JIABOPATOPHAS PABOTA Ne 12

«Pa3paboTka ynpapJjsironiei Moae/ i MAHUIYJIATOPA € CUCTEMOH TEXHUYECKOT 0 3PeHMI»

Astop: Bnagucnas bakaes

Iens padoThI: MOJTyYCHHE TMPAKTHYCCKUX HABBIKOB pa3pabOTKH CHUMYJISIIMOHHBIX — MOJEICH
ManunysnnoHabIX PTK B cpene Gazebo dpeiimBopka ROS.

n test_pkg Test.py

1. Teoperuyeckasi 4acThb

B nabGoparopHoit paboTe CO3IAIOTCS MPOTPAMMHBIC CPEJICTBA CHMYJISIIMK  JIBXKEHHS JIBYX
MaHMITYJISIMOHHBIX POOOTOB BBIMOJIHSIOMINX TECTOBYIO 3anaudy B cocraBe PTK. 3a 3amanust naGoparopHOit
paboThl B3T pernameHT copeBHoBaHui Pobodect 2020 B HomuHaumu “Manunynsunonnsie PTK”. Jlannsie
COpCBHOBAaHWs HANCJICHBI HAa BBCACHHUC YYACTHHUKOB B IMPUHOUIIBLI TMOCTPOCHHA MHOTOAr€HTHBIX CUCTEM U
yhpaBJICHUS MAHUITYJIAIIMOHHBIMU pO6OTaMI/I. B kauectBe Xapa CKHJIOB YYaCTHUKH IIO0JY4YarOT HAaBBIKU
pa3paboTku nmporpamMmmHoro odecrieuenust Ha Oaze dperimBopka ROS, a Takke mporpaMMHUpOBaHUs Ha SI3bIKE

Python.

1.1. OcHoBHas 3aga4a

B naHHBIX COpeBHOBaHUSIX B KauecTBe 0OBEKTA /I HACTPOWKH aBTOHOMHOM pabOTHI paccMaTpUBaeTCs
yaeOHasi MPOU3BOJICTBEHHAS STUYEHKa, COCTOSIAS U3 HECKOJILKAX MaHUIYJISITOPOB, CUTHAIBHBIX JIAMIT, CHCTEMBI
TEXHMYECKOTO 3pPEHUS U OOBEKTOB MaHUNyJIUpoBaHus. Habop MOZOOHBIX 3JIEMEHTOB SYEHKH TO3BOJSET
MOJICJIMPOBATh 3aJ[au¥l CKIIaJUPOBAHUS, YITAKOBKH, IIEPEMEIIEHHS PA3IHNIHBIX 00BHEKTOB.

CopeBHOBaTENILHOE 3a/laHUE pPa3NeNsieTCss Ha HECKOJIBKO 3TaroB. Pa3nuuHble 3Tambl MOApPa3yMEBarOT
WCIIONIb30BaHUE PAa3IMYHBIX WHCTPYMEHTOB. B KOHEYHOM HMTOre BCE COPEBHOBATEIHHBIE 33/JaHUS CBOJATCS K
HAITMCAHUIO MTOCIIC0BATEBHOCTH JEHCTBHIA JJIs1 YIIPABIICHUS OTACILHBIMA POOOTAMH U yCTPOWCTBAMMU.

[IpumMepom Tako# 3aa9u MOXKET CITYIKHUTD clieyromas OpMyITHpOBKa:

Pa3paboraTh cuctemy ympaBieHUs Ui pelICHUS 337a4u IepeMenieHrsi 00beKTa KyOMUecKoro Buja 13
M3BECTHOM TOYKHM 1 B M3BECTHYIO TOYKY 2 C MOMOIIBIO MaHHITYJISITOpa ompeneneHHoro Tuma. [locie dero
HEO0OXO0JIUMO TIEPEMECTHUTh 3TOT OOBEKT U3 TOYKU 2 B TOUKY 3 C TIOMOINBI0 MaHMITYJISATOpa Apyroro Tuma. [Ipu
3TOM HEOOXOAUMO COOJIOAATh IIBETOBYIO WHIMKAIIMIO CHUTHAIBHBIX JIAMIT JUI OTOOPaXKEHUs JCHCTBUH,
BBITIOTHSIEMBIX KaXIbIM MaHUITYJISITOPOM.

1.2. Cocras PTK

PTK cocrout u3 cieayromux KOMIOHEHTOB:
® IByX MaHUIYJATOPOB: OJHOIO C ILIOCKONApauIeIbHOM KMHEMAaTUuecKoil cxemoil (majuieraiisep),
JIPYTOTO — C aHTYJISIPHOH (YTIOBOTO), UMEIOIIETO MAThH CTENEHE CBOOOIBI



e (T3 Ha 6a3e TenmeKkaMepsl U CTIICIHAIBHO pa3padOTaHHOTO IS HETO MPOTPaMMHOTO 00CCIICUCHYIS,;

® [Ba CUTHAJIBHBIX (OHAPS, OAWH U3 KOTOPHIX CHHXPOHHM3MPOBAH C pabOTOW MaHMITYJIATOpA
najyieraiisepa, Apyroi — MaHUIYJIATOpa YIIOBOTO THIIA;

e paboyero mos (TOJIUroHa) ¢ TeCTOBBIMU OOBEKTaMH (Pa3HOLBETHHIMH KyOHKaMH).

2. IlpakTnyeckasi 4acThb

B naGopartoproii paGoTe HEOOXOAMMO CO3/aTh KOMIUIEKC MPOTPAMMHBIX CPEICTB CHMYJIUPYHOIIMX
BBINOJIHEHKE 33/1auK CKiaupoBanust 00bexToB B cpene Gazebo ¢perimBopka ROS.

