIO
cuctembl ROS 2. MNpu 3anycke cumyndatopa Takke 3anyckaetcs ROS 2-Hoga, nybnukyowas B ROS
2-Tonnk obstacles nHdopmauuio 0 NPensaTcTBUmM B hopmarte CTPOKU

std_msg/msg/String

dopmart CTpoKu, NyGNnMKyemMon B TONKK; 3HaYeHNsa pasgerneHsl npobenamu:

obj_name x y z scale_x scale_y scale_z

3Ha4yeHus B CTPOKeE:

« obj_name — nms npenarcTeus;
e X Y Z— KOOPAMHAaTbI NPENSATCTBUS;
« scale_x scale_y scale_z — raGaputbl npenaTcTeus (B MeTpax).

BoaMoxHble 3Ha4yeHus obj_name:

« hot_air_balloon — Bo3gyLuHbIn Wwap;
« eagles 1 ducks — rpynns! NTuL,.

3.3.3. 3anyck

Komanga ans 3anycka Cumynstopa BbIrmsguT cnegyowmm o6pasom.
CTyneH4YecKn ypoBeHb:

./cluster.sh settings/avoid_stud_test_settings.json

MpodeccroHanbHbIN YPOBEHD:

./cluster.sh settings/avoid_prof_test_settings.json

3.3.4. Kputepun oueHnBaHug

N3amepsitoTca cneayoLime Kputepum:
o BpeMsi NPOXOXAEHMS TPacChl.

Tavimep 3anyckaeTcs nNpu B3nNéTe annapaTa, a 3aBepluaeTcss Npu NPU3EMNeHWM annapata Ha
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NOCafOYHYH0 NITOLWAAKY.
« KonnyectBo CTONKHOBEHUN.

[MoBTOpHOE CTOMKHOBEHWE 3acyuTbiBaeTcs ToNbko 4epe3d 0,5 cekyHObl nocne nepeoro
CTONKHOBEHMS. [1Ba CTONKHOBEHMS YYNTBIBAKOTCA €QUHOXAbl, €Cnn Mexay HUMu npowno meHee 0,5
CeKyHAbl.

o [INUTENbHOCTL BbINETa 3a Npeaernbl OrPaHNYUTENBHON 30HbI.
CymmapHoe BpeMmsi, NpoBeAEHHOE annapaToM 3a npegenamu orpaHnYnTENbHOM 30HbI.
o OTKNOHEHME OT MapLupyTa.

Mpn nponéte mapwpyTa B KaXdbll MOMEHT BpPEMEHW Yepe3 paBHble MPOMEXYTKM BPEMEHU
n3MepsieTcd OTKIOHEHME annapata oT Onwkanwen ToukM Ha nomMaHou MapwpyTta. [locne
npeodoneHns MapLipyTa BblUUCISETCA cpegHekBagpaTudeckoe oTknoHeHne (CKO) no Bcem
N3MEPEHHBbIM OTKITOHEHUSIM.
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4. PaboTta co cBeToOMOAHOW NaHenbko

[na paboTbl co cBetoguoaHon naHenbiko yctaHoBuTe ROS 2 (pekomeHayema Bepcus — Humble).
YctaHoBuTe ROS 2 1 HacTpouTb OKpyXeHne MOXHO no ccbinke: hitps://docs.ros.org/en/humble/
Installation.html.

[ns 3anycka cumynsatopa ¢ KOHTeHepammn cobepuTe nonb3oBaTenbCkuii koHTenHep ¢ ROS 2.

4.1. APl mogyns

PGKOMGH,EI,yeTCFl pa6OTaTb CO CBETOAMOAHON ManMU,eVI B paMKax OOHOro 3arycka
|y| CKpunTta, TaK KaK Aand yCI'IeLLIHOIZ OoTnpaBKu COOOLLUEHNA 00 W3MEeHeHUM LuBeTa
cBeToamoaa OOJIKHO YCTaHOBUTLCA NOAKITHOYEHUE.

[ns paboTbl co cBeTOAMOAHOM MaTpuuen nmnopTtupynte PioneerLed B ckpunr:

from pioneer_led.pioneer import PioneerlLed

Mocne atoro cosganTe ak3emnndap PioneerlLed.

MoxHO BKNIOUMTL logger—Toraa B KOHCOMb OyayT BbIBOOUTLCA MHOEKCHI C LIBETOM TOMBKO 4TO
NM3MeHEHHbIX CBETOANOA0B. 3HavyeHme No MonyaHuio: logger=False:

pioneer = PioneerlLed()

Mocne aToro n3MeHATb LIBET CBETOAMOAOB MOXHO Yepes dyHkuuio led_control:

pioner.led_control(led_id, r, g, b)

« led_id (int, [0 .. 24, 255]) — HOMep cBeToanoaa (255 - Bce ceeToamoabl);
e r(int, [0 .. 255]) — 3Ha4eHne KpacHOro;

e g (int, [0 .. 255]) — 3Ha4yeHuWe 3eneHoro;

e b (int, [0 .. 255]) — 3Ha4yeHue cuHero.

Takum 0b6pasoMm MOXHO obpaTuTbcs K NOOMy cBeToamoay (MnM KO BCEM Cpasy) Ha maTpuue u
M3MEHUTb ero LBET.

Dy YT1oObl CBETOAMOA 3aCBETWNCS, XOTA Obl OQHO M3 3HA4YeHun r, g, b gomkHO ObiTb
6onbLue 80.

