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AHOTALNIA
VY 1iit KypcoBiil poOOTi po3rIAaaloThCS Pi3Hi 3ac00U, sIKI BUKOPUCTOBYIOTHCS Y
pOOOTOTEXHIIIl: MOBHU IIpOorpaMyBaHHs, GpeMBOPKH, 010110TEKH, CepeIOBUIIA
po3po0ku Ta cuMysanii. OckiIbku TemMa poOoTH 3B’ s13aHa 3 ROS, nani akieHT
poOuThCS came Ha Hil. Po3risgaroThes Ta AeTaabHO OMUCYIOTHCS OCHOBHI
MoxuBocTI ROS, #ioro yacto BUKOpUCTOBYBaHI makeTu, PyHkiii. B ki1

PUBOUTHCS MPOCTUI MPUKIAT KOIY, SKUH BUKOpUCTOBYE MoxuinBocTi ROS.



ANNOTATION
This coursework examines the various instruments used in robotics:
programming languages, frameworks, libraries, development and simulation
environments. Since the topic is related to ROS, the emphasis is placed on it. The
main features of ROS, its frequently used packages, and functions are discussed and
described in detail. At the end, there is given a simple code example that uses the

capabilities of ROS.
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BCTYII

Po6oTa B ramy3i poOOTOTEXHIKH CTa€ BCe OUIBII BaXKJIMBOIO B Cy4acCHOMY CBITI.
Po3poOHuKM poOOTIB Ta aBTOMAaTU30BaHUX CUCTEM IIYKalOTh HaJiiiHI Ta e)eKTUBHI
1HCTPYMEHTH, K1 JOTOMOXKYTb iM BIIPOBA)KyBaTH CKJIaAH1 (PYHKIIIOHATIBHI
MO>KIIUBOCTI Ta 3a0€3MeuyBaTH B3a€EMO/III0 MK PI3HUMHU KOMIIOHEHTaMHU CUCTEMHU. Y
oMy KoHTeKCTI Robot Operating System (ROS) Bu3HanMit sk 0/1HA 3 TPOBITHUAX

mw1atopm 171t po3poOKK POOOTIB Ta POMOAIIEHUX CUCTEM.

ROS — 1e BimkpuTa Ta THyYKa cUCTeMa JIJIsl pO3pOOKHU pOOOTIB, sIKa
3a0e3mneuye MUPOKUN HAOIp THCTPYMEHTIB 1 010J110TEK 1J1 MOOYA0BH PO3MOI1IEHUX
cucteM y podororexHiri. Bona Oymna po3po06ieHa 3 opieHTali€r0 Ha CIIPOIICHHS
MIPOILIECY CTBOPEHHS pOOOTIB Ta CHIPUSHHA KoJabopaTuBHii po3podui. ROS Hanae
HaO1p IHCTPYMEHTIB JUIsl KEPYBaHHS pecypcamu, KOMYHIKallli MK MOAYJISIMU,
Bi3yalizallii JaHuX Ta 6arato iHIIoro. 3aBAsSKU MOYJIbHIM apXiTEKTypi Ta baratoMmy
CIIIBTOBapHUCTBY po3poOHUKIB, ROS n03Bosisie €heKTUBHO CTBOPIOBATU CKIAHI1

poOOTU30BaHI CUCTEMH, PO3MOALIEHI MO PI3HUX KOMI'IOTEpax Ta miargopmax.



1. 3ATAJIBHUH OTJISIJI 3ACOBIB Y POBOTOTEXHIIII

3aco0u poOOOTOTEXHIKM OXOIUTIOIOTh OaraTo pi3HUX 1HCTPYMEHTIB: MOB

IpPOrpaMyBaHHSs, CEPEIOBUIL PO3POOKH, MOJICITIOBAHHS Ta CUMYJISIIIH.

1.1. MoBu nporpamMmyBaHHsI

OnuiieMo MOBH IMPOrpaMyBaHHs, SKI HaldacTillle BUKOPUCTOBYIOTHCS y Wil

ramysi:

e C/C++: onHa 3 HAWMOIIMPEHINIMX MOB MPOTPaMyBaHHS y POOOTOTEXHIII.
Bona BijoMa CBO€IO0 MPOAYKTHUBHICTIO, OJMM3bKUM /10 MAIIMHHOTO PIiBHA
JIOCTYTIOM JI0 arapaTHOro 3a0€3MeUeHHS Ta MOTY>KHUMHU 010J110TeKaMH.

e Python: Ttexx oaHa 3 HAWMOMYJSAPHIIIMX MOB Yy IH Tamy3i, 3aBISKHA CBOIH
MPOCTOTi, JIETKOCTI BHUKOPUCTaHHS Ta LIUPOKOMY CHEKTPY HasIBHUX
010;10TeK. 3a3BUYall BUKOPHCTOBYETHCSA JJII PO3POOKHM BUCOKOPIBHEBUX
byHKI11i, 00pOOKHU JaHKUX Ta MIBUAKOTO IPOTOTUITYBAHHS.

e Java: TakoX Ma€ 3aCTOCYBaHHS y pOOOTOTEXHIll, 3aBISKH CBOIl
MEPEHOCUMOCTI — OJIMH 1 TOM caMHMi KOJI MOXHa JIETKO NMEPEHOCUTU MIXK
IPUCTPOSIMU, SIK1 MATPpUMYIOTh JVM.

e C#: BUKOPUCTOBYETHCS ISl IPOrpaMyBaHHsI Ha PiBHI MOPTIiB Ta COKETIB, Ta
1T BIIPOBAKEHHS HEUPOHHUX MEPEK.

e MATLAB: 4yacto BUKOPHUCTOBYETHCS JUISi OOYMCIICHB, MOJICIIOBAHHS Ta
CUMYJISIIIH.

e HDL: 6isb111 HU3bKOPIBHEBI 3aCO0U, K1 T03BOJISIOTH IPOrPaMyBaTH Ha PiBHI

CJIICKTPOHHUX Ta JIOTIYHUX CXEM.



1.2. ®peiimBopku Ta 6i0Ii0TEKH

Y poOGOTOTEXHIIl MPOMOHYETHCS BEIUKHN BHOIP TOTOBHX CHUCTEM, SIK IILJTUX
GpeiiMBOpPKIB 1711 PI3HOMAHITHHX 3a/1ad, TakK 1 OUIBII BY3BKOCIIEIIaTi30BaHUX

610110TeK MEBHUX ANTOPUTMIB. ONHILIEMO JEesKi 3 HUX:

e ROS (Robot Operating System) — omnepariiiiHa cuctema Ij1s IporpaMyBaHHS
pOOOTIB, sIKa HaJla€ BEJIUKHM CIIEKTP IHCTPYMEHTIB Ta MAKETIB JJIs Pi3HUX
uined. [Tintpumye moBu C++ ta Python.

e YARP (Yet Another Robot Platform) — na6ip 6i0mioTek i 3a0e3MeYeHHS
B3a€MO/I1i MI>K CEHCOpaMH, MIPUBOJAMH Ta MPOIECOPAMHU.

e MRPT (Mobile Robot Programming Toolkit) — nagae Habip 6i0mioTeK IS
po3poOKKM  MOOUIBHMX poOOTIB, SAKUWA BKIOYae B cede 3acobu
KOMIT I0OT€PHOTO 30Dy, KiHemaTuku, SLAM-anroputmu Ta 6araTo iHIIOTO.

e OROCOS (Open Robot Control Software) — Habip 3aco0iB 111 KOHTPOJIIIO
poOOTIB, KM BKIIIOUa€ B ce0e 3acO0M Al KIHEMAaTUKH, (PUIbTpallii, MAllluH
ctaHiB. Moxe inrerpyBarucs 3 ROS ta YARP.

