Po3nonisieni cucremu 300py eKcrnepuMEHTAJbLHHUX AaHUX Ha 0a3i BipryaabHux IP-
MOYJ1iB

PacnipenesieHHble CHCTEMBI €OOpa JKCHEPUMEHTAJIBHBIX [aHHBIX Ha 0a3se
BUPTYaabHbIX |P-Moaynei

Distributed systems for collecting experimental data on the basis of virtual IP-modules

1. Homep nep:xaBHoi peecTpauii Temu - 0116U0036%4
2. HaykoBuii kepiBHUK — 1.T.H., npod. IlleBuenxko K.JI, IlleBuenko K.JI., Shevchenko
Konstantin L.

3. CyTb po3po0Ku, OCHOBHI pe3y/IbTaTH.
(Ykp.)

Po3pobieHo  KOMIUIEKC amapaTHO-MPOTPAMHUX 3acO0IB Uil TTOOYTOBH PO3MOIUICHUX
OaraTokaHAJIbHUX MIKPOKOHTPOJIEPHHUX CHCTEM 300py Ta 0OpoOKM BHMIPIOBAJIBbHOI 1HGOpMAaIil
Ha OCHOBI MEpeX BIPTYaJbHUX BHMIPIOBAIBHUX MOAYNIIB 3 HiaATpuMKoio [P-mportokony,
nomupeHux udpoBux iHTepdeiciB, cnenianizoBanux mepexxeBux npotokoliB CoAP/CoRE Ta
THYYKOTO TPOTPaMHOTO KOH(IrypyBaHHS BHMIPIOBAIBHHX KaHAJIiB B 0araro3ajgaqyHomy
CepeloBHINi. 3ampoloHOBAaHO MiAXiA A0 MOOyIoBHM cucTeM 300py Ta  00poOku
eKCIEPUMEHTAIBHUX JIAaHUX SIK OaraTOpiBHEBOI MEpEKi BIpTyaJbHUX BUMIPIOBAIBHUX MOJYJIIB.
3arponoHOBaHO KOHLEMIIII0 BIPTYaJIbHOTO BUMIPIOBAIBHOTO MOJYJIS K y3arajabHEHHs IMOHATTA
IHTENEKTYyalbHOTO CEeHcopa Ta Moxayns iHdopmariiiHoro oOMmiHy. Bipryansnuit IP-momyns
noOy/noBaHO K Mepexy (i3M4HUX iHPOpMAIiHHUX OJIOKIB OJEp)KaHHS AAHUX 3 THYYKHUM
KOHQIrypyBaHHSM Ta MiATpUMKOIO [P-mporokomy mansi 30BHIMIHBOI Mepexi. Po3pobiieHo
amapaTHe 1 NporpamMHe 3a0e3leueHHs] MEpeXEeBHUX IHTENEKTyaJlbHUX MOJYINiB 300py AaHUX Ha
OCHOBI MiKpokoHTpoJepHux 3aco0iB Texas Instruments ta Silicon Laboratories. Po3pobaeno
arapaTHe Ta IporpamHe 3a0e3nedeHHs oOpoOKM BHUMiproBaibHOI iH(pOpMaIlii B ceperoBHIII
onepaniiHux cucreM peanbHoro yacy FreeRTOS ta KeilRTX. PeamizoBano ¢yHKIioHYBaHHS
BIPTyaJIbHUX MOJYJIIB B PEXKHUMI PO3NOALTY Yacy I 3MEHIIEHHS alapaTHUX 3aTpaT Ta BapTOCT1
cucteMu. 3a0e3neueHa MiATPUMKA THYYKOTO MPOTPaMHOTO KOHQITypyBaHHS OaraTOKaHAIBHUX
JIOTIYHHUX CEHCOPiB Ha OocHOBI crenianizoBaHoro Web-cepsicy CoAP/CoRE.