ROS (Robot Operating System) 9TO DKOCHCTEMA [UIA IPOrPAMMHpPOBAHUSA POOOTOB,
MIPEIOCTABISAIONMH (PYHKIIMOHATHFHOCTE A pactupenenéHroit padorel. ROS obecniednBaer craHmapTHBIE
CIlyKObl ONEPALMOHHOW CHUCTEMbI, TaKWe Kak: ammapaTHyr aOCTpPaKLUI0, HU3KOYPOBHEBBIN KOHTPOJIb
YCTPOMCTB, pEaH3alli0 YacTO HCIONb3yeMbIX (YHKIUM, Mepeaady COOOIIeHUH Mexay mpoleccaMu, U
ynpasiieHie nakeraMu. ROS ocHOBaH Ha apxXuTekType rpadoB, rie 00paboTka JaHHBIX MPOUCXOJIUT B y3lax,
KOTOpbIE MOTYT MOJTy4YaTh U MepeaBaTh COOOIIECHHS MEXIY COOO0.

I[HSI MOACIIUPOBAHUA JABUIKCHUA pO6OTOB " UX BU3YyaJIM3allU UCIHOJIB3YCTCA HpOFpaMMHI)II\/'I KOMIIJIEKC
Gazebo. IIporpammusiii kommexc Gazebo mnpeacraBisieT co0oOW cpemy Ui CHMYJIHPOBAHHUS PaOOTHI
BUPTYaJbHBIX POOOTOB C pa3MYHBIMH CEHCOPAMH B OKPY)KCHHH BCEBO3MOXHBIX 00BekTOB. [Ipuioxkenue
COCTOHUT U3 l"pa(bH‘IeCKOfI 4YaCTH U 4YaCTU 110 UMHUTHUPOBAHHIO B3aHMOHCﬁCTBHﬂ TBEPABIX O6BCKTOB, IIO3BOJISAS
MOJEIMPOBATh IUHAMUKY ¥ KHHEMATHKY MEXaHU3MOB pOOOTOB (BKJIFOUAsi MOMEHTHI B3aUMOACHCTBUS C TeJlaMU
BHEIIHEW cpefpl) U (popMHUpoBaTh (U3NYECKH MPAaBAONO00HBIC TTIOKa3aHHsI BUPTYaIbHBIX JATINKOB.

2.1. 3aganue Ha 1a60paTOPHYIO padoTy

3anyCcTUTh CUMYJIAUUOHHBINA oauron PTK.

3amycTuTh CUMYJISIIIOHHBIE MOJIETT POOOTOB.

N3yuuth 1 onpoOoBaTh GYHKIHOHAT pOOOTOB.

N3yuuth paboOTy CUTHAIBHBIX JIAMIT TOJTUTOHA.

PeanuzoBats 3a1a4y MaHUITYIMPOBAHUS 0OBEKTAMH 10 W3BECTHBIM KOOPAWHATAM.
PeanuzoBatk 3aa4y MaHUTYIMPOBaHHS 0OBEKTaMH ¢ Hcnonb3oBanreM CT3.

I e

2.2. OcHOBHBbIE IPOrPaMMHbI€E CpecTBa

B cocras I1O nmaGopaTtopHoii paboThl BXOIAT makeThl cpensl ROS mist ynpaenenus podoTaMu U MX
BU3YaJIM3aIINH.

Bce maketsl ynpasnenus u euzyaiuzayuu poOOTOB pacmoiararoTcs B mamke workspace. Ha mannoit
BUPTYyaJbHOM MalllMHe Tanka workspace HaspiBaercst ros_polygon simulations. Tam pacmonararoTcsi Hariky,
oTBeuaronire 3a coopky npoekra (devel u build), a Takke namnka src, B KOTOPOH HEMOCPEACTBEHHO HAXOISITCS
HaKeThl BU3yaJIH3aluH U yrpasieHus. CTpyKTypa akeToB B IAHHOM ClTydae HMeeT cieayroIuii Bua (puc. 1):
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Puc.1. CTpykTypa MakeToB yrpaBiIeHUS U BU3YaTH3AIHH

W3 puc. 1 cnemyer, 4To BCero B Marke SIC M BO BJIOXKEHHBIX B HEE MMAMKax PacIlONIOKEHO B OOIIei
CJOKHOCTH 6 ITAaKETOB, @ UMEHHO:



e angle_arm_model_gazebo - maker, HeoOXOAMMBIH AJIsI BU3yaIM3allMd MAHUIYJIATOPA YIJIOBOTO
tuna B cpeae Gazebo;

e angle_arm_pkg - maket ynpaBneHus poGOTOM C YIIIOBOH KHHEMATHKOM;

e world_pkg - maker, coiepaiiuii WHCTPYMEHTHI Ui 3allycKa 3aJaHWii, CO3JaHUS TOJHIOHA,
(opmupoBanus mupa B cpene Gazebo, paboThl ¢ KaMepoii;

e palletizer_arm_model_gazebo - maker, HEOOXOAMMBIA JIsi BH3yalU3alMH MaHHUITYIATOpa C
IUIOCKOTapalIe/IbHOM KMHEMATHKOB B cpene Gazebo;

e palletizer_arm_pkg - maket ynpasieHust poOOTOM C IIOCKOMApaIeTbHON KHHEMATHKOM;

e inverse_problem_srv - maker, ONMMCHIBAIOIIN# CIICIIMABHBIN CO3IaHHBIN THIT COOOIIECHHI CepBHCA.

2.3. OcHOBBI PadOTHI ¢ MOJUTOHOM B CUMYJISIIIUHA

Jlns Havana paboThl C TIOJUTOHOM HEOOXOJMMO 3amycTUTh «Mupy. s 3Toro tpedyercs mepeiTH B
nanky ros_polygon simulations ¥ BEIIOJHUTH KOMaHTy

source devel/setup.bash
ITocie gero HY>XHO BBITIOJIHUTD 3aIlyCK «ana» C IIOMOIIBIO KOMAaHIbI
roslaunch world_pkg world.launch
[Tocre BbIMOJTHEHMST JAHHON KOMaH/IbI TIOSIBUTCS OKHO cumyJisitopa Gazebo (puc. 2).

Gazebo
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Puc.2. OxHo cumynstopa PTK ¢ komnonentamu

Ha mone pacnonaraercsi Ha0op 00BEKTOB (MaKeT MOJUrOHA, ABa (oHaps, OOBEKTHI AJIsl BHIIOJHEHUS
KEWCOB M KaMepa, W300pakeHHas B BUJIC IPSIMOYTOJIbHHUKA).

