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AHOTALIA

B cydacHHX TEXHOJOTiSIX MPOMHCIIOBOCTI, BOEHHIH CIIpaBi, MEIUIMHI, HAaylli, Ta IHIINX TaTy3SX HIMPOKO BUKOPHCTOBYIOTHCS
poOOTH 3 TEXHIYHHM 30pOM, IIO CKIAJAIOTHCS 3 MEXaHIYHUX MaHINyISATOPIB Ta CHCTEM YNPaBIiHHSA HUMH. MeToro poboTH €
po3MIMpeHHs (HYHKIIOHATBHAX MOXIJIMBOCTEH CHCTEMH KepyBaHHS POOOTOM Juisi OE3[EYHOr0 3aXOIUICHHS MpeaMeTa JIOBLIBHOI
(bopmu. JTist focsrHEHHS] MeTH Oylia CIIPOEKTOBaHA alapaTHO-IIPOrpaMHa CHCTeMa BiUTAJICHOTO KepyBaHHS,

AmnapaTrHa YaCTHHA ITiJICHCTEMH Po3pobiicHa i3 BUKOPHCTaHHIM Mikpokomi rotepa Raspberry Pi, miaru Stereo Pi, miatu s
migkmoueHHs BockMu cepBomnpuBoniB  Adafruit PCA9865, kamep Raspberry Pi camera module. Kamepu migxiroyeHo 10
MIKpOKOMIT'I0Te€pa APOTOBUM MeTOIOM. Po3poOka ImporpaMHOro Komy CHCTEMH BKIIIOYana Po3poOKy MpOrpaMHOro 3a0e3neyeHHs
MaHIIyIATOpa 3 KaMepaMH TEXHIYHOIO 30py, MiKPOKOMII IOTepa Ta Be0-3aCTOCYHKA 3 ypaXyBaHHAM BiJJOMHX CHCTEM YNpaBlliHHA. B
IiICKCTeMI, 110 po3pobiIeHa, 3acTocoByeThest MoBa Python. [{ns BeG-3acTocyHky Oyio odpano cepenouiie po3podkr WebStorm Bix
JetBrains ta ¢peiimBopk Flask.

ODyHKIiOHATBHA YaCTHHA PO3POOJICHOI CUCTEMH 3[IHCHIOE MOJICPYBAaHHSI, KOJICKTUBHE a/IMiHICTPYBAaHHS, 3BOPOTHI 3B’ 30K i3
KOPUCTYBa4aMH ITiJICHCTEMH, OIEpaTUBHE IPOrpaMyBaHHS MIKpOKOMII IOTepa, MiAKIIOUCHHs /10 JIOKaJIbHOI Mepesxi abo IHTepHery.
Oco0nuBICTIO (QYHKIIOHATBHOI YaCTHHHU € 3a0e3MeUeHHs] MOXIIUBOCTI Bi/laIeHo, i3 BUKOPUCTaHHIM Be0-3aCTOCYHKA, 3MIHIOBATH Ta
KOPHUI'YBaTH TOYHICTH POOOTH CEpPBOJABUIYHIB, a TAKOXK 3aJIOBAaTH KOJICKTHB KOMIIETCHTHUX HEaBTOPU30BAaHHX KOPHCTYBAadiB,
aBTOPW30BAaHUX KOPHCTYBadiB, EKCIIEPTIB Ta aaMiHicTparopiB. [lOCiiDKeHHS IIBUAKOAII MiICHCTEMH MHPH OJHOYACHIH POOOTI
BEJIMKOTO KOJISKTHBY KOPHCTYBayiB (0 THCS4i) MPOBOAMIOCH 3a Jormomoror mporpamu Apache JMeter. IIpoBeneHo Takox
TECTYBaHH; [IPOrPaMHOr0 3a0e3MeUeHHs CUCTeMH, (PyHKI[IOHAIbHE Ta MOIYJIbHE TECTYBaHHsI, po3polIeHo iHnTepdeiic cucremu.