e OpenCV - 6ibmioTeka 3aco0iB Ta anTOPUTMIB KOMITHOTEPHOTO 30py Ta
00poOku 300pakeHb. Hajmae MOXKIMBOCTI AJI1 aHaNi3y BMICTY 300pa’KeHb,
po3mi3HaBaHHs o00pa3iB, BIJACTE)KYBaHHS pPyXy OO0'€KTIB, TEpPETBOPEHHS
300paxxeHb Ta 0araTo 1HIIOTO.

e PCL (Point Cloud Library) — na0ip iHCTpyMeHTIB 1151 00pOOKHU 300pakeHb
Ta XMap TOYOK.

e Movelt — Hab6ip 3aco0iB 1Jis1 KepyBaHHS POOOTOM, BKIIOUYAIOUM aJITOPUTMU
IUTAaHYBAaHHS pyXYy, KIHEMaTUKHU, IEPEBIPKU KOII31i Ta 1HIIE.

e DART (Dynamic Animation and Robotics Toolkit) — 6i6mioTeka, sika Hagae
CTPYKTYPH JaHHUX Ta aITOPUTMH JIJIsi KIHEMATUYHUX 1 TUHAMIYHUX JTOJATKIB

y pOOOTOTEXHIIll Ta KOMITIOTEPHIM aHIMaIlii.



1.3. 3aco6m nusa cumyJasimiii

Cumyndmii 103BOJIAIOTh BIATBOPUTH IOBEIIHKY po0OOTa, WOro B3a€EMOJII0 3
pI3HUMHU TIpeMETaMU Ta HABKOJMIIHIM cepenoBuiieM. CHMYIATOpU MPOMOHYIOThH
Oarato pi3HUX (YHKIIIH Ta MOMXIIMBOCTEH, HANPUKIaA (Pi3udHI pyIIii 3 MATPUMKOIO
(Gi3MYHUX CHII, TBEPAUX Ta M SKHX TUI, PIAUH; PYILIii AJs PEHICPUHTY CIIeH, pi3HI
KOMIIOHEHTHU ISl TOOY/TIOBU Mojeseil poOOTiB (IBUTYHHU, IPUBOIU, MAHIMYJISTOPH),

CUMYJISIIIIFO CEHCOPIB, CEPEIOBHINA TPOrpaMyBaHHS.

Cepen mocuTh MONYJISPHHUX CHUMYJIATOPIB MoxkHa Bt Gazebo, Webots,
CoppeliaSim, SOFA, a Takox Jekisbka iHmmx. KoxkeH Mae cBOT IepeBaru i HeJI0JiKH,
1 MATpUMY€E pi3HUHN TIEpeltik 3aco0iB Ta IHCTpyMeHTIB. Hibkyue HaBeieHa MOpiBHSUIbHA

TaOJIUIISI CUMYJISITOPIB 32 MIATPUMYBAHUMH 1HCTPYMEHTAMU.

RGED
" I Foree Linear + Cable  Mulu-Body  Solt-Body DEM Fluid Headless ROS - m Realistic Inverse
Simulator + - - HITL Teleoperation
LDAR Sensor Acutator Imiport Contacts Simulation  Mechanics Muode Support Rendering  Kinematics
A
Adrsim W x x X x X X ¥ o s s o, unreal X
CARLA W X X X X X X v o X o ¥, unreal X
CoppeliaSim v " Lincar v x " X v . v / x N
only
Gazebo v y Linear v P Through Through v y y p x v
only Fluidix Fluidix
MuloCo v y v v v v Limited v x HAPTIX - HAPTIX x *
omnly only
PyBullet o o Linear v s Py X v X X P X ¥
only
SOFA X £ v W & s W W o < s ¢ Unity x
UWSim RGED ¥ X ¥ x X X v ¥ o o ', cusiom X
only
Chrono v W v X o W v v X X o <, offling v
Webots W W linear v X X Limited v o X o x x
R . . ~ Mecanum / Ommi Heightmap Openlnve / . ROS ) Realistic
Simulator GPS  Tracks  Wheels  Legs Wheels Import OpenSireetMap Pathplanning Support RGBD  LiDAR Rendering
Gazebo o o o o W o X W W o . X
CoppeliaSim + s o o o o 4 o o F o X
Raisim X X ¥ ¥ X + X X X v ¥ ¥, Unity
Wehois W ¥ ¥ ¥ "y W ¥ { ¥ v X
PyBullet X X ¥ ¥ X ¥ X W X ¥ ¥ X
CARLA v X ¥ X X ¥ ¥ W W W s v, Unreal
Project Chrono ¥ 'S s s ' ¥ X & X v 'S ¥, POV-Ray
Simulator Pathplanning  Inverse Dynamics  Inverse Kinematics  Suction  Deformable Objects  Force/Torque Sensor  Realistic Rendering
SimGrasp s v ¥ H X v X
Ciazebo W ¥ 1.f X X W X
CoppeliaSim ¥ X v o X V X
Pybullet W ¥ v X v v X
MuloCo X v X X s v X
MNWVidia Isaac W X ¥ ¥ ¥ V' v

Puc. 1.1: mopiBHsIBHI TaOMMIII POOOTOTEXHIYHUX CUMYJISITOPIB



2. OTJISIJI MOJKJIMBOCTEM ROS
Robot Operating System (ROS) — 11e mmpoko BUKOPUCTOBYBaHHUH Y
poboToTtexHimi pperiMmBopk. ¥ ROS € ctanmapTHi MOKIMBOCTI OTIEPAIIfHOI CUCTEMH,
SK-OT amapaTHa a0CTpaKIlisl, KepyBaHHS MPUCTPOSMHU Ha HU3bKOMY PiBHI,
peaTizoBaHO YacTO BUKOPUCTOBYBaHY (DYHKITIOHAIBHICTb, IEpEAaBaHHS MTOBITOMIICHb

MIDX MpOoIlecaMu Ta KepyBaHHA 010J10TeKaMH.

Apxitexktypa ROS 3acHoBaHa Ha rpadi 3 HEHTpali30BaHOIO TOTMOJIOTIEKO.
O0poOka BiIOYyBa€ETHCS y BY3JIaX, SIKI MOXKYTh MpUMaTH a00 BIANPABIISITH JaHi 3
JATYMKIB, CHCTEM KOHTPOJIIO CTaHy 1 IUIAaHYBaHHS, PUBOAIB 1 T. . bibmoTeka

opieHToBaHa Ha Unix-moai0H1 CUCTEMH.

[Taket *-ros-pkg € 3araibHUM PETMO3UTOPIEM JIJIsE PO3POOKHU BUCOKOPIBHEBUX
010moTek. baraTo 3 moxauBOCTE# yacTo acormiiioBani 3 ROS, Taki sk 010110TeKH
HaBiraiii ta Bizyanizatop Rviz, 30epiratotscsi B iboMy penosutopii. L1i 616mi0Texu
HAJAI0Th MOTYXKHUN HAO1p IHCTPYMEHTIB (Pi3HI Bi3yalli3aTOpH, CUMYJISITOPH, 3aCO0U

HAJIAroXKEHHsI ) JUIsl CHPOIICHHS pOOOTH.

ROS nommproersesa Ha ymoax Jinensii BSD 1 € [13 3 BiAKpUTHM BUX1IHUM
kogoM. ROS 6e3komToBHa A1 JOCTITHUIIBKUX 1 KoMepiiauXx 11ieit. ROS cripusie
MMOBTOPHOMY BUKOPHUCTaHHIO KOy, TOK pO3pPOOHHKU POOOTOTEXHIKU Ta BUEHI
MOXYTbh HE CTBOPIOBATH MOTPIOHY (DYHKILIOHATIBHICTh KOXEH pa3 3 HyJid. MoxHa
OTPUMATH KOJI 13 PENO3UTOPII0, 3MIHUTH HOTO 1 OAUTATUCS MOJIMIIIEHUM KOJI0M. €

MO>KJIMBICTh HAMMCATH JIpaiiBep BiacHOro natyuka st ROS.

