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[naBa ]_

Beegernune 8 ELSIROS

Urpa B dbyTboa desoBekonoqobubiMu poboTaMu (I'yMaHOUJIAMU) CTAHOBUTCS IIOIYJISAPHBIM B YHUBEPCUTET-
CKOM W HAYYHOM COODIIECTBE. DTOT BHJI COPEBHOBAHUN SIBJISETCS UCTOYHUKOM JJIsI OOJIBIIIOTO KOJUIECTBA
HAY9IHO — MPUKJIAJIHBIX UCcyemoBanuii. [l yIeHnKOB IITKOJI, KOJIJIEKEH 1 CTYIEHTOB B 0OIIIeM MOXKHO ¢op-
MYJIEPOBaTh 3 OCHOBHBIX IIPENSATCTBUS JJIsl CO3JAaHUsI U IOJJIEPXKAHIS KOMaHIbI U3 POOOTOB-I'YMAHOMIOB-

dyTboHICTOB:
1. CymmikoM BBICOKas IeHA POOOTOB — I'yMAaHOHUJIOB,
2. CuouIikoM CJIOYKHBIE AJITOPUTMUYECKHE 3aJIa9i, KOTOPble HEOOXOIMMO DPENIUTh Ha HAYAJIHLHOM STAIe
BKJIIOYEHHST pobOTa B UTPY,
3. MaJteHbKOE 9mCIIO KOMAH]T B OJJHOM HACEJEHHOM IIyHKTE — O3HAYAET, YTO KaXKIauTPa BO3MOYKHA TOJBKO

B KOMOWHAIINY C TIOE3JKOI Ha JAJbHUE PACCTOSHUS C OTHOCUTEIBHO OOJIBIITIMHU PACXOIAMHI HA KOMAH-
JUPOBKY.

Bcee 3 mpensarcrBust MOXKHO n30€2KaTh, €CJIM HOBasl KOMaH/[a HATHHAET MPUOOPETATH ONBIT (hbyTOOJIA I'yMaHO-
nyioB ¢ ELSIROS. Ucnonbzyst ELSIROS, MOXXHO BOCIIOJIB30BATHCSI CJIELYFOIIMME [IPEUMYIIIECTBAMU:

1.
2.

ELSIROS mo/iHOCTBIO GeCILIATHBIN M ¢ OTKPBITHIM KOJIOM.

CaMble TpPy/HBIE YaCTH OCBOEHHSI I'YMAaHOUIHBIX PODOTOB, KOTOPBIE BBIXOJSAT 338 PAMKHU IIPOTPAMMOBI
IIKOJIBI ¥ KOJLJIE/2KEl, Takre KaK oOpaTHast KNHEMATHUKA, FeHEPATOP XO/IbObI, IIAHNPOBAHNIE TPAEKTO-
puii, JeTeKInus Msa9a U MPENsITCTBUI U JIOKAJII3aIius 00eCcredeHbl B TOTOBOM BHJIE C IIPEIOCTABIEHIEM
HCXOJIHOTO KoJa. IIpumMep crparernu urpbl, KOTOPbIN ObLI JIOKa3aH KAaK YCIEIIHbI Ha UTPAaX PeajbHbBIX
PODOTOB MPEIOCTABIISIETCS JIJIsT M3YUEHUsT U TAIbHENIIEro COBEPIIIEHCTBOBAHNS.

s yaacTusi B CODEBHOBAHUSX U TOBAPUINECKNX UI'PAX HET HEOOXOAMMOCTH B KOMaHAUPOBKax. Koman-
JIbI — YIACTHUKYM MOTYT CKOMITUJINPOBATH CBON MCXOTHBIN KOJT B MCIIOJTHIEMBINT OMHAPHBIH KO, KOTOPBIH
obecIieveH 3aIUTON OT KOMUPOBAHUS AJITOPUTMOB, U BHI'PY3UTD €r0 Ha CEPBEP CY/bHU.

Komanpr He uCHBITBIBAIOT TPOOJIEM C JTIOPTaMU CEPBOMOTOPOB, PA3PEryJIUPOBKOIl, PACKAJIMOPOBKOIA,
TaK KaK BUPTyaJbHAas MOJIEJIb IPEIOCTABIIeTCA 0e3 J(MTOB, OTPEryJIMPOBAHHON 1 OTKAJTHOPOBAHHOIA.

Mopuynu crpareruu, KoTopble OyIyT CO37aBaTh KOMAH/bI B TaJbHENINIEM I'OTOBBI K UCIOJb30BAHUIO HA
dusntecknx podboTax, KOTOpble KOMAH IbI MOTYT 3aX0TE€Th IIOCTPOUTH CAMU WJIU TPUOOPECTU TOTOBBIMU.
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6. nsa cuMysnsanuu TPEHMPOBOYHBIX UI'D HE TPeOYyeTCs MOIIHBIX CEPBEPOB, CUMYJIAIIAIO UTPHI MOXKHO 3a-
IIyCTUTBH JIa’Ke Ha MOPTATUBHOM KOMIIBIOTEDE.

ELSIROS — fecmiaTHasi ¢ OTKPBITBIM KOJOM ILIAT(OPMA, MPETEHIYIONAsi C OIHOW CTOPOHBI MOMOYb HO-
BBIM HCCJIE0BATEIbCKAM KPYKKaM BOUTH B MUP DyTOOIa TYMaHOUIHBIX POOOTOB, C IPYTOH CTOPOHBI CTATH
OCHOBOI /Il BUPTYaJIbHBIX COPEBHOBAHUN

1. Cumyasitop Webots (ckaunBaercst ¢ caiita paspaboTdmka);

2. IlepBonauayibHasi MOZIEJIb PODOTA, KOTOpaAs ABJISIETCS BUPTYaJbHON MOJEIBI0 (DU3UIECKU CYIIECTBYIO-
mero pobora — mobeauTesist MEXKIyHAPOIHBIX COPEBHOBaHM (hyTOOIA IyMaHOUAHBIX poboToB B 2019,
2020 u 2021 romax, mCIoIbL30BaBIINiicsT KoMaHI0it «Robokit»;

3. BuptyasbHOe OKpyKeHue cuMy/IsaTopa B Buje (HyTOOJTHHOTO TOJIST;

4. TIporpamma cyibu, JeicTBYIOMEro ABTOHOMHO HJIM TI0J] yIIPABJICHUEM UeI0BEKa, a TaKyKe IPOorpaMMa
ylpasjenus urpoit (game controller);

5. ITaker mporpamm ympaBJ/ieHns BUPTYAJIbHBIM POOOTOM, obecrieduBaronuii urpy B Gyrdo;

BuoBb 06pazoBaHHBIE KOMAHBI MOTYT HCIIOJIB30BATH JJIs yIACTUsI B COPEBHOBAHUSIX BUPTYAJIHHYIO MOJIETH
pobora «Robokit-1» a Takke HCIOIB30BATH €0 JJIsi U3YUEHHUsI OCHOB IIPOTPAMMUPOBAHUS CTPATETUN UIPbI
B yT607 pobOTAMU-TYMAHOUIAME. DTO YAOOHDBIN NHCTPYMEHT Jist udydenus: Vckyccrennoro Muremrekra
B IIKOJIAX, KOJUIEJ[P)KaX U YHUBEPCUTETAX

CTpyKTypa makeTa YIpaBJsIoNieil MporpaMMbl IOCTPOEHa JJist 4 ypoBHel mporpamMmMupoBanusi pobora: Ha-
vajbHbiil, Cpennnii, [IpoaBunyThIil 1 DKCIIEPTHBIM

https://youtu.be/AmfKpkL2MUc

IIporpamMMuCTBI CpeiHero YpoBHSI MOTYT ITpOOOBATh U3MEHSITh MOJYJIb launcher.py. 9ToT MOILyJIb OTBEYAET
3a JIETEKIINIO COCTOSTHUS UT'PhI, COCTOSTHUS UT'POKA, YIIPaBJIEHUE POJISIMU UTPOKOB U UX HAYAJbHBIX ITO3UIIHII.

CrernuasincThl 9KCIIEPTHOrO YPOBHS MOTYT COOpaTh CBOKO MOJIEb pOOOTa U UCIOJb30BATH CBOU ITPOIDAMMBI
yIpaBjeHus poOOTOM, peIlasi CaMU MOJIb30BATHCs UM HE TOJIb30BATHCS MCXOIHBIM KOJIOM, KOTODPBIH IIPEI0-
crasyien pazpaborunkamu ELSIROS. Jlng momycka K COpEBHOBAHUSIM KOMAHJIA, IIPEIOCTABJIAIONAS CBOIO
COOCTBEHHYIO BUPTYaJIbHYIO MOJEb poboTa, JOJKHA MPOiTH KBajmduKaiuo Moiean podbora. OcHoBHOE
TpeboBaHME K MOJIe/In pOOOTa COCTOUT B TOM, UTO MOJIE/b JIOJI?KHA UMETh TaKUe YKe TEXHUYECKUE XapaKTepu-
cTuky, Kak u pusndeckuit podbor. Crermasibabie TpeboBanust K PROTO mMomenn, KOTopble CIIeIyI0T UCXOIst
73 CBOWCTB BUPTYAJIBHON CPEMbl, MOTYT OBITH BBICJAHBI IO 3aIIPOCY.

Ecnu BB pyKOBOIUTENH TOTEHIINATIBHON KOMAH/IBI, KOTOPAs XO4YeT UTPATh B (PyTOOJI I'YMAHOUTHBIME PODOTA-
MU, TO BBl MOXKETE CaMOCTOSATEIbHO HAYMHATH 0e3 0coObIX TpyaHOCcTel. Heobxomumo ckadaTh U yCTAHOBUTH
ELSIROS na Bam kommboTep. Ha BbI60p ecTh Bepcust B uctoJiHsieMbix (aitiax st Windows 10 wiu Bepcust
Jutst camocTositenbhoit coopkn st Linux. CureryiiTe HHCTPYKIMSAM II0 YCTAHOBKE U IIPOTPAMMa, IIPUBEJIEH-
Has KaK [IPUMeEpP, HAYHET UrpaTh B QyTOOJ cpasly Iocje yCTaHOBKHU. VICmomp3yiiTe Bally MPEIIOInTaeMyO
cpexy paspaborku mporpamm Python 3 myis ymydinenusi mCXOZHOrO KOZa WIPHI UI'POKA U BBl y?Ke TOTOBBI
K BHUPTYaJbHBIM COPEBHOBAHUAM B (pyTOOJ I'YMAHOWIHBIX POOOTOB B CUMYJIANUAUA. BBl MOXKeTe IPOBOJIUTH
TPEHHPOBOYHBIE UI'DBI HA CBOEM IIEPEHOCHOM KOMIIBIOTEDE.

2 Fnasa 1. Bsepenne 8 ELSIROS
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I/ICTOpVIFI FOHOLWECKNX TYMaHONAHbBIX beT6OJ'IbeIX nrp

Known early examples of humanoid robot soccer built and programmed by junior students for Robocup
refers to year 2016.

Some attepmts to play soccer by humanoid robot built by team from Israel were made at 2016 - 2018

Teams from Israel and Italy have played first International match as demo game at Robocup-2018 in Montreal
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In parallel 2 teams from Tomsk and from Moscow have played first game at Robofinist tournament in
St.Petersburg at 2018

4 Fnaea 2. Wctopus oHowecknx rymaHongHbix pyT00NbHBLIX Urp
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Same 2 teams have repeated demo game in Moscow at 2019
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First full function tournament was held in Tomsk-2019 with 3 teams participating in Russian Nathinonal
Robocup

6 Mnaea 2. Wctopus oHowecknx rymaHongHbix gyTd0NbHBLIX Urp
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Since 2019 the game was included into program of Robocup Asia - Pacific.
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2.1 The field

The field is made from 3mm carpet with total size of 3 x 4 m,

8 Fnaea 2. Wctopus oHowecknx rymaHongHbix pyT00NbHBLIX Urp
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with goals made from plumbing tubes, colored to yellow ant blue color.

