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WHcTpykums no akcnnyatauyum

1. Obwmne cBeaeHus

Mpoaykt UAVPROF Drone  Simulator: Competition —nporpamma  vmutaumm  nonéTtos
(oanee — Cumynatop) onsa obyyeHns n oTpaboTkn HaBbIKOB ynpaBneHns 6eCnnnoTHbBIM BO3OYLUHbIM
cyaHoMm (manee—bBBC) ¢ wvcnomb3oBaHWeM nporpaMMmHOro obecneyeHusi, Co3gaBaemoro
nonb3oBaTenem B npouecce paboTbl C NPOAYKTOM.

MpoayKT npeaHasHayeH ANa NpoBedeHWs COPEBHOBAHMIN M NO3BOMSET MCMONb30BaTb €ro Ans ABYX
AVBU3NOHOB C Pa3HbiM YPOBHEM MOATOTOBKM — CTYAEHYECKOro U NpodeCCMOHaNbHOrO.

[na 3anycka npogykta MCNonb3yeTcs KoMangHas cTpoka, a 10 y4yacTHUMKOB noAkniovaeTca K
astonunoty no cetn yepe3 MAVLink no UDP n k cumynatopy yepes ROS 2.

[ns cygencTtBa B NOCTaBKy NpoayKTa BXoAdAT dhansibl ¢ napaMeTpaMm oueHuBaHus (nogpobHee cMm. B

pasgene «Cyaenickme dannbi»).

1.1. Mogenu annapartos

B 3aBucMMoOCTM OT AuCUMNAWHBI U AMBM3MOHA, WUCMNONb3YETCS OAHA MMM rpynna M3 cregyoLwmx
mogenen BMNJA MmynsTMpoTopHOro Tuna:

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

Habopbl nmapamMeTpoB aBTOMUIOTOB YyKa3aHbl B (oainax, pacnofioXeHHbIX B AMPEKTOpUMM params
COOTBETCTBYIOLLIEN BepcUn Cumynatopa (https://qitflic.ru/project/uavprofsim/parma-basf/file?
file=docs%2Fparams):

« fpv_fbd_auton.params — gna FPV F5D Auton;
« fpv_f5d_auton_gps.params — ana FPV F5D Auton GPS;
« fpv_f5d_auton_Ips.params — gns FPV F5D Auton LPS.

Onucanue napameTpoB asTonunoTa CcMm. https://docs.px4.io/v1.13/en/advanced_config/
parameter_reference.html.

1.1.1. Obwas nHdpopmauus ans BCex annaparos

e Macca: 0.696 «r;
o pasmep: 0.263 x 0.316 x 0.089 wm;
e OOCTYMNHa Kamepa;

« PX41.13.2.
Tabn. 1. KoopanHaTbl nponennepoB OTHOCUTENBHO LieHTpa Macc
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
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1.1.2. Kamepa

Ha Bcex mogensix annaparoB AOCTyNHa Kamepa COo crnefyrwnMmmn Xxapaktepuctnkamm:

« LBeTHOe usobpaxeHue (RGB);

e BepTuKanbHbIn yron o63opa (VFOV)— 86.8 rpagycos;

« paspeweHne 1280x720 nukcenen;

e MaKkcuMmMarnbHOe KonmyecTBo Kagpos B cekyHay (FPS) — 60;

o n3bpaxxeHus nepeaarotca Yyepes Tonmk ROS 2;

e KOOpAMHAaTbLl OTHOocuTeNbHO LUeHTpa macc: (0.107 m, 0.000 m, 0.000 m);
e yrorn HaknoHa (Tadrax): 20 rpagycos.

1.2. Cnctembl kKoopanHat

Wcnonb3aytoTcsa cneayowme cUcTeMbl KOOPAMHAT:

e JlOKarbHas cucTtema KoopauHaT aBToONUNOTa;
e NOKarnbHas cuctema koopguHat CumynaTopa;
« rmobanbHas cuctema koopguHat M€HCC.

Bbasuckl, cooTeTcTBYlOWME OCaM X, Y, Z foKarnbHbIX CUCTEM KOOPAUHAT:

« ENU (BocTtok-CeBep-BBepx) ansa nokanbHon cuctemsl KoopanHat CumynaTtopa, coooLeHun
ROS/MAVROS;
e NED (CeBep-Boctok-BHu3a) ans astonunorta PX4 n coobweHnn MAVLink.

Touke otcueTta (0, 0, 0) nokanbHOM cucTeMbl KoopanHat Cumynsitopa cooTBeTcTByeT Touka (LLumpoTa,
Honrota, Bbicota) rmobanbHOM cucTteMbl kKoopauHat, 3agaBaemass B JSON-channe napameTpos
(cBonictBa latitude, longitude, altitude obbekta /session/world). Bce koopanHathl
0ObeKTOB B TeKyLlueM JoKyMeHTe 3adaHbl B 6a3nce ENU (Boctok-CeBep-BBepx) nokanbHON cUcTeMbl
koopauHat CumynsTopa.

1.3. Anroputm ynpasneHus

YnpaBneHve KaxgpiM annapatom B rpynrne npoucxoguT C MOMOLbIO anroputma, paspabaTbiBaemoro
KomaHgon.

