O6pasay 3a NnpujaBy TEXHUUYKOr peluerbal

ba3a nogaataka CEMOHT cuctema 3a KOHTUHYa/IHU MOHUTOPUHT U NPOLLEHY U3/10XKEHOCTU

Hasus
€/1eKTPOMArHeTckKMm nosbuma
Aytopm Hukona bypuh, flaHKka AHTuh 1 AparaH Kmwajuh
Kateropwuja HoBoO TexHUYKO peluerbe NPUMMeHEHO Ha HaLMOHaNIHOM HuBoy (M82)

K/byuHe peun | MOHUTOPUHT HUBOA eN1EKTPOMArHeTCKMX NoJba, U3/I0XKEHOCT HejoHusyjyhem 3pauery

3a Kora je peluere paheHo (npaBHO AuLe Uam rpaHa npuepege):

TexHUUKo pellerse je ypaheHo 3a noTpebe MHGOPMALIMOHE MpesKe 38 KOHTUHYAIHU MOHUTOPUHT HMBOA
eneKkTpomarHeTcknx nosba — CEMOHT (Serbian Electromagnetic Field Monitoring Network), Kojy passu-
ja uctpaxkmneauku TMm ®akynTeTa TEXHUYKUX HayKa, YHMUBep3uTeTa y Hosom Caay.

FoauHa Kaaa je pelwerse KOMNIETUPAHO:

TexHU4YKO pelueme je KomnaeTnpaHo y geuembpy 2016. rogmHe.

FoauHa Kaaa je noyeno Aa ce npumerbyje U 04 CTpaHe Kora:

MHMuMjanHa npumeHa 0BOr TEXHUYKOT pellerba je nodena y jyHy 2014. rogmHe, y okeupy CEMOHT uh-
dopmaumoHe mperke, Ha DakynTeTy TEXHUYKUX HayKa, YHMBep3uTeTa y Hosom Caay.

061acT U HayyHa AUCLMNANHA HA KOjy Ce TEXHUUKO peLleHe OAHOCU:

TexHWYKO pellere NpeacTaB/ba Nporpamcko (software) pelere, OTBOPeHOr M3BOPHOT KOAa, Koje NoK-
puBa 061acTM MHGOPMALMOHMX TEXHOJIOTUja U MPUMEHEHE €IeKTPOMArHeTMKe, 1 Koje onucyje noapLu-
Ky 32 NPUKYM/batbe U CKNAAULITEHE Pe3yaTaTa LMPOKOMNOjaCHUX MepeHba HUBOA €/1EKTPUYHOT U mar-
HEeTCKOT Nosba, Kao 1 ogpehmBatba NOTEHUMjAIHE U3I0KEHOCTM NoNyaunje 0OBUM NobUMa.

Kako cy pe3ayntatu BepuduKoBaHm (oa cTpaHe Kor Tena):

TexHW4YKo pelwere je BepndMKOBaAHO Y OKBUPY JlabopaTopuje 3a eneKTPoOMarHeTCKy KomnaTubuaHocT,
daKynTeTa TEXHUUYKUX HayKa, YHMBep3uTeTa y Hosom Capgy.

1Y cknapy ca oapen6ama "MpasunHuKa o NOCMynKy, HAYUHY 8pedHO8AHA U KEAHMUMAMUEHOM UCKA3USAHY HAYYHOUCMPAXUEay-
Kux peaynamama ucmpaxcueaya”, 6p. 110-00-29/2016-04, Koju je MUHUCTApPCTBO NMPOCBETE HayKe M TEXHO/IOLWKOr Pa3Boja YCBOjM/I0 Aa-
Ha 01. 03. 2016. roguHe (“CnyxbeHn rnacHuk PC” 6p. 24/2016).



TexHunuko pewerse: “6a3a nodamaxka CEMOHT cucmema 3a KOHMUHYAAHU MOHUMOPUH2 U NPOUeHy U3/0HeHOCMU enekmpomaa-
Hemckum noseuma”

Mpob6aem Koju ce TEXHUUKUM peLueem peLuaBa:

PeanHa cy oyekmBarba Aa he TeXHONOLWKM pa3Boj, MPBEHCTBEHO Y TEIEKOMYHUKALMOHOM AOMEHY, NPOYy3-
poKoBaTK 3HavajHo nosehatbe 6poja BewTauykmx M3Bopa enekTpomarHetckor (EM) nosba, wro he 3a noc-
Neanuy Mmatu n nosehatrbe NnoteHuMjanHe n3noxKeHoctM EM nosbuma y okpyKery. 360r Tora je 3awtuta
KMBOTHE CpeauHe, a NPBEHCTBEHO CTAaHOBHULWTBA, ycned moryher usnararba HejoHMsyjyhum 3pavetby-
Ma, nocTana o61acT o4 nocebHor UHTepeca.