2.3.1. Yupasaenue poHapsiMu

HepBOﬁ 3aL[aqu71 SABJIACTCA YIPABJIICHUC (I)OHapHMI/I, HCO6XOI[I/IMI>IG JIA OTO6pa)KeHI/I$[ TCKYLIUX 3a4a4,
BBITIOJIHSIEMBIX OTIPEJICIEHHBIM poOOTOM. JIJIsl ATOrO CyIIecTBYeT HabOp cepBHCOB. Y KaxJoro ¢oHaps (oauH
JIA nanneTaI‘/'Bepa, /:[pyroi/i — JJIA YIJIOBOI'O MAHUITYJIAIITMOHHOTO p060Ta) numeercs 4 HOBCTOBBIX HHAWKATOpA
(puc. 3). Takum 0Opa3zoM, UMeeTCsl 8 CEPBUCOB ISl 33/1aHUSI COCTOSHHS BCEX IIBETOBBIX MHAWKATOPOB KaXI0TO
(honaps:
fangle_robot/blue_light
/angle_robot/green_light
/angle_robot/red_light
fangle_robot/yellow_light
Ipalletizer_robot/blue_light
Ipalletizer_robot/green_light
Ipalletizer_robot/red light
/palletizer_robot/yellow_light

Kasxzplit cepBrc nmeeT trn «SetBool» u BkiIto9aeT cBeT pH Mojaue CUrHana « True», BHIKIIIoYaeT MpH
«False».



Gazebo
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Puc. 3. Oxno cumynstopa PTK ¢ 3axokeHHbIMEU (hOHApSIMH

[Ipumep xoMaHBI AJIs1 BKIIFOUEHHUS KPACHOTO CUTHAjIa OHAps YIII0BOTO MAHUILYJIATOPA B TEPMHUHAIIE:
rosservice call /angle_robot/red_light ""data: true™
Jns oOHOBIEHHWS TOJSI HCIONB3YyEeTCsl cepBHUC /polygon/restart cubs, KOTOPBIH Iepe3arpyaer Bce

nepemMeiacMbIC 00OBEKTHI U YCTaHaBJIMBACT UX B HAYaJIbHOC MOJIOKCHUC. CepBI/IC HUMECT THUII «Ernpty». HpMMep
KOMaHAbI B TCPMHUHAJIC:

rosservice call /polygon/restart_cubs "*{ }''
2.3.2. ToakaoyeHue podOTOB

JJist 3arpy3Kku MaHMITYJISITOpA C YIIIOBOW KWHEMAaTHKON B OTKPHITHIA MHp cpenbl Gazebo Heo0xonumo
OTKPBITh HOBBIN TEPMUHAJI, BBIIIOJIHUTE KOMaHY

source devel/setup.bash
a 3aTeM

roslaunch angle_arm_model_gazebo arngle_arm_model_control.launch

Jlanee HY>KHO OTKPBITh HOBBII TEPMHHAJ, B KOTOPOM B 3TOT € MHUpP HEOOXOJMMO 3arpy3UTh BTOPOM
MaHHUITYJISITOP € IUIOCKONAPAIIJIENbHON KNHEMATUKOM, U BBIIIOJIHUTh KOMaHIY

source devel/setup.bash

a 1ocJie 3a1yCTUTh
roslaunch palletizer_arm_model_gazebo palletizer_arm_model_control.launch

B pesynbTare BBINIOSHEHHS JaHHBIX KOMaHJ Ha TOJWTOHE TOSBATCS J[BA MaHUIYJISATOPA, JTOCTYITHBIX
JUTst yrpasieHus (puc. 4).

Puc. 4. Tlonuron ¢ poHAPSAMHU U MAHHITYIISITOPAMHU

I[J'ISI HCMOCPCACTBCHHOI'O YIIPABJICHUA NIBUXKCHUAMUA pO6OTOB HUCMOJIB3YIOTCA CICAYIOIINEC CCPBUCHI.



Jns 3amaHusi ynopaBISIONIETO BO3JCUCTBUSA YIIIOBOMY MAHUIYJISITOPY NPUMEHSETCS CEpPBUC
fangle_robot/cmd_point

JaHHbIl cepBUC IPUHUMAET KOMaH]y B BHJIE CTPOKH, UMetolel popmar «X y z rolly, rae nepsoie
TPY KOOPJMHATHI SBJISIOTCS JIMHEHHBIMU KOOPJMHATAMHU JIEKapTOBa MPOCTPAHCTBA B MUJUTUMETPAX,
IMOCICAHAsL KOOpAWHATa — YIroJ IIOBOPOTa CXBaTa MaHUIYJIITOpa OTHOCHUTCIIBHO OCH Z
MaHUITYJISATOPa (T.e. OTHOCHUTCIIbHO BepTI/IKaJ'H/I). Bce KOOpAWHATLL pa3acJICHbL Hp06eJ'IaMI/I. B
Ka4uCCTBC OTBCTAa CCPBUC BO3BpALIACT «True», €CJIM TOYKa YyCHCIIHO AJOCTUTHYTA U «False», €Clin
MaHHUITYJIATOP HE MOXKET €€ IO0CTUYb.