YnpasnsitoLwne Bo3oencTBUS Ha anmnapaTbl BblAalTCs B OAHOM U3 CrieayoLMX BapMaHTOB:

e 0 TOYKaM B JIOKaNbHOW CUCTEME KOOPOWHAT;

e 0 TOYKaM B rnobanbHON CMCTEME KOOPAMHAT;

e M0 CKOPOCTSIM B JIOKasfibHOM 1 rnobanbHOM cucTtemMax KOOpAMHAT;
e M0 YCKOPEHUAM;

e M0 TSIre U OpUeHTaUUK/yrioBLIM CKOPOCTAM annapara.

ANropuTMbl  AOMXKHbI  OblTb  WUNM  YHUKANbHLIMW MM UMETb  MNPUHUMNUATNbHbIE  OTAMYUA  OT
00Len0CTYNHbIX.

1.3.1. YnpaensoLiue BO3OencTaug

lMporpammHoOe yrnpaBneHue asBTOMUMOTOM W3BHE BbINOMHAETCA C nomowbio Tpex MAVLink-
coobLeHni:

o SET_POSITION_TARGET LOCAL_NED;
o SET_POSITION_TARGET GLOBAL_INT;
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« SET _ATTITUDE TARGET.
Coobuwenna ROS/MAVROS, cooteetctBytowme MAVLiInk-coobLleHnam:

« PositionTarget;
« GlobalPositionTarget;
« AttitudeTarget.

Kog 06paboTku Ha CTOpPOHe aBTONUIIOTA (4S9 CNPaBKM M YTOYHEHUS OeTanen peanvsaumm):

o SET_POSITION_TARGET_LOCAL_NED;
o SET_POSITION_TARGET _GLOBAL_INT;
« SET_ATTITUDE_TARGET.

MepBoe coobLieHne NO3BOMSET YNpaBnsATb B NOKarnbHON CUCTEME KOOPAMHAT MO TOYKaM, CKOPOCTSIM,
YCKOPEHUAM, PbICKaHUIO 1 CKOPOCTU PbICKaHUS.

BTopoe—B rnobanbHOM cucteme KoopaAnHaT Nno TOYKam (LIJVIpOTa, AoIroTa, BbICOTa), CKOPOCTAM,
YCKOPEHUAM, PbICKaHUKO N CKOPOCTU PbICKaHUA.

TpeTbe — MO MOMOXEHUI0 B MPOCTPaAHCTBE (KBAaTEPHWMOHY), CKOPOCTAM KpeHa, TaHraxa U pblCKaHus,
HOPMWPOBAHHOMY 3HAYEHWUIO TAMN.

B kaxgoom cooOLeHnM BO3MOXHbl pasHble KOMOWHaUMW ynpaBreHusi, KOTopble 3agatoTcs
cneumanbHbIM - norem-mackon. He Bce KkombuHauum MOryT nNpUHUMATLCS aBTOMWIOTOM, AN
yTOYHEHUA Heobxoammo obpaliatbCa K ucxogHbiM kogam (cm. Bbiwe). [Mpumepbl peanusauum
ynpaBreHns No TOMKaM M CKOPOCTSIM B JTOKanbHOM CUCTEME KOOPAMHAT NpeacTaBneHbl B dhannax:

e ros1-group — npumep ynpasneHusa rpynnown annapartos Yyepe3 ROS;

e ros2 — nNpuMep AN CTyaeHYECKON FOHKK;

e ros2-group — NpuMep ynpasrneHus rpynnon annapartoe vyepe3 ROS 2;
 ros2-race-final-example — npumep Ans CTyaeH4YeCKOW roHKN Anst uHana.

1.3.2. 'ameHeHue koadpdpuumeHToB MNL-perynaropos
aBTonunora

3HaveHua koadpdpumumenTtoB [U[-perynatopoB aBTONMMOTa BbIBEAEHbI B  COOTBETCTBYHOLLME
napameTpbl (onucaHwe napamMeTpoB CM. B pasgene Mogenu annapartoB). Onucanue [MAO-

PErynsaTopoB U pekoMeHAauun no ux nameHeHuto npegcrtaeneHbl B Multicopter PID Tuning Guide
Basic n Advanced.

1.4. dopmauumun

dopmauuun npeactaBnsaoT cobon COBOKYNHOCTb TOMEK NPOCTPAHCTBA, B KaXO0W U3 KOTOPbIX AOIMKEH
HaxoauTbCcsa oauH (Nboi) 13 annapaTos rpynnbl.

1.5. icnonb3oBaHue Kamepbl annapara

Mpn BKMAOYEHUM KaMepbl MNPOUCXOOMT MOBblweHMe Harpyskm Ha CPU un GPU.
| yl Mony4yaembin FPS 3aBMcnT OT TexHuyeckux xapaktepucTuk MNK. Ytobbl noBbicutb FPS
(B paMkax orpaHu4eHus1), MOXXHO YMEHbLLWTb pasmep okHa Cumynsitopa.
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[ |
L.t
YTobbl BKNIOUNTL KamMepy B OKHe CI/IMyJ'IFITOpa, HaXXMUTE Ha KHOMKY . .