2.1. The field 9
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10 Fnaea 2. Wctopus oHowecknx rymaHongHbix yTO0NbHBLIX Urp
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2.2 The ball

The ball is orange color sponge ball with 80mm diameter.

2.3 The Robots

Currently 2 types of robots mostly used by teams:

2.2. The ball 11



ELSIROS, Bbinyck 0.0.1

12 FnaBsa 2. Wctopus oHowecknx ryMmaHongHoix ¢pyTb0nbHbIX Urp
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2.3.1 Bioloid type with added camera head and computer

Olbors Bl

2.3. The Robots 13
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2.3.2 Robokit - a robot designed in MIPT with using Kondo servomotors from Japan

Last robot which performed best results in soccer game being champion of Asia-Pacific games of 2019 and
2020 is used as prototype for virtual model of standart robot in ELSIROS platform.

14 Fnasa 2. Wctopus oHowecknx ryMmaHongHbix pyT60nbHBIX Urp
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Pykosoacteo nporpammuposatust Pobota Robokit-1

1. He pexomMeHayeTcst UrpaTh UTPY MEXKIY MOJHOCTHIO OJMHAKOBBIME KOMAaHIaMHU. B GOJILIIMHCTBE CJIy-
qaeM BBI OyaeTe HAOIIOJATh HEMHTEPECHYIO UTPY C MAaJbIM KOJUYIECTBOM TOJIOB U 0e3pe3y/IbTaTHOMN
6opnooit. [loaToMy MBI BaM TIpeOCTaBIIsAEM 2 PA3HBIX AJTOPUTMA UT'PBHI: HOPMAJIBHBIH M CTAPOTO CTHU-
JIsT, KOTOPHBI ncnosb3oBasicsd B 2020 romy.

2. Peanbable poboThl ncmonb3yioT cMapt Kamepy OpenMV H7 B kadecTBe BuH3yabHOTO CEHCOpPA W B
KAIeCTBE BBIYUCIUTEHHOTO MOMYJsS. DTO OTHOSIEPHBIH KOHTPOJLIEP CO CPEMOil MPOrpaMMUPOBAHUS
Micropython 6e3 omepannonHol CHCTEMBI. DTO 03HAYAELT, YTO KOHTPOJIJIEP He TO3BOJISIET OJIHOBPEMEH-
HO HUCIO/Ib30BaTh (PYHKITUIO XOXKJIEHUS W TOJyUeHus BuaeoKapa. [ljas obHoBmeHus: nadopMaum o
HaXOXKJIEHUU MsT9a ¥ CAMO-JIOKAJU3AIMUHA POOOT JIOJI2KEH OCTAHOBUTHCS B CTAOWIM3MPOBAHHON BEPTU-
KAJIbHOU TO3UINMH U TOBOPAYMBATE I'OJIOBY B Pa3HBIE CEKTOPa 0030pa Jjisi OCMOTpa OKpecTHOCTEi. [Tpu
ITOBOPOTAX T'OJIOBBI IIOJIOKEHUE Msida MOXKET OBITh CUMTAHO, €CJIU M9 OKA3aJICS B BHJIUMOM CEKTODE
kaMepbl. Atieprypa Kamepbl 46 Tpaiycos.

3. B mporiecce 0630pa KaMepoit B BEpTUKAJILHOI TTO3UITIH POOOT TaKKe oIy IaeT HHMOPMAITHIO, TIOJIE3HY IO
JUTsT JIOKAJIM3aIiN, TAaKyI0 KaK CTOMKHM BOPOT, pa3MeTKa I10JIs M IPAHUIA 3eJIEHOTro 101, deMm Gosibiie
Ka/IpoB 00pabOTaHO C PA3HBIX PAKYyPCOB, TeM TOUHee NHMOPMAIHUS O JTOKAIH3AIIN.

4. Pobor mMoxkeT OOHOBJISITH MHMOPMAIMIO O IMPENATCTBAAX M3 IOJIYyIEeHHBIX KaJIpoB. B asropurMm mo-
CTPOEHUSI TPAEKTOPUIT BKITIOUEH aJrOPUTM 00X0/a PEIsITCTBHIA, KOTOPBIl He COBCeM coBepieHeH. Her
[JIAHUPOBaHUs HAIIPABJIEHUS yjiapa ¢ y4eToM IpensTcrBuil Ha mytu Msida. Crucok self.glob.obstacles
coJtepKUT MHMpOPMaINio 00 0OHAPYKEHHBIX U OOHOBJIEHHBIX JIAHHBIX O MPEISITCTBUSIX.

5. Kommynukarus Mexxry urpokamu pasperiena mo npasuiam depe3 UDP coobmenns WIFI. Kommywu-
KaIns He Peain30BaHa B TEKYINEl CTPATErnn, HO KOMAHIbI MOTYT €€ pa3padareiBaTh. KoMMyHIKAIIS
BHYTPHU KOMAH/IBI MOXKET [OMOYb Opranu3oBaTh 6osiee adderrusnyo urpy. ELSTROS API comepxutr
CpeZICTBa KOMMYHUKAIIUN MEXK/1y YJeHaMU KOMaH/IbI.

6. KoopuHaTrHoe MpOoCTPAHCTBO, NCIOIB3YEMOE B CTPATETNH, OTJINIAETCSI OT aOCOTIOTHOIO KOOPIUHATHO-
T0 TPOCTPAHCTBA B cuMyJisiiuu. JIist 1iesieit crpaTeruu cOOCTBEHHBIE BOPOTa PACIIOIATAIOTCS B UACTH
[IOJIE ¢ OTPUIATESbHBIMYU 3HAYEHUSIMU KOODIUHATHI X, BOPOTa MPOTUBHUKA PACIIOJATAIOTCA B UACTH
[IOJIsE C ITOJIOXKUTEJbHBIME 3HAYEHUSIMHU KoopauHaThl X. [losokurenbHble 3HaYEHUS Y DPACIOJIOXKEHBI
Ha JieBOM (bJIaHTe aTaKu, OTPUIATEIbHbIE 3HAUYEHNUsI Y PACIIOJIOXKEHBI Ha MpaBoM (jiaHre araku. Asu-
MyT yaw HMeeT HYyJIeBOE€ 3HAUEHUe, €CJIM HAIPABJIEH M3 IEHTPAa IO0Jisd K BOPOTAM INPOTHUBHUKA. Yaw

15
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n3Mensiercs or 0 K math.pi npu BpaleHun BOKPYI BEPTUKAJIBHON OCH BJIEBO OT HYJIEBOI'O HAIIPaBJIe-
Husi. Yaw m3MmeHsiercst or 0 K -math.pi npu BpallieHuu BOKPYT BEPTUKAJIBHONW OCH BIIPABO OT HYJIEBOTO
Hanpasiienns. Koop/maara 7Z HampaBiieHa BBEpX C HYyJIEM Ha MMOBEPXHOCTHU TOJIS.

7. Hopmasbubrit urpok ‘forward’ mcnosib3yer mpeaBapuTeIbHO 3aMpPOrPAMMUPOBAHHYIO CTPATErHUIO, 3a-
JIO)KEHHYIO B MaTPHUILy BEeKTOpOB. Marpnra 3akoaupoBana B daiire strategy data.json . dtor daiin
SIBJISIETCSl 9UTAEMBIM U PEJAKTHPYEMBIM TaK Ke KaK M OOBIYHBIN TeKCTOBbI daiur. B daiine comep-
JKUTCS CJIOBAph € OJIHUM KJiodoM ‘strategy data’. Ilojg xkmouom ‘strategy data’ comep:kurcst crimcok
C 9HCJIOM 3JIEMEHTOB IT0 yMOTIaHuio 234. KaxKaplil 3JIeMeHT CIUCKa MPECTaBIIsIeT KBaJIPATHBIN CEK-
top ot pasmepamu 20cmX20cm. Kaxmomy cekTopy Ha3HAUe€H BEKTOD MPEIACTABIAIONNN n3 cebs
HAIPABJIEHNE yJIapa B CATYAIMU KOIJA M9 OKa3ajicsd B 9ToM cekrope. Cuiia yaapa 3aKOIMpOBaHA B
BH/Ie OcJIabsIstronero Koaddurmenta: 1 — cranIapTHBIN yaap, 2 — yaap ocaabiieHHbIl B 2 pa3a, 3- yaap
ocnabieHHbIt B 3 pasa. KaxK/Iplil /IeMEHT CIIHCKA 3aKOJMPOBAH CJIEIYIONMM: [cToaberl, psij, Cuia,
yaw|. @yr6osbHoe nosie pa3buro Ha 13 psyos u 18 cronbios. Croaber 0 HAXOAUTCS BO3JIE CBOMX BO-
pot, cTosiberr 17 HaXoMUTCsT BO3JI€ BOPOT MpOoTHBHUKA. Psm 0 HaxomuTcs B 00JIACTH C MOJOXKUTETHHOMN
Y xoopamnaaToil, psin 12 HaXOAUTCS B OOJIACTH C OTPHUIATENHHONR Y KOOPIMHATOM.

1. B mporiecce urpsl urpok Moxker npuHuMaTh 4 pazuabie posu: ‘forward’; ‘goalkeeper’, ‘penalty Shooter’,
‘penlaty Goalkeeper’. st Kaxkmoit posim mporpamma crpaternu pasuas. Momayss launcher Boibmpaer
POJIb UTPOKA JIJTsT 3aIlyCKa B 3aBUCUMOCTH OT HOMEpAa UI'POKA M BTOPUYIHOIO COCTOSIHUSI UTPHI. B cirydae
ecsm HOMep wWrpoka 1 HazHadaemasi posb Oymer ‘goalkeeper’ mim ‘penalty Goalkeeper’. B ciyuae,
ec/Ii HOMEp WI'pPOKa OTiamdaeTcss oT 1, Torma HasHadaemasi posb ‘forward’ mmm ‘penalty Shooter’.
B cayuae secondary game state = ‘STATE PENALTYSHOOT’ torma urpok c¢ nHomepom 1
Oyner wnasmaden ‘penlaty Goalkeeper’, a urpoxk c¢ HomepoM, omimdalonmmcs or 1 Oymer Ha-
3HaUeH Ha poab ‘penalty Shooter’. Korpossep wurpbl, HOCTaBISEMBII MO YMOJYAHUIO OyIeT

16 Fnaea 3. PykoBsopcteo nporpammuposaHus Pobora Robokit-1
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Ha3HAYaTh HWIPOKY ¢ HOMepoMm 1 ‘goalkeeper’, a WUrpoky ¢ HOMEPOM, OTJIHUYAIONIUAMCSI OT 1 pOJb
‘forward’ BO Bcex ocTaJibHBIX 3HadyeHHsX secondary game state. Komauapl MoryT MeHSTH cTpa-
TErui0 UIPHI IIyTeM Ha3HAYEHWs Pa3/IMIHBbIX POJIEl B 3aBUCHUMOCTH OT BeJUYUHBI secondary game
state, mocTaBisgeMOil TeHMKOHTPOJLUIEPOM. TeKyIuii TeAMKOHTDPOJIJIED MOXKET IIOCTABJISTD CJIEIy-
ore 3uHadenns secondary game state: STATE NORMAL=0, STATE PENALTYSHOOT=1,
STATE OVERTIME=2, STATE TIMEOUT=3, STATE DIRECT FREEKICK=4,
STATE INDIRECT FREEKICK=5, STATE PENALTYKICK=6, STATE CORNERKICK=7,
STATE GOALKICK=8, STATE THROWIN=9, DROPBALL=128, UNKNOWN=255

17
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18 Fnasa 3. Pykosopgcteo nporpammuposaHusi Pobora Robokit-1
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[naBa 4

[NpaBuna

RoboCup Junior Humanoid Soccer [Tpasuia
n Hacrpoiiku
JLIsl BUPTYAILHBIX copeBHoBanuil B cumyastope B 2021 romy

Cocrasurens Azep Babaes (obnosneno 14.09.21, Mocksa), na
ocaoee sepenn 2007 roga npasuan Humanoid Soceer

20
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Nuzaiin poboTa

Proto crammaprHOro pobora, ucmosbp3yeMoro ajis cuMmyssanun B3aT Robokitl.proto.proto monens cozmana B
KadeCcTBe BUPTYAJIBHOM MOJIEN peajabHOro pobora. [iist J0cTOBEpHOTO OTpaskeHusl TIOBEJICHIST PEATTLHOTO PO-
60Ta BCe TEXHUYIECKNE CBOWCTBA BUPTYAJHHOTO POOOTA CKOIMUPOBAHBI CO crienuduKaImii peaabHOro poboTa,
BKJIFOYasl TaKue, KAK MOMEHTHI BpAIleHUs] CEPBOMOTOPOB, MaKCHUMAJIbHbIE CKOPOCTH CEPBOMOTOPOB, Macca
CEPBOMOTOPOB, PACIIOJIOKEHNE KaMePbl, pa3pelieHne KaMephbl, allepTypa JHH3bl KaMepbl, THCJIO0 U PACIIOJIO-
JKEHHUE aKCeJIePOMETPOB, PACIIPEIEICHUE Beca [0 9acTsM TeJIa.