Juis ympaBineHHs CXBaTOM MaHHUITYJISITOpa HCHONB3yeTcsi cepBuc /angle robot/gripper cmd. Ha
BXOJ] CEpBUC MPUHUMAET CTPOKY, B KOTOPOH yKasbiBaeTcs «0», ecii cXBaT HYKHO 3aKPBITh U «1»,
€CITH €T0 HY>KHO OTKPHBITh. [IprMep 3aganust KOMaH bl MAHUITYJIATOPY C MIOMOIIBIO TEPMHUHANA!

rosservice call /angle_robot/cmd_point "point: 250 150 100 0
ITpumep 3amanust KOMaH/Ibl OTKPBITHSI CXBAaTy MaHUITYJISITOPA:
rosservice call /angle_robot/gripper_cmd "'data: true"

Jlns ynipaBieHus ajaieTai3epoM ucnonb3yeres cepruc /palletizer_robot/cmd_point

JaHHBIN cepBUC MPUHUMAET KOMaHIy B BUJE CTPOKH, UMEIOIIEH GOpMaT «X y Z», T/e MEPBhIC TPH
KOOPJMHATBI TAKKE SBISIOTCS JMHEWHBIMH KOOpIMHATAMH JI€KApTOBAa IPOCTPAHCTBA B
MITEMETpax. Bce KoopauHaThl paszieneHsl npobenamu. B kauecTBe OTBETa CEPBHC BO3BpAIACT
«Truey», eclld TOYKA YCIEIHO JOCTHUIHYTa U «False», eciM MaHUIYIATOP HE MOXET €€ JIOCTHYb.
[MpriMep KOMaHIBI IS YIIPaBISHHUS MaHHITYJIATOPOM C TOMOIIBIO TEPMHHAIA:

rosservice call /palletizer_robot/cmd_point *"point: 150 150 0"

Juis ynpaBneHHs BaKyyMHOW TIPHUCOCKOH ucHoib3yercs cepBuc /palletizer robot/vacuum. B
Ka4eCTBE YMPABJISIONIUX BO3AEHCTBHI cepBUC NMpUHUMAaET «True», Korjga BaKyyMHYIO HPHCOCKY
HY>KHO BKJIIOUMTH U «False», korga Hy»XKHO BBIKIIOUNTH. [Ipy npubamkeHnn BaKyyMHON MPHCOCKH
K O0BEKTY Ha OINpeJesIeHHOE PacCTOSIHUE OOBEKT MpUKpeIUIsieTcss K cxpary. [lpumep ynpaBieHUs
BAKYYMHOH IIPUCOCKOM C IIOMOLIbIO TEPMHUHAJIA!

rosservice call /palletizer_robot/vacuum ""data: true"

ITocne 3amycka Bcex WHCTPYMEHTOB B cpefie rqt graph MOXKHO YBHAETh CICAYIOIIYIO B3aUMOCBS3b
MEXy HOJaMH, TOTUKaMH U CEpPBUCAMU (pHC. S):
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Puc. 5. Crpykrypa cBsizeil B nporpamme

2.3.3. Pabora c TejekamMepoii

Jlnst  ompeneneHuss PAcHOJIOXKCHHS PAa3IMYHBIX OOBEKTOB, HaJ pa0OYUMM TIOJEM PACIIOJIOKEHA
TenekaMmepa. [ ee 3amycka B OTAETBRHOM TEpMHUHAJE, HAXOIsCh B JOMAITHEH AMPEKTOPUHU, HEOOXOIMMO
BEITIOJTHATH KOMaHIy

Jstart_tracking_cam.sh

3aTeM OTKPBITh HOBBIiT TEPMUHA, TIEPEHTH B WOrKSPace nmpoeKTa 1 BBIMOJHUTH KOMAH/IbI



source devel/setup.bash

rosrun world_pkg motorcortex_proxy.py

Janee HEOOXOIUMO BBHIOpATh IBET JACTEKTUPOBaHUs. JIJif 3TOTO0 HEOOXOIMMO B aIPECHOM CTPOKE
Opay3epa BIucaTh
localhost
ITpu aTOM OTKpOeTCst OKHO (pHc. 6):

APPLIED
ROBOTICS

81693

0.00 100.00

0.00 100.00

0.000 100.00 100.00

0.000 100.00 100.00

Puc. 6. GUI unTepdetic HacTpoiiku pacrio3HaBaHus 0ObEKTOB 110 IBETY

Jnst Toro 9ToOBl BHIOpaTh OOBEKT IS paclio3HaBaHHS, HEOOXOIUMO HakaTh KHONKY Pick color u
yKa3aTh KypcopoM Ha OOBEKT, KOTOPBIA HY>KHO pacro3HaTh. [lociie BBIMOIHEHHS 3TOTO JEHCTBHSI TPOrPaMMHOE
obecrieueHne TeleKaMepsl caMo MoadepeT HaOop IBETOBBIX OTTEHKOB JUIS PAclO3HABaHUS BBHIOPAHHOTO
oo0bekra. Ilomsynku Enable y moneit Camera u Blob Detector orBewaroT 3a BKIIIOYEHHE WM OTKIIOYEHHUE
OTOOpa’KeHUS UCXOJHOTO BUJICO M PACIIO3HAHHOTO OOBEKTA.

JlanHasi TejeKkamepa IO3BOJISIET OMPEACNATh KOOPAMHATHI BBIOpAHHOTO O0BEKTa B pabouyem
npocTpaHcTBe. B kauecTBe pe3yibrara Kamepa BO3BpallaeT KOOPAMHATHI O0bEKTa Ha HM300paKEHHH B
MUKCENX. DTH AaHHBIe MyoaukyroTcs B Tormuk /blob, koTopsrit umeer Tim coobienuit geometry _msgs/Vector3.
JIaHHBIHA THIT COOOIIIEHUI UMEET CIIEAYIONLYI0 CTPYKTYPY:

floated x
floated vy
floated =z

I/ mapaMeTphbl X U Y OMPEeNIioT KOOPAWHATH IIeHTpa O0BEKTa B MHUKCENSX TelIeKamephbl, a KOOpAWHATA Z
ompeJiesiseT Kiace 00beKTa (KJIacchl OTIMYAIOTCS 110 LIBETaM).