4.2. Pasbop npumepa

PaccmMoTpyM npumep Koda, KOTopblii BbIBOAWUT Ha MaTpuLEe KPECT:

from pioneer_led.pioneer import Pioneerled
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import sys

leds = [1, 5, 7, 9, 13, 17, 19, 21, 25]
if __name__ == " main__
try:
pioneer = Pioneerled()
pioneer.led_control(255, @, @, @)

color = [int(i) for i in sys.argv[1:4]]

for led_id in leds:
pioneer.led_control(led_id-1, *color)

except Exception as e:
print(e)

Co3gaéMm  cnmMcok HOMEPOB CBETOAMOAOB, KOTOpble Heobxooumo BknouuTb. [OAna  ygobecTtBa
3anucbiBaemM HoOMepa, Kak OHM NoAnucaHbl Ha nnaTte, HaunHas ¢ 1:

leds = [1, 5, 7, 9, 13, 17, 19, 21, 25]

Cos3pnaém ak3emnnap knacca PioneerLed n BbiknovaeM Bce cBetoguonbl (4ToObl He BbIBOAUTb
n3obpaxeHne NoBepx NpeabiayLlero).

pioneer = Pioneerled()
pioneer.led_control(255, @, @, 0)

CunTbiBaeM LBET U3 apryMEHTOB KOMaHAHOW CTPOKM.

color = [int(i) for i in sys.argv[1:4]]

B umkne Bkniovaem cBeToamoabl U3 cnmcka. Tak Kak 3anMcbiBanym HoMepa, HaduHas ¢ 1, Heobxoanmo
Bbl4eCTb 1.

for led_id in leds:

pioneer.led_control(led_id-1, *color)

4.3. 3anyck

1. 3anyctute cumynsaTop:
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./cluster.sh settings/led_settings.json

2. B otoenbHOM TepMmHane BonauTe B OKPYXXEHNE KOHTEMHEPA LiEeHTpa yrnpaBneHus (CeTb
Mex60opToBOro obmeHa):

./exec_cc.sh bash -1

3. Mopgkntounte okpyxkeHne ROS 2:

source /opt/ros/humble/setup.sh

4. Bbictaebte ROS_DOMAIN_ID cetn mexo6opToBOro oomeHa:

export ROS_DOMAIN_ID=100

5. Banyctute ckpunT npw 3anyweHHoM Cumynsartope:

python3 x_tutorial.py 255 0 @

OTobpaxeHne CBETOAMOA0B Ha MaTpuLE:
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Puc. 8. Ceemoduodbi Ha mampuue, 3Hak X

4.4. [lononHUTeNbHbIE NpUMepsI

an/IMepr 3anyCKarTCA U3 OUPEKTOPUNn, B KOTOpOI?I HaxXoOATCA.

4.4.1. YnpasneHne ogHMUM CBETO4NOO0M

[nsa 3anycka npumepa BBeaUTE B TEPMUHANE:

python3 led_control_one_diod.py led_id r g b

3Ha4yeHus B CTPOKeE:
o led_id - int[0 .. 24, 255] — Homep cBeToaAMOaA, K KOTOPOMY MPUMEHAEM CMEHY LiBETA.

Ecnu BBecTun 255, To o6palleHne GyaeT Ko BCeM CBETOAMOOAM.
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e I,g, b -int[0 .. 255] — 3Ha4eHme UBeTa (KpaCHbIN, 3€NEHbIN, CUHUIA COOTBETCTBEHHO).

lMocne aToro Ha maTpuue 3acBETMTCS TOT CBETOAMOL, WHOEKC KOTOoporo Obin BBedeH. Ecnn HyxHO
N3MEHMWTb LiBETA BCEN MAaTpULbl, TO BBEAEHHbIN MHOEKC AOMMKEH ObiTh paBeH 255.

4.4.2. LlBeta

,D,J'IFI 3anycCka npuMmepa eeeunTte B TepMmnHane:

python3 led_control_all_colors.py

B paHHOM npuMepe nokalaHbl BO3MOXHblEe cnocobsbl ynpasneHus CBETOOAMOAHON ManMHeﬁ. MoxxHo
3agaBaTb LIBET Kak BCEN mMaTtpuue ogHOBPEMEHHO, TaK U OANd KaXXOoro otaesfibHOro ceetoganoaa.

Puc. 9. Lisema

4.4.3. Llndppsl

[lna 3anycka npumepa BBeAUTE B TEPMUHANE:

python3 led_print_numbers.py led_id r g b

3Ha4yeHus B CTPOKeE:
e 1,9, b-int[0 .. 255] — 3HayeHVe LBeTa (KpaCHbIW, 3€MNEHbIN, CUHUA COOTBETCTBEHHO).

B maHHOM npumepe nokasaHbl BO3MOXHble crnocobbl ncnonb3oBaHna led_control. [Npu nomowm
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3apaHee 3aJaHHbIX MHAEKCOB MOXHO pucoBaTb fobble CUMBOIbLI/M300paxXeHNs B pamkax MaTpuubl
pasmepoM 5x5.

Puc. 10. Yuceppbi

4.4.4. CMannukm

Ons 3anycka npnMmepa BeegunTte B TepMunHane:

python3 led_print_smiles.py r g b

3Ha4yeHus B CTPOKeE:

e 1,9, b -int[0 .. 255] — 3Ha4eHme UBeTa (KpaCHbIN, 3€NEHbIN, CUHUIA COOTBETCTBEHHO).
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Puc. 11. Cmadtinuk
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icTopuna nsmeHeHunu

15.11.2024
[loKymMeHT co3faH.
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