B mpoueci QyHKIIOHANIFHOrO TECTyBaHHs OyiaM YCIIIIHO peani3oBaHi BiJIIOBIIHI IOBIIOMICHHS, mepeaapecamii, il
MaHIMyJIsITOpa Ta B3a€EMOII0 3 KopHcTyBayaMu. Jljisi MOIYIBHOTO TECTyBaHHs Be0-3aCTOCYHKY Oysi0 Bukopucrano Pytest-
(bpeiiMBOpK.

KirouoBi ciioBa: : cucrema; poboT; MiKpOKOMIT 10Tep; (PyHKIIIOHAIbHI MOXKIIMBOCTI; BifjalieHe KepyBaHHs, Be0-3aCTOCYHOK

AKTyaJibHicTb. MOOUIBHICT, ONTHUMaNbHI TrabapuTH, eKCIUTyaTalliiiHa JOCTYIHICTh Ta
HAJIMHICTh, MIBUIKICTh HaJAIITyBaHHs, BapIiaTUBHICTh pPYXiB 3a0e3MeyyloTh MOXIIUBICTh
BUKOpPHUCTaHHS poOoTiB (P) sik 3pyuHuil IHCTpYMEHT [AJIsl aBTOMAaTHYHOTO COPTYBaHHs a0o0 30ipku
00'eKTiB, TeCTyBaHH:, MaHINy/ALii 00'€KTaMU Ta HaBITh KEpyBaHHS IHIIMMH HpUCTposMu. OpHak
iCHye JOCUThb MaJjla KUIbKICTh pO3pO0OK, SiKi 3a0e3MeuyroTh MOBHY IUCTaHIlIMHICTH P Ta naioth
MOJKJIMBICTh OIlepaTopaM KepyBaTH 1 IepeMillyBaTH O00’€KTH Ha BiACTaHI Oe3MocepenHbo 3
KOHTPOJIPHOTO IIEHTPY 3a JOTOMOIOI0 BiJleOKamep, PI3HOMAaHITHHUX JaTYMKIB Ta MEXaHI3MIB
yIpaBJliHHA. BHacnmiiok bOTO pPO3MIMPIOIOTHCS EKCIUTyaTalliiiHi MOXXIUBOCTI P, ToMy po3poOku
MiZCUCTEM JUCTAHLIHHOTO KepyBaHHS poOOTaMH JOCTaTHHO AKTYalIbHi.

Pe3ynpTaTi NOPIBHIOBAIBHOIO aHAII3y JEsIKMX O0a30BHUX EKCIUIyaTal[lfHUX XapaKTepUCTHK
TaKUX BIIOMHX POOOTIB 3 MMCTAHIIMHUM KepyBaHHsIM, sSK MaHimymstopu Tumy Niryo One [1],
Dobot Magician [2], Universal Robots UR5 [3] naBeneHo B Tabuili.

OpHak, Ipu BUKOPUCTAHHI TaKUX POOOTIB ICHYE MOXKIUBICTD 3HWKEHHS TOYHOTO 3aXOIUICHHS
HEBIIOMHUX paHile 00'eKTiB BHACIIJOK HE 3aBXJW KOPEKTHOTO BU3HAa4YeHHs (GopMmMu Ta rabapuTis
IpeaMeTa, 110 MOTIPIIYeE IX eKCIUTyaTalliifiHi MOKIMBOCTI.
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Tabnuysa. IlopiBHAIbHI XapaKTePUCTHKHU POOOTIB

