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1. 3araabHa indopManisa Npo BUKJIAAa4a

ITI6: ApthomoB Irop BosogumupoBuu
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udpora cxemoTexHika

CucremMHe mporpamMHe 3a0e3neueHHs

MixKoMI IOTepH1 KOMYHIKAIi1

[Tporpamue 3a0e3neueHHs pOOOTH30BAHUX CUCTEM

HampsiMu HayKOBUX TOCTIIKCHB:
MopentoBanHs MapuipyTiB briJIA

KonrakTHa iHbop™maItis:
i.artomov@khai .edu




2. Onuc HAaBYAJIbLHOI AUCHUILTIHA

dopma 3100yTTs OCBITH Jenna
Cemectp 6-i, 7-i1
MoBa BUKIaJaHHS YkpaiHcbKa

Tun gucHUIUIIHA

O00B’s13K0Ba

OO0CsT TUCIIUTITIHY:
kpeautn EKTC/ xibKicTh
TOJIUH

oenna: 6,5 kpenutiB EKTC / 195 rogun (96
ayJIMTOPHHUX, 3 AKUX: JIeKIii — 32, mabopaTopHi — 32,
npakTuyHi - 32; CP3 — 99);

Buan HaByanbHOIL
TISUTBHOCTI

Jlexii, mabopaTopHi, caMocTiiiHa poOoTa

Buau xkonTpomro

IToTOYHMI KOHTPOJIb, MOYJIbHUN KOHTPOJIb,
CEMECTPOBHI KOHTPOJIb — ICIIUT

[TpepexBizuTu

MiKOMIT I0TEpH1 MEpexi

Kopeksizutu

XMapHi TeXHOJIOT1i

Ympasniaas Startup npoextamu

CreuianbHe nporpamHe 3a0e3nedeHHs 1HPopMalifHuX
TEXHOJIOT1H

MogentoBaHHs B CHCTEMaX BIPTyaJIbHOI peaJIbHOCTI

[TocTpekBi3UTH

[HdopmaTH3allis IHKEHEPHOI ISUIBHOCTI




3. MeTta Ta 3aBJaHHS HABYAJIBLHOI IUCIHUILIIHH, NepPeiki KOMIEeTEeHTHOCTEH
Ta 04iKYBAHHUX pPe3yJibTATiB HABYAHHS

Meta — popMyBaHHS y CTYJIEHTIB CUCTEMHOTO YSBIICHHS MPO apXiTEKTypY,
OpUHLIUNK  TOOyI0oBH Ta  (YHKIIOHYBaHHS MpOrpaMHOro  3abe3meueHHs
pPOOOTHU30BAHUX CHUCTEM, a TaKOK PO3BUTOK KOMIIETEHTHOCTEH Yy MPOEKTYBaHHI,
MOJICJIIOBaHHI, MPOrpaMyBaHHI Ta TECTyBaHHI MPOTPaMHUX KOMIIOHEHTIB st
KepyBaHHS poOOTamMH Ta poOOTOTEXHIYHUMH KOMILUIEKCAMH 3 YPaxyBaHHSM BUMOT
e(hEeKTUBHOCTI, HAIITHOCTI Ta OE3IMEKHU.

3aBaaHHs — O3HAWOMJICHHS CTYACHTIB 13 CyYaCHHMMH IMiJIXOJlaMU O
MPOEKTYBAHHS, pO3pOOKM Ta IHTErpamii MporpaMHOro 3a0e3NeueHHs s
poboTuzoBanux cucreM Ha 0a3l 1wiargopmu ROS2. dopmyBaHHS pPO3yMiHHS
apxitektypu ROS2, i OCHOBHMX KOMIIOHEHTIB, MEXaHI3MIB OOMIHYy
MOBIJOMJICHHSIMH, @ TaKOX MPHUHIMIIB NOOYJOBH MOJYJIBHHX 1 MaclITaOOBaHHUX
poOoToTexHIYHUX JonatkiB. HaBuanHs ocHoBaM po3poOku ROS2-By3iis,
oprasizailii ix B3a€MO/Iii 4epe3 TOMIKH, CIIyKOH Ta Jiii, a TaK0K 00pOoOILl CECHCOPHUX
JJAaHUX 1 KEPYBaHHIO amapaTHUMHU KOMIIOHEHTaMHu poOoTa. IlosicHeHHs MeTomiB
CUMYJIALII Ta TECTYBaHHS POOOTU30BAHUX CHUCTEM 13 3aCTOCYBAHHSAM 1HCTPYMEHTIB
Gazebo 1 RViz2. Po3BUTOK NMpakTUYHUX HABUYOK CTBOPEHHS, HAJAIUTYBaHHS Ta
3amycky ROS2-makeriB, Hanucanus nporpam Ha Python ta C++, BukopucTaHHs
launch-¢aiiniB s aBTOMaTH3alii 3amycky cucteM. O3HAMOMIICHHS 3 METOJaMH
IUIaHYBaHHS 3aBllaHb, CHHXpOHI3alli Ta MDKBY3JI0BOT B3aeMoiii B ROS2.
dopMyBaHHS yMiHb IOKYMEHTYBaHHs, HAJIArO/I)KEHHS Ta TECTYBAaHHS ITPOTPaAMHOTO
3a0e3nedeHHs] poOOTIB, a TaKOXX PO3YMIHHS POJII CUMYIAIIT 7l TEPEeBIPKU
anroputmiB.  [ligBuIlleHHS  KOMMETEHIIH y  po3poOil  KOMIUIEKCHUX
pPOOOTOTEXHIYHUX CUCTEM 13 BUKOPUCTAHHSM BIIKPUTHUX TEXHOJIOT1H Ta CTAaHIAPTIB.