[ns nonyyeHus nsobpaxkeHun ¢ kamep annapara ucnonbdynte ROS 2. [1ns nony4yeHus nsobpaxeHun
peKoMeHAyeTCs HanvcaTb NOANMCYUKA C UCNONb3oBaHMEM BrnbnuoTtekn image_transport.

1.6. ['opsayme knasuwmn nepekntoyYeHnsa BnaoB

B Cumynatope AOCTynHbI crieayrowmne Buapl:

e BUA oT nepsoro nuua (F1);

e Bug o1 TpeTbero nuua (F2);

e Bug co ceoboaHom kamepsbl (F3);

e BUA ot nuua nunota (F4);

e BUA OT TPeTbero nuua Ang rpynnsl Mogenen annaparos (F5);

e BUW[ C aBTOMAaTU4eCKM ynpasrnsemMon kamepbl (TONbKO B aucUmninHe « CUHXPOHHBLIN NONET;
nepekntoveHune no F6).

Mo knaeuwe C NpoMcxoauT LUMKIIMYECKOE NEPEKITIOYEHNE MeXOy BUaaMm.
MepeknoveHre Mexay anmnaparamy ocyLLeCTBNSETCs:

M0 HOMepy annaparta (Hymepauus HaunmHaeTcs ¢ 1) ¢ NOMOLLbI0 LMAPOBBLIX KNaBuLw (ecnv Npy 3TOM
3axatb knaeuwy Shift, Kk Homepy gobaensietcsa 10);
e Ha crnegyroLwmin 1 Npegbiaywmnn annapartbl C NOMOLLIO Knaeuw X n Z COOTBETCTBEHHO.

1.7. lNepekntovyeHne Ha Vulkan

Mo ymonyaHuio Cumynatop ucnonb3yet OpenGL, HO ANsl NOBLILEHNS] MPOU3BOAUTENBHOCTN UMEETCS
BO3MOXHOCTb nepekntountbcsa Ha Vulkan.

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

[nsa nepekntodeHnst Ha Vulkan B danine client/start.sh nocne nepeon cTpokn gobaBbTe CTPOKY:

GAPI="vk"
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2. Havano paboTtsbl

3anycTtuTe Knactep cumynsaTopa:

./cluster.sh settings/IMA.json

NMA — nmsa canna napameTpoB 3anycka, KOTOpoe 3aBUCUT OT AUCUMUMMMHBLI U OUBU3MOHA (OOUH U3
json-cannos avpekTopum settings).

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

NHTepdelic npoaykTa No3BOMNSET y4acTBOBaTh B CNEAYHOLIMX AMCUMMINHAX:

e CUHXPOHHbIV NONET;

o KomaHaHas roHka;
e YX0[ OT CTOJIKHOBEHMS.

3.1. CUHXPOHHbIN MOneT

B pamkax gucumnnuHbl  «CUMHXPOHHBIM  nonetT»  3agada KoMaHabl— paspabotatb MU
3anporpaMMmpoBaTth anroputM, No3sonsawwmn rpynne m3 12 6ecnunoTHbIX annapaTtoB NPeoaoneTb
FOHOYHYKO Tpaccy, BbICTpavMBasacb nepen TpubyHamn 3putenen B reomeTpudeckme dopmauun
pasnUYHOM CITIOXXHOCTW.

3.1.1. ToHo4Has Tpacca

oHOYHasa Tpacca npeacTasnsieT cobon pyTOOoNbHLIN CTaANOH.

UAVPROF Avcuunnura: CUHXPOHHBI noneT On TMpodeccioHansHblit Komarpa: team_name_value Hom THOM nonbiTku: 0 / 0

S s o s =
; ﬁ_‘mﬁr’s‘vam:m ‘iavmamm ]

= = s =1 gasyeas EaE
- m@mgﬂmlmmlmm@}#_ S'
» ) y

i ] i

O

A

£ 103

s s s
S\

g 659 l.!/c\\\\\:—\\>\\\\\\‘

KpecT SN

Puc. 1. CuHxpoHHbIlU rnoném. Tpacca

Monet rpynnbl annapatoB OCyLWleCTBNAeTCA Haa BblAelieHHbIMWM 30HaMu nonAa no HanpaBneHUto
npoTnBe YacoBom CTpernkKu.
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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 (01 11 11)1 (01 31 11)1 (01 @l 8)1 (01 01 5)

3.1.3. 3apaHune

3agaya KoMaHAbl — paspaboTaTb  anroputM  ynpaeneHWs  Pynnol  annapaTtoB,  KOTOPbIii
aBTOMaTUYECKM:

pacnpenenqTt MecTtopacroroXeHe annapaTtoB B KaXKaon n3 doopmaumn;

BblAacT ynpaBnsaoLLne BO3OENCTBMSA Ha annapatbl AN nogaepXxaHua popmauui;

BblOacT ynpaBnsooLne BO3OENCTBMSA Ha annapatbl And NepecTpoeHnsa mexay popmaumnsamu;
BblOacT ynpaensatoLLne BO3OENCTBMSA Ha annaparbl 4N nepemMeLLeHnst No roHOYHOW Tpacce Ans
BbINOMHEHWS MOMHOro MNOMNETHOro 3a4aHunA.

