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XepCOHChKHI HAalllOHAJILHUN TEXHIYHUH YHIBEpCHTET

MOJAEJIOBAHHA TEXHOJIOI'TYHUX ITPOIECIB 3A TOITIOMOT OIO
ITPOI'PAMHOI'O CEPEJJOBHUIIIA FACTORY 1/0

YV cmammi  obrpynmosyemvcs  OOYiNbHICMb  3ACMOCYBAHHA — KOMN 1OMEPHO20
MOOeno8anHs O/ HABYANbHUX 1AOOPAMOPHUX KOMNIEKCI8 3 Memol ni02omoeKu (axieyis y
cpepi  asmomamuxu, pobomomexwiku i mexampouixu. Ilpoananizoeano mooswciugocmi
cneyianizo8ano2o NpocpamHo20 3abesnedenHs 07 GIpMyalbHOi po3pobKU ma MoOeno8aHHs
cucmem asmomamuxu Factory 1/0. Jocriosceno moscnusicmo inmeepayii npoepamu Factory
1/0 y cxnao nabopamopnoco cmendy i it 63aemMo0ii’ 3 CYUACHUMU NPOCPAMOBAHUMU JIOSTUHUMU
koumponepamu. Posensnymo ocnosni xomnonenmu i ckaadosi npoepamu Factory /0 —
auHano2u peanbHux 00°€Kmis, Wo BUKOPUCTNOBYIOMbCS HA DPISHOMAHIMHUX BUPOOHUYMEBAX.
IIpoananizosano ix npusnauenHs i napamempu.

ITnanyemocs  pospodoka cmendy, wo cxkradacmocss 3 PLC  Siemens S7-1200,
NepPCcoHaNbHO20 KoMNn'tomepa 3 écmanosieHum npoepamuum 3abesnevennsm TIA Portal i
Factory 1/0 3 moorcnusicmio niokurouentss 00 peanbHoi KOH8eepHOI NIHil, Wo YCmMamKko8ana
eNeKMpOOBUSYHAMU PI3HUX MUnie (KpoKoBUll O08USYH, CEPBONPUBOOD, OBUSYH HNOCMIUHO2O0
CMpYMYy) [ HU3KOI0 CeHCopis.

Knrouoei crosa: FACTORY 1/O; nabopamopruii cmeHoO, MOOen08aH A, KOHMpPOep.
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YHUBEpPCHUTET TOCYNapCTBEHHON (HPUCKATBLHOM CITYKOBI Y KparHbI

J.A. AIMUTPHUEB, C.A. PYCAHOB, 10.A. JIEBEJIEHKO

XepCOHCKHI HAIIMOHAIbHBIA TEXHUYECKUH YHUBEPCUTET

MOJIEJUPOBAHUE TEXHOJJOTMYECKHX ITPOILIECCOB C IOMOIIbIO
IMPOI'PAMMHOM CPEJBI FACTORY 1/0

B cmamve obocnosvisaemcs yenecoobpazHocms NpuMeHeHUs KOMNbIOMEPHO20
MOOenUpoB8arust 01 YVUEOHbIX JAOOPAMOPHLIX KOMNIJIEKCO8 C Yelblo NO020MOBKU
cneyuanucmog 6  cghepe  a8MoOMAmMuKy,  poOOMOMEXHUKU U  MeXampOoHUKU.
IIpoananusuposanvl 803MOHCHOCMU CREYUATUSUPOBAHHO20 NPOSPAMMHO20 obecnedenus 0N
BUPMYANbHOU  pa3pabomku u mooenupoganus cucmem aemomamuxu Factory 1/0.
Hccneoosana  6ozmooicnocmv  unmeepayuu  npoepammul - Factory 1/O 6  cocmasg
1abopamopHo2o cmeHoa U ee B63aUMOOEUCMBUs C COBPEMEHHbIMU NPOSPAMMUDYEMBIMU
Jlocudeckumu KoHmpoiepamu. Paccmompenvl ocnosHvlie komnonemmsl u cocmasnsroujue
npoecpammul Factory I/O kax ananoeu peanvbhvlx 00beKmo8, UCNONb3VeMbIX HA PA3TUYHBIX
npouzeoocmeax. llpoananusupoearnvl ux Ha3HayeHus U napamempboi.