ROS nigrpumye napanenbHi 00YUCIEHHS, Ma€ XOPOITY 1HTErPALIiIO 3
nonymsipaumu C++ 6i0miorekamu, Takumu stk sik OpenCV, Qt, Point Cloud Library

Ta iH. BoHa Mo’ke mpaIfroBaTi Ha OJHOIUIATHUX KOMIT'IOTEpax Ta MiKPOKOHTPOJIEpax.
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2.1. TonosHi konuenuii ROS
B apxitektypi ROS MokHa BUAITUTH TpU KOHIENITYaJIbHI PiBHI:
1. PiBenn daitnoBoi cuctemu (Filesystem level);
2. PiBens oOumncntoBansHoro rpada (Computation Graph level);
3. PiBens cnibHOTH (Community level).

[epuuii piBeHsb — 11€ piBeHb (aiinoBoi cucremu. Ha 1iboMy piBHI po3TamioBaHa

BHYTpiHs cTpykTypa ROS — ctpykTypa namnok, ¢aiinu, HeoOXiaH1 A1 poOOTH.

Jpyruii piBeHb — 11€ PIBEHb 00YHCIIIOBAIBHOTO rpada, Ha SKOMY BiJI0OYBa€ThCs
B3a€EMOJIISI MIXK IpoIlecaMH Ta cucTeMaMu. Ha 1iboMy piBHI 3HAXOAATHCSI KOHIICTIITT
Ta MOJYJI, K1 CAYTYIOTh JJIsI CTBOPEHHS CUCTEM, 0OPOOKH BCIX MPOLECIB,

KOMYHIKaIIi1 3 OLIBII HI’K OJTHUM KOMI'IOTEPOM 1 T. .

Tperiii piBeHb — 11 piBEHb CHUILHOTH. Lle¥ piBeHb MICTUTH IHCTPYMEHTH Ta
KOHIIEMIIIi /711 0OMiHY 3HaHHSIMHU, aJITOPUTMHU Ta KOJ BiJl OYIb-SIKOTO pO3POOHUKA.
Lle#t piBeHb qy’K€ BOXKIUBUIA, OCKUTBKH ROS MIBUIIKO 3pOCTa€E 3a MOTYKHOL

MIATPUMKHU 3 OOKY CHUIBHOTH.
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2.2. Ctpykrypa daiisoBoi cuctemu ROS
JloxnanHiiie po3riisiHeMO Nepiiuid piBeHb apxiTektypu ROS. Sk 1y Bunaaxky
3BHYANHOI onepaniiHoi cuctemu, mporpamu B ROS po3ainieHi Ha Manku, y SKux

MICTATHCS AesKi (aiiyiy, 0 OMUCYIOTH 11 QYHKITIOHATBHICTH:

1. ITaketu (Packages): popmyroTs aromapHuii piseHb ROS. [TakeT mae
MiHIMaJIbHY CTPYKTYPY 1 BMICT, 100 cTBOopuTH nporpamy B ROS. Bin Moxke MaTu

BUKOHYBaHi mporiecH (By3iu abo node), daitnm koHdiryparii Tormo;

2. Hexmaparii (Manifests): micTuThCst 1HPOpMAaIIis PO MaKeTH, JilCH31HHA
1H(dOopMaIris, 3aJexKHOCTI, panopiil KOMIUIALII Ta iHie. KepyBaHHs nexiapariisiMu

3IMCHIOETRCS Yepe3 ¢aitn manifests.xml;

3. Creku (Stacks): konmu Bu 30HpaeTe pa3oM KijbKa MaKeTiB Ui OTPUMaHHS
nesKoi GyHKIIIOHAIBHOCTI, To oTpuMaeTe cTek. Y ROS, icHye 6arato Takux CTEKiB

JUISL PI3HMX LILJICH, HAITPUKIaa, CTEK HaBirarfii;

4. Jlexnapariii crekiB (Stack manifests): HanarOTh JaH1 PO CTEK, BKIIOYHO 3

Horo JieH31iHo0 1H(OpMaLIi€r0 Ta HOTO 3aJICKHICTIO BiJ] THIIUX CTEKIB;

5. Tunu noBigomiieHb (Message types, msg): MOBIIOMJICHHS € 1HPOpPMAIIi€lo,
AKY MpoIleC BiANpasisie iHIKUM nporecam. B ROS € 6e3niu ctaHaapTHUX TUMIB
MoB1JOMIIEHb. ONHKC MOBIIOMJICHHS 30€pIiraeThCs B

my_package/msg/MyMessageType.msg;

6. Tunu cepgiciB (Service types, Src): OIUCH CEPBICIB 30€pIraloThes B
my_ package/srv/MyServiceType.srv. Boun BuzHauaiots y ROS cTpykTypy 3anuriB 1

BIJIMOBIACH J1JISI CEPBICIB.

7. Pemmosutopii: Miciie, fe 30epiratoThCsl MAaKeTU Ta CTEKH, K1 MOYKHA

OTPUMATH, BUKOPHUCTOBYIOUYH CHCTEMY KOHTPOJIIO BEPCIil.
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2.3. CTpyKTypa 004UCII0BAIBHOIO rpaga

Oo6uucmoBanbHUM rpad — 1e peer-to-peer mepexa npoueciB ROS, ski criiibHO
00po6siIoTh 1aHi. OCHOBHUMHU OJUHUIIMU 00UHCTIOBaIbHOTO rpada ROS € By3inwu,
MaiicTep, cepBep mapameTpiB, MTOBIAOMIICHHS, CEPBICH, TEMH Ta IMMAKETH, KOXKCH 3
SAKUX Hajmae aaHi 1o rpada y pizauii croci6. Li kormentiii peanizoBadi B pemo3uTopii

ros_comm.
Posrisaemo I[CTaJ'IBHiH_IC KOXXCH CIICMCHT.

e Byzmu: e nporiecu, siki BUKOHYIOTh o0umcienHs. ROS po3po6ieHa Takum
YUHOM, 1100 O0yTH MOyNbHOI0. CHCTeMa YIIpaBIiHHS POOOTOM 3a3BUUai
CKJIaIa€Thes 3 OaraTthox By3miB. Hampukian, onuH By30J Kepye JIa3epHUM
JTAJIEKOMIPOM, 1HITUHN KePYy€e KOJICHUMU JBUTYHAMU, TPETIA — BUKOHYE
JIOKai3alliio, 1HIINHA — TUTAaHYBAaHHS IUISAXY, € OJIMH — 3a0e3Ieuye
rpadivuHe npeacTaBiaeHHs cucTeMu 1 Tak gam. By3on ROS numytees 3
BUKOPHCTaHHAM KJIi€HTChbKO1 0610moTexkn ROS, Takoi stk roscpp abo rospy.

e MaiicTep: 3a0e3mneuye peecTpaliiro IMEH Ta MOIIYK M0 00YHCITIOBAIIBHOMY
rpady. be3 matictpa By3nu He 3MOrJIM O 3HAWUTH OJIMH OJTHOTO, OOMIHSITUCS
TIOBIJIOMJICHHSIMH 200 BUKJIMKATH CEPBICH.

e (CepBep mapaMeTpiB: J03BOJIsI€ 30epiraTty JaHi 3a KJIIOYaMu y
LEHTpaIi30BaHOMY Miclll. B ocTanHiX Bepciax uei (yHKI10HAT BUKOHYE
Maicrep.