Ona CtyaeH4Yeckoro AMBU3NOHA

MNonHoe nonetHoe 3agaHve B BUAe NocrnegoBaTenbHOCTM U Habopa HeobxoaMMbIX AMS BbINOAHEHUS
dopmaLmin N3BECTHO 3apaHee.

KpecT:

((1.5, o, 8], [-1.5, o, 8], [-4.5, @, 8], [4.5, 0, 8], [1.5, @, 11]

’ [_1-51 01 11]1
[1.5, @, 5], [-1.5, @, 5], [-4.5, @, 5], [4.5, @, 5], [1.5, @, 2], [-1

.5, 0, 2]1

Crtpenka:

[[5, @, 6], [-5, @, 6], [-5,

@, 7.51, [-2.5, @, 7.5], [e, @, 7.5], [2.5, @, 7.75], [0,
0, 9.5], [2.5, @, 4.25], [0, @, 2.5], [-5

, 0, 4.5], [-2.5, 0, 4.5], [0, @, 4.5]]

I

LLleBpoH:

[(4, o, 9], [4, o, 3], [3, o, 6], [2, 0, 9], [2, o, 3], [1, o, 6], [-1, @, 9], [-1, O,
31, [-2, o, 6], [-3, 0, 91, [-3, 0, 3], [-4, 0, 6]]

Camoneér:

[[0-51 @I 5]1 [31 0! 5]1 [0-51 @I 8]1 [31 0! 8]1 [_21 0! 5]1 [_21 0! 8]1 [_21 0! 11]1
[_21 @I 2]1 [_51 @I 5]1 [_51 @I 8]1 [5-51 @I 6-5]1 [_3-51 0! 6'5]]

MNakmeH:
[[0, @, 6], [-2.83, 0, 8.83], [-2.83, @, 3.171, [-1.42, 0, 7.42], [-1.42, @, 4.58],

(4, 0, 6], [3.33, 0, 8.22], [1.53, @, 9.7], [-0.78, @, 9.92], [3.33, @, 3.78], [1.53,
0, 2.3], [-0.78, @, 2.08]]

[fanakTuka:
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[[0.78, @, 8.4], [0, @, 9.5], [1, @, 7.23], [3.46, @, 3.5], [2.12, @, 3.38], [0.87, O,
61, [1, 0, 3.77], [0, @, 4.5], [-3.46, O, 3.5], [-2.9, O, 4.72], [-2, @, 5.5], [-0.87,
0, 61]

B kaxgown 30oHe nponeTa (00 BbIxO4a M3 Hee) AOKHa nogaepXxmeBaTbCd ogHa dopmaumns cornacHo
nofly4eHHOMY MONETHOMY 3adaHuto. [locrne yero B 30HE NEPECTPOEHUS] OOMKHO ObiTb BbIMNOMHEHO
nepecTpoeHne B CreayloLyo No MOMeTHOMY 3agaHuio dopmMauuio, U nogaepxaHve co3naHHOM
dhopmauun B bnmxkariuen 3oHe nporeTa no HanpasneHuto ABWKeHNs (MoKa3aHo cTpenkamm).

Ons MNpodgeccnoHansHOro AUBU3NOHA

Mpun 3anycke CumynaTopa aBTOMatM4ecku BbiAAETCA NOMeTHoe 3ajaHve B Buae Heobxoaumown Ans
BbINOMHEHMA dopmauun B Onwxkanwen 30He nponeta no HanpasreHWlo ABWXKEHWUs (nokasaHo
cTpenkamu). B ToT MOMEHT, korga Bce annapatbl NepexoasT 13 30Hbl NporieTa B 30HY NepecTpoeHus
(kpacHble nuHWM), BblOaeTCs crnegylollee nonetHoe 3ajaHwe B Onwxkanwen 30He nponeta no
HanpaBneHuIo OBWXKEHWS.

Bbligaya nonetHoro 3agaHus npoucxogut ¢ nomowbio cuctembl ROS 2. lMpu 3anycke cumynsaTtopa
Takke 3anyckaetca ROS 2-Hoga, nybnukyiowas B ROS 2-tonuk formation Tekywme
OTHOCUTENbHbIE KOOPAUHATLI ANs MOCTPoeHus chopmaummn B hopmate

geometry_msgs/msg/PoseArray

3.1.4. 3anyck

Komanga ans 3anycka Cumynstopa BbIrmsauT cnegyowmm o6pasom.
CTyaeHYeCKMn AUBU3UNOH:

./cluster.sh settings/formation_stud_final_settings.json

MpoceccmoHanbHbIN AUBU3UNOH:

./cluster.sh settings/formation_prof_final_settings_n.json

,D,OCTyI'IHbI HECKOJIbKO BapnaHTOB NMapamMmeTpoB, N — HOMep BapunaHTta.

3.1.5. Kputepuun oueHnBaHugd

N3mepsitoTca cnepytoLime Kputepum:
o BpeMmsi NPOXOXAEHMWS TPacehl.