IInanupyemca paspabomka cmenoa, cocmoswuii uz PLC Siemens S7-1200,
NEePCOHANILHO20 KOMNbIOMEPA C YCMAHOBIEeHHbIM NpocpamMmubim obecneuenuem TIA Portal u
Factory 1/O ¢ 603M0dcHOCIbIO  NOOKMIOYEHUS K  PedlbHOU  KOHBEUEePHOU  IUHUU,
000pY00BAHHOU  INEKMPOOBUAMENAMU — PASTUYHBIX — MUNO8  (UaAco8blll  08ucamelb,
cepeonpugoo, osuzamenb NOCMOAHHO20 MOKA) U HAOOPOM CEHCOPOS.

Knrwouesvie cnosa: FACTORY 1/O; nabopamopmuwiii  cmeHd, MOOeIuposarue;
KOHmMpOJLTEep.
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TECHNOLOGICAL PROCESS MODELING WITH FACTORY 1/0 PROGRAM

Thanks to progress in microelectronic and microprocessor-based systems, technological
process digital control systems based on programmable controllers have been developed worldwide.
As a result of the implementation of the Industry 4.0 a demand for new skills has arose both in the
industrial and academic world. The article substantiates the expediency of using computer modeling
for educational laboratory complexes with the aim of training specialists in the field of automation,
robotics and mechatronics. The possibilities of specialized software for virtual development and
simulation of Factory 1/0 automation systems are analyzed. The possibility of integrating the Factory
I/O program into the laboratory bench and its interaction with modern programmable logic
controllers is investigated. The interface elements and main components of the Factory I/0O program
are considered - analogs of real control objects used in various industries. Components purpose and
parameters were analyzed.

It is noted that the effective use of programmable logic controllers in automated control
systems for industry is closely related to the training of specialists capable of developing application
programs. Due to the complexity of debugging the developed programs on real technological
equipment, an analysis is made of possible options for modeling control processes and the
effectiveness of virtualization of control objects on computers is noted. The development of Real
Games in the creation of virtual control objects using 3D graphics for the purpose of teaching the use
of programmable logic controllers in production control systems is considered.

The prospects of using Real Games software products in the training of specialists for
automation systems for technological equipment are estimated.

It is planned to develop a stand consisting of a Siemens S7-1200 PLC, a personal computer
with installed TIA Portal and Factory 1/0O software with the ability to connect to a real conveyor line,
which is equipped with different sensors and various types of electric motors (stepper motor, servo
drive, DC motor).

Keywords: FACTORY 1/O; laboratory stand; modeling; controller.

ITocTanoBka nmpoodJieMu

HaBuanbHi KOMIT'IOTEpHI irpy MOXXYTb CTaTH 3pYyYHUM 1 €(EKTHUBHUM iHCTPYMEHTOM
JUIE HAaBYaHHS MOJIOAI, sIKa 3 CaMOro JWTHHCTBAa 3BUKJIA MPOBOJWTH Oarato dacy 3a
KoMmIT toTepoM. HaBuanbHi KOMIT'IOTEpHI Irpyd 3JaTHI MOEIHATH BHUMIp OCBITH 3 J100pe
3HaHOMHUM MOJIOJMM JIFOASIM BHMIpPOM BipTyaJbHUX pO3Bar. [HIIUMH CIIOBaMH, 3aBIaHHS
MOJISATa€ Y BUKOPUCTAHHI OCHOBHHX MPHUHIIMITIB BiEOIrop (IOCHIKEHb, BUKIIUKIB, 3MaraHb,
HAropo/i, MoOIIyKy, IPOrpecy) A MOTHBAIlil YUHIB Ta CIIPAMYBaHHS IIEHTPIB TX iHTEpECIiB 10
NIEBHOI TajTy31 OCBITH Ta HAYKH.

