Ministerul Educatiei, Culturii si Cercetarii al Republicii Moldova
Universitatea Tehnica a Moldovei
Facultatea Electronica si Telecomunicatii
Departamentul Telecomunicatii si Sisteme Electronice

Admis la sustinere
sef departament TSE:

Sava Lilia, conf. univ., dr.

» ” 2020

Dezvoltarea sistemului RFID
pentru optimizarea serviciului de logistica
bazat pe tehnologia IoT

Pa3zpabdorka cucrembl RFID
JJISE ONITUMHU3AIMH JIOTUCTHYECKOI0 CePBHCA
Ha ocHOBe TexHoJioruu IoT

Teza de master

Student: Bejan V, gr. SCE-191M

Coordonator: Jdanov V., conf. univ., dr.

Chisinau, 2020



REZUMAT

BEJAN VEACESLAV
Titlu: Dezvoltarea unui sistem RFID pentru optimizarea unui serviciu logistic bazat pe
tehnologia IoT.
Structura de lucru: Introducere, 3 sectiuni, Concluzie, Bibliografie, Anexe, 30 de imagini, 9
tabele.
Cuvinte cheie: IoT; RFID, monitorizarea temperaturii in logistica; Inregistrator NFC; Interfata
de comunicare RS485 cu senzori; Control acces NFC; Server web IoT.
Scopul lucrarii: dezvoltarea unui sistem RFID pentru monitorizarea starii bunurilor pe baza
tehnologiei IoT.
Obiectivele lucrarii: efectuarea unei analize comparative a sistemelor RFID existente in
logisticd; dezvoltarea structurii unui sistem RFID bazat pe tehnologia IoT; selectati si justificati
componentele electronice ale sistemului RFID; sa dezvolte un algoritm pentru functionarea
sistemului RFID IoT; sa selecteze si sa justifice interfata de comunicatie intre elementele
sistemului; sd calculeze viteza sistemului RFID; calculati durata de viata a bateriei sistemului
RFID; dezvolta software-ul pentru RFID loggers.
Metodele aplicate: in conformitate cu procesul de dezvoltare ASIC (Aplication Spesial
Integrated Circuits), a fost utilizatd o metoda de cascada de dezvoltare a aplicatiei, care include:
analiza, proiectarea, dezvoltarea, implementarea, testarea, evaluarea eficacitatii aplicatiei.
Rezultatele obtinute :analiza logerelor RFID moderne si a sistemelor de monitorizare a
temperaturii pe baza acestora a ardtat necesitatea dezvoltarii unui sistem RFID pentru
monitorizarea starii containerelor termice in modul on-line cu un nivel ridicat de acces de
securitate la informatiile stocate, a fost dezvoltat un sistem RFID bazat pe un transponder RFID
NFC si o interfatd RS485 MODBUS rezistenta la interferente, viteza a fost calculatd (60 msk) si
durata de viatd a bateriei (3,17 ani), au demonstrat promisiunea unor senzori inteligenti ca parte a
sistemelor bazate pe tehnologia RFID-NFC, utilizarea interfetelor digitale RS485 industriale
pentru construirea unor astfel de sisteme permite plasarea senzorilor la o distantd mare (pana la 1

km) si modificati flexibil conexiunile si numarul de senzori din sistem.
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Tema: Pazpaborka RFID cuctembl s onTUMU3anUM JOTHCTUYECKOM CiIyXObl Ha 0asze
texHosioruu loT

Ctpykrypa padorbi: Beenenuwe, 3 Paznena, 3axmrouenue, bubmuorpadus, IIpumoskenus,
30uzo0paxenwii,9 TabuII.

KuaroueBbie cioBa: IoT; RFID ;monutopunr temneparypel B Jsorucrtuke; NFC logger;
unTepdeiic cs3u RS485 ¢ natunkamu; NFC xonTpons gocrymna ; Be6-cepsep loT.

Heapr padorel — paspaborka RFID cucrembl MOHMTOpPHHra COCTOSIHMSI TIpy30B Ha 0Oase
texHosioruu 1oT .