Tanmep 3anyckaeTcsa npu B3néTte xoTa 66l OQHOrO annaparta, a 3aBepLUaeTcs nocre NPoXoXaeHUs
30HbI NpoféTta nocnegHen dopmaumm.

o KonnyectBo CTONKHOBEHU.

[MloBTOpHOE CTOMKHOBEHWE 3acyuTbiBaeTcs ToNbko 4epe3d 0,5 cekyHObl nocne nepeoro
CTONKHOBEHMS. [1Ba CTONKHOBEHMS YYNTBIBAKOTCA €QUHOXAbl, €Cnn Mexay HUMu npowno meHee 0,5
CeKyHAbl.
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o [INuTenbHOCTb BbISIETa 3a npenenbl orpaquMTeanon 30HbI.

CymmapHoe Bpemsi, MpoBeAEHHOE Kak MWHUMYM OOHMM annapaTtoM 3a npeaenamu
OrpaHMYUTENBbHOW 30HbI BO BPEMS NMPOXOXAEHMS 30HbI NponéTa.

o OTKNOHEHME OT hopmaLmm.

Mpn nponeTe 30HbI NOKasa B KaXAbl MOMEHT BpPEeMEHW 4yepe3 paBHble MPOMEXYTKN BPEMEHM
namepsieTca cpegHekBagpatudeckoe oTknoHeHne (CKO) nonoxkeHus annapatoB OT TOYEK
dopmaumn. [nsa Kakgon 30HbI MOKasa BbIMUCASAETCS cpegHekBagpatumyeckoe 3HadenHne CKO
(CKCKO). Nocne atoro Bbiuncnsierca cymma CKCKO no 3oHam nponéTa.

Bpems 3a4€THOM NOMbITKM BbIYUCASETCH HA OCHOBE BPEMEHWN NPOXOXAEHMS TPacChl CO WTpadamu no
dopmyne:

Bpems 3ayeTHOM nonbITKU = Bpemsa npoxoxaeHust Tpaccbl + A; * KonM4yecTBO CTONKHOBEHUN
+ B: * InNuTenbHOCTb BbineTa 3a npegesibl OrpaHNYUTENbHOM 30HbI + C;: * OTKNOHEeHue ot
c¢opmaummn

KoathdmumeHTbl MeLoT cneytolime 3HauyeHus:

e« Ac=5¢;
e Bi=15;
e C;=200 c/m.

MO OKOHYaHMM TOHKM BbIBOAMTCA cOOOLieHMe C WHopMauMen O 3a4eTHOM BPEMEHU C YYETOM
wtpacpHoro:

OuHM

Taiimep (D) 03:30

Cronrosenns ¥ 0

Beerer ©) 00:01

CKO cpepHee (@ 0.032

3a4yeTHoe Bpema
@ 04:03

3aBepwnTb

Puc. 3. QuHuw

3.2. KomaHgHas roHka

B pamkax pgucumnnuHbl  «KomaHOHass roHka» 3agada komMaHabl —  paspaboTtatb M
nNpodeMOHCTpUpoBaTb paboTocnocobHOCTL anroputma, noaponswowero 6ecnunotHoMy annaparty
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NponeTeTb rOHOYHYO TPaccy C UCMONb30BaHNEM TEXHUYECKOTO 3PEHUSI.

3.2.1. ToHO4Has Tpacca

loHO4YHasa Tpacca npeacTaenseT cobon nocneaoBaTenbHOCTL U3 7 BOPOT B MOMELLEHUN C pasmepamm
2594 x 3919 x 841 M. Tpacca 4BnAeTcs KpPYyroBoW: OAOHW BOpPOTa  SABMSKOTCA
CTapTOBbIMU/(PUHULLIHBIMK, @ OCTalnbHble — NPOMEXYTOYHbIMK. [MocnenoBaTenbHOCTL BOPOT  Ha
Tpacce MOXET U3MeHSATbCS. Tpacca HaxoauTcs B 30He pasmepom 20 x 25 X 6 m.

Annapaty Heob6xoanMo B3NETETb CO B3NETHOW NnoLwagkn un nponeteTs 3 kpyra.

BopoTta — 06bekT ¢ kBagpaTHbiM oTBepcTnem 1.54 x 1.54 M, yepes KOTOpoe HeEOOXOAUMO MPONeTETb
annapaty. Ytobbl nponeTeTb BOpOTa, annapaty HeobXxoAMMO LEHTPOM Macc nepecedb MMOCKOCTb
OTBEpPCTUSA (BHYTpY OTBEPCTMS) B NPaBUNIbHOM HanpasrieHUN.

Ha BopoTax CO CTOPOHbI, B KOTOPYI HYXXHO BRETETb, PSAAOM C yrilamum OTBEPCTUSA HaHeceHbl ArUco-

mMapkepbl pasamepom 0.19 x 0.19 m (kogbl MapkepoB B3sTbl M3 cnosaps DICT 4X4_250 6ubnuoteku
OpenCV). Homep mapkepa B cnoBape BblUUCASETCA No popmyne:

M=N*4+C

MapameTpbl hopmMynbl:

* N € [0..6] — nocnepoBaTenbHbI HOMEpP BOPOT;
* C € [0..3] — Homep yrna:
o 0 — nieBbI HWXXHUN;
1 — npaBbI HUKHUN;
2 — npaBbli BEPXHWIA;
e 3 — neBbli BEPXHUNA.