HasBHICTh cydacHUX J1aOOpaTOPHHUX CTEHJIB Ta HaBYAJILHOTO YCTATKYBaHHS 3aBXKIU
Oyna TOKa3HUKOM SIKICHOTO BUKJIQJAaHHS TEXHIYHMX TUCIHIUIIH, [0 BHUTITHO BUPI3HSE
HaBYAIBHHUU 3aKjal 3 MOMDK iHmUX. HeBil’€MHOIO CKIIQIOBOIO Ui BUBYCHHS CY4acHUX
CHCTEM YIpPAaBIiHHSI Ta aBTOMAaTHUKH, iH(OpPMAaliifHO-BUMIPIOBAIBHUX 1 OOYMCITIOBAIBHUX
3ac001B TPOMHKCIIOBOTO BUPOOHHUIITBA Ta POOOTOTEXHIYHMX CHUCTEM € HaBUYabHI JJAOOPATOPHIi
CTEHIH, SIKI PO3pOOJIAIOTHCS 13 3aCTOCYBAaHHSAM HOBITHHOTO OOJIQJHAHHS Ta MPOTPAMHOTO
3a0e3neyeHHs .

Take ycTarkyBaHHS J03BOJIsIE MAHOYTHIM (paxiBLSIM OTPUMATH HE TIJIBKU TEOPETUYHI,
a ¥ MpakTU4HI HABUYKH pOOOTH. 3 1HIIOTO OOKY, HABUYAHHS CTEIIATICTIB 3 aBTOMAaTH3AIlil JyIs
CydacHOi MPOMHUCIOBOCTI mOTpeOye BCeOIYHOI MIATOTOBKH, 30KpeMa 1 3HAWOMCTBa 3
OCHOBHUMH BUPOOHHYHUMH JIJITHKAMU 3aBOJIIB Ta 00’ €KTaMU aBTOMaTH3aIlil.

https://doi.org/10.32782/2618-0340/2019.2-2.5



ITPUKIIAJTHI ITHTAHHA MATEMATHYHOI' O MOJEJITIOBAHHA T. 2, Ne 2, 2019 p.

AHaJi3 ocTaHHIX JOCTiTKeHb Ta MyOaikamii
HaBuanbHi 1a0opaTopHi CTEHAM 3 MOXKIHUBICTIO TPUBHUMIPHOT CUMYJISALII CKIIaJIHUX
po3MnoieHnX 00’ €KTIB YIpaBIiHHA 1 HATYPHUMH KOMITIOHEHTaMH aBTOMAaTH30BaHOI CHCTEMH
— 1€ BiIHOCHO HOBHH 1 MEPCIEKTUBHUM UIAX BUPILICHHS NPOOJIEMH OpraHi3alii HaB4albHUX
nabopaTopiii 3 BUBUEHHS KOMIUJIEKCHHX MPOTPaMHO-TEXHIYHHMX 3aC00iB aBTOMAaTH30BaHOTO
YIIPaBJIiHHSA, [0 aKTHBHO po3BUBaeThes [1-3].

MeTta pociaizKeHHs
Metoro pobOTH € JOCHIDKEHHS MOXKIUBOCTEH MpOrpamMu sl CUMYJISILIL
TexHosoriynux mportieciB Factory 1/0 i 11 interpartist y ckiiaa 1ab0paTOpHOTO CTEHTY.