XapakTepucTHKA Niryo One Dobot Magician Universal
Robots UR5

Lina 1999 USD 1499 USD 35 000 USD

MOoOUTBHICTB Taxk Taxk Hi

Jlerkicth y Taxk Taxk Hi

BUKOPHUCTAHHI

HIBuakicTh Isunko Isunkxo JloBro

HaJallTyBaHHS

BapiaTuBHicTh 6 pyxiB 4 pyxu 6 pyxiB

pyxiB

Maa iiMOBIpHICTB Taxk Tak Tak

BTpAaTH JTAHUX

JlucTaHIIitHICTh Tak Tak Tak

HasBHuicTb Hi Hi Hi

TEXHIYHOTO 30Dy

3 METOI0 MIABUIIEHHS TOYHOCTI 3aXOIJICHHS MOTIEPETHRO HEBIZIOMOTO TIPEIMETY HaMH paHillIe
Oyno po3po0JEHO Ta OMHMCAHO IHTEJIEKTYaJbHY MPOrpaMHO-aapaTHy IMiJICHCTEMY 3aXOTUICHHS
peaMeTa IHTEJIEKTyalbHUM pOOOTOM-MaHImyIaTopoM 3 TexHiuauM 3opoM (IPMT3) Ha ocHOBI
omeparii moOymoBU TauMOUHHOI KapTh [4] mo oTpumanomy crepeosobpaxkennio [5]. Ilporec
BKJIFOYAB TaKO)K BU3HAYEHHS BIICTaHI1 Biff poOOTa-MaHINMyJIATOpa A0 BCIX TOYOK MPEAMETa, KOHTYPY
npeaMera, TOYKH 3axBaTy IMpeJMEeTa 1 YTOYHEHHs IOJIOKEHHS pOoOOTa-MaHIMyasATopa, a TaKoX
BU3HAYCHHS CTYICHS 3aXOIUICHHIO pOOOTOM-MaHIMyJIATOpOM TIpeaAMeTa Ta pyxy poboTta-
MAaHIIyJIATOpa 10 3aXOIUICHHIO MPEIMETa B BU3HAYCHOMY MICIT.

Pazom i3 TuMm, mucraHniiine kepyBaHHs poOotoM IPMT3 Ha ocHOBI omeparlliii moOyaoBu
MIMOMHHOT KapTU MO OTPUMAHOMY CTEPE0300paKEHHIO BIACYTHE, IO 3HIDKYE (YHKI[IOHAIBHI
MOJKJIMBOCTI TaKOTO TPUCTPOIO, HAMIMHICT, BUKOHAHHS 3aBJaHHSI Ta TOYHICTh 3aXOIUICHHS
npeaMera.

Mera npocaimxenHsi. BpaxoByrouu BuilleckazaHe, B poOOTI MOCTaBJieHa METa pPO3IIMPEHHS
(GYHKIIIOHAJTbHUX MOJIMBOCTEH CHUCTEMHM JAUCTAHI[IMHOTO KOHTPOJS poOOTa Ta MiABHILEHHS
TOYHOCTI 3aXOIUICHHSI 00 €KTY MUISIXOM 1i MOJaJIBIIOTO BJIOCKOHAICHHS.

Jlns peanizallii MOCTaBJI€HOI METH HAMU IPOAHAI30BAHO ICHYIOUM TEXHIYHI Ta MPOrpamHi
pIlIEHHs B rayly3i JUCTAaHIITHOIO KOHTPOJIIO 3a IOTIOMOT0I0 poOOTIB-MaHINYIATOPIB Ta po3poliieHa
amapaTHO-TPOTpaMHa MiJCUCTeMa JUIsl JUCTAHILIHHOTO KOHTPOJI po0OoTa, 3arajibHa CTPYKTYpHA
cxeMma SIKOi mpHuBe/IeHa Ha PUCYHKY.

Cucrema BKJIIOYa€: amapaTHy, (YHKIIOHAbHY, MPOTpaMHy YacTHHHU, KOpHCTyBauda, BeO-
3aCTOCYHOK.

Jlis KOMIOHOBKH TiIcUCTEMHU Oyna po3poOiieHa eleKTpuyHa cxema 3'€JHaHHS OCHOBHHX
KOMIIOHEHTIB ~amapaTHOI YacTHHU CHUCTEMH, a caMmMe, MIKPOKOMII'I0Tepa, CEpBOJBUTYHIB
MaHiNyJsTopa, Bileokamep.
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KepyBaHHA Kamepany

Razpberry P13 »
Ta MarINyNATOPOM

Cameara Modula g BigaanoTi

| MPOrPAMHA YACTHHA ¥ KopwcTyEady

BHEkOHaHHA

Manipulator o
MECAHHNY iR

Pucynok. 3arajibHa CTPyKTypa anapaTHO-NPOrpaMHOI CHCTEMH ISl TUCTAHIIHOT O
KOHTPO.I10 podoTa

AnapatHa 4YacTMHa CHCTEMH po3poOJieHa Ha OCHOB1 amapaTHoi migcuctemMu [5] 13
BUKOPHCTaHHAM Mikpokowmil torepa Raspberry Pi, mutatu Stereo Pi, maninmynsTopa, CepBOABHUIYHIB.
BiciM cepBonpuBoAiB y MaHIOYyJIATOpi, (10 BIANOBITAIOTH 32 BUKOHAHHS BOCBMH i), OyIo
migkmoueHo 3a  gomomororo tmatk  Adafruit  PCA9865. Takoxk ApOTOBHM METOIOM IO
MiKpokoMIT'foTepa miakimoueHo Raspberry Pi camera module.