TpeHg, noseharba 6poja nssopa EM nosba npati M 3abpMHYTOCT jaBHOCTM 0 MOTyhMM LUTETHUM 34,0aBCT-
BeHMM edeKkTMMa ycnen usnaratba EM 3pauerby. 360r Tora ce cBe BuLIe NOjaB/byjy 3aXTEBW 33 afeKBaT-
HUM MeperbMma, npaherem (MOHUTOPUHIOM) U KOHTPOJIOM HMBOA €1EKTPUYHOT, MarHeTckor 1 EM no-
Jba, Kako bu ce oapeamo noctojehn HUBO M3OKEHOCTM Ha IOKaLMjaMa o4, UHTepeca.

Y obnactn meperba EM nosba Hajuewhe cy KopuwheHn KNacuYyHn NPUCTYNM LUMPOKOMNOjacHOT U ppeKBeH-
LMjCKM CENEKTUBHOT MepeHa, ynoTpebom mepHe onpeme HamereHe pyyHoM Kopuwhemy, rae obyyeHu
TeXHMYapKU Hoce MepHy onpemy ca cobom u Bplue oaroBapajyha mepera. Y Hajgehem 6pojy ciydajesa,
0OBa mepeHa ce 06aB/bajy Y KPAaTKOM BPEMEHCKOM MHTEPBay.

HaKkoH 3aBpLueHor mepema, pesyntati ce obpahyjy n obassba ce nNpoueHa NoTeHLMjaHE U3/TOXKEHOCTH,
Y CKnagy ca 3axTeBuMma onuwTtenpuxsaheHor mehyHapoaHor ctaHaapaa “Basic standard on measurement
and calculation procedures for human exposure to electric, magnetic and electromagnetic fields (0 Hz -
300 GHz)” — EN 50413:2008 v tberosum uameHama gatum y AokymeHTty EN 50413:2008+A1:2013.

Y OKBMPY OBOr cTaHAapAa npeasuheHo je aa ce obassba NpoLeHa Tako3BaHe MaKcmanHo moryhe mnsno-
KEHOCTU, Ha OCHOBY MaKcMManHo moryhe cHare Kojy u3Bop mMoxe aa emutyje. Mehytum, npobnem Koju
je eBMAEHTaHT jecTe YMHbEHULA A3 He NOCTOjU HUKAKBa NoTBpAa Aa he ce 0Baj HMBO M3/10XKEHOCTU CTBAp-
HO M NOjaBUTK Ha MepPHO]j NoKaumju. [loaaTHO, 0Baj MaKCMMAaNHU HUBO M3/1I0KEHOCTU Ce Y3MMa Kao CTa-
HO NPUCYTaH Ha IOKALMjU, YUME ce CTBapa C/IMKa Aa je Y AyKeM Nepuoay U3N0KeHOCT KOHCTaHTHa.

Haanoct, y MHOrMM cnyyajeBnMma OBaKas NPMUCTYN MOXKe CTBOPUTU NOTPeLLHy CIMKY O peasiHOj U3noxe-
HOCTW, NOTrOTOBO Yy CUTyaUMjaMa Kafa je HeonxoAHo A06UTU MHPOPMaLMjy O MPOMEHU U3NOKEHOCTU Y
Ayem BpemeHcKom nepuoay. Ctora ce y nocnegre Bpeme CBe BULIE pPa3Bujajy U KOpUcTe cMcTemu 3a
TAKO3BaHW KOHTMHYA/IHU MOHUTOPWUHT, KOjU Meperba 06aB/bajy y AyKEeM BPEMEHCKOM MepUoay, U Yunju je
UW/b A3 npy*e nHdopmauuje o NpomeHama HMBOA MoJsba, OAHOCHO HEerosoj GpayKTyaunju, Kao n GayKTy-
aUNju CTBAPHE MU3/10KEHOCTU Ha UCMIMTHOj IOKALUMjU, Kao WTO je MPMKa3aHo Ha canum 1.
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Cnuka 1. KoHuent KOHTUHYA/IHOT MOHUTOPWUHIa HMBOA NOJba.