KommnereHTHOCTI, sIKi HA0YBaKOTHCH:

Inmezpanvna KomnemeHmHicmey:

3MaTHICT, PO3B’SI3yBaTH CKJIAJHI CHEIlali30oBaHl 3ajadl Ta MpPaKTU4HI
npoOJemMu y raigy3i KOMIT IOTEPHUX HayK a0o y Mmpolieci HaBYaHHs, 0 nepegdoaydae
3aCTOCYBaHHS TEOpii Ta METOAIB 1HPOPMALIIMHUX TEXHOJOTIN 1 XapaKTEePU3y€EThCS
KOMITJIEKCHICTIO Ta HEBU3HAYEHICTIO YMOB.

3azanvni komnemenmuocmi (3K)

Iicna 3akinuennn yiei npozpamu 3000y8au oceimu 0yoe 30amen:

3K1. 3gaTHICTh 10 aOCTPAKTHOTO MHUCJICHHSI, aHAJI3y Ta CUHTE3Y.

3K2. 3naTHiCTh 3aCTOCOBYBATH 3HAHHS Y MPAKTUYHUX CUTYaLIsX.

3KS5. 3naTHiCTh BUMTHCS 1 OBOJIOIBATH CyYaCHUMH 3HAHHSIMH. .

3K6. 3natHicTh 10 MOIIYKY, 00p00JIEHHS Ta y3arajbHeHHs iHopMalii 3
PI3HUX JKepeJ.

3KS8. 3gaTHIiCTh OIiHIOBAaTH Ta 3a0€3MeuyBaTh AKICTh BUKOHYBAHUX POOIT.

Cneuianvni komnemenmnocmi (CK)



Iicna 3akinuenns yiei npozpamu 3000y8au oceimu 0yoe 30amen:

CK2. 3gaTHicTh 3aCTOCOBYBATH CTaHAAPTH B 00J1aCT1 IHPOPMAIIHHUX CUCTEM
Ta TEXHOJIOT1M mpH po3polill PYyHKIIOHAIBHUX NpodiiiB, MOOYI0BI Ta 1HTErpali
CUCTEM, MMPOAYKTIB,CEPBICIB 1 €JIEMEHTIB 1H(PACTPYKTYpH OpraHizaiii.

CK4. 3paTHICTh NPOEKTYBATH, PO3pOOJIATH Ta BUKOPUCTOBYBATH 3acO0OU
peanizalii iHQopMaIIHHUX CUCTEM, TEXHOJOTIN Ta 1H()OKOMYHIKaI! (METOANYHI,
1H(pOopMaIiiiH1, AITOPUTMIYHI, TEXHIYHI, IPOTPaMHI Ta 1HII).

Ilpozpamni pezyromamu nasuanns (IIPH).

ITP3. BuxopuctoByBaTH ©6a30BI 3HaHHS 1HGOPMATUKHM W CydyaCHHX
iHQOpMaIITHUX CHUCTEM Ta TEXHOJIOT1M, HaBUYKH IPOTpaMyBaHHS, TEXHOJIOTIi
0e3meyHoi poOOTH B KOMIT IOTEPHUX MEpexax, METOJM CTBOPEHHsS 0a3 JaHUX Ta
IHTEpHET-PECYPCiB, TEXHOJIOTII pO3pOOIECHHS AITOPUTMIB 1 KOMIT IOTEPHUX MPOrpam
MOBaMU  BHCOKOTO  pIBHS 13  3aCTOCYBaHHSIM 00 €KTHO-OPIEHTOBHOIO
mporpamMyBaHHS Ui PO3B’SI3aHHS 3aJad  TPOEKTYBAaHHS 1 BHUKOPHUCTAHHS
1H(pOpMAaIITHUX TEXHOJIOTIH.



4. 3micT HABYAJIBLHOI AUCHUILTIHA

MOAYJIb 1
3MmicToBHMIA MoayJib 1. OCHOBH NporpamMHoOro 3ade3ne4eHHss poOOTU30BAHUX
cuctem y ROS2.

Tema 1. Beryn 10 po0oTOTEXHIKH. ApXiTeKTypa Ta TUIIM POOOTH30BAHUX
CHCTEM.

Y Temi posrnanaoTbes 0a30BI  MOHATTS Ta KOMIIOHEHTH Cy4YacHUX
poboTH30BaHMX cHCTeM. BwuBuarThcs kinacudikamis poOoTiB  (MOOUIBHI,
IIPOMHUCJIOBI, CEPBICHI, aBTOHOMHI), apXiTEeKTypa poOOTU30BaHOT CUCTEMU (CEHCOPH,
BUKOHABYl ME€XaH13MU, KOHTPOJIEpH, ITPOTPpaMHE 3a0€3MEUCHHS), a TAaKOXK 3arajibHl
MIIXOAW IO MpOTrpaMHOro 3abe3medeHHs poOoTiB. OcoONMBY yBary MpHJILICHO
B3a€EMO3B’SI3Ky MIXK amapaTHUM 1 MpOrpaMHUM 3a0€3MEYeHHSIM, MOHATTAM
peajbHOro 4acy, pO3MOJUICHOI OOpOOKM Ta HEOOXIAHOCTI CTaHaapTU3allli
iHTepdeiiciB. @opmyerbest cuctemHe OadeHHs [13 gk «Mo3Ky» poOOTH30BaHOT
1aTPOPMHU.

Jlekmiss 1 — CyyacHi poOOTH30BaHI CHCTEMH: CTPYKTypa, THUIH, chepu
3aCTOCYBaHHS.

Jlexuis 2 — IIporpamue 3abe3nedeHHs poOOTIB: 3aBJIaHHS, MiIX0/I1, BUMOTH.

Jlabopatopna pob6ora 1 — Bcranonennss ROS2 Tta ctBopeHHs poOodoro
CEpelOBUIIA.