UAVPROF [Ovcunnnuya: KoMaHaHasA roHka [vBn3noH: CTyAeHYecKuiA KomaHpa: team_name_value

‘\_‘L‘\

&) UAVPROF

DRONE SIMULATOR
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Mo nPerPaAMMy PDBAHMHDGD
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213 M/c

Puc. 4. BHewHut 8ud eopom
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Ans Bu3yanu3aumm (He MPUCYTCTBYIOT Ha M300paxeHWsx C Kamepbl annapata) rnokasaHbl: 30Ha
Tpaccbl (BugHa BOGAM3W), NMHMSA Tpaccbl M OTMeYeHbl BopoTa. BopoTta, koTopble HeobxoguMmo
nponeTeTb, OKpalleHbl B 3enéHbln uBeT. [lpM HapyweHun HanpaeneHus nponéra BopoTa
OKpaLLMBAOTCS B KpacHbIN LBeT. Crnegytolime BopoTa — XENTble, NpeablayLine — KpacHble.

Bce oObekThI TpaccCbl ABIAKOTCA HeI'IpOXOD,VIMOVI nperpap,oﬁ Ona annapatoB —Ha HUX pa60TaeT
MeXaHU3M Yynpyroro CTOJIKHOBEHUA. B OGonbluMHCTBE CcnydyaeB 3TO nNpaBuio ,EI,eI7ICTByeT n and
nomMeLweHnA (BHe 30HbI TPpaCCbl MOIyT BCTpe4dYaTbCA HEBUONMbIE nperpap,bl).

3.2.2. Annapart

Bbl6epl/ITe Mogernb annaparta B 3aBUCUMOCTU OT OAUBU3NOHA:

o ons CtygeHyeckoro gusmnanoHa — FPV F5D Auton LPS;
o an4a MNpodeccrnoHanbHoro gmemsmnoHa — FPV F5D Auton.

3.2.3. 3apaHune

3agaya annapata — B3neTeTb M NporeTeTb 3 Kpyra roHOYHOW TPaccehbl.

3apgaya komMaHgbl — paspaboTaTb anropuTM yNpaBlieHUst annapaToM, KOTOPbIN aBTOMaTUYecKu
BblAACT ynpaBnsoLiMe BO3AeNCTBUS Ha annapat A4S BbINOMHEHUs 3a4ayun annapara.

3.2.4. 3anyck

Komanga ans 3anycka Cumynstopa BbIrmsguT cnegyowmm o6pasom.
CTyneH4YeCcKU AUBU3UNOH:

./cluster.sh settings/race_stud_final_settings_n.json

[OoCTynHbI HECKONbKO BapMaHTOB NapaMeTpoB, N — HOMEpP BapuaHTa.
MpoceccmoHanbHbIN AUBU3UNOH:

./cluster.sh settings/race_prof_final_settings_n.json

,D,OCTyI'IHbI HECKOJIbKO BapnaHTOB NMapamMmeTpoB, N — HOMep BapunaHTta.

3.2.5. Kputepun oueHnBaHugd

N3mepsitoTca cnepytowime Kputepum:
o Bpemsi NPOXOXAEHMS Tpacchbl.

Taimep 3anyckaeTcs npu B3néTe annapara, a 3aBepluaeTcss nocre MPOXOXAEHMsI MocrneaHnX
BOPOT.

o KonnyectBo CTONKHOBEHUN.

[MoBTOpHOE CTOMKHOBEHWE 3acyuThbiBaeTcs ToNbko 4epe3d 0,5 cekyHObl nocne nepeoro
CTONKHOBEHMS. [1Ba CTONKHOBEHMS YYNTBIBAKOTCA €QUHOXAbl, €Cnn Mexay HUMu npowno meHee 0,5
CeKyHAbl.
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o [InuTenbHOCTb BbiNeTa 3a Npeaeribl OrpaHNYUTENbHON 30HbI.

CymmapHoe BpeMsi, NpoBedéHHOE annapaToM 3a npegenamMmy orpaHnYnMTENbHOM 30HbI.
Bpems 3a4€THOM NOMbITKA BbIYMCISETCA HA OCHOBE BPEMEHM NPOXOXAEHUS Tpacchl COo WwWTpadamum no
dopmyne:

Bpewms 3ayeTHOM nonbITKM = Bpemsa npoxoxaeHus Tpacchbl + A, * Konm4yecTtBo CTONKHOBEHUM
+ B, * InuTenbHOCTb BbiIfieTa 3a npeAersibl orpaHNYnTesNIbHON 30HbI

KoatbdmumeHTbl UMeLoT cnegytolime 3HauyeHus:

¢« A,=15¢;
« B, =20.

3.3. YXoa oT CTONMKHOBEHUA

B pamkax gucumnnuHbl «YXog OT CTONIKHOBEHMSI» 3adada KOMaHObl — peanu3oBaTb alropuTm
ynpaeneHusi, nosponawowmi BIMJIA nponetetb 3adaHHbIi MapllpyT, u3bexaB CTONKHOBEHUNA C
nNpensaTCTBMsMA (BO3AYLIHbBIM LWAPOM / ATuuamm).