BuKJ/1aeHHsI 0CHOBHOT'O MaTepiary 10CTiIzKeHHs

Factory 1/O — ue cmemiamizoBaHa mporpama, ska TpU3Ha4YeHa Ui TPUBUMIPHOT
CUMYJISIIIT TEXHOJOTIA aBTOMaTH3aiii. BiZHOCHO mpocTa y BHKOPHUCTaHHI, BOHA JI03BOJISE
HIBUJKO MOOYIyBaTH BipTyasibHy (aOpHKy, BUKOPHUCTOBYIOUM IIHUPOKHUI Mepertik 3araibHUX
npomucioBux aeraneit [2]. Factory 1/0 Takox Bkiarouae B cebe Habip CIieH, 3aCHOBaHHMX Ha
TUIIOBUX MMPOMUCIIOBHX 3aBJIaHHAX PI3HOTO PiBHsI CKIamHOCTI [3].

OcHoBHUMH 00’€KkTaMHu yrpaBiiHHA y cepenosuii Factory I/O € koHnBeep, nucrepHa 3
piAMHOI0, POOOT-COPTYBaIbHUK, ABTOMATHU30BaHHWH CKIal, pPOOOT-MaHIMyJIsATOp, BEpCTaT,
pI3HOMAaHITHI BUKOHABYl MEXaHI3MH 1 CEHCOpHU. 3 IIMX CKJIAJIOBUX MOXKHa (HOpMYBaTH
BUPOOHUYY JIIHIIO PI3HOTO MPU3HAYEHHS 3a JONOMOTrOI0 KOHCTpykTopa. IlomiOna cumymsiis
TMOBUHHA JIO3BOJIATH TPOBOJMWTH TICBHI BHUIPOOYBaHHS CHCTEMH YIPABIIHHSA 1 THYYKO
nepeOyaoByBaTH 00'€KTH YIPaBIIHHA MiJ] pi3HI BapiaHTH KOHQITrypartii.

BinbmiicTh KOMITIOHEHTIB MarOTh BiJMOBIAHI 3MiHHI pi3HUX (OPMATIB, 32 JOMOMOTOIO
sakux mig’enHannid no IIK mo Mepexki KOHTposiep MOXKE BiJCTE)KYBAaTH 3MiHY CTaHy
KOMIIOHEHTa (JIaTunka, JBuryHa Ta in.) [4]. Ilpuxman oxHiel 31 ciieH HaBeaeHO Ha puc. 11 2,
e 300paXeHO COPTYBAJIbHY CTaHINIO JUIsI PO3MOJAUTY HHM3BKMX 1 BHCOKHX KOPOOOK 3a
JIOITOMOT'0I0 ONITHYHOTO ceHcopa [5].

Puc. 1. Burusix copryBanbHoi cranuii y mporpami Factory 1/0.
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Puc. 2. OcHOBHI eJleMeHTH KOHBeEPHOI JiHii: a — AijiiHKa BUMiploBaHHs i po3noainy Kopo0ok;
0 — BipTyasbHa MaHeJ b YNPaBJIiHHSA.

Haii6inpi pouinsauM € Bukopuctans Factory 1/0 B sikocTi HaBuanbHOI miatdopmu
y KOMIUIEKCI 3 TporpamMoBaHuMu JioriyHUMEU KoHTposiepamu (ITJIK). MoxnuBicTh HaBUaTHCS
pobori 3 IUIK, wMaroun Bi3yalnbHy MOZAETb BUPOOHWYOI MJUISHKH, QYHKIIT K0T
MIAMOPSAAKOBaHI MpoTpaMi, M0 BIACHOPYY po3poOjieHa 1 3aBaHTaXEHA y KOHTPOJEp, €
CYTTEBOIO TiepeBaroto [6—7].

Tum ne menm, Factory 1/0 takok MoKe 3aCTOCOBYBATHCS 1 CAMOCTIHHO Ta Ma€ BIacHE
CepeloBHIIIe sl TporpaMyBaHHs (puc. 3).

3 ]

Puc. 3. Baok mporpamu y cepeaosuii 115 nporpamysanns Control 1/0.