Camocriiina po6oTa: OnpalibOByBaHHS MaTepialliB JEKIIINA 1 0POPMIICHHS 3BITY
10 naboparopHoi podotu. Jlocmiautu ictopiro po3BuTky ROS (Big ROS1 1o ROS2):
KJIFOUOBI €Taru, BUKIIMKH, piteHHs. [IpoananizyBatu npoOaemu, siki pupimrye [13 B
aBTOHOMHMX poOO0Tax (HaBirauis, jaaHyBaHHs, COPUUHATTS, iHTepdeiich).

Tema 2. OcaoBu ROS2: apxitekTypa, cepenoBuiie, 6a30Bi KOMIOHEHTH.

Tema mpucesyeHa crpykrypi Ta apxitekrypi Robot Operating System 2
(ROS2) — cyuacHoro cepemoBuina po3pooku I13 mis pobotiB. PosrismaroTses
OCHOBHI KOMITOHEHTH: By3iu (Nodes), Tomiku (tOpPICS), cimyxOu (Services), mii
(actions), mapametpu (parameters), tpanchopmariii (TF), a Takok HOBOBBEICHHS
ROS2 y mopiBasuui 3 ROSL: miarpumka DDS (Data Distribution Service),
MOKpalieHa MiATPUMKA peaJbHOro0 dacy, Oe3leku Ta OararoraaTdhOpMHOCTI.
BuBuaetbcsi Mozenp OOMiIHY TOBIJJOMIICHHSAMH MDK BYy3JaMd Ta TPUHITUITHN
nyOnikauii/manucku. Tema ¢popmye GpyHIaMEHT JUIsl MPaKTUYHOI po3podku ROS-
JOJIaTKIB.

Jlekis 3 — IMopiBasinast ROS1 1 ROS2. DDS, komnonenTu ROS 2, monens
OOMIHY JTaHUMH.

Jlekuist 4 — [1akeTu, By3Jd, TOIIKH, CITYOH, MapaMeTpy — OCHOBHI
konuemniii ROS2.

JlabopaTopna pobota 2 — Pobora 3 Tomikamu (Publisher/Subscriber).



CamocriitHa po6oTa: OmnpalbOByBaHHsI MaTepiaiiB JEKIii 1 0ohopMIIeHHS 3BITY 110
naboparopnoi podotu. OnpairtoBatu apxiTektypy DDS (Data Distribution Service),
onucaty ii piBHi Ta pomi B ROS2. BuBuntu nonsartsa «middleware abstraction» Ta
sk ROS2 peanizye He3a1€KHICTh BiJ] TNIATHOPMHU.

Tema 3. IlporpamyBanns B ROS2.

VY wiit Temi cTyZAeHTH Ha0yBarOTh MPAKTHYHUX HABHUYOK CTBOPEHHS BY3IIB Y
ROS 2 3a gomomoroto Python (uepe3 0iGmioTeky rclpy). Bupuarorbcsi 6a30Bi
mabJIOHU CTBOPEHHS BY3JIIB, MEXaHI3M IHIIIami3alii Ta 3aBepIieHHs, poOoTa 3
IIOBIIOMJICHHSIMH, CTBOpeHHs BumaBiiB (publisher) Ta migmucHukis (subscriber).
Oxpemy yBary MNOpUAUIEHO TMapaMeTpaM BY3JiB, JIOTYBaHHIO, TaiiMepawm,
BUKOPUCTAHHIO CTAHJAPTHUX THITIB TIOBIJOMJICHB (Hanmpukiam, Std_msgs) Ta poboTi
3 KOMaHJIHHM psakoM (ros2 topic, ros2 node). Lls Tema J03BOJSE CTyACHTaM
BIIEBHEHO pPeai30ByBaTH BIACHI By3JH Ta iHTErpyBaTH iX y ROS2-npoekTu.

Jlekis 5 — Po3po0Oka By3niB y ROS2 Ha Python (rclpy) Ta C++ (rclepp).

Jlekumiss 6 — PobGora 3 Tomikamu: mmyOJiKaiis Ta MiJANKUCcKa, 0O0poOKka
MOBIJIOMJICHbD.

JlabopaTtopHa poOota 3 — [lapameTpu By37iB Ta TatMeEpH.

CamocriiiHa poOota: OmpallbOByBaHHSI MarepiaiiB JEKIIA 1 BUKOHAHHS
nabopatopHoi pobotu. Ilosicautu >xutreBuii UKk ROS2-By3ma: cTBOpeHHS,
1HIIIai3aIlisl, BUKOHAHHS, 3aBepiieHHs. Po3ibpaTv TUNOBI THUIU TOBIAOMIICHB
ROS2 (std_msgs, geometry _msgs, Sensor_msgs) — KOPOTKi OIMKCH 1 CTPYKTYpa.

Tema 4. 3anyck Ta kondirypauisa ROS 2-npoekriB.

Tema mnpucBdueHa edexTuBHIN oprasizauii 3amycky cuctemMu B ROS2.
CtyneHTH BUBYAIOTH CTBOpPeHHs launch-gaiiiis, ski 103BOJISIOTH aBTOMATH30BaHO
3alyCKaTH KiJbKa BY3JIIB OJHOYACHO. Po3rismaroThcsi crocobu mepenadi
napameTpiB By3JiaM, BUKOPUCTaHHs KOHPirypariinux ¢aiiniB YAML, opraunizariis
YMOBHOI'O 3aIllyCKy KOMIIOHEHTIB, CTBOPEHHS BKJIaJ€HHMX Ta OaraTropa3oBHX
3ammyckiB. Takoxx posriasmaroTees yrumita colcon build, ros2 launch, ros2 param,
ros2 lifecycle. Tema mae 3Mory mepexoauTH BiJ MPOCTHUX TECTIB J0O MOBHOIIIHHOT
MoayJsibHOT ROS2-cuctemu.

Jlekriist 7 — Launch-datiiiau, mapameTpu, CepeI0BHIIE BUKOHAHHS.