3.3.1. [oHO4YHas Tpacca

MonuroH npegctaBnsaeT cobon y4acToK ropHOW nepece4eHHON MECTHOCTH.

=~ = o mad : o _
~~ 3 . /_ — g 1
rﬁ‘ i

N
FCaN
A~
T~
T

S o

Puc. 5. Yxo0 om cmornkHoeeHusi. Tpacca

MapLwpyT npeactaBnsieT cobOOM MOMaHyl fWMHWUIO, 3adaHHYH KoopAuHaTaMn ee BepLUnH (Touvek
MapLpyTa). Moner no MaplpyTy HayMHaEeTCs Npu B3feTe annapata M 3akaH4YMBaeTcs Npu ero
nocazke Ha NocagouyHyHo NIOLWaaKy ¢ paccToaHmem 3 MeTpa Ao LeHTpa aton nnowaaku. Mpu nonete
no mapuwpyTy TpebyeTcsa cTporoe nogaepxaHue Tpaektopuu. [JonycTumas 30Ha Haxo4uTcsl BOKPYr
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NMHUM MapLUpyTa He danblue HeKoToporo pacctosHus R oT Hee. 3HavyeHMe R B 0TOOPOYHOM OHMNaWnH
Type paBHO 7.5 METPOB.

B kavectBe I'IpeI'IFITCTBI/IIZ BbICTYyNnakT BOSD,yLIJHbIVI wap / NTUUbI, MECTOMNONOXEHNE KOTOPbIX MOXET
M3MEHATbCA B NMpouecce nponeta MmapuipyTa.

UAVPROF [QVcuunnuKa: YXop, OT CTONKHOBEHUS [QvBuavoH: MpodeccHonanbHbIi KoMaHpa: team_name_value HoMep 3au&THoi nonbiTku: 0/ 0

Puc. 6. lNpumep npensmcmeus

MTrUbl MMelT BHELLHMI konnangep (06bekT, onpeaensaoLwmin opmy 1 pasmep 30Hbl CTONKHOBEHNS).
MTvu cnenyet obneratsb:

e Ha paccTosiHuKM 2-3 MeTpa Bbille UX TPaeKTopun NoneTa;
e 3-4 MeTpa HUXKE UX TPAEKTOPUMU;
« 5 meTpoB cnesa/cnpasa.

BosgywHbii Wwap obnagaeT konnangepoMm, COOTBETCTBYHOLIMM €ro BuU3yanbHOW Mogenu; ero
LuenecoobpasHo obrneTaTthb crieBa Unu cnpasa.

3.3.2. 3agaHune

3apaya KoMaHabl — pa3paboTaTb anropuTM yrnpasreHus annapaToM, KOTOPbIi aBTOMATUYECKM:

e BblACT ynpasrsioLlee BO3AENCTBME HA annapaT Ans nepeMeLLeHns No MapLupyTy;
o ONpeaenuT NpPensiTCTBMS, C KOTOPbIMU MOXET NPOU3OATU CTONIKHOBEHWE;
 BblJACT ynpasrnsioLlee Bo3aencTeme Ans nsberaHnsi CTONKHOBEHMN.

Ona CTygeH4yeckoro AMBU3WOHA MOMOXeHue MpenaTcTBUMK, a Takke WX rabapuTHble pasmepbl
Bbl4AOTCA B TeYEHWe noneTta annapaTta, Npu HaxoX4eHUn NpensaTCTBUSA Ha PacCTOSAHUM OBHapyXeHus
L ot annapara. B oTGopo4HOM OHMalnH Type 3HadeHne L Oyget ctatudecknm u pasHbim 10 meTpam.

,D,J'IFI npOd)eCCVIOHaJ'IbHOFO ANBMN3NOHa napaMeTpbl AOUNHaMUYECKUX I'IpeI'IFITCTBI/IVI HeOGXOD,VIMO
onpenendTb C NOMOLbIO ONTUYECKUX KaMep arnnaparta.

KoopaumHaThel Touek MapLupyTa B nokanbHOW cuctemMe KoopamHaTt CumynaTopa:
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[ 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,
[ 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]

Honyctnmoe pacctosiHne R BOKpyr NMHMKM MapLupyTa, B MeTpax: 7.5
PacctosHue obGHapyxeHus npenatcteun (ans CtygeHdeckoro ansmnsmoHa) L, B metpax: 10

Bbigada nHdpopmauun o npenatctBuax (4na CTyaeHYeckoro AMBU3MOHA) MPOMCXOAUT C MOMOLLbIO
cuctembl ROS 2. Mpu 3anycke cumynaTopa Takke 3anyckaetcs ROS 2-Hoga, nybnukytowas B8 ROS
2-Tonuk obstacles nHpopmauuio o NpensaTcTBumn B hopmarte CTPOKU

std_msg/msg/String

<DopmaT CTPOKMU, ny6nvn<yeM017| B TOMUK; 3HA4YEeHNA pa3geneHbl np06enaMV|:

obj_name x y z scale_x scale_y scale_z

3Ha4eHuns B CTpoKe:

« obj_name — nms npenaTtcTeug;
e X Yy Z— KOOpPAMHAaTbI NPENSTCTBUS;
e scale_x scale_y scale_z — rabaputbl npenaTcTeua (B MeTpax).