OTpuMaHO HOBI TEXHIYHI pIIIEHHS Ta CTBOPEHO amapaTHO-NPOrpaMHI 3aco0u s
no0yJI0BH MIKPOKOHTPOJIEPHUX BIPTYalIbHUX MEpPEKEBUX BUMIPIOBAIBHUX MOJIYNIB I 300py
Ta 00pOOKM eKCIepUMEeHTaNbHOI 1H(OopMallii 3 MATPUMKOI JUHAMIYHOTO KOH(DIrypyBaHHS Ta
(GYHKLIOHYBaHHS Ha OCHOBI BOYJOBAaHUX OMNEpaLiHHUX CHUCTEM pealbHOTO  dacy,
cnemianizoBanux Web-nipotokoniB CoAP ta Web-cepriciB CORE, Bimmamenoro IaTepHer-
JOCTYMY Ha OCHOBI BOYJJOBaHHX TEXHOJIOT1H Ta cucTeM 300py IaHUX Ha iX OCHOBI.

AnapaTHO-IporpaMHHUIl KOMIUIEKC 3a0e3nedye po3pOoOHUKIB TUIOBUMHM PILICHHSIMH Ta
IHCTpYMEHTAJIbHUMH 3aC00aMU Ul CTBOPEHHS PO3MOJUIEHUX CHCTEM BiJJAleHOro 300py Ta
00pOOKM  eKCIepUMEHTATbHUX JaHUX Ha OCHOBI cheriamizoBanux Web-npoTokortis.
Bukopucranus BOyIOBaHHX MIKPOKOHTPOJEPHMX 3acO0iB CYTTEBO 3MEHIIMJIO BapTiCTh
BigAaneHoro IHTepHeT-MOHITOpUHTY Ta [HTepHeT-kepyBaHHS, 3MEHIIWIO MacoradapuTHI
MOKa3HUKH Ta €HEProCIOKMBAHHS CUCTEM MOPIBHSAHO 3 KOMIT FOTEPHUMH apXITEKTypaMH.

(poc.)

PazpaboTan  KOMIUIEKC  ammapaTHO-IPOTPAMMHBIX  CPEACTB IS MOCTPOCHHS
pacrpeieieHHbIX MHOTOKAaHAJIbHBIX MHKPOKOHTPOJUIEPHBIX CcHUCTeM cOopa U oOpaboTka
U3MEPUTENbHOM MH()OPMAIMM HAa OCHOBE CeTeH BUPTYaJbHBIX H3MEPUTENBHBIX MOJIYJEH C
MOAJIEPKKON IP-nporoxkona, pacrpoCTpaHEHHBIX (G POBBIX uHTepdeicos,
CHeLMATU3UPOBAHHBIX  ceTeBbIX MpoTOKOIOB CoAP/CoRE wu rubkoro mnporpaMMHOTo
KOH(HUTYpUpOBaHUSI M3MEPUTEITHHBIX KaHAJIOB B MHOTO03a/1auyHoi cpenae. [IpemnoxkeH moaxon K
MOCTPOCHUIO CUCTEM cOopa U 00pabOTKU IKCIEPUMEHTAIbHBIX JaHHBIX KaKk MHOTOYPOBHEBOM
CeTH BHPTYAJIbHBIX M3MEPUTEIBHBIX Moayleil. [lpemnoxkeHa KOHIENINS BUPTYaJIbHOTO
U3MEPUTEIIBHOTO MOJyJIsi Kak 00OOIIeHHE MOHATHS WHTEIUIEKTYaJbHOIO JAaT4MKa U MOIYJIS



uHpopmanmonHoro obmena. Buprtyanpubrii IP-Momyns mTOCTpoeH Kak ceTh (PU3MUECKHX
UH(POPMALIMOHHBIX OJOKOB ¢ TMOKMM KOH(UTypUpOBaHMEM M mojjep:kkoil [P-mporoxona ms
BHEIIHEW cern. Pa3paboraHo ammapaTHoe U MPOTpaMMHOE OOECIICUEHHE CETEeBBIX
WHTEJUICKTYaJIbHBIX MOJAYJEH cOopa NaHHBIX Ha OCHOBE MHUKPOKOHTPOJUIEPHBIX CPEACTB TE€Xas
Instruments u Silicon Laboratories. Pa3paborano anmapatHoe u mporpaMMHOe oOecrieueHue
00paboOTKK M3MEPUTEILHON MHPOPMAIIUU B CPEJie ONMEPAIMOHHBIX CUCTEM PeaTbHOrO0 BpEMEHU
FreeRTOS u KeilRTX. PeannzoBano (GpyHKIIMOHMPOBAHWE BUPTYaJTbHBIX MOMIYJICH B pEKUME
pacnpeacicuud BpCMCHU [JIsI YMCHLUICHUA alIllapaTHbIX 3aTpaT U CTOMMOCTU CHUCTCMBIL.
O0ecneyeHa TMojIep)KKa THOKOTO TPOrPaMMHOTO KOH(PUTYPUPOBAHHMS MHOTOKaHAJIbHBIX
JIOTUYECKHUX CEHCOPOB Ha OCHOBE crnernuanuzupoBanHoro Web-cepsuca CoAP/CoRE.