JlaGoparopHa pob6ota 4 — CTBOpeHHs Ta BUKopucTanHs launch-daiini

CamocrTiitna po6ota: OmnpalbOByBaHHS MaTepiayliB JEKI 1 BUKOHAHHS
naboparopHoi poboTu. Bupumtu kouuemimito launch-cuctemu ROS2: sk BoHa
Ipailtoe, 0 103BOJISIE, iK1 Mae 0co0nuBOCTI. [TpoananizyBatu posias napameTpu3anii
ROS2-cuctemu uepe3 Y AML-daiinu. BUuBunTy npUHIMNMN 1€papX14HOTO 3aIyCKY:
BKJIIOUEHHS 1HIIUX launch-gaiiniB, yMOBHUI 3amyck By3miB. JOCTIAUTH MOHSATTA
lifecycle-menemxmenty By3iiB (managed nodes, states, transitions).

MopynabHuii KOHTPOJIb 1



3micToBHMi Moayab 2. [Ipukiaaane ROS 2-nporpamyBaHHsl, CEHCOPH Ta
CUMYJIALIA.

Tema 5. Cayx0om Ta aii B ROS2.

[11 Tema OXOIUTIOE peamizallilo cepBiciB (Services) rta giii (actions) —
MEXaHI3MIB CHHXPOHHOI Ta acHHXpOoHHOi B3aemoxii MiK ROS2-By3mamu.
BuBuarothest hopmaTa .S'V Ta .action daiinis, pearizaiisi cepBepHOi Ta KITIEHTCHKOT
YaCTHHU, OCOOJUBOCTI OOpOOKM 3amMTIB Ta 3BOPOTHOTO 3B'sA3Ky. IlosicHIOETBCH,
KOJIM JIOIIJIbHO BUKOPUCTOBYBATH CIYKOM (IIBUIKHMM 3aIUT/BIJNOBIIb), a KOJIH —
nii (TpuBayl omepailii, HalpUKIIaa, pyX JI0 TOYKH). JIeMOHCTPYIOThCS TPHUKIIAIN
3aCTOCYBaHHS y HaBiraiii, KepyBaHHI MaHIMYyJATOpaMH, aBTOHOMHOMY pIIIECHHI
3amad.

Jlekist 8 — CTBOpEHHS CIIyk0 (services): KIEHT-CEPBEPHA MOJIEIb.

Jlexuist 9 — CTBOpeHHs Aiif (actions): aCHHXPOHHE YNPaBIIHHA (HAIPUKJIIa,
pyX 110 111711).

JlaGoparopHa pobota 5 — Peanizaiiist cepBicy Ta kiieHTa y ROS2.

CamocriiiHa po6ota: OnpanboByBaHHS MaTepiaiiB JIEKIIT 1 0(OpMIIEHHS 3BITY
10 nabopaTopHoi pobotH. Po3mexxyBaTu NMpu3HAUY€HHs TONIKIB, CEpPBICIB 1 AIH Y
ROS2 (konu 1 mo JOIIBHO BUKOPUCTOBYBATH). JlOCHIAUTH CTPYKTYpy .SI'V Ta
.action ¢ailmiB: sKI MOJS BKIIOYAE, AK Tepenaerbcs iHbopmaiis. Buuutu
OPUHLUIN poOOTH KJ€EHT-cepBepHOi B3aemonli B ROS2, tunm nomwuiok Ta
MexaH13Mu 00poOku. O3HallOMUTHCA 3 TATEpHAMU BUKOpPUCTaHHA Action-cepBepiB
y 3a/1ayaX aBTOHOMHOTO T€peCyBaHHs.

Tema 6. InTerpanisi 00/1afHaAHHS Ta 00pOOKAa CeHCOPHOI iH(popmanmii.

VY TeMi po3risAatoThCA NPUHLKNY TiAKII0YEHHS (Pi3nyHux ceHcopi 10 ROS2-
cucrteMm, poOoTa 3 ApaiiBepaMH Ta MyOJiKalisl JaHUX y TOMIKUA. OXOIUTIOIOTHCS
tunoBi cencopu: IMU, LiDAR, ynbrpa3BykoBi nartuuku, GPS, enkxoxpepwu.
Posrisipatoteess  cocoOu 0OpoOKM BXIIHMX JaHMX Yy By3dax: (QuUIbTparis,
MEePETBOPEHHS, TIEepeBipKa JIOCTOBIPHOCTI. TakoX aHaMI3yIOThCS MNPUHIUIN
1noOyZ0BU 3BOPOTHOTO 3B’SI3KY ISl KEpYBaHHS pyxoM. Oco0JIMBY yBary nmpHualieHO
0e3mepepBHOMY LUKITY «CIIPUMHATTA — 00poOKa — J1s1».

Jlexmist 10 — IMigxmrouenns cencopiB (IMU, LiDAR, kamepwu), apaiiBepu,
00poOKa IMOB1IOMIICHB.

Jlexmist 11 — AxryaTopu Ta kepyBanHs: PlD-perynsaropu, peakiiisi Ha CEHCOPH.

Jlabopatopna pobora 6 — IligkmrouenHst cencopa (mampukiaa, IMU a6o
LiDAR).

Camocriiina po6ota: OnpaiiboByBaHHS MaTepiatiB JICKIIT 1 0(hOpMIICHHS 3BITY
1o JyaboparopHoi pobotu. Pozibpartu, sk BigOyBaeThcs MyOJiKaIlisi CEHCOPHUX
nanux 'y ROS2: tumoBi ¢opMard, MBUIAKICTH OHOBIEHHS, OOpoOKa IIymy.
TeopeTnyHO MOSICHUTH (PIIBTpaLlI0 CEHCOpHMX NaHuX (moving average, Kalman
filter, outlier removal). BuBuMTH mMOBIIOMIJICHHS Sensor msgs — OIKCATH
HaWBa)KJIUBIII1 TUIHA [TOB1IOMJIEHbD.