e [loBiTOMJIEHHS: BY3JM CHUIKYIOTHCA OAWH 3 OJTHUM 32 IOIOMOTOIO
nmoBioMiIeHb. [10BITOMIICHHS — 1€ TPOCTO CTPYKTYpa JaHMX, 110
CKIIAZIA€ThCs 3 HaOopy modiB. [linTpUMyIOTECS CTaHAAPTHI MPUMITUBHI
tunu (int, float, bool To1o), a Takok MacKBH MPUMITHBHUX THITIB.
[ToBiOMIIEHHS MOKYTh MICTUTH JOBUIBHO BKJIaJ€HI CTPYKTYpPH Ta MacCHBH.

e TeMmu: MOBIIOMJICHHS MPOXOATH YePe3 TPAHCIIOPTHY CUCTEMY 3
CEMaHTHUKOIO myOumiKaiii/manucku. By3on Hajcuiae moBiqOMICHHS,
nyOJIIKyIOUr HOro y neBHiN TeMi. Tema — 11e iM'sl, Ike BUKOPUCTOBYETHCS

utst inenTudikaiii BMiCcTy moBinoMieHHs. By3ou, sikuii 3aiiikaBiIeHUN y
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MIEBHOMY THUIT TaHUX, MIAMKCYETHhCS Ha BIAMOBIAHY Temy. s oaHiel TeMu
MO’K€ ICHYBaTH JEKiJIbKa MyOIIKyIOUYHX 1 MAMUCHUKIB, a OJMH BY30JI MOXKE
nyOikyBaTu 1/a00 MiANUCYBaTUCS Ha JCKIIbKa TeM. 3arajom, myOoiiKyoyl
Ta MAMMCHUKY HE 3HAIOTh MPO ICHYBaHHS OJMH OAHOTO. [1es momnsrae B
TOMY, 11100 BIIOKPEMHUTH BUPOOHUIITBO 1H(POpMAIIIT Bif 11 CIOKMBaHHSL.
JloriyHo, MOHA YSIBUTH TEMY K CTPOTO TUII30BaHy IIUHY MMOB1IOMJICHb.
KoxHa mmHa Mae Ha3By, 1 OyIb-XTO MOK€ MIAKIIOYUTUCS A0 Hel, 100
HaJCWJIATU a00 OTPUMYBATH MOBIJIOMIICHHS, SIKIIIO BOHU MalOTh
IIPaBUJIBHUN THIL.

e Cepsicu: MOJIeIb ITyOIKALIT/MINUCKH € Jy’K€ THYYKOI KOMYHIKAI[IHHOIO
napajurMoro, ajie ii 0JJHOCTOPOHHIM TpaHcnopT "OaraTo-n0-6araTbox" He
I1IXOIUTH JJI B3a€EMO/IIT «3aIUT/BIATIOBIIbY, IKa 4acTO MOTPiOHA B
PO3MOAUIEHIN cucTeMI. 3auT/BIANOBIAb 3/IIHCHIOETHCS YEPE3 CEPBICH, SIKI
BHU3HAYAIOTHCS MAPOI0 CTPYKTYP MOBIIOMIICHB: OJTHA IS 3aITUTY 1 OJHA JIJIst
BiANOBI1. By3011, 1110 Haiae mocayry, IPONOHY€ MOCIYTY i IEBHUM
IM'IM, @ KJIIEHT BUKOPUCTOBYE MOCIYTY, HaJICUJIal0YU OBIIOMIIEHHS 13
3aMUTOM Ta OYIKYHOUH Ha BiAMOBiAb. Kimientcbki 610moTekn ROS 3a3Buuait
MPEACTABIISIIOTH 1[I0 B3a€EMO/III0 TPOrPAMICTY TakK, HIOU 1I€ BIJATICHUIA
BUKJIMK TIPOIETYPH.

e [lakeru (Bags): e popmar ams 30epeskeHHs Ta BIATBOPEeHHs gaHux ROS-
noBiioMJieHb. [lakeTu € BAXKJIMBUM MEXaHI13MOM JIJIs1 30€piraHHs JaHuX,
TaKuX SIK JIaHi 3 JaTYMKIB, K1 MOXKE OyTH Ba)KKO 310paTH, ajie sKi HeoOX1H1

JUTsL pO3pOOKH Ta TECTYBaHHS aJTOPUTMIB.

Posrisinemo neranpHime aeski MomeHTu. Maiictep ROS nie sik ciyx0a iMeH y
oOuucoBasibHOMY rpadi. Bin 30epirae peectpaniiiny iHdpopMallito mpo TeMU Ta
cepsicu i By3niB ROS. Bysnu 3B'13y10ThCst 3 MalicTpoMm, 1100 MOBITOMUTH CBOIO
peectpaltiiiny iHpopmarlito. CIuUIKyIOUUCh 3 MAUCTPOM, 111 BY3JId MOXKYTh
OTpUMYBaTH 1H(OPMAIIIO PO THIIN 3aPEECTPOBAH] BY3JU Ta BCTAHOBJIIOBATH

3'€THaHHSA, AKIIO 11e HeoOX1HO. MaicTep TakoX poOUTh 3BOPOTHI BUKJIMKH J0 ITUX
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BY3JIIB, KOJIM 1151 peecTpaliiiiia iHpopmalis 3MIHIOETHCS, 110 J03BOJISIE By3J1aM

JUHAMIYHO CTBOPIOBATH 3'€IHAHHS MPU 3aIyCKy HOBUX BY3JIIB.

Bysnu 3'eqHyI0ThCS 3 IHIIMME By3JIaMH HAPSMY; MaiiCTep JIHIIIE HATA€e
1H(dopMaItito s nomyky, noaioHo 1o DNS-cepsepa. Bysnu, ki nianucyroThCcs Ha
TEeMy, 3alUTYIOTh 3'€IHAHHA Y BY3JIIB, 5Kl MMyOJIKYIOTh I[I0 TEMY, 1 BCTAHOBIIIOIOTH 11€
3'€THaHHSA 32 Y3TOKCHUM MPOTOKOJIOM 3'€fHaHHS. HalmommpeHimmii mpoToKoI, 10
BukopuctoByeTbest B ROS, HazuBaerbes TCPROS, sikuii BUKOPUCTOBYE CTaHIapTHI

coxkeru TCP/IP.

[{s apxiTekTypa 103BOJISIE 3A1MCHIOBATH BiJJOKpEMIIEHY POOOTY, /e IMEHA €
OCHOBHHM 3aC000M, 32 JJOTIOMOT'OI0 SIKOTO MO>KHA OyayBaTH OLIBIII Ta CKJIaIHIIII
cuctemu. KoxHa kiientcpka 010mioTeka ROS nigTpumye 3MiHy IMEH 3 KOMaHHOTO
psaKa, 10 03HaYae, [0 CKOMIILOBaHY MPOrpaMy MOXKHA NEPEKOH(IrypyBaTH i

yac BUKOHAHHS JIJI1 poOOTH B 1HIIIIHM TOMOJIOT1T 00UKCcIOBaIbLHOTO rpada.
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2.4. Crpykrypa naketiB ROS