TexHUUKo pelwere: “baza nodamaka CEMOHT cucmema 30 KOHMUHYAAHU MOHUMOPUH2 U MPOYEHY U3/10XEeHOCMU eseKkmpomaa-
HemcKum rnosbuma”

JepaH oa nocnearunx pasBujeHUx cuctema ose Bpcte je U CEMOHT (Serbian Electromagnetic Field Moni-
toring Network) cuctem, Koju je 6asnpaH Ha HeXUYHOj MPEXKM aYTOHOMHUX MEPHUX CTaHMLa, Npeasuhe-
HUX 32 0b6aB/batbe KOHTUHYANHOT LWMPOKOMNOjaCHOI MOHUTOPMHIA HMBOA EM nosba 04 CBUX OKONHWUX U3-
Bopa. MepHe cTaHULe noceayjy Hanajake y BUAY NytuBMX 6aTepunja U conapHMxX NaHena, Te cy croray
CTakby a3 06aB/bajy Meperba M A0 OCamAeceT AaHa, Y CyYajy HeLoCTaTKa CyHYeBe CBET/IOCTM.

Mopea camor NocTynKa ucnutuearba EM nosba, HeonogHo je 06e3beamTy TpaHCNaPEHTHOCT U NpPaBoBpe-
MeHY A0CTYMHOCT CBUX pe3ynTaTa Meperba U NPoLEeHe U30KEHOCTU KpajibUM KopucHUuMMa. Y epu UH-
TEepHeT KOMyHMKaLMja, yobuuajeHo je aa ce omoryhu npukas pesynTtata MCNUTUBaHbA NYTEM OArOBapajy-
her MHTepHeT cajTa, Kako b1 3aMHTepecoBaHa jaBHOCT MMaa yBUA, Y UCXOZ4 NPOLLeca UCNUTUBAHbA.

KomnneKcHOCT Kojy MMa MOZEPHU NPUCTYN KOHTUHYANAHOT MOHUTOPUHIA, Y O4HOCY Ha KNaCMYHA UCMUTU-
Bakba, 4071331 40 M3paXKkaja ynpaBo KO MPWKasa pesyntata UCnNuTMBarba. KnacMyHa vcnutuearba 4ajy
Mmanu bpoj pesynTtata, npeacTaB/bajyhn HEKONMKO MepPHUX BPEAHOCTM HMBOA MOJ/ba U HEKOJIMKO BpeaHo-
CTU n3noxeHoctn. MehyTnm, Kog, KOHTUHYa/IHOT MOHUTOPUHTA, 6poj NoaaTaka Koju ce obpahyjy je 3Ha-
YyajHo Behu, 1 y 3aBUCHOCTM OZ MHTEpBasia Y KOM Ceé MOHUTOPUHT obaB/ba, 0Baj 6poj moxke Beoma 6p30
Aa nopacre. CTora, KOHTUHYa/IHU MOHWUTOPWHT 3axTeBa oarosapajyhy ueHTpannsoBaHy 6asy nogartaka, y
KOjy Ce CmeLlTajy pe3ynTtatm ncnutmeakba EM nosba.

[opaTtHo, 06MYHO ce KnacnyHa ncnutuearba obassbajy nomohy jeAHOr MePHOr MHCTPYMEHTa, ALOK MOHMU-
TOPUHT MOXKe Aa byae cnpoBeseH U nomohy HM3a MePHUX CTaHWULA NOCTaB/bEHWX HA oapeheHom noapy-
4jy, Kao WTO je NPpMKa3aHo Ha Canum 2.
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CTaHuua GSM 6a3Ha YpbaHa MN3Bop EM
KopucHuk CTaHuua cpeavHa nosea

Cnuka 2. KoHuent CEMOHT cucrtema 3a KOHTUHYaAHU MOHUTOPUHT.
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Ha oBaj HauunH je moryhe gobutn 1 MHbopmaumjy 0 NPOCTOPHO] pacnofesin HMBOA MoJba, Kao U O CaMoj
N3/10XKEHOCTU, UCTOBPEMEHO Ca BpeMeHCKOM GyKTyalMjoM OBUX BeanuyuHa. Mopes Tora, MOHUTOPUHT
Ce MOKe MepuogMYHO NoHaB/baTW HA AATOM NoAPYYjy, KOpUCTERU UCTE AN HEKE ApYre MepPHe CTaHULE.

TpeHyTHO NOCTOjW BULIE KOMEPUMjaNHO AOCTYMHUX MEPHMX CTaHULA Koje 06aB/bajy KOHTUHYaAHU MOHU-
TOPWHT, a Koje cy y MoryhHOCTK fia MepHe nogaTtke npeHoce Ao 6ase nogataka 6eKMYHUM NyTem, KOpuc-
Tehu Heky og, mpexka mobunHe TenedoHuje. OBaj BUA NpeHoca nogataka noceayje BUCOK CTEMNeH ayTo-
MaTu3aumje 1 3Ha4YajHO yMmatbyje TPOLIKOBE aHraXKoBatba 0cobsba M Kopuwhera mepHe onpeme.