B pamkax oTGOpo4HOro oHnanH-Typa obj_name MoOXeT NpuHMMaTb 3Ha4YEeHUS:

« hot_air_balloon — Bo3ayuiHbIN Lwap;
« eagles 1 ducks — rpynnbl nTuy,

3.3.3. 3anyck

KomaHga ans 3anycka Cumynsitopa BbirmsaauT crneayowmum obpasom.
CTyAeHYeCKUI QUBU3NOH:

./cluster.sh settings/avoid_stud_final_settings_n.json

[ocTynHblI HECKOMNBKO BapnaHTOB NapamMeTpoB, N — HOMEP BapuaHTa.
MpodeccruoHanbHbIN ANBU3UNOH:

./cluster.sh settings/avoid_prof_final_settings_n.json
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JlocTynHbl HECKONBKO BapnaHTOB NapameTpoB, N — HOMep BapuaHTa.

3.3.4. Kputepun oueHnBaHung

OueHunBaeTcs BpeM4, 3aTpav4eHHOEe Ha NnpoxoxaeHne 3agaHuA. I'Ipvl 9TOM U3 TpeX 3a4ETHbIX MOMbITOK
BbI6VIpaeTCF| nonbiTka C HaMMEeHbLUUM BpeMEeHEeM TMPOXOXOAEeHUA. Ortcuer BpeEMEHN Ha4MHaeTCA B
MOMEHT nepecevYeHnd annapartomMm rpaHuubl 30HblI CTapTa U 3aKaH4YMBaeTCA B MOMEHT MnepeceyeHud
annapartom rpaHuLbl 30HbI MOCaaKN.

N3mepsitoTca cnepytoLime Kputepum:

BPEMS MPOXOXAEHUSI TPACChI.

Tanmep 3anyckaeTcs npu B3nNéTe annapata, a 3aBepllaeTcs Mpv Npu3emiieHuK annaparta Ha
nocafo4Hyo NIOLLAAKY.

Konn4yecTBO CTONKHOBEHUN.

MoBTOpHOE CTONMKHOBEHME 3acuuTbiBaeTcsi Tonbko uYepe3 0,5 cekyHabl nocrne nepBoro
CTONKHOBEHMSI. [1Ba CTONKHOBEHMS YYUTLIBAIOTCH €AMHOXKAbI, ECNN MEXAY HUMK npowno meHee 0,5
CeKyHabl.

AnnTenbHOCTb BbINeTa 3a Npeaerbl OrpaHNYUTENbHON 30HbI.
CymmapHoe BpeMmsi, NpoBeAEHHOE annapaToM 3a npeaenamu orpaHnYnTENbHOM 30HbI.
OTKNOHeHWe OT mapLupyTa.

Mpn nponéte mapwpyTa B KaXabll MOMEHT BPEMEHM Yepe3 paBHble MNPOMEXYTKM BPEMEHM
N3mMepsieTca OTKMOHEeHMEe annapata OT Onuxkalwen TOYKM Ha nomaHonm MmaplpyTa. [locne
npeodoneHns MapLlipyTa BblUUCISAETCA cpegHekBagpaTndeckoe oTknoHeHne (CKO) no Bcem
N3MEepPEHHbIM OTKITOHEHUSIM.

Bpems 3a4€THON NOMbITKM BbIMUCASETCSH HA OCHOBE BPEMEHWN NPOXOXAEHUSA Tpacchl Co WTpadammn no
dopmyne:

Bpems 3a4eTHOM nonbITKM = Bpems npoxoxaeHus Tpacchbl + A, * KonnyecTBO CTONKHOBEHUN
+ B, * InuTenbHOCTb BbifleTa 3a npegenbl OrpaHNYUTENIbHOM 30HbI + C, * OTKNOHeHue oT
MapLipyTa

KoatbdmumeHTbl MeloT cneytoLime 3HavyeHus:

A, =50c;
B. = 100;
C. =100 c/m.
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4. Cyoencreo

[na npoeegeHus cygencTBa B MOCTaBke MMelTCA (halnbl BapyvaHTOB MapaMeTpoB Ans 3anycka
CumynsTopa, KOTopble HEAOCTYMHbI y4aCTHUKaM.

CWHXPOHHBbIN NONéT

o CtyneHn4yeckmn auemanmoH: formation_stud_judge_settings. json
o lMpodeccrmoHanbHbIn anBn3noH: formation_prof_judge_settings. json

KomaHpaHas roHka

o CTypeH4ecknin auBmM3noH: race_stud_judge_settings. json
« MNpodeccuoHanbHbI ANBU3NOH: race_prof_judge_settings. json

Yxoa oT CTONKHOBEHUN

o CTypeH4yecknnn amBmsmoH: avoid_stud_judge_settings. json
« MNpodeccuoHanbHbI AnBU3NOH: avoid_prof_judge_settings. json
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icTopuna nsmeHeHunu

15.11.2024
[loKymMeHT co3faH.
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