[Taket moxe mictuTu By3au ROS, Hezanexny Big ROS 610mi0Texy, HaOip
JaHuX, KOH(ITypaiiiiHi (paiau, CTOpoHHE MporpaMHe 3a0e3nedeHHs a0o 0y1b-110
1HIIIE, 110 JIOT1YHO CTAHOBUTH KOPHCHUN MOAYNb. MeTa makeTiB — Ha/laTH 110
KOPHUCHY (PYHKIIIOHAJIBHICTD Y 3pYYHOMY JIJIsi BUKOPUCTAHHS BUTIIAIL, 11100
nporpaMHe 3a0e3MeYeHHs MOKHA OyJ10 JIETKO BUKOPUCTOBYBATH MOBTOPHO. 3arajoM,
naket ROS noTpuMyIOThCS IPUHLUITY «30JI0TOT CEPEITUHI»: TOCTATHBO
(YHKITIOHATBHOCTI, 11100 OyTH KOPUCHUMH, ajie He HaATO Oararto, mob BiH OyB
Ba)KKHUM 1 HOro OyIJI0 BaKKO BUKOPUCTOBYBATH 3 1HIIIUM MPOTPAMHUM

320€3IICYECHHSM.
3a3Bu4ail makeTH IPUTPUMYIOTHCS TaKOi CTPYKTYPH:

« include/package name: Bkitouae 3aroyioBku 0i0JIIOTEK, SIKI TOTPIOHO

excnioptyBaTi B CMakeL.ists.txt;
e MsQ/: manka it 30epiraHHst TUIIIB MTOBIIOMIICHb;
e SIC/: BUXiJHHI KOJ POTPAMH;
o Srv/: mamka Juist 30epiraHHsI TUTIIB CEPBICIB;
o Scripts/: manka mns BukonyBanux Bash- uu Python-ckpumnTis;

o CMakeLists.txt: daiin, HeoOXimuuit 1 30ipku maketiB. Takwuii paiin onucye,

SIK 310paTH KOJ 1 Ky HOTO BCTAHOBUTH;

« package.xml: manidect makera, IKAii OMKUCY€E HOTO BIACTUBOCTI — IM’s TIAKETa,

BEPCII0, aBTOPIB, 3AJIEKHOCTI.
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2.5. Orasjg ocHoBHUX makeTiB Ta 0i0Jiorek ROS

PosrnsneMo neranbHilIe OCHOBHI Ta HAWOIbII BUKOPUCTOBYBAHI MAKETH.

2.5.1. 3acoou komyHikamii

[TakeT ros_comm BkiIo4dae B cedbe 0cHOBHI 0i0moTeku Ta kommoneHTH ROS.

Hwxue npeacraBiieHi 1esiki 3 HUX:

o roscpp / rospy — kimienTchki 6i6mioTekn ROS (s C++ ta Python BiamosinHo),
SIK1 TO3BOJITFOTh B3a€EMOJIIATH 3 ekocucTeMoro ROS: Temamu, cepBicamu,
napameTpamu;

 rosgraph — maker, sKuii 103BOJISIE OTPUMATH 1H()OPMAIIIO TIPO
00U CITIOBAIBHUN Tpad;

« rostopic, rosnode, rosservice, rosparam, rosmaster, rosmsg — HafaroTh 3aCO0H
it po6oTtu 3 komnoneHntamMu ROS: Temamu, By3naMu, cepBicaMu 1 T.1.;

« message_filters — ¢pinbpTpy, sKi 1O3BOJSMIOTH ITEpPEIaBATH MTOBITOMIICHHS IIPH

MEBHUX yMOBax a0o yepe3 NeBHUI Yac.

[TakeT cOmMMON_MSQS MiCTUTh TUITU HalYACTIiIIe BUKOPUCTOBYBAHUX

MIOBIJIOMJICHB, HAITPUKIIA]I:

« actionlib_msgs — moBitoMJICHHS [JIs PI3HUX Jil;

« diagnostic_msgs — moBiqOMJICHHS JJIs1 TIarHOCTHKHU T4 MOHITOPUHTY CUCTEM Y
ROS, siki BUKOPUCTOBYIOTBHCS y CTEKY JI1arHOCTHUKH;

« geometry_msgs, shape_msgs — Tumw, AKi MPEACTABIAIOTh TCOMETPHYHI
MpuMiTHBH Ta (irypu (TOUKa, MOJITOH, BEKTOP Ta iH.);

e Nav_MsQS — MoBiIOMJICHHSI, sIKI BAKOPUCTOBYIOThHCS B HaBIraliii,

¢ SENsSOr_Mmsgs — BUKOPUCTOBYIOTHCS PI3HUMHU CEHCOPAMHM, HATIPUKIIA] JIa3epaMu

YU KaMepaMH.



Crek actionlib Hamae ctangapTuzoBaHuii iHTepdeiic Ay B3aeEMo/Iii 3
pi3HOMaHITHUMH 3aBAaHHAMHU. [IpuKiagamMu bOro € nepeMiieHHs 0a3u B IiIbOBE
MicIle, BUKOHAHHS JIA3¢PHOTO CKaHYBAaHHS 1 IOBEPHEHHS OTPUMaHOI XMapHu TOYOK,

BUSIBJICHHS pyYKH JABEPEH TOIIO.

Y Oynap-sakiit Benukiit ROS-cuctemi OyBaroTh BUMAIKH, KOJIH XTOCh X04€e
BIIMPABUTHU 3T HA BY30J JJII BUKOHAHHS SIKOTOCH 3aBJaHHs, a TAKOX OTPUMATH
BIIMOBIAbL Ha 3anuT. e MoxkHa 3poouTH 3a 1onmomororo cepriciB ROS. Ognak y
JIeSIKMX BUITAJIKaX, SKIIO BUKOHAHHS CEPBICy 3aliMae OaraTto 4acy, KOpUCTyBadeBi
MOK€E 3HaJIOOUTHCS MOXKIIMBICTh CKaCyBaTH 3aIuT 1] YaC BUKOHAHHS a00

NEePIOIMYHO OTPUMYBATH 3BOPOTHIN 3B'SI30K MPO X1/ BUKOHAHHS 3anuty. [laker
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actionlib Hajjae IHCTPYMEHTH ISl CTBOPEHHS CEPBEPIB, Kl BUKOHYIOTh JOBrOTPUBAl

3aBAaHHs. BiH Takox Hajae KIEHTCHbKUHM 1HTEpdEc 119 HaICUIaHHs 3alUTIB Ha

cepBep.

ActionClient i ActionServer BzaemoaitoTh 3a gonomoror «ROS Action
Protocol», skuit mooynoBanumii Ha ocHOBI HoBimomienb ROS. KitieHT i cepBep
HAJa0Th KOpucTyBadaMm npocTtuii APl nns 3anuty 1ineit (Ha cTopoHi KiieHTa) abo
JUTsl BAKOHAHHS L1JIed (Ha CTOPOHI cepBepa) 3a I0MOMOTr0I0 BUKJIMKIB (PYHKIIHN 1

3BOPOTHUX BUKJIUKIB.

Client Application Server Application

user code user code

' . callbacks
: function calls Action < ROS > Action : 2
client.sendGoall...) |——— void executeGoal(g)
_— {

- Client Server function calls

" callbacks )

Puc. 2.1: imocTpariist B3aemo/Iii kiieHTa i cepepa y actionlib

J{nst ToTO, 100 KITEHT 1 CEPBEP MOTIIM B3aEMOJIISATH, MOTPIOHO BUSHAYUTH

KUJIbKa MOB1IOMJIEHb, 32 JOTIOMOTOIO SIKUX BOHU CIUJIKYBaTUMYThcs. [{e poOuThes 3a
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nornomororo crernudikaiii aiii. Bona BuzHauae nosigoMiieHHs «MeTay, «3BOPOTHIH

3B'SI30K» 1 «PGSYJ'IBT&T», 3a JOIIOMOTI'OIO JKHX KJIIEHT 1 CCPBCP B33€MOI[iIOTB:

Mera — 1i KIIEHT MOXe HafgiciaTu cepBepy aiid ActionServer. Hampukian,
AKIIO0 MU XOUEMO MEPEMICTUTH poOOTa, METOI0 Oy/ie OB1AOMIICHHS
PoseStamped, sike MicTuTh iHpOpMAILIiIO TIPO T€, KyAH POOOT MOBUHEH
NepeMICTUTHUCS y CBIiTi. Ji1 KepyBaHHs Ja3epHUM CKaHEepOM MeTa Oy/ie
MICTUTH TIapaMeTpu CKaHyBaHHS (MiHIMAJIbHUM KyT, MAKCUMAJILHUM KYT,
IIBHJIKICTH 1 T.JI.);

3BOpOTHIH 3B'SI30K — HaIa€ pO3pPOOHUKAM cepBepa Crocid MoBiIOMUTH
ActionClient ripo mocTymnoBuii nporpec y 1ocsSrHeHHi 1. s nepemimeHHs
OCHOBH II€ MOXk€e OyTH OTOYHA MO3ULIs poOoTa Ha HUIIXy. {1 KepyBaHHs
JIa3epHUM CKaHEPOM I MOKe OyTH 4ac, 10 3aJUIIUBCS /10 3aBEPIICHHS
CKaHyBaHHS,

PesynbraT — Hajgcumaerses Big ActionServer 1o ActionClient micis
3aBepIleHHA 1UIl. BiH BIAPI3HAETHCS BiJl 3BOPOTHOTO 3B'S3KY, OCKIIBKU
HAJICUJIAETHCS JIMIIE OJUH pa3. Lle KopucHO, KoM METOoro il € HagaHHI TEBHOT
iH(dopmarrii. Pe3yiapTaToMm nepemiinieHHs MOXe Oy/ie KiHIleBa MO3UIlisl poOoTa.
JIJ1st KepyBaHHS JIa3€PHUM CKaHEPOM pPe3yiIbTaT MOXKE MICTUTH XMapy TOUOK,

3TeHEpOBaHy Ha OCHOB1 CKaHYBaHHS.

2.5.2. O6poOKka 300paxkeHb, 3D-1anux

3a3Buuaii poOOTH OCHAIIEH] PI3HUMHU CEHCOPAaMHU, SIK1 3UUTYIOTh 1H(QOpMaIIio

PO HABKOJIMIITHE cepeoBulie y BUrsiai 2D-300paxxens un Habopy Touok y 3D. YV

ROS € naketu 1151 00poOKH Takoi iHpopMaliii.

OnHUM 3 OCHOBHHX 3ac001B 00pOOKH 300pakeHb € CTEK image_Ccommon, sikuit

BKJIFOUYAE B cede:

image transport: HaJa€ MATPUMKY ISl TPAHCTIOPTYBAHHS 300paXKeHb y
CTUCHEHMX (popmaTax. Mae BUKOPHUCTOBYBATHUCS yCiMa, XTO MyOJIiKy€e abo

MIIMUCYETHCS Ha 300paKeHHS;
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camera_calibration parsers: MICTUTb IPOIICAYPH /ISl YUTAHHS 1 3aTTUCY
napaMmeTpiB KaniopyBaHHs kamepu. [lepeBa>kHO BUKOPUCTOBYETHCS
npaliBepamMu Kamep;

camera_info manager: inTepdeiic 1y 30epexeHHs, BiTHOBICHHS Ta
HaJAITyBaHHs 1H(OpMaIlii mpo KanidpyBaHHs Kamepu. BUKopucToBy€eThCS
NIEPEeBAKHO JIpaiiBepaMu KaMep;

polled camera: inTepdeiic as 3anuTy 300pakeHb BiJ JipaliBepa KaMepH.

Crek image_pipeline npuznauenuit aji1 00poOoku HeoOpoOIEeHUX 300pakKEHBD 3

KaMepH y BX1JHI1 J1aHl sl aropuTt™MiB. KOMIIOHEHTH BKIIOYAIOTh:

KaniOpyBannsi: kamepu MaroTh OyTH BiJKaJIiOpoBaHi, 1100 MoB's13aTu
300pa)keHHsI, sIKI BOHU CTBOPIOIOTh, 3 TPUBUMIPHUM CBITOM. [lakeT
camera_calibration Hajae 1HCTpyMEHTH JUIsl KaniOpyBaHHA MOHOKYJISIPHUX 1
crepeokamep y cuctemi ROS.

Momnokynsipaa 00po6Oka: IToTik HeoOpoOIeHNX 300paK€Hb MOKHA MPOMYCTUTH
yepes3 By30J1 image proc JJsl YCYHEHHsI CIIOTBOPEHb, CIIPUYUHEHUX KaMepolo.
By3071 Takok BUKOHYE IHTEPIOJISIIIIO KOJIBOPIB JIJIsi KOJTHOPOBUX KaMep

baiiepa.

CrepeooOpoOka: By30J stereo 1image proc BUKOHYE 00OB'SI3KM image proc
JUTSI TTapy Kamep, BiIKamiOpoBaHUX JIJIst CTepeo300pakeHHs. Bin Takox
BUKOPHUCTOBYE CTEPEOOOPOOKY /I CTBOPEHHS AUCITPONOPLINHUX 300paKeHb 1

XMap TOYOK.

O6po0Oka rimuOunu: depth image proc Hagae By3nu Jjisi 00pOOKH TITUOMHHUX

300pakeHb, HAPUKJIIA, IJI1 CTBOPEHHS XMap TOUOK.
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Bisyanizaris: maker image view HaJla€ MOXJIUBICTh JJISI IEPETIIs Ty
300pakeHb. [[0 HhOTO TaKOK BXOJUTH IHCTPYMEHT Stereo view JUIsl eperisiny

cTepeornap Ta TUCIPOMOPIIIHHUAX 300paKeHb.

[Taker vision_opencv Hagae inTepdeiic 10 monyasapHoi 6iomioreku OpenCV y

ROS. OpenCV Hanae BeNMKY KUIbKICTh METO/IIB JJIs1 OOPOOKH 300paKeHb.

s po6otu 3 3D-nanumMu, HaMpUKIaa XMapaMu TOYOK, CIYTYIOTh

laser_pipeline ta perception_pcl.

Metamnakert laser_pipeline Bkiatodae B cebe 3aco0u 17151 0OpPOOKH TaHUX,

OTPpHUMAHHUX 3 JIa3€pa Ta IICPCTBOPCHHA IUX JaHUX. HG IMCPCTBOPCHHA CKIAAA€THCA 3

TPHOX €TaIliB:

@OiapTpallis: BAMIPIOBAHHS, 1110 HAJIXOASTh O€3MOCEPETHBO 3 JTA3EPHUX
CKaHEepiB, 4aCTO OyBaIOTh 3alIYMJICHUMHU 200 MICTSTh HEBIPHI BUMIPH.
3a3Buyaii MoTpiOHO 3a0€3MEeUnTH MEBHE 3IJ1JKYBaHHS, BUJAIUTH TOMUJIKOBI
BUMipH. [{e BUKOHYETBCS 32 TOMOMOTOI0 PI3HOMAHITHUX (IIBTPIB y MaKeTl
laser_filters;

[Ipoexuis: micis piibTpanii BApTo NEPETBOPUTH OTPUMAHUN HAOIp TaHUX Y
HaO01p 3D-Touok. OyHKIT Jy1st €PEKTUBHOTO MEPETBOPEHHS 3 YpaxXyBaHHIM
TakuX e(eKTiB, K HaXWJI Ja3epa, BU3HAUEH1 y MakeTi laser _geometry;
30ipKa: Jla3epHUd CKaHEp MEePEMILYETHCS Y TPUBUMIPHOMY MIPOCTOPI, 11100
3reHepyBaTH xMapy To4ok. [laker laser assembler edhexTuBHO arperye
CKaHYBaHHs Yy 4aci 1 poOUTh TaKl XMapH JOCTYITHUMHU JJIsl IHIIMX BY3JIIB 32

JIOTIOMOTOI0 BUKJIUKY cepBicy ROS.