Tema 7. Cumyasinist po0oTiB i BizyaJjizauis 1aHux.

Tema mpucBsuena poOOTi 3 kamepamu Ta 300paxkeHHsMu y ROS2.
Posrnsnaerses interpatis USB a6o cumynboBaHOi kKaMmepH, mepenada 300pakeHb
gyepe3 TOIIKH, BUKOPUCTaHHS Sensor_msgs/Image, miakmrouenns OpenCV uepes
cv_bridge. Crynentn BuaThCsi OOpOOJIATH 300paKCHHS: BUSIBISITH KOJIBOPOBI
00’€KTH, KOHTYpH, BIJACHIAKOBYBAaTH pPYyX, CTBOPIOBAaTH MAacKH. Takox
PO3TIIAIA€THCA OCHOBH MAITMHHOTO 30py (computer vision) y koHTekcTi ROS2.
3aCTOCOBYEThCS IS 3a/1a4 Opi€HTAIlli, HAaBIraIlii Ta B3aEMO/I1 3 IOBKIJUISM.

Jlekmis 12 — Cumysanis B Gazebo: inTerpartis 3 ROS2, 3amyck Mojienei.

Jlekmis 13 — Bizyamizamnis B RViz2: HamamryBanHs, BijoOpa)KeHHs TOIIKIB,
HaBITaIls.

JlabopaTtopHa pobota 7 — O6poOka 300paxeHns 3 kamepu B ROS2.

CamocriiiHa poboTa: OnpanbOByBaHHS MaTepiatiB JEKL1H 1 0POPMIIEHHS 3BITY
0 J1abopaTopHOi pPOOOTH. BHBYMTHM KOHIIEMIIIO MMOTOKOBOTO MeEpeIaBaHHSA
300paxenb y ROS2 (inTepdetic Image, Bukopuctanus cv_bridge). Onucatu TUIIOBI
eTanmd O0OpoOKM 300pakeHHS Yy poOOTOTeXHill: QuUIbTpallisi, CerMeHTarlis,
BUSIBJIICHHS KOHTYpiB. O3HallomMuTuCs 3 mnpukiagamMu BukopuctanHs OpenCV y
ROS-npoexTax. JlocmiguTi miaxoau 10 BUSBICHHS 00'€KTIB y peaJbHOMY 4aci Ha
0a31 BIIEONIOTOKY 3 KaMEPH.

Tema 8. IlpoexkTyBanns Ta TectyBanHsi ROS 2-cucrem.

VY 3aBepmianbHi TeMi CTYAEHTH OMAHOBYIOTh CUMYJISLIIO POOOTHU30BaHUX
cucteM y cepenosuiini Gazebo, a Takox Bi3yasizallito poOOTH BY3JiB Ta JaHHUX Y
RViz2. Posrasmaerhcst 3amyck TOoTOBHX Mojeneit (Hampukman, TurtleBot3),
MIJKITIOUEHHS CEHCOPIB Yy CHUMYJISIi, BUBEJCHHS JaHUX Ja3epa, kamepu, TF-
CTPYKTYpH, BEKTOPIB Pyxy. AHali3yeThcsi moBHoiiHHa ROS2-cuctema sik Habip
B3a€EMOJIIIOYMX BY3JIB: OOpOOKa BXIJHUX JAaHMX, KEpyBaHHA, peakuis. Takox
POBOAUTHCS TECTYBaHHS CTBOPEHHMX DPIllleHh — 3 BUKOPHCTAHHSAM eMYJISIii
MOBEAIHKH, TapaMeTpu3allli, )KypHaTIOBaHHS.

Jlexmiss 14 — Bin nporoTunmy A0 TOTOBOTO pIIIEHHS: TECTyBaHHS Ta
Hanaro pkeHHs: ROS 2-cucrem.

JlabopaTtopHna poboTta 8 — Pob6oTa 3 cumynaropom Gazebo ta RViz2.

Camocriiina po6Oota: OmpallbOByBaHHS MaTepialliB JIEKIli 1 BUKOHAHHS
nabopatopHoi podoTtu. BuBuntu crpykrypy URDF-Mozaem po6ota (Unified Robot
Description Format) — sik onucyroThCst TaHKH, CEHCOPH, MPUBOIH. O3HAHOMUTHUCS 3
RViz2 sgx iHCTpyMeHTOM Bi3yamizaiii: MOXJIMBOCTI, THMNHM JaHHUX, IJIATiHU.
TeopeTruHO OOTPYHTYBATH BaXKJIMBICTh TECTYBaHHS Ta CUMYJISLIT MpH po3poOii
ROS2-cucrem.

MoayJabHuE KOHTPOJIb 2

IIpakTu4Hi 3aHATTS BUKOPUCTOBYIOTHCS IS TPYMOBUX KOHCYJBTAIlH MO
KypCOBOMY IIPOEKTY B ceMecTpi /.



5. InguBinyanbHi 3aB1aHHS

KypcoBuit npoekt: Po3poOka 6a3zoBoi ROS2-cucremu B3aemojii BY3JIB Y
CHUMYJIOBAHOMY CE€PEI0BHIII

6. MeTOI[I/I HaBYaHHHA

Jleknii mpoBOJATHCS 3 BUKOPUCTAHHAM JIEMOHCTpAIlli OKpEMUX MPUMOMIB
poOOTH B CEPEIOBUIII OOTOBOPIOBAHUX MPOTPAMHUX CEPETOBHIII.

JlabopaTopHi po0OTHM BHKOHYIOTHCS 3 BHUKOPHUCTAHHSAM JIICH3IHHUX
NPUMIPHUKIB IPOTPAMHOTO 3a0€3MEYCHHS.