Jns co3maHuMs ajdropMTMOB IE€pPEeBOJa TMHUKCEIBHBIX KOOPAWHAT B pealbHbIE paccTOSHUS Oyaer
npeasioxkeH Habop NaHHBIX, TAKMX KaK BBICOTA KaMepbl HaJ MOJEeM, KOOPAMHATHI ONpeeeHHbBIX MapKepoB Ha
II0JIE B ITUKCEJIAX U PEaIbHBbIX KOOPAUHATAX.

e PacnoJjokeHue cucTemM KOOpPpAMHAT U HAYAJbHbBIC TAHHBIC

KpacHas ock - ock x
3eneHas ock - ock ¥
Curas ock - ocb Z

CucTema KOOpAMHAT MaHUNYNATOPa
yrnosoro Tuna

Q Basosas cuctema
KoopAMHAT

Cucrema xoopavHaTt
nanneransepa

Puc. 7. Cxema pacronoxeHus1 00b€KTOB Ha TIOJMTOHE C YKA3aHWEM HaIPaBICHUS UX OCeH KOOPIUHAT



e PacmoJioikeHue cucTeM KOOPIAMHAT POOOTOB OTHOCUTEJIHLHO 0a30BOM CHCTEeMbl KOOPAUHAT
Jlyis MaHUITYIATOpA C YTTIOBOH KHHEMATHUKOM:
X =0 MM
y =-231 Mm
z=0mm

BasoBan
cucTema
KoopAWHAaT

A 4

640 X |
( Cuctema

KoopAauHAaT
Kamepbl

Puc. 8. Pacnonoxxenue 6a30B0il cucTeMbl KOOPAMHAT NOJIUIOHA OTHOCUTEIILHO CUCTEMbI KOOPIUHAT KaMephl

Jts MaHUTYIATOpA € TUIOCKOTIapaJUIeIbHOW KHHEMATHKOH (TTajuieTaitzepa):

X =0 Mm
y =231 MM
z=0wMm

Llentp 6a30BOi cCUCTEMBI KOOPIMHAT PACIIONIAraeTcs TOYHO IO EHTPY U300pakeHHs TeJleKaMephl
(x =320, y =240 B nuKcesix).

2.3.4 Peanuzanus ¢ MOMOIIBIO KO/Ia YIIPaBJIeHUS POOOTAMH U CUTHAJIbHBIMH JIAMIIAMHA

Brime ObUTO TIPEIOKEHO OIMMCaHWE OTAENBHBIX WHCTPYMEHTOB YIIPABICHUS MaHUITYJSIIHOHHBIMHU
po0oTaMu W CHTHAIILHBIMH (QOHAPSIMH M TIOKa3aH MPHUMeEpP BBHIMOJHEHUS KOMaHJ C MOMOIIBI0 TepMuHana. Ho
Oojee TPAKTHYHO HANKWCATh CIEIUANBHBIN WCHONHAeMbIH (aiim, B KoTOopoM Oyner HammcaHa
MOCJIEI0BATENILHOCTD JieiicTBUi. [IpuMep Takoro daiina mpeioxKeH HUxKe:

import rospy
from inverse_problem_srv.srv import point_cmd,point_cmdResponse
from std_srvs.srv import SetBool

point_cmd_srv_client_angle = rospy.ServiceProxy("/angle_robot/cmd_point", point_cmd)
point_cmd_srv_client_pall = rospy.ServiceProxy("/palletizer_robot/cmd_point", point_cmd)

gripper_cmd_srv_client = rospy.ServiceProxy("/angle robot/gripper_cmd", SetBool)
light_red_srv_client = rospy.ServiceProxy("/palletizer_robot/red_light", SetBool)

rospy.init _node("test node")

point_cmd_srv_client_angle("0 250 50 -1.57")
point_cmd_srv_client_pall("-150 200 50")

light_red_srv_client(True)
rospy.sleep(2)
light red_srv_client(False)



gripper_cmd_srv_client(True)
gripper_cmd_srv_client(False)

JanHplil Ko 3amyckaeT 0a30Bble (YHKIMM Ul yHpaBJIeHUs MaHUIyJsTopamu. Ecnu paccmartpuBath
MOCIIE0BATENIEHOCTD KO/Ia, TO OH BBIMOJIHSET CIECAYIOLINE TEHCTBUSL.

B ctpoke 1 ykasbiBaeTcsi Bepcus sizbika Python, koTopsiii OyneT ucmonb3oBaThes U 3aMycka Koja, B
CTpOKax 2-4 TOATATUBAIOTCS OIpeAciicHHbIe OnOamoTekn miust paboTel koma. CTpokw 5-8 mpom3BOIAT
HNOJKIIOUCHHE K COOTBETCTBYIOLIMM CEpBUCAM Uil YHPABICHUS PYKaMH MU PabOYMMU HHCTPYMEHTaMHU
MaHHIyIATOpoB. CTpoka 9 MHMIMATU3UPYET AaHHBIA HCMOMHsIeMBIN (aitn kak dacTb cpeasl ROS. B cTpokax
10-11 mpomeMoHCTpUpoBaH mpuMep (GOPMHUPOBAHHMA M OTHPABKA KOMaHIbl MaHHIIYJISATOPaM C YIJIOBOH
KMHEMAaTUKOW M majieraiizepy. BaxHbIM sBisercs 3amedyaHue, 4YTO MporpaMMa HE IPOJIOJDKUT CBOE
BBITIOJIHCHHUE MOCJIC OTIIPABKKM KOMAaHABI B CTPOKE 10 [0 TCX IIOp, IIOKa KOMaHJa HE 6YI[CT IIOJIHOCTH BBITIOJIHEHA
MaHHITYIATOPOM. TONBKO MOCIe JOCTHKEHUST POOOTOM KeaeMol MO3UIKHK MporpaMma nepeueT Kk ctpoke 11.
B cTtpoke 12 moka3aH npuMep BKIFOUEHHUS KPAaCHOTO I[BE€TA CUTHAJIBLHOM JIaMIIbl MaHUIYJISITOpa MajuieTaisepa.
[Tomo6HBIM 00pa3oM MPOU3BOIUTCS YIIPABIICHUE U OCTAIBHBIMHU CUTHaIaMu. B ctpoke 13 mpomgeMoHCTpupoBaH
MpUMep KOMaH/Ibl, BHI3bIBAIOIIEH 1ay3y BBHIIIOJHEHUsI POTPAMMBI B CEKyH/aX (B TaHHOM IpuUMepe 2 CEeKYH/IbI).
B crpokax 15-16 moka3an npumep ympaBieHUs paOOYNMH HHCTPYMEHTaMH MaHHITYJIATOPOB.