Meramnaket perception_pcl Hagae ¢yHKIioHaI A1 00pOOKH XMap TOYOK, 1X

MIEPETBOPEHHS Y 1HIII TUMH (TTOBITOMJICHHS Ta 1H.)
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2.5.3. Po6oTa 3 koopaAMHATAMU, iX IePeTBOPEHHA

OnHNM 3 HalBaXITUBIIIKX NakeTiB s nporo € tf. [le maker, skuii 103BOISIE
KOPHCTYBa4eBl BICTEKYBAaTH JEKUJIbKA CUCTEM KOOpAUHAT y Yaci. [laket miarpumye
3B'SI30K MIDK CHCTEMaMM KOOPJIMHAT Y JICPEBOBUIHIN CTPYKTYp1, OypepuszoBaHiii y
Jaci, 1 J03BOJIsiE KOPUCTYBaueBl TPaHC(POPMYBATH TOUKH, BEKTOPH TOILIO MK OY/Ib-

SAKUMH JIBOMA CUCTEMaMu KOOpJUHAT y OyIb-sIKui OakaHU MOMEHT 4acy.

PobGoTtu3oBana cucrema 3a3Buyail Mae 0arato 3D-KoOpIUHATHUX CHCTEM, SIKi
3MIHIOIOTBCS 3 YaCOM, HApUKJIa/l: CBITOBA CCTeMa KOOpaUHAT, 6a30Ba cucremMa
KOOPJIMHAT, CACTEeMHU KOOPJIWHAT MaHIMyJIsITOpa, TOJIOBH 1 T.1I. 3acobu makery tf

J03BOJISIIOTH B1JICTEKYBATH BCI L1 CHCTEMH KOOPAHMHAT Y Yaci.

tf Moxe TpalroBaTH y po3nojiieHii cucreMi. Lle o3nagae, mo Bcs iHGopMmarris
PO CHUCTEMH KOOPAMHAT poOoTa JocTymHa BCiM kKoMroHeHTaM ROS Ha Oyib-sakoMy

KOMIT'FOTEP1 B CUCTEMI.

[le oaun BaxnBui koMmmoHeHT — tf_conversions. Bin mictuts HaOip QyHKITi#H
JUTS TIEpETBOPEHHS TUMIB AaHuX tf (Touka, BEKTOp, MO3UIIS TOIIO) Y CEMAaHTUYHO

1IEHTUYHI TUITH TaHUX, [I10 BUKOPUCTOBYIOTHCS THITMMHU 010TI0TEKaMH.

[Taket robot state publisher no3Bosisie myOikyBaTu ctan podota B tf. ITicis
nmyOJiKarlii CTaH cTa€ JOCTYITHUM JJIsl BCIX KOMIIOHEHTIB CUCTEMHU, SIK1 TAKOXK
BUKOPUCTOBYIOTH tf. [lakeT mpuiiMae kyTH 3’ € JHaHb pOOOTA SIK BX1JIHI JIaHi 1
my6sikye 3D-mo3uIlii JaHOK po60Ta, BUKOPUCTOBYIOUH KIHEMAaTUYHY JIEPEBOMIOIIOHY

MOJIeNIb poOoTa.

2.5.4. HaBirauisi, nJianHyBaHHSI pyXy

Crek navigation 1o3BoJisie KepyBaTH PyXxoM Ta HaBiraiiero podora. 3acobu

IIOTO CTEKY O€pyTh Ha BX1JI IOKa3H CEHCOPIB Ta I[IJILOBY MO3HUIIIIO0, 1 HA BUXI1]
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MOCHUJIAI0Th KOMaH/IU, SIK1 BIAMOBIAAIOTH 3a IIBUJIKICTh 1 HAMPSAM PyXY, 11100 JOCITTH
1T, YMOBOIO 17151 BUKOPUCTAHHS I[bOTO CTEKY € T€, 110 pOOOT MOBUHEH MaTH JIEPEBO
cucteM KoopauHar 3 tf Ta myOuikyBaTu 1aHi 3 TaTYMKIB, BUKOPUCTOBYIOUH
npaBmiIbHI TUIH noBigomiieHs ROS. Kpim Toro, HaBiramiifHuii cTek Mae 0yTu
HAJTAIITOBAHUNA BiAMOBIAHO A0 (OPMH 1 AMHAMIKH poOOTa, 100 MPOAYKTUBHO

MPALIOBATH.

[Taker move arm cteky actionlib 3a0e3neuye peanizaiiro aii, ika, OTpUMAaBIIH
METY, HAMaraTUMEThCA JIOCATTH ii 3a JOTMOMOI0I0 pyku podoTta. By3osn move arm
00'eIHy€E MIaHYBAJILHUK, MOHITOP TPAEKTOPIi Ta KOHTPOJIEP TPAEKTOPIT IS
nocsirHeHHst MeTH. [lakeT miaTpuMye Oyab-sSKHil INTaHYyBaIbHUK, IKHIl Ha/lae
iHTepdeiic GetMotionPlan, 1 0yab-aKuil KOHTPOJEP, AKUI HAJA€ TOCITYTH IS
BCTAHOBJICHHS, 3aIIUTY 1 CKacyBaHHs TpaekTopiil. By3oi cipoexkToBaHMil Ik
MOAYJBHUI, TOMY BUKOPUCTOBYE cepBick ROS 1151 mutanyBaHHsI, KOHTPOJIIO Ta

3BOPOTHOI KIHEMAaTUKH 1 BUKOHYE MIHIMYM OOYHCIIEHb BCEPEIMHI CAMOTO BYy3Ja.

Taxox momiOHuit GyHKITIOHAT HAAa0Th TakeTH ompl, chomp_motion_planner,
sbpl.
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3. IPUKJIAJL KOAY NPOI'PAMHU HA ROS

PosrisitHeMo npocTuil mpukIag mporpaMu — CTBOPEHHS JABOX BY3JIiB, OJIMH 3

SIKUX PO3CHUJIAE TIOBIIOMJICHHS, a IHIIUM MpUMae ix.

CriodaTky CTBOPUMO BY30J1 PO3CHIIKH MOBIOMIIEHB. /{7151 IbOTO cKavaemo
daiin talker.py, sikuii Oyae MICTHTH KO By3J1a-BiAIPaBHUKA, 1 JO3BOJMMO BUKOHAHHS

11b0T0 (paiiy, BBIBIIM HACTYITHI KOMaH]IU:

« wget https://raw.github.com/ros/ros_tutorials/Kinetic-

devel/rospy tutorials/001 talker listener/talker.py

« chmod +x talker.py

[Ticnst oTpuMaHHs (aility MOKEMO MEPETIIHYTH Oro BMICT Ta pO3IJISHYTH 10

psIKax.

rospy
std msgs.msg port String

EA)e
pub = rospy.Publisher('chatter', String, queue size=10)
rospy.init node(|'talker'|)
rate rospy.Rate(10)
hil rospy.is shutdown():
hello str = "hello world %s" rospy.get time()
rospy.loginfo(hello str)
pub.publish(hello str)
rate.sleep()

main

talker()
rospy.ROSInterruptException:

Puc. 3.1: xon ¢aitny talker.py


https://raw.github.com/ros/ros_tutorials/kinetic-devel/rospy_tutorials/001_talker_listener/talker.py
https://raw.github.com/ros/ros_tutorials/kinetic-devel/rospy_tutorials/001_talker_listener/talker.py
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Crouatky iMmnopryeMo camy 0i0aioteky ROS (rospy) ta Tum moBigoMiieHb, SKi
By301 Oyzae Haacuinatu. Jlami, 3amaemo iHTepdeiic By3na. Y psaky 7 BKa3zyeMo, 110
BY30J1 IyOJIiKye oBitoMIIeHHs Ty String B Temy chatter. V psinky 8 ctBoproemo
BY30J1, 33J]aBIIN HOMY 1M s, 100 BiH MIT KOMYHIKYBAaTH 13 cucTtemMoro. IM’s €
BYKJIMBOIO YACTHHOIO, OCKUTBKH BY3JIM 1ICHTH(IKYIOTHCS came 3a HUM. Baxnuao,
o0 iM’st Oys10 yHiKaasHUM. JloaBaHHS TapaMeTpa anonymous=True BUpilIye 110
mpo0JemMy, TOTal04H KiTbKa BUITAIKOBUX IU(Dp 10 iMeHi By3na. Y psaaky 9 3amaemo

4aCTOTy BUKOHAHHS IUKITY. B manomy Bumanky 10 pasiB 3a ceKyHTy.