3amaun paldoTHI: MPOBECTH CpPAaBHUTENbHBIA aHanu3 cymecTByomux RFID cucrem B

JoTUCTUKE; pa3paborath CTpykTypy RFID cucremsr Ha ocHoBe TexHosoruu loT; BeIOpaTh U
000CHOBATh 3eKTpoHHBIE KOMITIOHEHTOB RFID cucremsr; pazpaborats anroputm padorst RFID
cucrembl loT; BeiOparh W 000CHOBaTh HHTEp(EHC CBSI3M MEXKIY JIIEMEHTAMH CHCTEMBI;
paccuutath ObicTpozeiicTBue RFID cuctemsl; paccuuTarh CpoK CiIy>KObl aKKyMYJISTOPHOI
6arapeu RFID cucremsl; papadorats nporpammuoe obecriedennst RFID logger.
[IpumeHsieMble MeTObI: B COOTBETCTBHH ¢ mpoieccoM pazpadbotku ASIC (Aplication Spesial
Integrated Circuits) ucronb30Bajics KacKaJHBIM METOJ pa3padOTKU MPHIOKEHUH, KOTOPBIN
BKJIIOUAET: AaHalu3, NPOEKTUPOBAHUE, pa3pabOTKy, BHEAPEHHE, TECTUPOBAHUE, OLEHKY
3 PEKTUBHOCTH MPUITOKEHUS

ITosyuennbie pe3dyabtarbl: IIpoBenennbiii  ananus coBpemeHHbIX RFID loggers u cucrem
MOHUTOPUHTA TEMIIEPATYPhl HA UX OCHOBE, MOKa3aja Heo0xoauMocTh pazpadbotku RFID cuctemsl
MOHMTOPHHTA COCTOSIHMSI TEPMOKOHTEWHEpPOB B peXHME on-linec BBICOKMM YpOBHEM
0€30IaCHOCTH J10CTYTa K XpaHUMOo# nHpopmanuu, pazpadorana RFID cuctema Ha ocnoBe NFC
RFID Tpancnonngepa u mnomexoycroiunBoro uHtepdeiica RS485 MODBUS, paccunrano
owvicTponeiicTBue  cucTeMbI(60MCK) W Cpok  ciyxOwnl  akkymynsaropa(3,17 roma)
IIPOJIEMOHCTPUPOBAHA MEPCHEKTUBHOCTh MHTEJUIEKTYAJIBHBIX JAaTYMKOB B COCTABE CHCTEM Ha
6a3e texnosnoruu RFID-NFC ,ucnonb3oBanue nupoBbIX IPOMBIIIICHHBIX HHTEpdeiicoB RS485
JUIS TIOCTPOEHHUSI TAKMX CHUCTEM IO3BOJISIET pa3MeIlaTh JaTYUKU Ha O0JIbIIOM paccTosiHUU (10 1

KM) 1 THOKO U3MEHSITh MHNOAKIIOYCHUSA U KOJIMYECTBO JaTYNKOB B CUCTEME.

SUMMARY
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Title :Elaboration of RFID system for optimization of the logistics service based on IoT
technology

Thesis structure: : Introduction, 3 sections, Conclusion, Bibliography, Appendices, 30 images,
9 tables.

Keywords: 10T; RFID, temperature monitoring in logistics; NFC recorder; RS485
communication interface with sensors; NFC access control; IoT web server.

Thesis purpose: development of an RFID system for monitoring the condition of goods based
on IoT technology.

Objectives: to perform a comparative analysis of existing RFID systems in logistics; developing
the structure of an RFID system based on IoT technology; select and justify the electronic
components of the RFID system; to develop an algorithm for the operation of the IoT RFID
system; to select and justify the communication interface between the elements of the system; to
calculate the speed of the RFID system; calculate the battery life of the RFID system; develop
software for RFID loggers.

Applied methods: according to the ASIC (Application Special Integrated Circuits) development
process, a cascade method of application development was used, which includes: analysis,
design, development, implementation, testing, evaluation of application effectiveness.