21
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Virtual model has 2 IMUs named «imu heads and «imu_ body». Real robot is capable to recognize
coordinate of itself at soccer field with accuracy +15cm, it is capable to recognize obstacles and ball.
Recognition of distance and course to ball and obstacles is made through machine vision algorithms.
Robot detectds distance and course to object with accuracy mainly dependent on camera accuracy. Good
calibrated robot detects course to object with accuracy + 0.01 Radian. Accuracy of distance recognition non-
linearly depends on distance to object, with best accuracy at minimum distances which is £ 5mm. Distance
measurement accuracy at distance 1m is 4+ 25mm, at distance 2m is + 100mm High accuracy of distance
and course measurement are provided due to equipment and smart algotihms used for direct measurements.
Localization on soccer field is provided by measurements of cource and distence to goal posts, field marking,
green field border, odometry, measurement of IMU. All localization data is accumulated with historical
data and processed by patricle filter algorithm in order to achieve better accuracy than measurement of
individual object. Simulation procedure in Webots is orgaised in way when simulation of physics and motion
is provided together with camera image scanning. Procedure of image scanning and transfer to outside from
Webots greatly reduces simulation speed. In order to keep simulation speed at acceptable rate it was decided
to skip procedure of scanning images by camera in simulation and replace it with direct request- report

22 Fnaea 5. [OusaiiH poborta
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procedure. Following data are reported to Robokitl robot from simulation by request: distance and course
from robot to ball, distance and course from robot to other players, self coordinate and orientation on field.
Requested data before reporting to robot are mixed with random values in order to provide same accuracy
which usually real robot detects from camera image. Above procedure is called «blurrers. Above procedure
provide increasing is simulation speed up to 10 times. This know-how of ELSIROS provides games to be
played at laptop computer with nearly realtime speed.

Below is technical description of real Robokit robot.

23
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J Head with “brain”

«— .
Aluminum levers

Reset button + 3 programmable
buttons on head

“Get Ready” button and “Relax”
button on backpack

13 servomotors KRS-2552 ICS +

10 servomotors KRS-2672 ICS

Camera

Servo controller,

gyro,
accelerometer

Battery

Robokit Robot
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ROBOKIT Robot Specification:

- Height45cm

- Weight 1.9 kg

- Battery voltage 12 V

- 23 DOF: 13 servomotors KRS-2552 ICS +10 servomotors KRS-2672 ICS

- Main controller: OpenMV H7 with 32-Bit Arm Cortex-M7 operating at 400MHz with 1Mb
SRAM

- Motion controller: Kondo RCB-4HV

- Programming language: Micropython.

- Sensors: OV7725 640x480 camera, 6D digital IMU BNOOS5, 2D analogue Gyro, 3D analogue
Accelerometer
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Building elsiros on Ubuntu

6.1 Installing dependencies

1. Install GameController - https://github.com/elsiros/GameController

2. Install Webots R2021b - https://cyberbotics.com/

6.2 Installing elsiros

6.2.1 Clone code

git clone https://github.com/elsiros/elsiros_webots

6.2.2 Install libs from requirements.txt

cd /path/to/elsiros_webots
pip install -r requirements.txt

6.2.3 Install protobuf-compiler

sudo apt-get install libprotobuf-dev protobuf-compiler
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6.2.4 Build controller and protobuf messages

cd /path/to/elsiros_webots/controllers/player
make

6.2.5 Test player controller

cd /path/to/webots
./webots /path/to/elsiros_webots/worlds/elsiros_training.wbt

cd /path/to/elsiros_webots/controllers/player
python communication_manager_test.py
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API

7.1 SAMPLE_TEAM.Soccer.Motion

7.1.1 Subpackages
SAMPLE_TEAM.Soccer.Motion.motion_slots
7.1.2 Submodules

SAMPLE_TEAM.Soccer.Motion.ball_Approach_Steps_Seq

Module Contents

Functions

uprint (*text)

normalize_rotation (yaw)

steps (motion, x1, y1, ul, x2, y2, u2)

ball_Approach (motion, local, glob, ball coord)

SAMPLE_TEAM.Soccer.Motion.ball_Approach_Steps_Seq.uprint ( *text)
SAMPLE_TEAM. Soccer.Motion.ball_Approach_Steps_Seq.normalize_rotation(yaw)

SAMPLE_TEAM.Soccer.Motion.ball_Approach_Steps_Seq.steps(motion, 1, y1, ul, 2, y2, u2)
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SAMPLE_TEAM. Soccer.Motion.ball_Approach_Steps_Seq.ball_Approach(motion, local, glob,
ball_ coord)

SAMPLE_TEAM.Soccer.Motion.ball_Approach_calc

Module Contents

Functions

uprint (*text)

ball_Approach_Calc(glob, ball coord)

SAMPLE_TEAM. Soccer.Motion.ball_Approach_calc.uprint ( *text)
SAMPLE_TEAM.Soccer.Motion.ball_Approach_calc.ball_Approach_Calc(glob, ball coord)

SAMPLE_TEAM.Soccer.Motion.class_Motion

The module is designed by team Robokit of Phystech Lyceum and team Starkit of MIPT under mentorship
of A. Babaev.

This module contains walking engine

Module Contents

Classes

Motionl

class SAMPLE_TEAM.Soccer.Motion.class_Motion.Motionl (glob)

imu_body_yaw (self)

norm_yaw (self, yaw)

quaternion_to_euler_angle(self, quaternion)
play_Soft_Motion_Slot (self, name="")

computeAlphaForWalk (self, sizes, limAlpha, hands on="True)
activation(self)

walk_Initial_Pose(self)

walk_Cycle(self, stepLength, sideLength, rotation, cycle, number Of Cycles)
walk_Final_Pose(self)

kick(self, first_Leg Is_ Right Leg, small=False)
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refresh_Orientation(self)

SAMPLE_TEAM.Soccer.Motion.class_Motion_Webots_PB

The module is designed by team Robokit of Phystech Lyceum and team Starkit of MIPT under mentorship
of A. Babaev. The module is designed to provide communication from motion controller to simulation

Module Contents

Classes

Motion_sim

class SAMPLE_TEAM.Soccer.Motion.class_Motion_Webots_PB.Motion_sim(glob, robot, gcreceiver,
pause, logger)
Bases: SAMPLE_TEAM. Soccer.Motion.class_Motion_real.Motion_real

game_time (self)

game_time_ms (self)

pause_in_ms(self, time_in_ms)
sim_Trigger (self, time)
wait_for_step(self, step)
imu_activation(self)
read_head_imu_euler_angle (self)
read_imu_body_yaw (self)

falling_Test (self)
send_angles_to_servos (self, angles, use_step correction=False)
move_head (self, pan, tilt)
simulateMotion (self, number=0, name="")
sim_Get_Ball_Position(self)
sim_Get_0Obstacles(self)
sim_Get_Robot_Position(self)

sim_Start (self)

sim_Progress (self, simTime)
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SAMPLE_TEAM.Soccer.Motion.class_Motion_real

The module is designed by team Robokit of Phystech Lyceum and team Starkit of MIPT under mentorship
of A. Babaev.

The module is a part of motion generating functions

Module Contents

Classes

Motion_real

class SAMPLE_TEAM.Soccer.Motion.class_Motion_real.Motion_real (glob)
Bases: SAMPLE_TEAM.Soccer.Motion.class_Motion.Motionl

seek_Ball_In_Pose(self, fast Reaction_ On, penalty Goalkeeper=False, with_ Localization="True)
watch_Ball_In_Pose(self, penalty Goalkeeper==Fulse)
seek_Ball_In_Frame (self, with_Localization="True)
detect_Ball_Speed(self, with Localization=False)
see_ball_confirmation(self)

turn_To_Course (self, course, accurate=False)
head_Up (self)

head_Return(self, old_neck pan, old_mneck_tilt)
localisation_Motion(self)
normalize_rotation(self, yaw)
near_distance_omni_motion(self, dist mm, napravl)

near_distance_ball_approach_and_kick(self, kick_ direction, strong kick=Faulse,
small_kick=Fualse)

far_distance_ball_approach(self, ball coord)

far_distance_plan_approach(self, ball coord, target yaw, stop_ Over=Fulse)

SAMPLE_TEAM.Soccer.Motion.compute_Alpha_v3

The module is designed by team Robokit of Phystech Lyceum and team Starkit of MIPT under mentorship
of Azer Babaev. Module can be used for Inverted Kinematics for legs of Robokit-1 robot. Advantage of
module against other IK implementations is fast and repeatable calculation benchmark. Result is achieved
due to mixed analytic/numerical calculation method. Module is designed for 6 DOF robot leg. From 6
angles one angle is calculated using numerical iterations, other 5 angles are obtained through polynom roots
formula calculation. This way prowides fast benchmark and repeatability. Algorithm being implemented in
C language with integration into firnware of OpenMYV is capable to calculated angles for robot legs within
time less than 1ms. Multiple IK solutions are filtered through applying of angle limits within calculation.
This yields less time for calculation. usage: create class Alpha instance and call method compute Alpha v3
with arguments. Returns list of 0, 1 or 2 lists of servo angles. List of 0 elements means that IK was not
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solved. List of 1 list means 1 possible solition is detected. List of 2 lists means that plurality of solutions was
not filtered by provided arguments.

Module Contents

Classes

Alpha

Attributes

ab

class SAMPLE_TEAM.Soccer.Motion.compute_Alpha_v3.Alpha
compute_Alpha_v3(self, at, yt, zt, z, y, 2z, w, sizes, limAlpha)

usage: list: angles = self.compute Alpha v3(float: xt, float: yt, float: zt, float: X,
float: y, float: z, float: w, list: sizes, list: limAlpha)

angles: list of floats angles in radians of servos which provide target positioning and
orientation of robots* foot

xt: target x coordinate of foots“ center point yt: target y coordinate of foots” center point zt: target
z coordinate of foots” center point x: x coordinate of vector of orientation of foot y: y coordinate
of vector of orientation of foot z: z coordinate of vector of orientation of foot w: rotation in radians
of foot around vector of orientation sizes: list of sizes defining distances between servo axles in
biped implementation limAlpha: list of limits [minimum, maximum] of servomotors measured in
number of encoder ticks

of Kondo series 2500 servomotors.

Target coordinates are measured in local robot coordinate system XYZ with ENU orientation.
[0,0,0] point of coordinate system is linked to pelvis of robot. Foot orientation vector has length
1. Base of vector is at bottom of foot and tip of vector is directed down when foot is on floor.