Jami, mounHarouu 3 psjaka 10, 3amycKkaeTbes UK, B IKOMY Bce Oyie
BUKOHYBATHCh, IIOKU IIporpamMa 3anyiieHa. Y boMy NPHUKJIai BUBOJUMO TEKCTOBUM
PSJIOK Ha €KpaH Ta y JIOTH, IMyOJIiKyeMO Horo sik moBigomieHHss. Merox sleep()
PU3YIIUHSAE BUKOHAHHS Ha JISIKUM Jac, 11100 BIAMOBIIATH 3adaH1i YaCTOTI

BUKOHAaHH:.

[Ticns 610Ky 00’ sIBJIEHHS By3J1a i€ BJacHe 3amycK i€l (QyHKIIII, B sSK1i
ornucany By3oi. Pagok «except rospy.ROSInterruptException» y it KOHCTpYKIIii
MIePEXOILTIOE BUKITFOUCHHS, SIKe BUKHIAEThes Tpu HatuckauHi Ctrl+C abo npu
BUKIIIOUEHHI By3na. L{e rapanTtye Te, 1110 Ko/ HE IPOAOBKUTH BUKOHYBATHUCH TTICIIS

metoxy sleep().

[Tpuctynumo 10 CTBOpPEHHS By3Ja, SIKUW MpuitMae noBigoMieHHs. OTpumMaemMo

BIAMOBIAHUH (DaiJT 3 KOJAOM, BBIBIITM KOMAaH/IH:

« Wwget https://raw.qgithub.com/ros/ros_tutorials/kinetic-

devel/rospy tutorials/001 talker listener/listener.py

« chmod +x listener.py


https://raw.github.com/ros/ros_tutorials/kinetic-devel/rospy_tutorials/001_talker_listener/listener.py
https://raw.github.com/ros/ros_tutorials/kinetic-devel/rospy_tutorials/001_talker_listener/listener.py
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rospy
std msgs.msg import String

k(data):
rospy.loginfo(rospy.get caller id + "I heard %s", data.data

():

rospy.init node('listener', anonymous=True)

rospy.Subscriber("chatter", String, callback)

rospy.spin()

Puc. 3.2: xon ¢aitny listener.py

Cnouatky oronocumo ¢yskiiro callback(data), ska BusHaunts, six By3ou Oyze
pearyBaTti Ha OTpUMaHe MOBIIOMJICHHS Ta 1110 3 HUM pobOutu. Jlaii orojouryemo
caMe CTBOPEHHSI By3JIa: 33Ja€EMO 1M A 1 MIAMUCYEMO HOT0, BKa3aBIly TEMY, TUII
noBioMiieHb Ta callback-gyHkiiiro, oronomeny panime. Psgok rospy.spin() e nae

3aBEPIIUTHUCH BUKOHAHHIO (Daiiily, MOKHU By30J1 HE Oy/1€ BUMKHEHO.

Jlonamo i nBa daiinu y CMakeLists.txt, 3amyctumo catkin_make i 3amyctumo
Haui aBa By3iu. Hiskue MoskeMo mo0aunTy BUBIA Y KOHCOJII: SIK 1 O4IKYBaJIOCh,
nyOIIKyIOUHi By30J1 BUBOJUTH CBO€ NOBIIOMIJICHHS, TPUIMatOUnii By30J1 BUBOJAUTD

T€, 1110 BIH MPOYNUTAB OMYyOJIIKOBAHE MOBIAOMIICHHS.
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hello
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hello
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world
world
world
world
world
world
world
world
world
world
world
world
world
world
world
world
world
world
world
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world
world
world

Puc. 3.3: koHconbHUI BUBix poboTu By3miB talker ta listener

1664767090.
1664767090 .
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1664767092.
1664767092.
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1664767092.
1664767092.
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607984

708047

8080955
908053

0079508
1081138
2081246
3080456
4081488
5080357
6081212
7082067
8081598
9081273
0080926
1079993
2081287
3080893
4082022
5080082
6081326
7081435
8080943
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BUCHOBKHA

VY 1iit KypcoBiii poO0Ti OyB IPOBECHUM SIK IOBEPXHEBUI OTJIsA] IHCTPYMEHTIB
y poOOTOTEXHIIll B 3arajJbHOMY, TaK 1 O1IbII TIMOOKHM OIS KOHKPETHOTO

iHcTpymenty (ROS).

KopoTtkuii onuc pizHux 3aco0iB (ppeiiMBOPKIB, MOB ITPOTpaMyBaHHS 1 T.I1.)
OyB IpHUBEICHUH, 11100 JaTH 3arajbHe MPEeACTaBICHHS, 110 3 ce0e MPEeCTaBIIsIE
rajry3b poOOTOTEXHIKU B TUIaHI HAABHUX 1HCTPYMEHTIB. JIpyruil po3ain 3 onucoM
ROS MaB Ha MeTi 03HAOMHUTH YKUTa4a 3 OCHOBHUMH KOMIIOHEHTAMH 111€1 CUCTEMH, K
BOHU BHTJISIAIOTH Ta JIJIS YOTO BUKOPUCTOBYIOThCS. HaouHO MOKa3aHO BUKOPUCTAHHS

[MX 3aC001B Y TPETHOMY PO3ALII.
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JOJATKHA
JlonmaTok 1

Kon ¢aiiny talker.py 3 oronomennsMm By3ia, sikuil myOIiKy€e OBiIOMICHHS

#!/usr/bin/env python

# license removed for brevity
import rospy

from std msgs.msg import String

def talker():
pub = rospy.Publisher ('chatter', String, queue size=10)
rospy.init node ('talker', anonymous=True)
rate = rospy.Rate(10) # 10hz
while not rospy.is_shutdown() :
hello str = "hello world %s" % rospy.get time()
rospy.loginfo(hello str)
pub.publish (hello str)
rate.sleep()

if name ==
try:
talker ()
except rospy.ROSInterruptException:
pass

main
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Jlomatok 2

Ko ¢atimy listener.py 3 oronomeHHsIM By31a, IKHH OTPUMYE TIOB1IOMIICHHS

#!/usr/bin/env python
import rospy
from std msgs.msg import String

def

def

if name

callback (data) :
rospy.loginfo(rospy.get caller id() + "I heard %s", data.data)

listener () :

In ROS, nodes are uniquely named. If two nodes with the same
name are launched, the previous one is kicked off. The
anonymous=True flag means that rospy will choose a unique
name for our 'listener' node so that multiple listeners can
run simultaneously.

rospy.init node('listener', anonymous=True)

e

rospy.Subscriber ("chatter", String, callback)

# spin() simply keeps python from exiting until this node is stopped
rospy.spin()

' main ':

listener ()