The Obtained Results: the analysis of modern RFID loggers and temperature monitoring
systems based on them showed the need to develop an RFID system for monitoring the condition
of thermal containers in online mode with a high level of security access to stored information,
was developed a RFID system based on an NFC RFID transponder and an interference-resistant
RS485 MODBUS interface, calculated speed (60 msk) and battery life (3.17 years),
demonstrated the promise of smart sensors as part of RFID-NFC technology, the use of industrial
RS485 digital interfaces for the construction of such systems allows the placement of sensors at a
great distance (up to 1 km) and flexibly change the connections and the number of sensors in the

system.
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BBEJAEHHUE

B mnacrosimee Bpems mupoko ucnonb3yorcs RFID (Radio frequency identification)
cucremMbl Ha Oa3e TexHojoruu loT (MuHtepHer Bemieil). BHenpeHune TakuxX TEXHOJIOTUI
NO3BOJIsIET co3/1aBaTh 3(dexkTuBHbIE WHPOPMALMOHHBIE CUCTEMBbI JUIs OBICTpOro cOopa,
nepegavn, XpaHeHHsl U 0TOOpaXKeHUs: HHPOPMAIMK B Pa3IMYHBIX MPAKTHUECKUX MPUIOKECHUSX,
B TOM YHCIIE Ui perieHus TpaHcnopTHbeIX 3aaad B skocucteme [oT SMART CITY.Onnol u3
aKTyaJbHbBIX JIOTUCTUYECKUX(TPAHCIIOPTHBIX) MPOOJIEM Ui COBPEMEHHOIO TOpofa SBISETCS
MOHUTOPHHI COCTOSIHMS TI€PEBO3MMBIX rpy30B. COBpeMEHHBIE MPOU3BOAUTEIN CUCTEM
MOHHMTOPHHTA MpeIaraloT MUPOKHH CIEKTp PEeHIeHHH - OT CHCTEM BHACOHAOIIONEHUS 0

AIIEKTPOHHBIX CKAaHEPOB TPy3a.

AKTYyaJIbHOCTh TeMbl OOOCHOBaHa HEOOXOAMMOCTBIO On-line KOHTPOJS COCTOSHHUS
[EPEeBO3UMBIX JKM3HEHHO Ba)KHBIX I'DY30B C LIEJbI0 COKpAILEHHUS BPEMEHH pearupoBaHUs Ha
BO3MOYKHBIE HETIOJIAJKH, KOHTPOJIS IpaB A0CTya K MHPOPMALUH O Ipy3e U SKOHOMHHM 3aTpar Ha

TPAHCIIOPTUPOBKY .

Heabi0 TUNIIIOMHOI padoThl sBIIETCS pa3pabOTKa SKOHOMHUYHOM M HaaexkHond RFID

CHUCTEMBI 111 MOHUTOPHHIA I'PYy30B Ha OCHOBeE TexHosoruu IoT.

3agauu, HeoOXOJUMBIE AJIsi JOCTUKESHHSI STOM LIEJH, CIEeIyIOIINe:

1. ITpoBeneHue cpaBHUTENBHOIO a”anu3a cymecTByromux RFID cucrem B JOrMCTHKE,

BBISIBUTH UX OTPULIATENIBHBIC U TIOJIOKUTEIIBHBIE CTOPOHBI;

2. Pazpabotka ctpyktypsl RFID cuctemsr Ha ocHoBe TexHomoruu [oT;

3. Bei6op u o00ocHOBaHME AIIEKTPOHHBIX KoMIIOHEHTOB RFID cucremsr;

4. Pazpabotka anroputma padotsl RFID cuctems! oT;

5. Beibop u ob6ocHOBaHMe MHTEpdeEiica CBIA3ZM MEXKAY AIEMEHTAMU CUCTEMBI, KOTOPBIMA
ITO3BOJISIET YBEJIIMYNTH KOJIMYECTBO U TUI 1aTdyukoB RFID cucteMbl MOHMTOpUHTA.

6. Pacuer 6bicTponeiicTBusa RFID cucteMsl 151 MOHUTOPHHTA TEMIIEPATYPHBIX PEXKUMOB
TEPMOKOHTEHHEPOB.

7. Pacuer cpoka cimyxObl akkymynaropHoi 6atapen RFID cuctemsr mist onpenenenus
CpOKa MEPUOTUIECKOTO 00CTYKHBAHUS.

8. Pa3pabotka nporpammuoro obecrnieuenust RFID cucremsr [0T.

9. IlpoBectn npaktnueckoe tectuposanue u ornaaky RFID cucremsr [0T.
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