SAMPLE_TEAM.Soccer.Motion.compute_Alpha_v3.ab = 21.5

SAMPLE_TEAM.Soccer.Motion.path_planning

The module is designed by team Robokit of Phystech Lyceum and team Starkit of MIPT under mentorship of
A. Babaev. module can be used for optimized path planing of Robokit-1 robot. usage: create class PathPlan
type object instance and call method path calc _optimum. Optionally module can be launched stand alone
for purpose of tuning and observing result of path planing. Being launched stand alone module draws soccer
field with player (white circle), ball (orange circle), obstacles (black circles). Circles are movable by mouse
dragging. After each stop of mouse new path is drawing.
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Module Contents

Classes

PathPlan Plans optimized path of humanoid robot from start
coordinate to target coordinate.

Glob

Attributes

goalPostRadius

ballRadius

uprightRobotRadius

rounddboutRadiusIncrement

SAMPLE_TEAM.Soccer.Motion.path_planning.goalPostRadius = 0.15
SAMPLE_TEAM.Soccer.Motion.path_planning.ballRadius = 0.1
SAMPLE_TEAM.Soccer.Motion.path_planning.uprightRobotRadius = 0.2
SAMPLE_TEAM.Soccer.Motion.path_planning.roundAboutRadiusIncrement = 0.15

class SAMPLE_TEAM.Soccer.Motion.path_planning.PathPlan(glob)

Plans optimized path of humanoid robot from start coordinate to target coordinate. Coordinates are
taken together with orientation. Path is composed from initial arc, final arc and connecting line.
Connecting line must be tangent to arcs. In case of obstacles on path line additional arc is added in
order to go around obstacle. Only one obstacle can be avoided reliably. Avoiding of second obstacle
is not guaranteed. Therefore there are used evaluations of prices of variants of path. The Path with
cheaper price is returned. Collision with obstacle in far distance is cheaper than collision with obstacle
in near distance. During Path heuristic various radiuses of arcs are considered. Arc with zero radius
means turning without changing coordinate.

coord2yaw (self, z, y)

intersection_line_segment_and_line_segment (self, 1, y1, 2, y2, x3, y3, x4, y4)
Checks if 2 line segments have common point. :returns: True - if there is common point

False - if not.

x = x1 + (x2 - x1) * t1 t1 - paramentric coordinate y = y1 + (y2 - y1) * t1 x = x3 + (x4 - x3) *
t2 t2 - paramentric coordinate y = y3 + (y4 - y3) * t2 x1 + (x2-x1) * t1 = x3 + (x4 - x3) * t2
yl+ (y2-y1) *t1 =y3 + (v4-y3) *t2t1 = (x3 + (x4-x3) *t2-x1) / (x2-x1) t1 = (y3 +
(y4-y3) *t2-yl) / (y2-y1) yl + (y2-y1) * (x3 + (x4-x3) *t2-x1) / (x2-x1) =y3 + (y4
-y3) *t2 (y2-yl) * (x4-x3)/ (x2-x1) *t2- (y4-y3) *t2 =y3-yl- (y2-yl)* (x3-x1)/
(x2-x1)t2=(y3-yl-(y2-yl)*(x3-x1)/ (x2-x1)) /((y2-yl)* (x4 -x3)/ (x2-x1) - (y4
-y3)) if t1 == 0:

t2 = (y1-v3)/ (y4 - y3) t2 = (x1 - x3)/ (x4 - x3)
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intersection_line_segment_and_circle(self, z1, yI, 22, y2, xc, yc, R)
Checks if line segment and circle have common points. :returns: True - if there is common point

False - if not.

x = x1 + (x2 - x1) * t t - paramentric coordinate y = y1 + (y2 - y1) * t R**2 = (x - x¢)**2 + (y
- yo)**2 (x1 + (x2-x1) ¥t -xc)**2 + (y1 + (y2-yl) ¥t -yc)**2 - R**2 = 0 ((x2 - x1) * t)**2
+ (x1-xc)**2 4+ 2% (x2-x1) * (x1-xc) ¥t + ((y2-yl) * t)**2 + (yl - yo)**2 + 2 * (y2 - y1)
*(yl-ye) *t-R¥2 =0 ((x2-x1)*2 + (y2 - y1)**2) * t**2 + (2* (x2-x1) * (x] -xc) + 2 *
(32 - y1) * (y1 - y&)) * t + (x1 - xc)**2 + (y1 - ye)™2 - R¥2 = 0a * t¥2 + b*t + c =0 a
= (x2-x1)**2 + (y2-y)**2b =2* (x2-x1) * (x1-xc) + 2 * (y2-yl) * (yl-yc)c=(x1-
xC)¥*2 + (yl - yc)**2 - R¥*2

intersection_circle_segment_and_circle(self, z1, y1, z2, y2, 20, y0, CW, zc, yc, R)
norm_yaw (self, yaw)
delta_yaw(self, start yaw, dest_ yaw, CW)

path_calc_optimum(self, start coord, target coord)
Returns optimized humanoid robot path. usage:

list: dest, list: centers, int: number Of Cycles self.path _calc_optimum(list:
start _coord, list: target coord) dest: list of destination point coordinates. Each
coordinate is list or tuple of floats [x,y].

Each coordinate is starting or end point of path segment. Path comprises of
following segments: circle segment, line segment, n*(circle segment, line segment),
circle segment. Where n - iterable.

centers: list of coordinates of circle centers of circle segments of path. Each coordinate is
list or tuple of floats [x,y]. number Of Cycles: integer which represents price of path.
In case if value is >100 then collision with second obstacle on path

is not verified.

start _coord: list or tuple of floats [x, y, yaw| target coord: list or tuple of floats [x, ¥,
yaw]

path_calc(self, start_coord, target_coord)

arc_path_external (self, z1, yI, yawl, z2, y2, yaw2)

check_0Obstacle(self, apl, ypl, zp2, yp2)

check_Limits (self, z1, y1, z2, y2, xpl, ypl, zp2, yp2, zcl, ycl, CW1, xc2, yc2, CW2, dest)
check_Price(self, x1, y1, 2, y2, zpl, ypl, xp2, yp2, xcl, ycl, CW1, xc2, yc2, CW2, dest, centers)
number_0f _Cycles_count (self, dest, centers, yawl, yaw2)

external_tangent_line(self, start, R1, R2, x1, y1, xzcl, ycl, zc2, yc2, CW)
arc_path_internal (self, 1, y1, yawl, 22, y2, yaw2)

internal_tangent_line(self, start, R1, R2, x1, y1, xcl, ycl, zc2, yc2, CW)
square_equation(self, a, b, ¢)

class SAMPLE_TEAM.Soccer.Motion.path_planning.Glob

import_strategy_data(self, current work_ directory)
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7.2 SAMPLE_TEAM.Soccer.Localisation

7.2.1 Submodules

SAMPLE_TEAM.Soccer.Localisation.class_Glob

The module is designed by team Robokit of Phystech Lyceum and team Starkit of MIPT under mentorship
of A. Babaev.

This module is used to store variables which are used in many classes

Module Contents

Classes

Globd

class SAMPLE_TEAM.Soccer.Localisation.class_Glob.Glob(simulation, current work directory)

import_strategy_data(self, current work_ directory)

SAMPLE_TEAM.Soccer.Localisation.class_Local

The module is designed by team Robokit of Phystech Lyceum and team Starkit of MIPT under mentorship
of A. Babaev.

This module is assisting localization

Module Contents

Classes

Local

class SAMPLE_TEAM.Soccer.Localisation.class_Local.Local (logger, motion, glob,
coord_ odometry=[0.0, 0.0, 0.0])

coordinate_fall_reset (self)
coordinate_trust_estimation(self)
normalize_yaw(self, yaw)
correct_yaw_in_pf (self)
coordinate_record(self)

localisation_Complete(self)
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group_obstacles (self)

read_Localization_marks (self)

7.3 SAMPLE_TEAM.Soccer.strategy

The module is designed by team Robokit of Phystech Lyceum and team Starkit of MIPT under mentorship
of Azer Babaev. The module is designed for strategy of soccer game for forward and goalkeeper.

7.3.1 Module Contents

Classes

GoalKeeper class GoalKeeper is designed to define goalkeeper's
play according to style developed by

Forward The class Forward is designed for definition of
strategy of play for 'forward' role of player

Forward_Vector_Matriz The class Forward Vector Matrix is designed for
definition of strategy of play for 'forward' role of
player

Player class Player is designed for implementation of main

cycle of player.

class SAMPLE_TEAM.Soccer.strategy.GoalKeeper (logger, motion, local, glob)
class GoalKeeper is designed to define goalkeeper’s play according to style developed by Matvei
Ivaschenko - a student of Phystech Lyceum in 2020. Idea of style was in dividing of home half of
shoccer field to 8 sectors according to distance from home goals. When ball is in 4 sectors closest to
goals A1, A2, A3, A4 goalkeeper attacks ball with purpose transfer it to side of opponent. When ball

is in

4 sectors B1, B2, B3, B4 which are in longer distance from goals goalkeeper just slide to better

position from current without attempt to attack ball. In case if ball didn’t go longer than 1m after
kick of goalkeeper, he will undertake another attempt up to 10 times in total. In case if ball goes to
distance longer than 1m or ball can’t be seen by goalkeeper then goalkeeper returns to center of goals.

turn_Face_To_Guest (self)

The method is designed to define kick direction and load it into self.direction To Guest direction
is measured in radians of yaw. After definition of kick direction robot turns to this direction.
In case if robots“ own coordinate self.glob.pf coord shows lication on own half of field i.e.
self.glob.pf coord[0] < 0 then direction of shooting is 0 if robots* x coordinate > 0.8 and abs(y
coordinate) > 0.6 then direction of kick is to center of opponents* goals. if robots“ x < 1.5 and
abs(y) < 0.25 kick direction will be to corner of opponents* goals, with left or right corner is
defined randomly. in all other positions of robot kick direction is defined as ditection to target
point with coordinates x = 0, y = 2.8

goto_Center (self)

Goalkeeper returns to duty position 0.4m in front of own goals. before returning robot checks
trustability of localization. If localization is poor then robot undertake special motions by head and
by turning to goals with purpose to improve localization. In case if distance to duty position is more
than 0.5m then far _distance plan_approach will be used, else near _distance _omni_motion will
be used. after returning to duty position robot turns to kick direction, for which yaw=0 in front
of own goals.