Po06O0T KOHTPOITIOETBCS 32 JONIOMOTOFO IYJIbTa JUCTAHIIIHHOTO KOHTPOJIO.

OyHKIIOHATPHA YacTHHA PO3po0JIeHOT CHCTEMHU 3IIMCHIOE MOJIEPYBaHHS, KOJEKTUBHE
aJMIHICTPYBaHHS, 3BOPOTHIA 3B’S30K 13 KOPUCTyBadyaMH CHUCTEMH, OTEPATUBHE MPOTPaMyBaHHS
MIKpOKOMIT' FOTE€pa, TMIAKIIOUEHHS [0 JIOKaJIbHOI Mepexki abo IaTepnery. OcoOIMBICTIO
(YHKIIOHATBPHOT YaCTHMHH € 3a0€3MeUeHHs MOXJIMBOCTI BIAJaJIEHO, 13 BHKOPHUCTaHHSIM BeO-
3aCTOCYHKa, 3MIHIOBaTH Ta KOPETyBaTH TOYHICTh pPOOOTH CEpPBOABUTYHIB, a TaKOX 3aJiATH
KOJICKTUB KOMIIETEHTHHX KOPHCTYBadyiB, I YOTO Iepea0adyeHo KOPUCTYBadi YOTHPHOX THIIIB:
HEaBTOPH30BaHUI KOPHCTYBay, aBTOPU30BAHUN KOPUCTYBAY, CKCIIEPT Ta aIMIHICTPATOP.

Buxonsun i3 MOXIMBOCTI MIATPUMKH BiJ€OKaMepH, HAsIBHOCTI OIEpalidiHOi CHCTEeMH Ta
BHCOKOT IIOTYXKHOCTI, U KEPYBAaHHS MaHIMyIsTOpoM Oyito oOpaHo MikpokoHTposiep Raspberry
Pl 3. Jlo Toro k BiH Ma€ MATPHUMKY IOPIBHSHO JIETKOI MOBH IporpaMmyBaHHs Python 3 ycima
HeoOximHUMHU 016Ti0TeKaMHu JUTsl peatizallii TEXHIYHOTO 30PYy.

[Tporpamue 3abe3nedeHHs MIKPOKOMIT' I0Tepa po3pobieHo y cepenouiii Py Charm, ockinbku
Py Charm — ue inTerpoBana cepena po3pooku (IDE) mis moBu mporpamyBanns Python ta namgae
IUPOKUi Habip (yHKIiH, iHCTpyMeHTIB Ta MoxiauBocted mis IPMT3. Py Charm mae dynxmii
pedakTopuHra KOJIy, aBTOMATHYHOTO JOMOBHEHHS KOJy, IHTETPallif0 3 CHUCTEMaMU KOHTPOIIO
BepCii, BiIaquuK Ta 0arato IHIIMX KOPHCHHX iHCTpyMmeHTiB. Kpim Toro, Py Charm minrpumye
pi3HOMaHiTHI (hpeiiMBOpKH Ul CTBOpEHHs BeO-moaaTkiB, Takux sk Django, Flask Ta FastAPI. Py
Charm nocrymumii sik GeskomToBHa Bepcis Community Edition Ha Ttakux miatgopmax sk
Windows, Linux ta MacOS.

3 MeToro 3a0e3MeUeHHs] TUCTaHIIMHOCTI, MIAKIIOYEHHs! JI0 JIOKaJIbHOT Mepexi abo InTepHeTy B
Mmikpokomit 'rorepi RaspberryPi 3 BukopucroByBaiucy WI-FI ta Ethernet intepdeiicu, HTTP. [{ns
3’€[IHAHHS MIKPOKOMII F0Tepa 3 pobopykoro Oyino Bukopucrauno miaty Adafruit PCA9685.