2.4. MlpencraBjieHue 0TYETA MO J1a0OPATOPHOIi padoTe

B otuert mo mabopaTopHoii paboTe TOMKHBI BXOTUTH:

L] CKPHUHIIOTHI 3aHyHIeHHOf/'I CUMYJIAIIUN U BU3yaJIU3alliu,

® OmHCaHMe aBTOMAaTa PEUICHHs 331291 MAaHUITYJINPOBAHHUA OOBEKTaMH IIPH U3BECTHBIX KOOPIMHATAX,
JINCTUHT NIPOIPAMMBI;

® OnuCaHWE aBTOMAaTa PEICHMS 33Jadd MaHMITyJIHUpOBaHUS oOBbeKTaMu c ucnoss3oBanueM CT3,
JMCTHHT TIPOTPaMMBI;

®  BHJCO3AINCH PAOOTHI ATOPUTMOB.



3. NPUJIOKEHHUE

3.1. YcranoBka u Hactpoiika [1O

st monHoueHHOH paboThl ¢ dppeiimBopkoM ROS HeoOxoanM Kakoi-mudo AUCTpUOYTHB OTNEpaOHHON
CHCTEMBI C SApOM linux, It TOTO MOYKHO HCIIONB30BaTh BUPTYAJIbHYIO MamlMHy. 1O €cTh, HEOOXOIMMO
YCTaHOBHUTH OIIEPALIMOHHYIO CHCTEMY BHYTPH ONEPALMOHHOW CHCTEMBI, IS 3TOTO MOHAJOOWTCS IporpaMma
virualBox, KOTOpy10 MOXKHO YCTaHOBHTE M CKavaTh 1Mo cchiike: https://www.virtualbox.org/wiki

Tarxke HEoOXOIMMO CKadaThb caM o00pa3 OIEpalroOHHON CHCTEMBI C TpeaycTaHOBIeHHBIM ROS,
KOTOPBI MOXHO OYJeT OTKPBITH C MOMOILBIO IporpamMmbl virtualBox. J{ist 3Toro HeoOXoauMo ckayath apXxuB
IO CCBIIKE:

https://mega.nz/file/wREBKBpD#L Mn6xBtRwW602LW6poE0oXfnZQWn7nLgMgJISQJYPEISA
Bo3moxHO, moTpedyeTcst COXpaHUTh (aill Ha THIHBIN SIHIEeKC AUCK I CKaYnBaHMUS.

[Tocre ckaumBaHUs €ro HY)KHO pa3apXHUBHPOBAaTh B yHOOHYIO BaMm mamky. [locie pasapxuBHpoBaHUS
MOYKHO YBUJETH CICIYIOUIYIO CTPYKTYPY HarokK u (aiinos:

Ubuntu 64-bit
Ubuntu 64-bit
@aiinbl BUPTYaIbHOU MaIIMHbL

Hannpie ¢aitnpl Hemb3s Kak-TH00 MOAU(HUIMPOBATE M HM3MEHSATH BO H30EkKAHHE BCEBO3MOMKHBIX
rosiomok [10. B manmpHeimem ¢ momomisio mporpaMmel virtualBox Oymer otkpsiBathest daitn Ubuntu 64-bit ¢
pacmmpenueM Virtual Machine Disk Format (.vmdk. puc. 1)

| Ubuntu B4-bit.nvram & 07.03.2020 18:06 Daiin "NVRAM' S Kb
¢ Ubuntu 64-bit © 08.03.2020 0:22 Virtual Machine Di... 2 KB
© Ubuntu &4-bit.ymsd ® 05.03.2020 1&:57 Daiin "VYMSD' 0KE
© Ubuntu &4-bitwmz S 07.03.2020 183:06 Daiin "VMX' 4KB
© Ubuntu 84-bit.vmsxf E 05.03.2020 18:57 Qaiin "VMXF' TKB
W Ubuntu 64-bit-sD01 o 08.03.2020 0x22 Virtual Machine Di.. 2932 603 Kb
W Ubuntu 64-bit-s002 [x] 08.03.2020 0x22 Virtual Machine Di.. 3760 832 Kb
W Ubuntu 64-bit-s003 [x] 08.03.2020 0x22 Virtual Machine Di... 2101 568 Kb
W Ubuntu 64-bit-s004 (&) 08.03.2020 0x22 Virtual Machine Di... 771 776 Kb
W# Ubuntu 64-bit-sD05 & 08.03.2020 0x22 Virtual Machine Di... 746 368 Kb
W# Ubuntu 64-bit-sD06 (] 08.03.2020 0:22 Virtual Machine Di... 64 Kb

Puc. 1. Crpykrypa ¢aiinos onepannonHoi ciuctemsr Ubuntu

3.2. Hacrpoiika

JIJ1st IepBOTO 3aImycKa BUPTYabHOW MAalIMHBI HEOOXOUMO:
1. Banyctuts nporpammy VirtualBox
2. Haxatp KHOIIKY c03/1aTh, YTOOBI CO3/1aTh HOBYIO BUPTYaJIbHYIO MalIuHy (puc. 2):

7 Oracle VM VirtualBox Mereaxep - u] X

®avin MawwvHa Cnpaska

) 1\ m
s [ s "} 4 |

Hacrpoiiku ~ WMnoptupoeate  3kcnoptupoeats i Cospate WlobaeuTs

No6po noxanosarb B VirtualBox!

JleBast uacTs okHa COAGPXHT F1106

2 TakKe CHCOK BCeX BUPTYabHBIX MALUIMH 1 WX FPYNN Ha BaueM
KOMNbHOTEpE. Bul MOXETe MNOPTHPOBATE, A06aBNATL U CO3AaBaATL
HOBbIE MAllHHBI, CNONb3YS COOTEETCTBYIOLLIM KHOMKN NaHenH
WHCTPYMEHTOB. [115i NOAYYEHNS: CIACKA MHCTPYMEHTOB TeKyLLero
3NeMeHTa, HaXMUTE COOTBETCTEYHLLYO KHOMKY 3neHeHTa.