7.3. SAMPLE_TEAM.Soccer.strategy 37



ELSIROS, Bbinyck 0.0.1

find_Ball (self)

Before using motion method seek Ball In Pose goalkeeper define usage of method in quick
mode or in accurate mode. In case if localization is trustable quick mode is used means
fast Reaction On=True. seek Ball In Pose method moves head of robot to 15 positions
covering all visible areas in front and in sides of robot. this way seeking of ball is not single
task. Robot improves localization through observing localization markers on obtained pictures. In
case if fast Reaction On=True then observation of surroundings will be interrupted as soon as
ball appear in visible sector. Speed of ball is also detected.

scenario_A1(self, dist, napravl)
This method is activated if goalkeeper finds ball at distance less than 0.7m and relative direction
from 0 to math.pi/4. Supposed that goalkeeper stands on duty position faced to opponents® goals
before seeking ball. usage:

None: self.scenario Al(float:dist, float: napravl) dist - distance to ball from
goalkeeper in meters napravl - relative direction to ball from goalkeeper in radians

method undertake 10 attempts to kick off ball to opponents side. In case of successful attempt -
ball goes 1m away from goalkeeper - goalkeeper returns to duty position in front of own goals.
Otherwise attempts are continued up to 10 times.

scenario_A2(self, dist, napravl)
This method is activated if goalkeeper finds ball at distance less than 0.7m and relative direction
from math.pi/4 to math.pi/2. Supposed that goalkeeper stands on duty position faced to
opponents”* goals before seeking ball. usage:

None: self.scenario Al(float:dist, float: napravl) dist - distance to ball from
goalkeeper in meters napravl - relative direction to ball from goalkeeper in radians

method undertake 10 attempts to kick off ball to opponents side. In case of successful attempt -
ball goes 1m away from goalkeeper - goalkeeper returns to duty position in front of own goals.
Otherwise attempts are continued up to 10 times.

scenario_A3(self, dist, napravl)
This method is activated if goalkeeper finds ball at distance less than 0.7m and relative direction
from 0 to -math.pi/4. Supposed that goalkeeper stands on duty position faced to opponents* goals
before seeking ball. usage:

None: self.scenario Al(float:dist, float: napravl) dist - distance to ball from
goalkeeper in meters napravl - relative direction to ball from goalkeeper in radians

method undertake 10 attempts to kick off ball to opponents side. In case of successful attempt -
ball goes 1m away from goalkeeper - goalkeeper returns to duty position in front of own goals.
Otherwise attempts are continued up to 10 times.

scenario_A4(self, dist, napravl)
This method is activated if goalkeeper finds ball at distance less than 0.7m and relative direction
from -math.pi/4 to -math.pi/2. Supposed that goalkeeper stands on duty position faced to
opponents”* goals before seeking ball. usage:

None: self.scenario Al(float:dist, float: napravl) dist - distance to ball from
goalkeeper in meters napravl - relative direction to ball from goalkeeper in radians

method undertake 10 attempts to kick off ball to opponents side. In case of successful attempt -
ball goes 1m away from goalkeeper - goalkeeper returns to duty position in front of own goals.
Otherwise attempts are continued up to 10 times.

scenario_B1(self)
This method is activated if goalkeeper finds ball at distance more than 0.7m and less than half
of length of field and relative direction from 0 to math.pi/4. Supposed that goalkeeper stands
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on duty position faced to opponents* goals before seeking ball. method undertake to slide robot
sideways to same Y coordinate as balls* Y coordinate. In case if balls“ Y coordinate abs value
is more than 0.4m robots maximum Y coordinate abs value will be 0.4m After sliding sideways
robot undertake turning to 0 direction

scenario_B2(self)
This method is activated if goalkeeper finds ball at distance more than 0.7m and less than half
of length of field and relative direction from 0 to math.pi/4. Supposed that goalkeeper stands
on duty position faced to opponents* goals before seeking ball. method undertake to slide robot
sideways to same Y coordinate as balls® Y coordinate. In case if balls® Y coordinate abs value
is more than 0.4m robots maximum Y coordinate abs value will be 0.4m After sliding sideways
robot undertake turning to 0 direction

scenario_B3(self)
This method is activated if goalkeeper finds ball at distance more than 0.7m and less than half
of length of field and relative direction from 0 to math.pi/4. Supposed that goalkeeper stands
on duty position faced to opponents* goals before seeking ball. method undertake to slide robot
sideways to same Y coordinate as balls* Y coordinate. In case if balls“ Y coordinate abs value
is more than 0.4m robots maximum Y coordinate abs value will be 0.4m After sliding sideways
robot undertake turning to 0 direction

scenario_B4 (self)
This method is activated if goalkeeper finds ball at distance more than 0.7m and less than half
of length of field and relative direction from 0 to math.pi/4. Supposed that goalkeeper stands
on duty position faced to opponents* goals before seeking ball. method undertake to slide robot
sideways to same Y coordinate as balls* Y coordinate. In case if balls“ Y coordinate abs value
is more than 0.4m robots maximum Y coordinate abs value will be 0.4m After sliding sideways
robot undertake turning to 0 direction

class SAMPLE_TEAM.Soccer.strategy.Forward (logger, motion, local, glob)
The class Forward is designed for definition of strategy of play for ,forward“ role of player in year 2020.
usage:

Forward(object: motion, object: lical, object: glob)

dir_To_Guest (self)
The method is designed to define kick direction and load it into self.direction To Guest, direction
is measured in radians of yaw. In case if robots“ own coordinate self.glob.pf coord shows lication
on own half of field i.e. self.glob.pf coord[0] < 0 then direction of shooting is 0 if robots‘ x
coordinate > 0.8 and abs(y coordinate) > 0.6 then direction of kick is to center of opponents®
goals. if robots® x < 1.5 and abs(y) < 0.25 kick direction will be to corner of opponents® goals,
with left or right corner is defined randomly. in all other positions of robot kick direction is defined
as ditection to target point with coordinates x = 0, y = 2.8 returns float: self.direction To Guest

turn_Face_To_Guest (self)

class SAMPLE_TEAM.Soccer.strategy.Forward_Vector_Matrix(logger, motion, local, glob)

The class Forward Vector Matrix is designed for definition of strategy of play for ,forward“ role of
player in year 2021. Matrix is coded in file strategy data.json This file is readable and editable as well
as normal text file. There is a dictionary with one key “strategy data”. Value of key “strategy data”
is a list with default number of elements 234. Each element of list represents rectangular sector of
soccer field with size 20cmX20cm. For each sector there assigned a vector representing yaw direction of
shooting when ball is positioned in this sector. Power of shot is coded by attenuation value: 1 — standard
power, 2 — power reduced 2 times, 3- power reduced 3 times. Each element of list is coded as follows:
[column, row, power, yaw]|. Soccer field is split to sectors in 13 rows and 18 columns. Column 0 is near
own goals, column 17 is near opposed goals. Row 0 is in positive Y coordinate, row 12 is in negative
Y coordinate. Strategy data is imported from strategy data.json file into self.glob.strategy data list.
usage:
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Forward Vector Matrix(object: motion, object: local, object: glob)

dir_To_Guest (self)
The method is designed to define kick direction and load it into self.direction To Guest. Direction
is measured in radians of yaw. usage:

int: row, int: col = self.dir_To_ Guest() row, col - row and column of matrix attributing
rectangular sector of field where ball coorinate self.glob.ball coord fits.

turn_Face_To_Guest (self)

class SAMPLE_TEAM.Soccer.strategy.Player (logger, role, second pressed_ button, glob, motion, local)

class Player is designed for implementation of main cycle of player. Real robot have 3 programmable
buttons. Combination of button pressing can transmit to programm pressed button code from 1 to 9.
At initial button pressing role of player is selected. With second pressed button optional playing mode
is selected depending on role. For ,forward“ and ,forward old style“ role second pressed button
can take value 1 or value 4. With value 1 player starts game as kick-off player, with value 4 player
stars as non-kick-off player, which means player starts moving 10 seconds later. For ,run_test* role
second pressed button can take values from 1 or value 9 with following optional modes: 1 - 10 cycle
steps walk forward 2 - 20 cycle side step walk to right 3 - 20 cycle side step walk to left 4 - 20 cycle
steps walk forward 5 - 20 cycle steps with rotation to right side 6 - 20 cycle steps with rotation to left
side 9 - 20 cycle steps of spot walk All modes of run test are used with purpose to calibrate walking.
After calibration is completed results of calibration must be input to file Sim params.json. Motion
module is used calibration data for planning motions and odometry correction into localization. usage:

Player(str: role, int: second pressed button, object: glob, object: motion, object: local)
play_game (self)
rotation_test_main_cycle(self, pressed_button)

run_test_main_cycle (self, pressed_ button)

For ,run_test role second pressed button can take values from 1 or value 9 with following
optional modes: 1 - 10 cycle steps walk forward 2 - 20 cycle side step walk to right 3 - 20 cycle
side step walk to left 4 - 20 cycle steps walk forward 5 - 20 cycle steps with rotation to right side 6
- 20 cycle steps with rotation to left side 9 - 20 cycle steps of spot walk All modes of run test are
used with purpose to calibrate walking. After calibration is completed results of calibration must
be input to file Sim _params.json. Motion module is used calibration data for planning motions
and odometry correction into localization. usage:

self.run_test main _cycle(int: pressed button)
sidestep_test_main_cycle(self, pressed button)

norm_yaw (self, yaw)
This module normalizes yaw according to internal rule: -pi <= yaw <= pi usage:

float: yaw = self.norm__yaw(float: yaw) yaw - orientation on horizontal surface in radians,
zero value orientation is directed along X axis

forward_main_cycle (self, pressed_ button)
Main cycle method for ,forward* role of player. usage:

self.forward _main_cycle(int: pressed button)

forward_old_style_main_cycle(self, pressed_ button)
Main cycle method for ,forward old style“ role of player. usage:

self.forward main_cycle(int: pressed button)
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goalkeeper_main_cycle (self)
goalkeeper main cycle method is based on vector matrix strategy. Goalkeeper doesn’t leave goals
too far. Supposed that goalkeeper starts game at point on middle of goal line. After 10 seconds
from game start goalkeeper moves to duty position which depends on detected ball position. In
case if ball appears in dangetous position goalkeeper attcks ball.

goalkeeper_old_style_main_cycle(self)
main cycle for old style goalkeeper strategy

penalty_Shooter_main_cycle(self)
main cycle for penalty striker

penalty_Goalkeeper_main_cycle (self)

dance_main_cycle (self)

7.4 SAMPLE_TEAM.launcher_pb

The module is designed by team Robokit of Phystech Lyceum and team Starkit of MIPT under mentorship
of Azer Babaev. The module is designed for strategy of soccer game by forward and goalkeeper.

7.4.1 Module Contents

Functions
init_gcrecetver (team, player, is_goalkeeper) The function creates and object receiver of Game
Controller messages. Game Controller messages are
broadcasted to
player_super_cycle (falling, team id, The function is called player super cycle because
robot color, player number, SIMULATION, during game player can change several roles. Each
current _work _directory, robot, pause, logger) role

SAMPLE_TEAM. launcher_pb.init_gcreceiver (team, player, is_ goalkeeper)
The function creates and object receiver of Game Controller messages. Game Controller messages are
broadcasted to teams and to referee. Format of messages can be seen in module gamestate.py. Messages
from Game Controller contains Robot info, Team info and Game state info. usage of function:

object: receiver = init gcreceiver(int: team, int: player, bool: is goalkeeper)

team - number of team id. For junior competitions it is recommended to use unique id
for team in range 60 - 127

player - number of player displayed at his trunk is goalkeeper - True if player is
appointed to play role of goalkeeper

SAMPLE_TEAM. launcher_pb.player_super_cycle(falling, team_id, robot_ color, player number,
SIMULATION, current_work__ directory, robot, pause,
logger)

The function is called player super cycle because during game player can change several roles. Each
role appointed to player put it into cycle connected to playing it’s role. Cycles of roles are defined in
strategy.py module. player super cycle is cycle of cycles. For example player playing role of ,forward*
can change role to ,penalty shooter” after main times and extra times of game finished. In some
situations you may decide to switch roles between forward player and goalkeeper. Usage:

7.4. SAMPLE_TEAM.launcher_pb 41
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player super cycle(object: falling, int: team _id, str: robot color, int: player number, int: SIMT
Path_object: current _work _directory, object: robot, object: pause)

falling - class object which contains int: falling.Flag which is used to deliver information about fall
low level logic to high level logic. falling.Flag can take 0 - nothing happend, 1 -falling on
stomach, -1 - falling face up, 2 - falling to left, -2 - falling to right, 3 - exit from playing
fase

team _id - can take value from 60 to 127 robot_ color - can be ,red* or ,blue” player number
- can be from 1 to 5, with 1 to be assigned to goalkeeper SIMULATION - used for definition
of simulation enviroment. value 4 is used for Webots simulation,

value 2 is used for playing in real robot

current _work directory - is Path type object robot - object of class which is used for
communication between robot model in simulation and controller

program. In case of external controller program ,ProtoBuf* communication manager
is used. ,,ProtoBuf* - is protocol developed by Google.

pause - object of class Pause which contains pause.Flag boolean variable. It is used to transfer pre
pause button on player’s dashboard event to player’s high level logic.

7.5 SAMPLE_TEAM.main_pb

The module is designed by team Robokit of Phystech Lyceum and team Starkit of MIPT under mentorship
of Azer Babaev. The module is designed for creating players* dashboard and alternating between team game
with Game Controller or individual play without Game Controller.