IIporpama Factory I/O no3Boisie B3a€MOIISITH 3 CHCTEMOIO Yy peaJlbHOMY daci i
3MIMCHIOBAaTH MOHITOPUHT 1i (PYHKI[IOHYBaHHS, IO JO3BOJIIE BBOJWTH TIEPEIIKOIN Ta
HECIIPABHICTh AATYMKIB JJIsl CTBOPECHHS aBapiiHUX cuTyarii [8—9].

Jus Toro, 1mo0 e(eKTUBHO BIPOBAIUTH KOMIUIEKC Ha ocHoBi Factory 1/0 y
HaBYAJBLHUM TIPOIIEC HEOOXITHO OTPUMATH JIIEH31iHE MporpaMHe 3a0€3MeUeHHS, IKE MOYKHA
3aBaHTaXXUTH 3 BeO-cTopinku kommanii Real Games. Factory I/O mae Ge3komToBHY MpoOHY
JIIEH3110 Ha MICSIb, 1 KiJTbKa BHJIB JIIEH31H 3 Pi3HUM (DYHKIIIOHAJIOM Ta CHEIliali30BaHUX
nix nesni [1TJIK (Siemens Edition, Allen-Bradley Edition).

Buxonsum 3 HasBHUX y pO3MOPSIHKEHHI KOHTPOJEPIB, HAWUOUIBII JOIUIBHUM €
BUKOpHcTaHHs noBHoro BuanHs (Ultimate Edition) abo crienianizoBanoro BuganHs Siemens.
OO6uaBa mpucTpoi MOBMHHI OYTH B OJIHIN MEpexi, IO T03BOJISAE 3a0€3MEYNTH 3'€THAHHS 110
Ethernet mix nporpamoto Factory I/O sika BctanoBiena Ha koM totepi 1 PLC Siemens S7-
1200. Kpim 1mporo, s HajamTyBaHHS 1 mporpamyBaHHsS PLC TakoX BCTaHOBIFOETHCS
BiAnoBinHe hipmMoBe mporpamue 3ade3nedeHHs (Siemens TIA Portal).
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<~ DRIVER 200/1500

SENSORS

Host: 192.168.1.23

High sens Qoo I Conveyor entry
Qo1
Qo2
Qo3
Q0.4
Qo.s
Qoe
Qo7
Q1o
Q1.1
(DINT) QD100

Emergency

FACTORY IO (Running)

Float ® Int = Any

Puc. 4. Koutpoaep Siemens S7-1200 y mpoexri Factory 1/0.

ACTUATORS

Counter

I Emitter

Transf. left

f. right

Ha puc. 5 nmokazanmii Mmonyns cumynsaTopa SIM 1274 va 8§ nTuCKpeTHHX BXOJIB JJIS
koHTposnepa SIMATIC S7-1200. Ilpu HamarokeHHi Mporpamu, IO 3HAXOAUTHCS HA CTafii
PO3pOOKH, TaKU MOMYJb 3aKPIIUTIOETHCS B OTBOpaX I'BHHTOBUX KJIEM TUCKPETHUX BXOJIIB
KOHTpOJIepa 1 BUKOPUCTOBYETHCS JUIS TIOJIa4yi HA Ii BXOAM JIOTIYHUX curTHAIiB. [lpu mpomy
KOK€H BUMHUKA4 MOJTYJISI Ma€ BIIOMY aJipecy B mam'siTi KOHTpoJiepa. Po6oTy mporpamu Takox

KOHTPOJIFOXOTh CTAHOM JUCKPCTHUX BI/IXOJ:[iB KOHTPOJICpa.

Puc. 5. Moayas cumyastopa SIM 1274,

CryneHT moBMHEH Matu 0a30oBi HaBuyku mnporpamysanus I[IJIK: Ladder Logic

(puc. 6), FBD (Function Block Diagram), STL (Statement List).
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%MO0.0 %10.3 %I0.5 %Q0.0
"Cycle ON" "LL1" "LH1" "Inlet valve"
| | | } /1 { F—
%QO0.0
"Inlet valve"
] 1
| |
%I10.0
"Cycle START"
] 1
| |

Puc. 6. TIA Portal Ladder Logic.