CamocriiiHa po6oTa BKJIIOYAa€E TMIATOTOBKY [0 TMPaKTUYHUX 3aHSATH,
MOJYJIBHOTO KOHTPOJIO Ta ICMUTYy, BHUKOHAaHHS M03aayJUTOPHOI YacTHHU
1H/IMBITyaIbHOTO 3aBIaHHs 3 BUKOPUCTAHHAM HaBYAJIbHO-METOAMYHOI JITEpaTypu
Ta JOKYMEHTAIIi1 10 MPOTPaMHOT0 3a0e3MeyeHHs.

7. MeToau KOHTPOJIIO

Kontpous 3aiiicHI0€ThCs 3r1HO 3 «[107105KEeHHAM PO MOTYJIEHO-PEUTHHTOBY
CUCTEMY OIlIHIOBAaHHS 3HaHb CTYyJeHTIB» [lepenbaueHo mpoBeeHHS MOTOYHOTO
KOHTPOJIFO  BIAMOBITHO JO TOBHOTH, SIKOCTI Ta CBOEYACHOCTI BHUKOHAHHS
MPaKTUYHUX 3aBJIaHb, IHCbMOBOIO MOJYJIBHOTO KOHTPOJIIO; T1JCYMKOBOTO
KOHTPOJIIO Y BUTJISAJII MTUCHbMOBOIO 1CTIUTY.

8. KpuTepii oninioBanHsi Ta po3noaija 6aJis,
SIKi OTPUMYKOTH 3100yBayi 0CBITH

Tabmuus 8.1 — Po3noain GaiiB, siki OTPUMYIOTH 3700yBadi OCBITH

. . bamm 3a ogne 3ansaTTs | KinbkicTb 3aHATH Cymapna
Cki1a10B1 HaBUAIbHOI POOOTH . .
(3aBaHHA) (3aBnaHb) KUIBKICTH OasiB

3micToBHUMIT MOaYJIb 1

AKTHBHlCTE 17 Jyac 0.1 7 0.7

ayJIMTOPHOI poOOTH

BukoHanus 1 3aXHCT 0.5 4 0...20

J1a00paTOPHUX POOIT

MoayabpHHH KOHTPOJIh 0...25 1 0...25
3mMicTOBHUIT MOAYJIb 2

AKTI/IBHICTE 17 Jac 0.1 7 0.7

ayJIMTOPHOI pOOOTH

BukonaHHs 1 3aXHCT

1ab0paTOPHUX/TIPAKTUYHUX 0...5 4 0...20

pooiIT

MoayabHHA KOHTPOJIh 0...25 1 0...25

Bukonanns i 3axuct PI'P 0...10 1 0...10

(PP, PK)

¥Ycboro 3a cemecTp 0...100




CemecTpoBuil KOHTPOJIb (ICIIUT) MPOBOAUTHCA Yy pa3l BIAMOBH 3/100yBada
OCBITH BiJ 0aJiB MiICYMKOBOTO KOHTPOJIIO 1 32 HAsABHOCTI AOMYyCKy A0 icnuty. [lin
qac CKJIaJIaHHsI CEMECTPOBOTO ICIIUTY 3/100yBay OCBITH Ma€ MOXJIUBICTh OTPUMATH
makcumyM 100 Gais.

biner nis icnuty cKiIagaeThes 3 IBOX TEOPETHUUHUX MUTaHb. MakcuMalbHa
KUTBKICTh OauTiB 3a KoxHEe uTaHHs - 50 6amiB (cyma — 100 6amiB).

Ta6mui 8.2 — Po3moin 6aiiB, iK1 OTPUMYIOTh 3/100yBadl OCBITH 32 BUKOHAHHS
KYPCOBOTO MPOCKTY.

[TosicHroBanbHa
ImtocTpaTuBHa yacTuHa | 3axuct podOTH Cyma
3armmcKa
0...25 0...25 0...50 100

Ta6mug 8.3 — Illkanu oriHoBaHHS: OanbHA 1 TpaAUITIHA

Cyma Gazis Or1iHKa 3.a TpaJ:[I/II_[i.f/'IHOIO [IKAJIOIO |
Icniut, qudepeHinHun 3aIiK 3aik
90 - 100 BigminHO
75—89 Jlobpe 3apaxoBaHO
60 - 74 3a10BUILHO
0-59 HesanoBiapHO He 3apaxoBano

Kpumepii ouinroeannsa pooomu 3000ysaua oceimu npomsazom cemecmpy

3aoosinvro (60-74) — maTu 3HaHHS 1 BMIHHS JUTs1 3a0€3MICUCHHS POTPaMHUX
pe3yNbTaTiB HaBYaHHS. BUKOHATH Ta 37MaTH PO3pPaxyHKOBO-TpadiuHy poOOTYy.
Hamucatu 181 MoOmynbHI poOOTH. 3HATH OCHOBHU apXITEKTYpHU Ta KOMIIOHEHTHOT
ctpykrypu ROS2. Ymitu ctBoproBatu npocti ROS2-nakeru Ta 3amyckaty By3iu.
YMiTH peani3oByBaTH B3a€EMOJIII0 MK By3JaMU 4Y€pe3 TOIIKU Ta CEPBICH. YMITH
3allyCKaTH CHMYJIAIIID 3a JormoMoror 0OasoBux launch-gaiinis.  Ywmitu
opieHTyBatucs B iHcTpyMeHTax RVIZ2 Ta Gazebo npns Bisyamizamii Ta
BIJIJIAarO/KCHHS. Y MITH OMTUCATH 3arajibHy CTPYKTYPY pOOOTH30BaHOI CUCTEMH Ta 11
MPOTrpaMHOro 3a0e3MeueHHs. Y MITH TpaitoBatu 3 0a3oBuMu komanaamu ROS2 CLI
Ta KOMaHIHUM PsAIKOM Linux.