7.5.1 Module Contents

Classes

Log

Falling

Pause

RedirectText

Main_Panel

42 Fnasa 7. API



ELSIROS, Bbinyck 0.0.1

Functions

main_procedure ()

main ()

Attributes

LOGGING_LEVEL

SIMULATION

current_work_directory

game_data

team_1_data

team_2_data

pause

SAMPLE_TEAM.main_pb.LOGGING_LEVEL
SAMPLE_TEAM.main_pb.SIMULATION = 4
SAMPLE_TEAM.main_pb.current_work_directory
SAMPLE_TEAM.main_pb.game_data
SAMPLE_TEAM.main_pb.team_1_data
SAMPLE_TEAM.main_pb.team_2_data

class SAMPLE_TEAM.main_pb.Log(filename)

get_file_handler (self)
get_stream_handler (self)
get_logger (self, name)
class SAMPLE_TEAM.main_pb.Falling
class SAMPLE_TEAM.main_pb.Pause
SAMPLE_TEAM.main_pb.pause
SAMPLE_TEAM.main_pb.main_procedure ()

class SAMPLE_TEAM.main_pb.RedirectText (a WxTextCtrl)
Bases: object

write (self, string)

7.5. SAMPLE_TEAM.main_pb
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class SAMPLE_TEAM.main_pb.Main_Panel ( *args, **kwargs)

Bases: wx.Frame
main_procedure (self)
InitUI (self)
ShowMessagel (self, event)

ShowMessage?2 (self, event)

SAMPLE_TEAM.main_pb.main()

7.6 communication_manager_robokit

Class that provides communication with simulator Webots.

7.6.1 Module Contents

Classes

CommunicationManager

class communication_manager_robokit.CommunicationManager (maxsize=1, host="127.0.0.1',

port=10001, logger=logging,
team_ color="'RED',
player _number=1, time_ step=15)

enable_sensors (self, sensors) — None
__get_sensor (self, name) — dict
__send_message (self)
__update_history (self, message)

__procces_object (self, name)

time_sleep(self, t) — None
Emulate sleep according to simulation time.

ITapamerpsr t (float) — time

get_imu_body (self) — dict
Provide last measurement from imu located in body. Can be empty if ,imu body“ sensor is
not enabled or webots does not sent us any measurement. Also contains simulation time of
measurement.

Pesyabrar {«positions: [roll, pitch, yaw|}
Twun pesysabrara dict

get_imu_head(self) — dict
Provide last measurement from imu located in head. Can be empty if ,imu head“ sensor is
not enabled or webots does not send us any measurement. Also contains simulation time of
measurement.
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Pesynbrar {<«position»: [roll, pitch, yaw|, «time»: time}
Tun pesynsrara dict

get_localization(self) — dict
Provide blurred position of the robot on the field and confidence in this position (,consistency*
- where 1 fully confident and 0 - have no confidence). Can be empty if ,gps body* sensor is
not enabled or webots does not send us any measurement. Also contains simulation time of
measurement.

Pesyabrar {«position»: [x, y, consistency|, «time»: time}
Twun pesysabtara dict

get_ball(self) — dict
Provide blurred position of the ball relative to the robot. Can be empty if: 1.  recognition,
»gps_body* or ,imu_body* sensors are not enabled 2. webots did not send us any measurement.
3. robot does not stand upright position 4. ball is not in the camera field of view (fov)

Also contains simulation time of measurement.
Pesynsrar {«position»: [x, y|, «time»: time}
Twun pesyabrara dict

get_opponents (self) — list
Provide blurred positions of the opponents relative to the robot. Can be empty if:

1. ,recognition®, ,gps_body“ or ,imu_body“ sensors are not enabled
2. webots did not send us any measurement.
3. robot does not stand upright position
4. opponent is not in the camera field of view (fov)
Also contains simulation time of measurement.
Pesyabrar [{«positions: [x1, yl], «time»: time}, {«position»: [x2, y2|, «time»: time}|
Twun pesyabrata list

get_mates (self) — dict
Provide blurred position of the mate relative to the robot. Can be empty if:

1. ,recognition®, ,gps_body*“ or ,imu_body“ sensors are not enabled
2. webots did not send us any measurement.
3. robot does not stand upright position
4. mate is not in the camera field of view (fov)
Also contains simulation time of measurement.
Pesynbrar {<«positions: [x, y|, «time»: time}
Tun pesysbrara list

get_time (self) — float
Provide latest observed simulation time.

Pesyaprar simulation time

Twun pesyabrara float
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send_servos (self, data) — None
Add to message queue dict with listed servo names and angles in radians. List of posible servos:
[«right ankle rolly, «right ankle pitch», «right knee», «right hip pitch», «right hip rolls,
«right _hip yaws, «right elbow pitch», «right shoulder twirl», «right shoulder rolls,
«right _shoulder pitchs, «pelvis yaw», «left ankle rolly, «left ankle pitchy, «left knees,
«left hip pitchs, «left hip rolls, «left hip yaws, «left elbow pitch», «left shoulder twirly,
«left _shoulder_ rolly, «left shoulder pitch», <head yaw», <head pitch»]

ITapamerps! data (dict) — {servo_name: servo_angle, ...}

run (self)
Infinity cycle of sending and receiving messages. Should be launched in sepparet thread.
Communication manager launch this func itself in constructor

7.7 blurrer

7.7.1 Module Contents

Classes

Blurrer Simulate localization and vision noize.

class blurrer.Blurrer(object angle noize=0.0, object distance noize=0.0, observation_bonus=0.0,
step_cost=0.0, constant_loc_noize=0.0, loc_noize_meters=0.0)
Simulate localization and vision noize. Params is placed in the blurrer.json file. :param
object angle noize: Noize for angle in radians.

Blurrer will uniformly random value from -object angle noize to object angle noize and
add it to the ground truth course. Defaults to 0.
ITapamerpsnt

e object_distance_noize (float, optional) — Noize for distance in percents
divided by 100. Blurrer will uniformly random value from -object distance noize
to object distance noize and multiply difference of 1 and this value with ground
truth distance. Defaults to 0..

e observation_bonus (float, optional)— Blurrer will increase the consistency for
every good observation (successfuly processed image). Defaults to O..

e step_cost (float, optional) — Blurrer will decrease the consistency for every
simulation step. Defaults to 0..

e constant_loc_noize (float, optional) — Constant localization noize. Defaults
to 0..

e loc_noize_meters (float, optional) — Multiplier for consistency, in meters.
Defaults to 0. Defaults to 0..
load_json(self, filename)
course (self, angle)
distance (self, distance)

objects(self, course=course, distance=distance)
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loc(self, x, y)
coord (self, p)
step (self)
observation(self)

update_consistency (self, value)

7.8 message_manager

Class operates with protobuff messages. used to create and parse messages.

7.8.1 Module Contents

Classes

MessageManager

class message_manager .MessageManager (logger=Ilogging, head_ buffer size=4)

get_size(self)

Pezysnbrat Value of heder byte buffer.
Twun pesyaprara int

static create_requests_message()
Create Empty protobuf class instance for request message.

Pesyabrar Empty protobuf class instance.
Tun pesynbrara messages pb2

static create_answer_message ()
Create Empty protobuf class instance for answer message.

Pesyabrar Empty protobuf class instance.
Tun pesynbrara messages pb2

static build_request_from_file(path)
Parsing data from message file to protobuf message instance.

ITapamerps! path (string) — path to filename.txt with message.
Pesynabrar protobuf class instance of filled message from file.
Tun pesysnbraTa messages pb2

build_request_positions(self, positions)
Creating an instance of the protobuff class and fills it with the values of the actuators

ITapamerpsr positions (dict) — key - servo name and values - position.

Pesyabrar protobuf class instance of filled message with servos.

7.8.

message_manager
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Tun pe3ysnbrata messages pb2

static generate_message (message)
Generate bytes string for sending message.

ITapameTpst
e message (messages_pb2) — protobuf class instance of filled
e message. —

Pesyaprat bytes string of message.

Twun pesyabrata bytes

message_from_file (self, path)
Function process the protobuff message. Measurement values of sensors, messages from player.exe
and webots. Received messages are placed in the dictionary :param path: path to filename.txt
with default message. :type path: [string]

Pesyabrar protobuf class instance, with values from file.
Tun pesynbrata messages pb2

get_answer_size(self, content size)
Calculating message size from header bytes

ITapameTpsl content_size (bytes) — Byte size of answer message.
PesynbraTr Size of answer message.
Twun pesyabTaTa int

add_initial_request (self, sensor name, sensor_time)
Generate bytes string for sending message.

ITapameTrpnbi
e sensor_name (string) — protobuf class instance of filled
e message. —

PesynbraT bytes string of message.

Twun pesyabrara bytes

build_initial_request (self)
Generate bytes string for initialization message.

PesynbraTt bytes string of message.
Twun pesyabrara bytes

parse_answer_message (self, data)
Parsing answer message from byte array to dict with measurements

ITapamerps! data ([ type]) — [description]
Pesyabrar [description]
Tun pesynbrata [type|

static parse_message(message) — dict
Function process the protobuff message. Measurement values of sensors, messages from player.exe
and webots. Received messages are placed in the dictionary :param message: protobuf class
instance :type message: messages pb2 :param of new message with filled or unfilled.:

Pesyabrar dict with keys of names sensors
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Twun pesysabrara dict

7.8. message_manager 49



ELSIROS, Bbinyck 0.0.1

50

Fnasa 7. API
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TUTORIAL 1

B sTom ypoke MBI m3meHuM cTpaTermio Wrpbl urpoka «forwards mcmosb3ys MaTpuily, KOTOpas XPaHUTCS
B (ailne strategy data.json. Ecaum Bbl 3amycrure mepByio HIpy, KOTOPasi MOXKET OBITH 3aIlyIeHa II0CJIe
YCTAHOBKH, TO CMOYKeTe HabJIIOJIATh TAKYIO CIEHY: KPACHOMY WIDOKY C HOMEPOM 2 IIPEIOCTABJISETCS MPABO
rrepBoro yuapa. CorjiacHO IIpaBUIaAMUATPOK KOMaH,Ibl, KOTOPOii He IIPeIOCTABJIEHO IIPABO BBOJIUTH MY B UTDY
HE MMeET IIPABO BXOJIUTH B IEHTPAJIBHBIN Kpyr Ha mpoTszkeHnn 10 ceKyHJ, T09TOMY CAHUN UTPOK CTOUT 34
peiesiaMu Kpyra B okujianuu. KpacHblit ITPOK HAHOCUT yap MO Msdy IPsSIMO B HOTH CHHEMY UT'POKY. Takoe
HaIpaBJIeHNE YIapa He SBJISeTCA BBITOIHBIM. VIMeeT cMbICT n3MEHUTH HAIIpaB/eHne yaapa. KeTh HECKOIbKO
€1ocoO0B M3MEHEeHUsI HAIPABJIEHNE yapa. 3/1eCh Mbl IPUEHUM OJIUH CIIOCO0, KOTOPBII CBSA3AH C M3MEHEHUEM
MaTpHUIlbl CTpaTerun

1.
2.

OTKpoiiTe KOHCOJIb OMEPAIMOHHON CHUCTEMbI KOMAaHION «cmd».

Beeaure ¢ kiaasuaTypsl B Komanaayio crpoky “‘cd C:\Elsiros\controllers\SAMPLE TEAM”. Dro us-
MeHUT TeKyinyio aupekroputo Ha “C:\Elsiros\controllers\SAMPLE TEAM>"

Brenure B kOMangHYIO cTpOKy “python strategy designer.py”

Korna 3anycrurcest nporpamma strategy designer.py Bbl yBHINTE CJIe/IyIONIEe OKHO
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B Strategy Desigres = m] b4
File Help

Savebit | LoadFle  Record |

Oy1bosIbHOE TI0JIE Pa3/eJIeHO HA CeKTopa. B KarXKJI0M CeKTope KOPOTKHH OTPE30K C KPY?KOUKOM, KOTOPBIi
0TOOparkaeT HAIlpABJIEHUE U CHJIY yJiapa.