HOJIyT-IeHBI HOBBIC TCXHUYCCKHC PCHICHUA KW CO3JaHbl allllapaTHO-IIPOrpaMMHBIC
cpeacTBa s IMOCTPOCHHA MHKPOKOHTPOJUIEPHBIX BHPTYAJIbHBIX CETCBBIX H3MCEPUTCIIBHBIX
Monayieid s cOopa W OOpabOTKH OSKCIEPUMEHTAIBHONH WHPOpPMAIMH C  IOJISPIKKON
JUHAMHUYECKOI'O KOH(l)I/IprI/IpOBaHI/IH n q)YHKLII/IOHI/IpOBaHI/ISI Ha OCHOBC€ BCTPOCHHBIX
OIEPAIMOHHBIX CHCTEM PEAJbHOTO BpEeMEHH, crenuain3upoBanubix Web-mpotokono COAP u
Web-cepsrucoB CoRE, ymanennoro MHTepHET-A0CTyIIa HA OCHOBE BCTPOCHHBIX TEXHOJIOTHH H
CUCTEM c6opa JAaHHBIX HAa UX OCHOBC.

AHHapaTHO-HpOFpaMMHBIfI KOMITJICKC oOecrieunBaer paSpa6OT‘{I/IKOB TUITOBBIMHA
PCICHHUAMNU KW HMHCTPYMCHTAJIBbHBIMU CpPpCACTBAMU MJIA CO3JaHUA PACHPCACICHHBIX CHCTEM
YAAJIICHHOT'O c60pa u 06p360TKI/I OKCIICPUMCHTAJIbHBIX JAHHBIX HAa OCHOBC CIICHHAJIU3UPOBAHHBIX
Web-niporokosioB. cmonb30BaHiHEe BCTPOSCHHBIX MHKPOKOHTPOJUIEPHBIX CPEACTB TO3BOJIHIIO
CYIICCTBCHHO YMCHBIIUTH CTOUMOCTb YAAJICHHOI'O MOHHUTOPUHIA U I/IHTepHeT-ynpaBneHI/m,
YMEHBIIIUTh MAacCOrabapuUTHBIC IMOKA3aTeIN W SHEPronoTpeOIeHUE CHCTEM IO CPaBHEHHUIO C
KOMIIBIOTCPHBIMH apXUTCKTYPAMHU.

(anr)

A set of hardware and software for constructing distributed multi-channel microcontroller
acquisition systems and processing of measurement information based on virtual measuring
network networks supporting IP protocol, common digital interfaces, specialized CoAP/CoRE
network protocols and flexible software configuration of measuring channels in a multitask
environment is developed. An approach is proposed to construct systems for collecting and
processing experimental data as a multilevel network of virtual measuring modules. The concept
of a virtual measuring module as a generalization of the concept of an intelligent sensor and an
information exchange module is proposed. The virtual IP-module is built as a network of
physical information blocks with flexible configuration and IP-protocol support for an external
network. The hardware and software of the network intelligent data acquisition modules based
on the microcontrollers Texas Instruments and Silicon Laboratories have been developed. The
hardware and software of measuring information processing in the environment of the real-time
operating systems FreeRTOS and KeilRTX have been developed. Realized the functioning of
virtual modules in the time allocation mode to reduce hardware costs and system costs. Support
is provided for flexible software configuration of multi-channel logical sensors based on the
specialized Web service COAP/CoRE.

New technical solutions have been created and hardware and software have been created
for constructing microcontroller virtual network measuring modules for collecting and
processing experimental information supporting dynamic configuration and functioning based on
embedded real-time operating systems, specialized Web protocols CoAP and Web services
CoRE, remote Internet - access based on embedded technologies and data collection systems
based on them.