OCKUIBKM METOI0 CTBOPEHHS MOMIOHMX CTEHIIB € MiArOTOBKAa (HaxiBIB y Taimys3i
aBTOMAaTH3AIll 1 MEXaTPOHIKH, TOMY Tepen0avyaeThCs, 0 BOHU OyIyTh BUKOPHCTOBYBATHUCS
CTyJICHTaMH 3 TIOTIEpETHIMUA 0a30BHMMH 3HAHHSIMH B Taly31 aBTOMaTH3aIli.

BucHoBkHu

Ines momsrae B TOMy, 100 AOMOMOITH BHKJIAJady y HaBUAIBHOMY MpoOIeci Ta
po3pobuTH IMiTaIliifHE TTporpamMHe 3a0e3MEeUeHHs 3a JOMOMOTOI0 TEXHOJIOT1M Bijeoirop, ski
MPOMOHYIOTh TMPAKTUKY, MAOCBi, MOTHBAIIO 1, 3 PEIITOK, 3aHypEeHHS Yy HaBYaAHHS
aBTomatm3arii. 3 Factory 1/O, Bukiagau ctae MalicTpoM rpH, 110 Kepye creHapiem. OqHuMm i3
BEJIMKKX 3aBJaHb € IMiJrOTOBKA CTYACHTIB 3rimHo koumemnii Industry 4.0.

Factory 1/0 € iHTYITHBHO 3pO3yMiJOI0, MPOCTOK y BHKOPHCTaHHI MPOrpaMmoro Ta
KOPUCHUM THCTPYMEHTOM JUJIsl 3aCBO€HHSI MpUHIMMIB nporpamyBanns [UJIK. 3 nux mpuunH
MO>KHA BBaXKaTH 110 MPOrpamy AOLIIBHOIO /Il BAKOPUCTAHHS B HABYAJIBHUX 3aKiIajiax.

TakuM YMHOM Ha OCHOBI IPOAHANi30BAaHOI'O MPOTPAMHOrO 3a0e3MEUYEHHS MOXKHA
CTBOPHUTH JTaOOPATOPHUN KOMIUICKC JJIS MIATOTOBKU (haxiBIlIB 3 aBTOMATHU30BAaHUX CHUCTEM
YIIPaBIIiHHS Ta MEXaTPOHIKH.

Cnucox BUKOPUCTaHOI JiTepaTrypu

1. Riera, B., Emprin, F., Annebicque, D., Colas, M., Vigario, B. HOME 1/O: a virtual house
for control and STEM education from middle schools to Universities. IFAC-
PapersOnLine. 2016. Vol. 49(6). P. 168-173.

2. Next-Gen PLC Training. 3D Factory Simulation. 3D Training Software for PLC
Programming. URL.: https://factoryio.com (Accessed June 22, 2019).

3. Poblacion Salvatierra, I. (2018). Simulation software for automation industry: Factory 1/0
and KUKASIm software. URL: http://www.diva-portal.org/smash/get/diva2:1222361/
FULLTEXTOL.pdf

4. Imutpies, JI. O., PycanoB, C. A., Omenpuyk, A. A., ®enopuyk, /. JI. Po3pobOka
TEXHIYHHUX 3aC001B MPOEKTYBaHHS TEXHOJIOTTYHOTO 1 BEPCTaTHOTO 00JIaJHAaHHS KapKaCHUX
IPOCTOPOBUX KOMITIOHOBOK. Mechanics and Advanced Technologies.
2017. Bum. 3(81). C. 54-62.

5. Philippot, A. et al. HOME 1/0 and FACTORY 1/0O: 2 Pieces of innovative PO simulation
software for automation education. Proceedings of the 27th EAEEIE Annual Conference
(EAEEIE), (France, Grenoble, June 7-9, 2017), pp. 1-6.