1. Haxmwure KHOTIKY “Load File” u 3arpys3ure CIIe Iy TOTIHit daiir:
«C:\Elsiros\kourposieper\SAMPLE TEAM\Init params\ strategy data.json». IlosBurca cie-
JLyIoIIiee OKHO:
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B " Serateqy Dwsagner - o b4
File  Halp

1. KnukuuTe mo ceKTopy ImoJisi, KoTopoe 7-€ CBepXy u 9-e cjesa.

B " Serateqy Cwsagner - =] x
File  Halp )
Chuit Sevefrit | Lead File | Recond strateddy_duts File s | -
oacded = Troe

1. 2Kesrast iuHUsT OTOOparkaeT MPeIoIaraeMyo JUCTAHIIAIO yIapa.
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2. TlorsauTe BupaBo moJa3yHOK « YAW» miim BBeIuTE B OKHE PSJIOM C HUM 45 JJIs TOro 9To6bl BIOpATH
yroa 45 rpajycoB. Ilorsanre mossynok «POWERS» win BBenuTe B OKHO PSIIOM ¢ HUM 1udpy 3 JiIst
Ha3HAYEHUs CTEIIEHH OCJIAbJIeHus y1apa.

B " Strateqy Owsagner - =] X
File  Hulp )
sk Sovefrit  Load File Record nmw,:.:,ru_u .

1. Ilpexje gem nepexoauThb K JAPYroil KJIeTKe COXPaHuTe TeKylue 3HadeHus B Marpuie. s aroro Hajio
HaxkaTh Ha KHOIKY “Record”.

2. KJmKHATE Ha COCEHIOI KJIETKY, PACIOJIOXKeHHYIo 7-i cBepxy n 10-if cieBa
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1. Kimkuure #Ha kHONKy “Record” emé pa3 jyist 3aIicu TAKOTO K€ 3HAYEHUs HAIIPABJIEHUS U CUJIbI y1apa
B 9Ty KJIETKY.

2. Jlns coxpanenus u3menenuit B daire strategy data.json kiamkauTe Ha KHONKY“SaveExit”

3. BaHyCTI/ITe UTPYy U NOCMOTPUTE PE3YyJIbTaT KOPPEKTUPOBKU CTpATETUN.
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Localisation, 36
Localisation.class_Glob,

Localisation.class_Local,

Motion, 29
Motion.ball_Approach_calc,

Motion.ball_Approach_Steps_Seq,

Motion.class_Motion, 30

.Motion.class_Motion_real,

Motion.class_Motion_Webots_PB,
Motion.compute_Alpha_v3,
Motion.motion_slots, 29

Motion.path_planning, 33
strategy, 37
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AndaBuTHbI yKa3aTenb

CumBonsl __update_history() (memod
MOZYIE communication_ manager_ robokit. CommunicationManager)
blurrer, 46 44
communication_manager_robokit, 44 A
message_manager, 47
SAMPLE_TEAM.launcher_pb, 41 a5 (6 modyae SAMPLE TEAM.Soccer. Motion.compute_ Alpha_ v3),
SAMPLE_TEAM.main_pb, 42 33
SAMPLE_TEAM. Soccer.Localisation, 36 activation() (memod
SAMPLE_TEAM. Soccer.Localisation.class_Glob, SAMPLE TEAM.Soccer.Motion.class_ Motion. Motionl ),
36 30
SAMPLE_TEAM. Soccer.Localisation.class_Loca3dd_initial_request() (memod
36 message_ manager.MessageManager),
SAMPLE_TEAM. Soccer.Motion, 29 48
SAMPLE_TEAM.Soccer.Motion.ball_Approach_cahtpha (kaacc 6 SAMPLE TEAM.Soccer. Motion.compute_ Alpha_v3
30 33
SAMPLE_TEAM. Soccer.Motion.ball_Approach_St@pg-Bagh_external () (memod
29 SAMPLE TEAM.Soccer.Motion.path_ planning. PathPlan),
SAMPLE_TEAM.Soccer.Motion.class_Motion, 35
30 arc_path_internal() (memod
SAMPLE_TEAM.Soccer.Motion.class_Motion_real, SAMPLE_ TEAM.Soccer.Motion.path_ planning. PathPlan),
39 35
SAMPLE_TEAM.Soccer.Motion. class_Motion_Webg:s_PB7
31
SAMPLE_TEAM. Soccer.Motion.compute_Alpha_v3ball_Approach() (6 modyae
392 SAMPLE TEAM.Soccer.Motion.ball_ Approach_ Steps Seq
SAMPLE_TEAM.Soccer .Motion.motion_slots, 29
29 ball_Approach_Calc() (s MOdyAe
SAMPLE_TEAM. Soccer.Motion.path_planning, SAMPLE TEAM.Soccer. Motion.ball _Approach_ calc),
33 30
SAMPLE_TEAM. Soccer.strategy, 37 ballRadius (6 Mmody.ne
__get_sensor() (memod SAMPLE TEAM.Soccer. Motion.path_planning),
communication_ manager _robokit. CommunicationMandger),
44 blurrer
__procces_object() (memod Moznymb, 46
communication_manager_robokit. CommunicBAsneambenyc 6 blurrer), 46
44 build_initial_request () (memod
__send_message() (Memoa message manageT.MessageManageT),
communication_ manager _robokit. CommunicationManéger),
44 build_request_from_file() (cmamuueckuii wme-

mod message_manager. MessageManager),
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47 delta_yaw() (memod
build_request_positions() (memod SAMPLE TEAM.Soccer.Motion.path_ planning. PathPlan),

message_ manager. MessageManager), 35

47 detect_Ball_Speed() (memod

C SAMPLE TEAM.Soccer.Motion.class_ Motion_ real. Motior
32

check_Limits() (memod dir_To_Guest () (memod
SAMPLE _TEAM.Soccer. Motion.path_ planning. PathPR&)PLE _TEAM.Soccer.strategy. Forward),
35 39
check_Obstacle() (memod dir_To_Guest () (memod
SAMPLE TEAM.Soccer. Motion.path_ planning. PathPRAMPLE _TEAM.Soccer.strategy. Forward_ Vector Matriz)
35 40
check_Price() (memod distance() (memod blurrer.Blurrer), 46
SAMPLE TEAM.Soccer. Motion.path_plannig.PathPlan),
35
communication_manager_robokit enable_sensors() (M@mO()
mMomyns, 44 communication_ manager _robokit. CommunicationManager)
CommunicationManager (vmacc 6 44
communication_manager _robokit), 44 external_tangent_line() (memod
compute_Alpha_v3() (memod SAMPLE TEAM.Soccer.Motion.path_ planning. PathPlan),
SAMPLE _TEAM.Soccer.Motion.compute_ Alpha_ v3. Alpha),
33
computeAlphaForWalk () (memod F
SAMPLE_ TEAM.Soccer.Motion.class_ MotiopaMatigntidsacc ¢ SAMPLE TEAM.main_ pb), 43
30 falling Test() (memod
coord() (memod blurrer. Blurrer), A7 SAMPLE TEAM.Soccer.Motion.class_ Motion_ Webots P
coord2yaw () (memod 31
SAMPLE TEAM.Soccer. Motion.path_ Plann@dféé@@@ﬁee_ball_approach O (memod
34 SAMPLE TEAM.Soccer.Motion.class Motion real. Motior
coordinate_fall_reset() (memod 39
SAMPLE TEAM.Soccer.Localisation.class_ Lp&ﬁéé’%%@nce_plan_approach O (memod
36 SAMPLE TEAM.Soccer.Motion.class _Motion_real. Motior
coordinate_record() (memod 392
SAMPLE_TEAM.Soccer. Localisation. class_ Lopah Irgah) () (memod
36 SAMPLE TEAM.Soccer.strategy. GoalKeeper),
coordinate_trust_estimation() (memod 37
SAMPLE TEAM.Soccer.Localisation.class Ipqggé,&p@c(l,}ﬂacc 6 SAMPLE TEAM.Soccer.strategy),
36 39
correct_yaw_in_pf () (memod  forward_main_cycle() (memod
SAMPLE TEAM.Soccer.Localisation.class_ Local. Locab)4 M PI E_ TEAM.Soccer.strategy. Player),
36 40
course () (memod blurrer. Blurrer), 46 forward_old_style_main_cycle() (memod
create_answer_message() (cmamuueckud memod SAMPLE _TEAM.Soccer.strategy. Player),
message_manager. MessageManager), 47 40
create_requests_message() (cmamuueckuti Me- Forward_Vector Matrix (kaace 6
mod message_manager.MessageManager), SAMPLE TEAM.Soccer.strategy), 39
47
current_work_directory (s MO0YyAe G
SAMPLE_ TEAM.main_pb), 43 game_data (6 modyae SAMPLE TEAM.main_pb),
D 43
game_time () (memod
dance_main_cycle() (memod SAMPLE TEAM.Soccer.Motion.class_ Motion_ Webots P
SAMPLE TEAM.Soccer.strategy. Player), 31
41
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game_time_ms () (memod group_obstacles() (memod
SAMPLE _TEAM.Soccer. Motion.class_ Motion_ WebotSAPIR Mt AsbinSpccer. Localisation. class_ Local. Local),
31 36
generate_message () (emamuueckut memod
message_manager. MessageManager),
48 head_Return() (memod
get_answer_size() (memod SAMPLE TEAM.Soccer.Motion.class_ Motion_ real. Motior
message_manager. MessageManager), 32
48 head_Up() (memod SAMPLE TEAM.Soccer. Motion.class_ Motion_
get_ball() (memod communication_manager robokit. Commung@ationManager),
45
get_file_handler () (memod |
SAMPLE_TEAM.main_pb.Log), 43 import_strategy_data() (memod
get_imu_body () (memod SAMPLE TEAM.Soccer. Localisation.class_ Glob. Glob),
communication_ manager_robokit. CommunicationMangger),
44 import_strategy_data() (memod
get_imu_head () (memod SAMPLE _TEAM.Soccer.Motion.path_ planning. Glob),
communication_ manager_robokit. CommunicationMangger),
44 imu_activation() (memod
get_localization() (memod SAMPLE TEAM.Soccer.Motion.class_ Motion_ Webots P
commaunication_ manager_robokit. CommunicationMangger),
45 imu_body_yaw() (memod
get_logger () (memod SAMPLE TEAM.Soccer.Motion.class_ Motion. Motionl),
SAMPLE TEAM.main_ pb.Log), 43 30
get_mates () (memod  init_gcreceiver() (6 Mo0y.ne
communication_ manager_ robokit. CommunicationManggeMPLE TEAM.launcher pb), 41
45 InitUI(Q) (memod SAMPLE TEAM.main_pb.Main_Panel),
get_opponents () (memod 44
communication_ manager_robokit. C’OmmunicqtﬁQ@mlwﬂgent_l ine() (memod
45 SAMPLE TEAM.Soccer.Motion.path_ planning. PathPlan),
get_size () (memod message _manager. MessageManager), 35
47 intersection_circle_segment_and_circle()
get_stream_handler () (memod (memod SAMPLE _TEAM.Soccer. Motion.path_ planning. Pa
SAMPLE TEAM.main_pb.Log), 43 35
get_time () (memod communication_manager robokit.i@cz@ﬁg@@@pgéipﬂﬂ@ggggﬁ}ent_and_circle O (me-
45 mod SAMPLE TEAM.Soccer. Motion.path _planning. PathP
Glob (xaacc 6 SAMPLE TEAM.Soccer. Localisation.class _ Globy4
36 intersection_line_segment_and_line_segment ()
Glob (kaacc 6 SAMPLE _TEAM.Soccer. Motion.path_ planning),(memod SAMPLE _TEAM.Soccer. Motion.path_ planning. Pa
35 34
GoalKeeper (kaacc 6
SAMPLE TEAM.Soccer.strategy), 37 K
goalkeeper_main_cycle() (memod  xick() (memod SAMPLE TEAM.Soccer. Motion.class_ Motion. Moti
SAMPLE TEAM.Soccer.strategy. Player), 30
40
goalkeeper_old_style_main_cycle() (memod L
SAMPLE_ TEAM.Soccer.strategy. Player), load_json() (memod blurrer. Blurrer), 46
41 ) loc() (memod blurrer. Blurrer), 46
goalPostRadius (6 MOOYAE [ ocal (xaacc 6 SAMPLE _TEAM.Soccer. Localisation.class_ Local),
SAMPLE _TEAM.Soccer. Motion.path_planning), 36
34 localisation_Complete() (memod
goto_Center () (semod SAMPLE TEAM.Soccer.Localisation.class_ Local. Local),
SAMPLE TEAM.Soccer.strategy. GoalKeeper), 36
37
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normalize_yaw() (memod