Po3poOka mporpamMHOro KOAy CHUCTEMH BKIIOYana po3poOKy MpOrpaMHOro 3abe3rnedeHHs
MaHINyJIsaTopa 3 KamMepamMH TEXHIYHOTO 30pYy, MIKpOKOMIT'IoTepa Ta BeO-3acTocyHka. CepBepHa
YaCTMHM BUKOHaHa Ha MOBI mporpamyBanHs Python. [lns BeG-3acTocyHky Oyno BUOpaHO
cepenoBuiie po3pooku WebStrom Bix JetBrains, ockinbku naHe cepeioBuIle A00pe aaanToBaHe
JUIs TECTYBAHHS IpOTpaM, 110 3HAYHO MOJIErIIye NMPOBEACHHS TECTIB MiJ 4ac po3poOku. Tak sk
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Be0-3aCTOCYHOK € OJHHMM 1 LEHTPAJIbHUX AaCHEKTIB Ili€i po3poOku, s 3a0e3nmeueHHs] TaKux
MOXJIMBOCTEH, $IK MIiATpUMKA O0a3M JaHuX, ayTeHTH(]ikamis KOpUCTyBauiB, 00OpoOka Gopm,
IHTETpyBaHHA 3 IHIIUMH iHCprMeHTaMH ta Oibmiorekamu Python, miHiMamicTHUHMI JU3aliH Ta
NPOCTOTa Y BHUKOPUCTAHHI, JJIsi CTBOPEHHs HBbOro Oyno oOpano ¢peiimBopk Flask. Flask Takox
Hajae 0arato pO3IIUPEHb, SKi MOJETHIYIOTh PO3pOOKY 1 OJAIOTh HOBHM (YHKI[IOHAT Ta
MO>KJIBOCTI.

Oco0uMBICTIO TAaHOT CHCTEMH € Te, III0 BOHA PO3po0JIeHa ISl KOPHCTYBAadiB YOTUPHOX THIIIB:
HEaBTOPHU30BaHUI KOPHCTYBad, aBTOPU30BAHUN KOPUCTYBAY, EKCIEPT Ta aJMIHICTPATOP.

BpaxoByroun HEOOXIIHICTH pOOOTH KOJEKTHBOM KOMIIETEHTHHUX KOPHCTYBAdiB, KIIE€HTCHKY
4acTUHY po3po0sieH0 Ha ocHOBI Takux TexHousorid ssk HTML, CSS ta Javascript.

B po06ori 3 kamepamu Oyiio BUKOpHCTaHO odiltifiny 6idmioTexky Pi camera.

st poOOTH 3 CHCTEMOIO KOPHCTYBad HAJCHJIAE€ 3allUT HAa KOPUCTYBAaHHS MAaHIMYJISITOPOM
po0oTa, micias 4oro KaMepH CKaHylTh poOOUMil POCTIpP Ta BIAMPABIAIOTH JaH1 10 BE0-3aCTOCYHKY
(pucyHoK). Beb-3acToCyHOK HajCcHiIa€e 3amuT 10 0a3u JTaHWX Ta OTPUMYE HEOOXiIHI JaHi. Y CBOIO
yepry micias 00poOKH JaHUX, B€O-3aCTOCYHOK BINpaBIIsie X O MIKPOKOMII I0Tepa, sIKUii 00poOIisie
111 JaH1 Ta HaJICWJIa€ 0 MAHIMyJsTOpa podoTa.

[Tin wac miaTBEep/UKEHHS MOCTOBIPHOCTI pe3yibTaTiB JaHUX JOCTIDKEHb, OYyl0 TPOBEICHO
KOMIUIEKCHE TeCTYBaHHSI ITiJICHCTEMH.