6. Emprin, F., Riera, B. Process of Creating Educational Uses by Teachers from a 3D
Simulation of a House Home Automation to Teach Technology. Proceedings of the 3rd
international constructionism conference, (Austria, Vienne, August 19-23, 2014),
pp. 247-257.

https://doi.org/10.32782/2618-0340/2019.2-2.5


http://www.diva-portal.org/smash/get/diva2:1222361/%20FULLTEXT01.pdf
http://www.diva-portal.org/smash/get/diva2:1222361/%20FULLTEXT01.pdf

HPUHKIIAJTHI THNTAHHA MATEMATHYHOI' O MOJAEJIFOBAHHA T. 2, M 2, 2019 p.

7. Vaidya, S., Ambad, P., Bhosle, S. Industry 4.0 - A Glimpse. Procedia Manuf. 2018.
Vol.

20. P. 233-238.

8. Gonzalez, A. G. C.,, Alves, M. V. S., Viana, G. S., Carvalho, L. K., Basilio, J. C.
Supervisory Control-Based Navigation Architecture: A New Framework for Autonomous
Robots in Industry 4.0 Environments. IEEE Trans. Ind. Informatics. 2018. Vol. 14. Ne 4.
P. 1732-1743.

9. Baena, F., Guarin, A., Mora, J., Sauza, J., Retat, S. Learning Factory: The Path to Industry
4.0. Procedia Manuf. 2017. Vol. 9. P. 73-80.

References

1. Riera, B., Emprin, F., Annebicque, D., Colas, M., & Vigario, B. (2016). HOME 1/0: a
virtual house for control and STEM education from middle schools to Universities. IFAC-
PapersOnLine. 49(6), 168—173.

2. Next-Gen PLC Training. 3D Factory Simulation. 3D Training Software for PLC
Programming. Retrieved from https://factoryio.com (Accessed June 22, 2019).

3. Poblacion Salvatierra, I. (2018). Simulation software for automation industry: Factory 1/0
and KUKASIm software. Retrieved from http://www.diva-
portal.org/smash/get/diva2:1222361/ FULLTEXTOL.pdf

4. Dmytriiev, D. O., Rusanov, S. A., Omelchuk, A. A., & Fedorchuk, D. D. (2017).
Rozrobka tekhnichnykh zasobiv proektuvannia tekhnolohichnoho i verstatnoho
obladnannia karkasnykh prostorovykh komponovok. Mechanics and Advanced
Technologies. 3(81), 54-62.

5. Philippot, A. et al. (2014). HOME 1/0 and FACTORY 1/0: 2 Pieces of innovative PO
simulation software for automation education. Proceedings of the 27th EAEEIE Annual
Conference (EAEEIE), (France, Grenoble, June 7-9, 2017), pp. 1-6.

6. Emprin, F., & Riera, B. (2014). Process of Creating Educational Uses by Teachers from a
3D Simulation of a House Home Automation to Teach Technology. Proceedings of the
3rd international constructionism conference, (Austria, Vienne, August 19-23, 2014),
pp. 247-257.

7. Vaidya, S., Ambad, P., & Bhosle, S. (2018). Industry 4.0 - A Glimpse. Procedia Manuf.
20, 233-238.

8. Gonzalez, A. G. C., Alves, M. V. S., Viana, G. S., Carvalho, L. K., & Basilio, J. C.
(2018). Supervisory Control-Based Navigation Architecture: A New Framework for
Autonomous Robots in Industry 4.0 Environments. IEEE Trans. Ind. Informatics. 14, 4,
1732-1743.

9. Baena, F., Guarin, A., Mora, J., Sauza, J., & Retat, S. (2017). Learning Factory: The Path
to Industry 4.0. Procedia Manuf. 9, 73-80.

https://doi.org/10.32782/2618-0340/2019.2-2.5


http://www.diva-portal.org/smash/get/diva2:1222361/%20FULLTEXT01.pdf
http://www.diva-portal.org/smash/get/diva2:1222361/%20FULLTEXT01.pdf