SAMPLE _TEAM.Soccer. Motion.class_ Motion_ real. M3#&MP IrEalYTEA M. Soccer. Localisation. class_ Local. Local),

localisation_Motion() (memod
32

Log (xaacc 6 SAMPLE TEAM.main_pb), 43

LOGGING_LEVEL (s MOo0y.ne

SAMPLE TEAM.main_pb), 43

M

main() (6 modyre SAMPLE TEAM.main_ pb), 44

Main_Panel (xaacc 6 SAMPLE TEAM.main_pb),
43

main_procedure () (memod
SAMPLE _TEAM.main_ pb.Main_ Panel),

44
main_procedure () (8 MOdyae
SAMPLE TEAM.main_ pb), 43
message_from_file() (memod

message_manager. MessageManager),
48
message_manager
Momymns, 47
MessageManager (x.aacc 6 message_manager), 47

36

number_0f _Cycles_count () (memod
SAMPLE TEAM.Soccer.Motion.path_ planning. PathPlan),
35

O

objects() (memod blurrer. Blurrer), 46
observation() (memod blurrer. Blurrer), 47

P

parse_answer_message () (memod
message_manager. MessageManager),
48

parse_message () (emamuueckud memod
message_manager. MessageManager),
48

path_calc() (memod
SAMPLE TEAM.Soccer.Motion.path_ planning. PathPlan),
35

path_calc_optimum() (memod

Motionl (ksacc 8 SAMPLE_TEAM.Soccer. Motion.class_ MotioA MPLE TEAM.Soccer.Motion.path_ planning. PathPlan),

30

Motion_real (knacc 8

35
PathPlan (xaacc 6 SAMPLE TEAM.Soccer. Motion.path_ planning),

SAMPLE TEAM.Soccer.Motion.class_ Motion_real), 34

32

Motion_sim (kaacc 8

SAMPLE_TEAM.Soccer.Motion.class_ Motiopau¥éebots m&0 ),

31

move_head () (memod

SAMPLE_TEAM.Soccer. Motion.class_ MotiopenHiebpt&o £Ukddptiomasim sycle ()

31
N

near_distance_ball_approach_and_kick() (wme-

Pause (knacc 6 SAMPLE TEAM.main_ pb), 43
pause (6 modyae SAMPLE TEAM.main_pb), 43
(memod
SAMPLE TEAM.Soccer.Motion.class_ Motion_ Webots P
31
(memod
SAMPLE TEAM.Soccer.strategy. Player),
41
penalty_Shooter_main_cycle() (memod
SAMPLE TEAM.Soccer.strategy. Player),

mod SAMPLE _TEAM.Soccer. Motion.class_ Motion_ rédl. Motion_ real),

32

near_distance_omni_motion() (memod

play_game () (memod
SAMPLE TEAM.Soccer.strategy. Player),

SAMPLE TEAM.Soccer.Motion.class_ Motion_real. Midtion real),

32

play_Soft_Motion_Slot () (memod

norm_yaw() (memod SAMPLE TEAM.Soccer.Motion.class_ MoSABMMbtEorT KA M. Soccer. Motion. class_ Motion. Motionl),

30

30

norm_yaw () (memod SAMPLE TEAM.Soccer. Motion. Pitéy epd dwminay: BaSAMRLE TEAM.Soccer. strategy),

35

norm_yaw () (memod SAMPLE TEAM.Soccer.strategy.player), super_cycle () (s

10

normalize_rotation() (memod

40
Modyae
SAMPLE TEAM.launcher pb), 41

SAMPLE TEAM.Soccer.Motion.class_ MotioQ_ real. Motion_ real),

32

normalize_rotation() (8 Mody.ne

quaternion_to_euler_angle() (memod
SAMPLE TEAM.Soccer.Motion.class_ Motion. Motionl),

SAMPLE TEAM.Soccer. Motion.ball_ Approach_ Steps3Seq),

29

62
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R SAMPLE_TEAM.Soccer.Motion.path_plannin
P p g
read_head_imu_euler_angle() (memod MOZy 7B, 33
SAMPLE TEAM.Soccer. Motion.class_ Motiotf Pl EAY13 996 8% nS taat ey
31 Momymb, 37
read_imu_body_yaw() (memog Scenario_Al O (memod
SAMPLE TEAM.Soccer.Motion.class_ Motion_ Webot‘gf_‘lMEE%tig@As%ﬁocce“ strategy. GoalKeeper),
31 38
read_Localization_marks() (memog Scenario_A2 O (memod
SAMPLE TEAM.Soccer.Localisation.class_ Local.Loca‘ﬁ)‘flMP LE_ TEAM.Soccer.strategy. GoalKeeper),
37 38
RedirectText (kaacc ¢ scenario_A30) (memod
SAMPLE TEAM.main_ pb), 43 SAMPLE TEAM.Soccer.strategy. GoalKeeper),
refresh_Orientation() (memod . 38
SAMPLE _TEAM.Soccer.Motion. class_ MoticiE8peEaR+4 O (memood
30 SAMPLE TEAM.Soccer.strategy. GoalKeeper),
rotation_test_main_cycle() (memod . 38
SAMPLE TEAM.Soccer.strategy. Player), ~ Scenario_B1() (memod
40 SAMPLE TEAM.Soccer.strategy. GoalKeeper),
roundAboutRadiusIncrement (8 Mo0y.ne ‘ 38
SAMPLE _TEAM.Soccer. Motion.path_ plann®ggnario_B2 O (memod
34 SAMPLE TEAM.Soccer.strategy. GoalKeeper),
run() (memod communication_ manager _robokit. Communication M anager),
46 scenario_B3() (memod
run_test_main_cycle() (memod SAMPLE TEAM.Soccer.strategy. GoalKeeper),
SAMPLE TEAM.Soccer.strategy. Player), 39
40 scenario_B4() (memod

SAMPLE TEAM.Soccer.strategy. GoalK eeper),
S 39
SAMPLE_TEAM. launcher_pb see_ball_confirmation() (memod
SAMPLE TEAM.Soccer.Motion.class_ Motion_ real. Motior

Monmymb, 41 ’
SAMPLE_TEAM.main_pb 32
MOZy B, 42 seek_Ball_In_Frame() (memod
SAMPLE TEA’M. Soccer.Localisation SAMPLE TEAM.Soccer.Motion.class_ Motion_ real. Motio
Momynb, 36 32
SAMPLE_TEAM.Soccer.Localisation.class_Glob ~ Seek-Ball_In_Pose() - (memod ‘
Mozy1s, 36 SAMPLE TEAM.Soccer.Motion.class_ Motion_ real. Motior
SAMPLE_TEAM.Soccer.Localisation.class_Local 32
MozyTB, 36 send_angles_to_servos() (memod
)
SAMPLE TEAM.Soccer.Motion SAMPLE TEAM.Soccer.Motion.class_ Motion_ Webots_ P
MOZynb, 29 31
SAMPLE_TEAM.Soccer.Motion.ball_Approach_calc Send_servos() (memod
Mozyms, 30 communication_manager _robokit. CommunicationManager)
SAMPLE_TEAM.Soccer.Motion.ball_Approach_Steps_Seq 45
Mozy B, 29 ShowMessagel () (memod
) b . .
SAMPLE_TEAM.Soccer.Motion.class_Motion SAMPLE_ TEAM.main_pb.Main_ Panel),
Mozmyns, 30 44
SAMPLE_TEAM.Soccer .Motion.class_Motion_real ShowMessage2() ‘ ‘ (memod
Mozy 1B, 32 SAMPLE TEAM.main_pb.Main_ Panel),
SAMPLE_TEAM. Soccer.Motion.class_Motion_Webots_PB ’M
Mozyms, 31 sidestep_test_main_cycle() (memod
)
SAMPLE_TEAM. Soccer . Motion. compute_Alpha_v3 SAMPLE_ TEAM.Soccer.strategy. Player),
MOZYNb, 32 ) 40 o
SAMPLE_TEAM.Soccer.Motion.motion_slots sim_Get_Ball_Position() ' (memod ' |
MozyTB, 29 SAMPLE TEAM.Soccer.Motion.class_Motion_ Webots P
, 2
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31 uprint () (8 modyae
sim_Get_Obstacles() (memod SAMPLE TEAM.Soccer. Motion.ball _Approach_ calc),
SAMPLE TEAM.Soccer.Motion.class_ Motion_ Webot30 PB.Motion_ sim),
31 uprint () (8 MOOYae
sim_Get_Robot_Position() (memod SAMPLE TEAM.Soccer.Motion.ball _Approach Steps Sec
SAMPLE TEAM.Soccer.Motion.class_ Motion_ Webotd9 PB.Motion_ sim),
31
sim_Progress() (memod W
SAMPLE_TEAM.Soccer.Motion.class_ MotiowaiWehots s€dp (fotion_ sim), (memod
31 SAMPLE TEAM.Soccer.Motion.class_Motion_ Webots_ Pi
sim_Start () (memod 31
SAMPLE_TEAM.Soccer.Motion.class_ Motiowal Webpéd.e OB. Motion_ sim), (memod
31 SAMPLE TEAM.Soccer.Motion.class_ Motion. Motion1),
sim_Trigger () (memod 30
SAMPLE TEAM.Soccer.Motion.class Motiowal W/ @ohial B3 ¢hion  sim), (memod
31 SAMPLE TEAM.Soccer.Motion.class_ Motion. Motionl),
simulateMotion() (memod 30
SAMPLE _TEAM.Soccer.Motion.class_ Motiowal W/ ehwis i BBBdesion_ sim), (memod
31 SAMPLE TEAM.Soccer.Motion.class_ Motion. Motion1),
SIMULATION (8 MO0yae 30
SAMPLE TEAM.main_ pb), 43 watch_Ball_In_Pose() (memod
square_equation() (memod SAMPLE TEAM.Soccer.Motion.class_ Motion_ real. Motior
SAMPLE _TEAM.Soccer.Motion.path_ planning. PathPlan),
35 write() (memod SAMPLE TEAM.main_ pb.RedirectText),
step() (memod blurrer. Blurrer), 47 43
steps ) (6 modyae SAMPLE TEAM.Soccer.Motion.ball_ Approach_ Steps Seq),
29
T
team_1_data (8 MOdyae
SAMPLE TEAM.main_ pb), 43
team_2_data (6 MOdYne
SAMPLE TEAM.main_ pb), 43
time_sleep() (memod
commaunication_ manager_robokit. CommunicationManager),
44
turn_Face_To_Guest () (memod
SAMPLE TEAM.Soccer.strategy. Forward),
39
turn_Face_To_Guest () (memod
SAMPLE _TEAM.Soccer.strategy. Forward_ Vector Matriz),
40
turn_Face_To_Guest () (memod
SAMPLE TEAM.Soccer.strategy. GoalKeeper),
37
turn_To_Course () (memod
SAMPLE _TEAM.Soccer.Motion.class_ Motion_real. Motion_ real),
32
U
update_consistency() (wmemod blurrer.Blurrer), 47
uprightRobotRadius (8 Mody.ne
SAMPLE TEAM.Soccer.Motion.path_planning),
34
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