Pesynbratn BHmpoOyBaHb MakeTy poOOTa 3 pPO3pOOJEHOI CHCTEMOIO JAMCTAHIIIMHOTO
KOHTPOJIIO TIOPIBHIOBAJIUCH 3 pe3ylibTatamu BulipoOyBanb MakeTy IPMT3 6e3 cuctemu [6]. 3 50-Tu
crpo0 3axoIIeHHS TpeaMeTy 0yio 3adikcoBaHo 50 akTiB 3aXOIUICHHS Ta TMEPEMIICHHS TIPEIMETIB
BUIBHOT (pOpMH MaHIMyIATOpPOM, Ha BiAMIHY Bif 47 akTiB 3axomneHHs [IPMT Ge3 nigcucremu, To0TO
TOYHICTh 3aXBaTy Ta MEPEMIIIEHHS MpeaMeTa migBuimmiack. OkpemMi MOXHOKH B poOOTI CHCTEMHU
HOCHJIM THCTPYMEHTAJILHHM XapaKTep Ta KOPETYyBAIHCS MOOPOM BIAMOBIIHOT anapaTHOi YaCTUHH.
[Ipy 1mpoMy mpolieCc aBTOMATHYHOTO 3aXOIJICHHS Ta NEPEeMIIICHHS NpPeaMeTy TUCTAHLIHHO
KOHTPOJIFOBABCS OJTHUM KOPUCTyBaueM, a00 JEKUTbKOMA, 3aJIeXKHO BiJ BUPOOHUYOT 3a1a4i.

Ax mokazanu JoCHiHKEHHS, (QYHKIIIOHATBHI MOMJIMBOCTI poO0OTa PO3MIUPSIOTHCS, OCKUTBKH
J0JaTKOBO JI0 (DYHKIIH aBTOMATHMYHOTO 3aXOTUICHHS MpeIMeTa Ha OCHOBI aHai3y mpenmera, PM
MOX€ BHUKOHYBAaTH (YHKI[Ii JUCTAHIIIMHOTO KOHTPOJIO 3aXOIUICHHS IpeJIMeTa, a TOYHICTh 1
HAJIHHICTh 3aXOIUICHHS ITJIBUINYETHCS, OCKUIBKH JUCTAHIIHHUA KOHTPOJIb POOOTOM J03BOJISIE
BHUJIAJICHO 3MIHIOBATH Ta KOPEryBaTH KYTH HAaXWJy CEPBOMOTOPIB, a TaKOX, NMPH HEOOXITHOCTI,
33T KOJIEKTUB KOMIIETEHTHUX KOPHCTYBauiB.
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ABSTRACT

In modern technologies across industry, military affairs, medicine, science, and other fields, robot, equipped with machine
vision which consist of mechanical manipulators and their control systems are widely used. The aim of this work is to expand the
functional capabilities of the control system of the robot to safely grasp an object of arbitrary shape. To achieve this goal, a
hardware—software subsystem, has been developed.

The software and hardware complex consists of such main parts as the user, the web client, the devices part, functional block.
Appropriate third-party libraries are used for the program code. The hardware part of the system was developed using a Raspberry Pi
microcomputer, a Stereo Pi board, a board for connecting eight servomotors (Adafruit PCA9865), and Raspberry Pi camera modules.
The cameras are connected to the microcomputer via a wired connection. The development of the system’s software included
creating the manipulator’s software with machine vision cameras, the microcomputer, and a web application, taking into account
established control systems. The Python language is used throughout the developed system. For the web application, the WebStorm
development environment from JetBrains and the Flask framework were chosen.

The functional part of the developed system performs tasks such as moderation, collective administration, user feedback, real-
time programming of the microcomputer, and connecting to a local network or the Internet. A distinctive feature of this functional
part is that it enables, remotely via the web application, the adjustment and fine-tuning servomotor precision. It also allows for the
involvement of a team of competent users — including both unauthorized and authorized users, experts, and administrators.
Performance testing of the system, under the simultaneous operation of a large group of users (up to a thousand), was conducted
using Apache JMeter.

In addition, the system’s software was tested; both functional and module testing were carried out on the developed interface.
The study of the speed of the system during the simultaneous work of a large group of users (up to a thousand) was carried out using
the Apache JMeter program. During functional testing, appropriate messages, redirections, manipulator actions, dialogues, and user
interactions were successfully implemented. For module testing of the web application, the Pytest framework was used.

Keywords: System; robotic; microcomputer; functional capabilities; remote control, web application
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