Jobpe (75-89) — martu 3HAaHHS, YMIHHS W HABUYKH JJIs 3a0e3MCUYCHHS
MPOrpaMHUX PE3yJIbTATiB HaBYaHHS. BUKOHATH Ta 37aTH pO3paxyHKOBO-Ipa(piuHy
poboty. Hanucatu aBi MmoynnbH1 po60oTH. JIogaTKOBO 10 BUMOT, sIKi BU3HAYEHO IS
OTpUMaHHS 33JJ0BUIHHOI OLIIHKK: Y MITH CTBOproBaTu OaratoBy3sioBi ROS2-cucremu
13 B3aEMOJIIEI0 Yepe3 TOMIKH, CepBICH ¥ Ail. YMITH HaJIAIITOBYBaTH NapameTpu
BY3JIiB, CTPYKTypyBaTH TIPOEKT i MPAIFOBATH 3 launch.py.
3natu npuniunu QoS-nomituk y ROS2 Ta ix BIIMB Ha mepenavy JaHUX. YMITH
peamizoByBaTH 0a3oBi (yHKIII HaBiraiii, 0OpOOKM CEHCOpHUX JaHUX abo
BI3yanmizaiii. Ymitu agantyBatu ROS2-cucremy a0 TUNOBUX 3aiad (HampuKiIa,
MOO1TbHA TUIaTGopma abo JIOTICTUYHUNA pOOOT). 3HATH MPUHIIUIKM TECTYBaHHS Ta



HajaropkeHHss ROS2-monaTtkiB. YMITHM 3aCTOCOBYBaTHM OTpPHUMAaHI 3HAHHS 0
peaiizaiii MPOEKTHOTO pIMIEHHS B MeXax JabopaTOpHOI YU PO3pPaxyHKOBO-
rpadiyHOi poOOTH.

Biominno (90-100) — maty 3HaHHS, YMIHHS ¥ HaBUYKH, 10 JaAyTh 3MOTY
CaMOCTIHO, BUIBHO Ta OOTPYHTOBAHO BIAMNOBiNAaTH Ha Oyb-AKI MUTAHHS OO
POEKTYBaHHS MPOTPAMHOTO0 3a0e3MeueHHs] pOOOTU30BAHUX CUCTEM 3 ypaxyBaHHSIM
IHKCHEPHHUX, TEXHIYHUX, OE3MEKOBUX, EKOHOMIYHUX Ta eTUYHUX AacCIeKTiB.
BukoHnatu Ta 31atu po3paxyHKoBo-rpadiuny poOoTy. Hammcatu aBi MoaynbHI
poboTu. YMiTH caMOCTiiiHO mpoekTyBatu NoBHOLIHHY ROS 2-cuctemy, 31aTHY
MpaIoBaTu 3 KiJJbKOMa CEHCOpaMH, BUKOHABYMMHU MEXaH13MaMU Ta B3a€EMOIISATHU 3
IHITUMHA TUGPOBUMH CHCTEMaMH. YMITH peajii30ByBaTH PO3IIMPEHI CleHapii 3
BUKOPUCTAHHAM [I, mapameTpu3allli, 3amycKy JEKUIbKOX BY3JIB Yy CHUMYJISAIII.
YMitu ontumizyBatu cTpykTypy ROS2-monaTkiB, BUKOPHUCTOBYBATH ITyOJIIYHI
MaKeTH, aJlalTyBaTy iX MiJI KOHKPETHI 3ajayl. YMITU MPOBOAUTH KOMIUJIEKCHUN
aHaJji3 MporpaMHoOi apXiTEeKTypu poOOTHU30BaHOI CUCTEMHU Ta MPOIMOHYBATH HUISXHU
il BIOCKOHAJICHHS. YMITH T'OTYBaTH TEXHIYHY JOKYMEHTAIlil0, (OpMyBaTH BUMOTHU
JI0 CHCTEMH Ta KOMYHIKYBAaTH 3 IMTOTEHIIIHHUMHA 3aMOBHUKAaMH a00 KOPHCTYBadyaMH.
YuMmitu i#TerpyBatd ROS2 i3 30BHImHIME cucTeMamMu abo oOJagHaHHSM,
PO3ILIMPIOBATH MOXKIMBOCTI 0230BUX KOMITOHEHTIB.

9. [MosiTHKAa HABYAJBLHOTO KYpPCY

BinBinyBanns 3ausitb. Perymsmis nporyckiB. [HTepakTUBHHI XapakTep
Kypcy mnependadae 0OOB’S3KOBE BiJIBIyBaHHS MPAaKTUYHUX 3aHATH. 3700yBadi
OCBITH, fIKI 3a TIEBHUX OOCTaBUH HE MOXYTh BIJIBIIYBaTU MPAKTHUYHI 3aHSTTS
pEryJsipHO, TOBHHHI TMPOTSATOM THXKHS Y3TOJAMTH 13 BHKJIaaadyeM Tpadik
IHUBIyaJIbHOTO BIANPAIIOBAHHS MPOMYIIEHUX 3aHiATh. OKpemi MpOoIyIieH1
3aHSTTS MalOTh OYTH BiANpPalbOBaHI HA HANOJIMKY1H KOHCYJIBTALT TPOTATOM THXKHS
micas iX nOpomycky. BignpairoBaHHs 3aHSATh 3AIMCHIOETBCS YCHO 'y (opMi
criBOeciiM 3a MUTAHHSMHU, BU3HAYCHUMH TUIAHOM 3aHATTSA. B oKkpemux BuIagkax
JI03BOJISIETHCS MMCHbMOBE BiANPAIIOBAHHSI MTPOIYIIEHUX 3aHITh UIIXOM BUKOHAHHS
1HJIMB1TyaJIbHOTO MMCHhMOBOIO 3aB/IaHHS.