Bbi HOXETe HaXaTb KHONKY F1 41 NONYHEHUA NOMOLLY, WIK NOCETHTL
vovw.virtualbox.org Ans AaMbHeliLueii UHGOPHBLIMH 1 CBEXIX
HoBoCTedi.

Puc. 2. Co3nanue BUPTyaqbHON MallIMHBL

3. B BbIcBeTHBIIIEMCSI OKHE HAXKaTh KHOIKY SKCIIEPTHBIN pexuM (puc. 3)


https://www.virtualbox.org/wiki
https://mega.nz/file/wREBkBpD#LMn6xBtRw602LW6poEoXfnZQWn7nLgMgJlSQJYpE9sA

Co3AaTb BUPTYaNbHYI0 MalLVHY

Ykaxwte vma n Tun OC

TIoXanYFiCTa yKaXITe WHS W MECTONIONIOXEHIe HOBOI BUPTYANLHOI MALKKb! W Bui6epHTe THN
ONEPALHOHHOIT CHCTEMS, KOTOPYHO Bl COGUPAETECh YCTRHOBHTS Ha AGHHYIO MALUIHY. 3a4aHHOe Bai

115 BYAET WCTIONE30BATECA AT WACHTHHKAWN ABHHOT HaLJHHSI.

s ||

Nanka MawnHel: [ C:\Users\rodio\VirtualBox VMs

&

\ #
)

Tun: | Microsoft Windows

Bepcua:  Windows 7 (64-bit)

Sxcnepriwii pexcn| | Aanee

:ﬂit"\y

OTmena

Puc. 3. 3aganue sKcriepTHOTO peKUMa

4. HacTtpauBaeM BUPTYyaJIbHYIO MAIIMHY:

4.1.
4.2.

3apars J11000€ UM

MalInHBbI

IarnkKy MO>XHO HE USMCHATH

4.3.
4.4,

Tun mammuss - LinuX, Bepcust Ubuntu (64-bit)
BrIOpaTh KOJMYECTBO ONIEPATHBHOM MAMSTH, KOTOPOE OyIeT JOCTYITHO BUPTYaIbHOM MalllnHE.

JIJI KOPPEKTHOM PABOThI HEOBXOIMMO HE MEHEE 6 I'B (puc. 4, a)

BriOpath namnky, B KOTOpoi OyAyT XpaHUTHCS JaHHbIE BUPTYAIbHOW MAIIUHEI, TPEIIOKEHHYTO

CoasaTs sMpTyaRbHyIO MaLHY

Yiaorre w5 T 0C

? X} ¥ oce

Wiz [ubunty

Panca wawmst: | | C:\Usersirodio\VirtualBox VMs

Tun: |Linx

Bepors: | Ubuntu (54-bit)

Yeaorre obuen rawsT

4ME
Kecrosi o

O He nogumouaTs BupTyansHssi XECTION MK

O Coasars woesi spTyansseii KECTIN AKOC

@ Ucnons308aT, CyECTEY LY BHPTYARLHAN XECTKIN ANCK

ycro

16384 M5

C033Tb BUPTYaNLHYIO MALIMHY

Yezre w 7w OC

sz ubunty

Nanka wawwees: | | C:\UsersirodiolVirhsalBox Vs

Tun: |Linux
Bepos: |Ubunt (64-bit)
Yraie 06En navATH

L] 614 2] M5

4N 16384 ME
Kecrost goc

(O He nosmouaTs, SHpTYaRSHLS KECTINR JHCK

(O Coanam: Hoswi BvpryansHuii XECTON 10

®) HonorescsaTs cyuecTEpoUYS BApTYaRLHS KECTINI HCK

nycro

Dopobueii pewoms | Cezzre

o

Puc. 4. YcranoBka 00beMa OriepaTiBHON MaMSTH

4.5. B rpade

KECTKUH IHMCK BBHIOpaTh IYHKT MCHOJIb30BATh CYLIECTBYIOLIMIT BUPTYAJbHbII

JKECTKHMil TUCK, U B Ka4yecTBE BUPTYaIbHOro nucka BbIOpath (aitn Ubuntu 64-bit.vmdk
OIUCAHHBIN B MPebIAyIeM MyHKTe (puc. 4, 6)

Cospate BUPTYaNsHYIO MalLUHY

(2| ubuntu - BeiBop x@cTroro aucka

Hocurens
(ol o)
L_z‘ W
foasurs | O6koswTe

UMA  BupT.pasmep  Dakt. pasmep

Ty o]

BuIbpaTS

rryere

nopoiuii penn | Cosgars

? X
Co30aTh BHPTYaMBHYO MaWMHY C0323Tb BUTYaNbHYIO MaLlMHY
® 1] ubunty - BuiBop xeeTxoro anexa 70X
Veawore i wTH OC
Hocuren
~ W [ubunty
. Nan waww: | | C:\usersirodio\VirtuaiBox VMs
“ o =1c
Dobaewrs  Ofvoais T (S F‘
gepows: |Ubuntu (64-bit -
Wun Bupr.pamep  Daxr,pavep » i
v Not Attached Yeaenre obvem nansTn
Ubunty 64-bitvmdk 20,00 6 98416 (]
6144 3| M5
AMB 16304 M5
Kecruni auck
) Ho PORKMISETY, BAPTYRNMHMR ECTIONH X
R G L] % G S T ———
ormena omere ® Ienomooear, puecrapoush EHpTyRsA XECTOR! AWK
T o L Ubunty 64-bit.vmdk (OSesmit, 20,00 1'B) &
ormens Topobiusst peeint omexa Doapobiei pexam omera

5. Korz(a BCC HaCTpOfIKH BBICTABJICHBI B COOTBCTCTBUH C IIYHKTOM

«Coszmate» (puc. 5).