The hardware and software complex provides developers with standard solutions and tools
for creating distributed systems for remote collection and processing of experimental data based
on specialized Web protocols. Using the built-in microcontroller means allowed to significantly
reduce the cost of remote monitoring and Internet management, reduce the weight and
dimensions of power consumption and systems compared to computer architectures.
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5. IlopiBHsIHHS 3i CBiTOBMMH aHAJIOTaMH.

B Vkpaini nHe BupoOmstoTbes MikpokoHTposiepHi CoAP/CORE-cymichi Ethernet-momymni
300py JaHUX Ta KepyBaHHS 3 BiIJaJieHMM [HTEpPHET-IOCTYIIOM, MiATPUMKOK CTaHIAPTIiB
IPOMHCIIOBUX MEpPEX Ta CHCTeMH 300py 1 0OpOOKHM eKCIEpUMEHTAIbHUX JaHUX Ha iX OCHOBI.
Tomy piBeHBb pe3yabTaTiB BIJNOBIAa€ CBITOBOMY PIBHIO BIIOMHUX BHPOOHHKIB 3ac00iB 300Dy
naHux Ta kepyBanHs- AdLink, Advantech, ICP-Electronics, ICOP-Technology, ICP-DAS.

6. ExoHoMiuHa npuBad/IMBiCTH [1Jisl IPOCYBAHHS HA PUHOK

BrpoBamkenHst pe3ynbrariB poOOTH J103BOJIMTH 3MEHIIMTH BapTiCTh, MacorabapHTHI
napaMeTpH Ta €HEPTrOCIIOKUBAaHHS CUCTEM BiJIAJICHOTO CIIOCTEPEKEHHS Ta KEPYBaHHS, JOCSITTH
3MEHIIIEHHS BUTPAT Ha HaJalUTyBaHH:, KOH(IrypyBaHHs, KaJiOpOBKY, 10 ckiIaaaTh 011t 20%
BUTPAT MPH po3poOIli Ta BIPOBAKEHHI 1H()OPMAIIITHO-KEPYIOUNX CUCTEM.

BnpoBamkennss pe3ynbTariB poOOTH 11 MOOYIOBH  1H(OpMAIiiTHO-BUMIPIOBAILHUX
CHCTEM MOHITOPMHTY Ta KEpyBaHHA 3 BIJJIAJICHUM JOCTYIIOM Ha 0a3i MiKpOKOHTPOJEPHHUX
Ethernet-texnomoriii 3amMicTb KOMII'IOTEPIB IIUPOKOr0 MPH3HAYCHHS JIO3BOJIUTH B 5-7 pasiB
3MEHIINTH BapTICTh OOJaJHAHHS Ta CYTTEBO (B 6-8 pa3iB) 3MEHIIMTH EHEPTrOCIIOKUBAHHS Ta
rabaputu TPHUCTPOiB. BukopucTaHHs po3poOOK Isi HaBYAIBLHHUX POOOYUX MICIh 3aMICTh
CEpIHUX MOMYIIB 300py iH(pOopMaIlii JO3BOIUTH B 2-3 pa3u 3MEHIIUTH BapTICTh JIAOOPATOPHHUX
poOounx Micllb Ta 3HAYHO CHPOCTUTH CTBOPEHHs JabopaTopiil 3 BiIJaJIEHUM JOCTYIIOM JI0
peaIbHOTO 00JIaTHAHHS IS AUCTAHIIIHHOTO HABYAHHS.
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8. CTtaH roToBHOCTI pO3poOKH.

Po3pobneno amapatHo-porpaMHe 3a0e3ledyeHHs Ta BHUIOTOBJIEHI MakeTH OOJaJHaHHS,
BIJIIPallbOBaHl BIJANOBIHI TEXHOJIOTI 1 PO3pO0JE€HI TEXHOJOIIYHI PEKOMEHJAlll 11010
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16. Kuawuoni caoBa no po3pooxku:WEB, COAP, CORE BEB-CEPBIC, CEPBEP,
MIKPOKOHTPOJIEPHUI TTPUCTPIN 3B0OPY JTAHUX, IHTEJIEKTYAJIbHUI CEHCOP,
ITEPEJJAYA JAHUX, MIKPOCEPBEPHI CUCTEMU

WEB, COAP, CORE WEB SERVICE, SERVER, MICROCONTROLLER DEVICE
FOR DATA COLLECTION, DATA TRANSFER