JloTpMaHHsI BUMOT aKaJeMi4HOI 100po4ecHOCTi 3700yBayaMu OCBITH M1
Yyac BUBYCHHS HABYAIBbHOI MUCIUILTIHA. [1i1 9ac BUBYCHHS HABYAIbHOT TUCITUTLTIHU
3100yBadl OCBITH MalOTh TJOTPUMYBATHCS 3araJIbHONPUNHATUX MOPATbHO-ETUYHUX
HOPM 1 TIpaBWJI TOBEIIHKH, BUMOT aKaJEMIYHOi JOOPOUYECHOCTI, MepeadavdeHnx
[TonoxeHHsIM TIpO akajgeMiuHy M00podecHicTh HaiioHaasHOTO aepOKOCMIYHOTO
YHIBEPCUTETY «XapKiBCbKUI aBlaliitHUi THCTUTYT»
(https://khai .edu/assets/fil es/pol ozhennyal/pol ozhennya-pro-akademichnu-
dobrochesnist.pdf). OuikyeTbesi, Mo poOOTH 3700yBaviB OCBITH OyayTh IX
OpUTIHAIBHUMU JOCIIJDKEHHSAMU ab0 MipKyBaHHSMU. BiACyTHICTh MOCHIJIaHb Ha
BUKOPHUCTaHI JiKkepena, GadpuKyBaHHS JKepe, CIUCYBaHHS, BTpYYaHHsS B pOOOTY
IHIIMX 3700yBaviB OCBITH CTaHOBJIATH, ajle HE OOMEXYIOTh, TPUKIAAN MOKIUBOI
aKaJeMI4HO1 HeI0OpOUeCTHOCTI. BUsIBIEHHS 03HAK aKaJeMiuHOi HEeJJOOPOYECHOCTI


https://khai.edu/assets/files/polozhennya/polozhennya-pro-akademichnu-dobrochesnist.pdf
https://khai.edu/assets/files/polozhennya/polozhennya-pro-akademichnu-dobrochesnist.pdf

B TIMCHMOBIA po0OTI 3700yBaua OCBITU € TMIJACTaBOIO sl il He3apaxXyBaHHS
BUKJIaJIadeM HE3aJIeXKHO Bl MacIITadiB IjIariaTy 4 oOMaHy.

Bupimennss kon¢uikrtiB. Ilopsmoxk 1 mpouenypu BperyiarOBaHHS
KOH(JIIKTIB, MOB’I3aHUX 13 KOPYNIIIHHUMH JiSIMU, 31TKHEHHSIM 1HTEPECIB, PI3HUMHU
dbopmMamMu TUCKpHUMIHAIl, CEKCYalbHUMHU JOMAaraHHSIMH, MiKOCOOUCTICHUMH
CTOCYHKAMH Ta IHITUMHU CUTYAIlISIMH, 1110 MOKYTh BUHUKHYTH ITiJl YaC HaBYaHHS, a
TAaKOXX TMPaBWJIa €TUYHOI TOBEIIHKM periaMeHTyroThcsi Koaekcom eTudHoi
NMoBe/IIHKM B HallloHaTbHOMY aepOKOCMIYHOMY YHIBEPCHUTET1 «XapKiBCbKUMN
aBiamiinuii iHcTuTy™ (https.//Khai .edu/ua/university/normativna-baza/ustanovchi-
dokumenti/kodeks-etichnoi-povedinki/).

10. MeToanuHe 3a0e3me4YeHHA

https://mentor.khai .edu/course/view.php?d=9290

11. PexomeH0BaHa JiiTeparypa

bazoBa

1. ROS2 Documentation. Open Robotics. (Ogiyitina ooxymenmayis ROS2:
apximexmypa, po3podxa, mymopianu). https.//docs.ros.org/en/humble/index.html

2. ROS2 Tutorials. Open Robotics. (Ilokpoxosi incmpykyii: cmeopens 8y3iis,
nakemis, poboma 3 cepgicamu, monikamu mouwo)
https://docs.ros.org/en/humbl e/ Tutorials.html

3. Rico, F.M. (2022). A Concise Introduction to Robot Programming with
ROS2. (Ilocionux ons nowamxisyie: npukiaou, koo, cmpykmypa ROS 2-npoexmis)
GitHub penosuropiit kauru: https://github.com/fmrico/book_ros2

4. AlgandrooBC. ROS2 Tutorial Book (36ipxa nexuyiii, koncnexmie ma énpas 3
ROS 2, niyensis MIT). https.//qgithub.com/AlejandrooB C/ros2-tutorial-book

JlonmomizkHa

1. ROS-Industrial Training Materias (Fraunhofer IPA). (Craiiou, npuxnaou,
enpasu 0151 NPOMUCTIOBUX 3aCcmocysans ROS?2)
https://discourse.ros.org/t/open-sourcing-our-ros2-industri al -trai ning-
material /21179

2. Murilo’s ROS2 Tutorial. (Biokpumuti naguanvruu pecypce, niyenzis CC BY-
NC-ND). https://ros2-tutorial .readthedocs.io

3. Maruyama, Y. (2022). ROS2 Design, Architecture, and Uses in the Wild.
(Ananiz apximexmypu ROS2 ma ii 3acmocysanyv). https://arxiv.org/abs/2211.07752



https://khai.edu/ua/university/normativna-baza/ustanovchi-dokumenti/kodeks-etichnoi-povedinki/
https://khai.edu/ua/university/normativna-baza/ustanovchi-dokumenti/kodeks-etichnoi-povedinki/
https://mentor.khai.edu/course/view.php?id=9290
https://docs.ros.org/en/humble/index.html
https://docs.ros.org/en/humble/Tutorials.html
https://github.com/fmrico/book_ros2?utm_source=chatgpt.com
https://github.com/AlejandrooBC/ros2-tutorial-book
https://discourse.ros.org/t/open-sourcing-our-ros2-industrial-training-material/21179?utm_source=chatgpt.com
https://discourse.ros.org/t/open-sourcing-our-ros2-industrial-training-material/21179?utm_source=chatgpt.com
https://ros2-tutorial.readthedocs.io/
https://arxiv.org/abs/2211.07752