Puc. 5. [Ipogomkenne HaCTPOMKH

4, HeoOXOIMMO HaXXaTh KHOIIKY



6. Ilepen 3amyckoM BUpPTYaJIbHOM MaIIMHBI, HEOOXOJMMO HACTPOWUTH KOJIMYECTBO si/iep Ipoueccopa,

KOTOpBhIC OHAa CMOXKET HCIOJb30BaTh (I KOMGOPTHOH pabOThl peKoMeHayeTcs He MmeHee 4). s
3TOTO:

6.1. HeoOxonumo Haxkath kHOTIKY «Hactpoutsy (puc. 6, a):

¥ Oracle VM VirtualBox Mexenxep - u] % (& ubuntu - Hacpoiint ? X

M ocuve

Oain Mawwsa Cnpasa

0b6wme

HHCTpymesTH | W v - & Cvcema |nmnEHNE Lonommensso  Ommcamwe  Winppossine AKO0B
g Coagars [JHacrpowts | Cipoorms  3anycrums.
i sz ubunty
v T .o W nvcen
s u . = = = Tun: | Linu -
0] 2 Vs ubunty [ Hocrenn

OC: Ubuntu (64-bit) Sepors: Ubuntu (64-bit)

= @B Ay
1 cucrema v A
Onepanieias rars: 6144 MG - Cen
Nopsgok 3arpyaie:  TGKIei AncK, OMTiyecktit .
K, JKECTONi MoK 0% COM-nopmoi
Yoxopene: VT-X/AMD-V, liested Paging, =
opagnpryanGaws KVM B
& use
O6uye nan
B wcneii —
T | Unepdeiic nonssosatens
BugeonansTs: 16 M6 s
Fpaduueconi couponep:  VMSVGA

Cepoep yaanroro aHaes: Baimoses
3ammMes: Buikmouesa
2 Hoomem
Korpoanep: DE
BTopwHii MacTep DE: [Onmwsecsi npueoa] Mycro
KosTpoep: SATA

a 0
Puc. 6. HacTpoiika BUpTyanbHON MAIIHHBI
6.2. Ilepeiitu B rpady «Cucremay (puc. 6, 6)

6.3. IlepeiiT BO BKJIAJKy IIPOIIECCOP M Pa3pEIIUTh UCIIOIb30BaHue 4 win Oojee saep (KOJIMYeCTBO

Pa3spCHIICHHLIX K MCIIOJB30BAHUIO AACP 3aBUCUT OT O6HI€1“0 KOJMYECTBA AAC€P Mpoueccopa, puc.
7):

& ubuntu - HacTpoiirm ? X 2 ubuntu - HacTporkn ? X
| | Ofuwme Cucrema | O6uwe ‘Cm:reua ‘
[ cone = T 7 -

W ncnsen Otossan nasTL: ] [b14ame 2 B rvcnses Npoueccop(s) [} 4 2
Gl H 4ME 16384 M5 G u 1un sun

ocvenn - ;.| Hocutenn
= - efen arpyzkin 100% 5

“ nopsgor sarmyamn: |21 5 Mbianii mecx - PEREN SaIpy=! W [100% &
'~‘f Ayauo (@) Ormuueckuii gucx| * (b.l Ayavo 1% 100%

-y M@ Kecroit avcx Dononwurensrsie BosmoxHocTin: (] BRavouMTE PAE/NX

= o O cen i cen P —

:’} COM-nopTsl wineer: [FDG ;> COM-nopel

)}4. e Masumynsrop rypoopa: | USB mnawuset - ,>/ Use

— [IononHMTENbkse BosnosHOCTH: [] Banromwrs 1O APIC

|| O6ume nankn [ Banouuers, BFL (romsan cneusansisie 0C) \j OBuwe narkn

B Vierepbeic nonssosatens Uacu g ucTene UTC & | Wntepgedic nonssosatens

o e

Puc. 7. Hacrpoiika mporeccopa

7. llocie Bcex HACTPOEK MOXKHO 3aIyCTHTh BUPTYAIbHYIO MAIIHHY, JUISI ITOT0 HEOOXO0AUMO:

7.1. HaxxaTb KHOTIKY «3amycTuth (puc. 8)

7.2. Tlocne 3arpy3Ku CUCTEMBI IMOSIBUTCS CIIEIyOIee OKHO (puUC

V¢ Oracle VM VirtualBox MeHeaxep

Qavin  MawwvHa Cnpaska
el

s
Cozgate  HacTpouTs

B o6uwme

uoe

MHCTpyMenHTbI

Wmsi:  ubuntu
OC:  Ubuntu (64-bit)

| ®| cucrema
OnepaTuBHaR NaMATL:

Mopsaok 3arpyzku:

YVekopenme:

B pucnnei
BugeonamaTh:

Tpacpueckuii KoHTponnep:
CepBep yaanéHHoro ancnnes:
3anmce:

2] Hoamenn

KowTponnep: IDE

BTopuuHblii MacTep IDE:  [OnTuueckuii npueoa] Mycro

KowTponnep: SATA

Cpoci

6144 M5

T6KHiT AUCK, ONTHYECKUT
Auck, XKEcTkuii anck
VT-x/AMD-V, Nested Paging,
NapaeupTyanuzauus KVM

2 -

Sanycrume

M npesvio

16 M6
VMSVGA
BulkioueH
BeiknoueHa

Puc. 8. 3anmyck BUpPTyaIlbHOH MaIlIUHEI

. 9):
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ubuntu® ubuntu®

Puc. 9. 3amyck onepalimoOHHON CUCTEMBI

7.3. B naHHoM OKHE Ha)kKaTh Ha MMOJb30BaTens th3, moce yero BeICBETHTCS OKHO /711 BBO/IA TTAPOJIS:

7.4. Beectu naponbl234, mocie yero OTKpoeTcst OKHO cuctemsl (puc. 10):

CFEPEONS

® @

Puc. 10. PaGounii cron

IIpumeyanue

Ecnu OKHO CHCTEMBI CITHIIKOM Maiio AJisi paboThl, TO B HacTpoiikax Ubuntu HeoOXoammo M3MEHHTH
paspemienue dkpana (puc. 10, 6).

Temneps BHYTPH JaHHOTO OKHAa MOKHO BECTH MOJHOIICHHYIO paboTy ¢ onepanuoHHoi cucremoit Ubuntu.