Ko/iMumHa nogaTaka Kojy MepHe CTaHULUE MOTY Aa FreHepuLly U CKAaauwTe y MHTEPHO] MEMOPUjU 3aBUCK
04, Ay*KMHE Nepuoaa y KOm ce MOHUTOPUHT 06aB/ba, Kao M 04, y4eCcTaHOCTM KOjOM Ce y3acToMNHa mepera
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obaBsbajy. 3a ouekmBaTh je Aa he cMCTEMU KOjU KOpUCTE OBAaKBE MepHe CTaHMULLEe FreHepmucaty 3HauvajHy
KOZIMUYMHY NoAaTaka, Kojy je HEONXOo4HO CMeCcTUTH y oarosapajyhy 6a3y nogataka, 3a KacHuUjy obpasy.

CKnaguwTerbe NogaTtaka je Bp/io BarKaH acnekT jep Tpeba umatn y eugy moryhHoOCTM 1 eBeHTyasHe 3ax-
TeBe 3a YBUA Y UCTOPUjaT NPOMEHE HMBOA MOJ/ba U U3/I0XKEHOCTU Ha AaTOj AoKauunju. OBUM MPUCTYMNom je
moryhe nomupuTK, NOHEKag, U gujameTpasHo CynpoTHa Buhera npobaema; ca jeaHe cTpaHe onwTe jaB-
HOCTM, Koja Xenun ga aobuvje nHdopmaumje o NPUCYTHUM HMBOMMA NOJbA, U YUjU je MHTepeC 43 OBU HU-
BOM Byay LITO MakbK, M ca Apyre CTpaHe onepaTtepa, Koju MMajy KOMepumjalHUX MHTepeca Aa nocTaBe
HoBe n3Bope EM nosba Ha NojeaMHMM NoKaumjama.

OBMM TEXHUYKUM peLLEHEM Npeaake ce jegaH o4 moryhux HaumMHa opraHmsaumje LeHTpaamM3oBaHe 6a-
3e nojgartaka, Koja he nopeg, yiore cknagutera M YyBakba MEePHUX pesyaTaTta, NPeacTaB/baTh yje4HO U
perncrap npomeHe HMBoa EM nosba Ha gatoj nokaumju. Nomohy Taksor jegHor peructpa 6uhe omoryheH
YBUA Y UCTOPUjaT NPOMEHE NoJba U U3IOKEHOCTUN Y BMNO KOM Nepuoay Ha ogpeheHoj noKaumju.

MpeanoxkeHa 6a3a noaaTtaka je npBeHCTBEHO HamerbeHa CEMOHT cuctemy n opmjeHTMCaHa je Ka KOHTU-
Hya/JIHOM MOHUTOPUHTY KOju ce CNpoBOAM Ha ogpeheHom nogpyuyjy, y3 nomoh BuLe MepHUX CTaHMLa 33
LWMPOKOMOjacHa meperba HMBoa EM nosba.

Crarbe pewieHoCTH Tor npobnema y ceety:

Y npetxoaHom nepuoay je 6uno yobuyajeHo ga ce pesyntaTv KAacMuyHMX ucnutuearba EM nosba objas-
Jbyjy Kpo3 ogroeapajyhe HamMeHcKe cTyguje o NPOLEHM U3N0XKEeHOCTU M3Bopuma EM nosva. Ctyauje cy
HaMerbeHe Hapy4noLy UCNUTUBAHA, U HAKOH €BEHTYA/IHOT jaBHOT YBUAA NOCTajy NPaKTUYHO HeAoCTyMNHe
WM BeOMa TELKO AOCTynHe 33 HaKHagHe aHanuse. HaKkanocT, TMMe ce ymatbyje KaTeropuja TpaHcna-
PEHTHOCTU M AOCTYNHOCTM NOAATaKa, LWTO NpeacTaB/ba 036U/baH NPo6aem NPU KaCHUjUM MW HEKUM [,0-
JAaTHUM aHaNN3amMa U3I0KEHOCTU Ha oarosapajyhoj nokaumju.

C 063upom Ha ybp3aHo nosehate AOCTYNHOCTU U jaBHOCTU MHTEpHET cepBuca, onwTa nonynaumja noc-
Taje cBe BMLUE HABMKHYTa Ha MOryhHOCT Aa y 6MN0 KOM MOMEHTY NpPUCTYNKU MHbOpMaLMjama o4 noceb-
HOr 3Ha4aja, mehy Kojuma cy 1 MHpopmaLmje o NoTeHUNjanHOj n3noxKeHoctn EM nosbuma.

Mako npuctyn pesyatatMuma ctygmja ucnutmearba EM nosba nytem UHTepHeTa noctaje cBe HEONXOAHMUjU,
JIOKanHe camoynpase M areHuumje 3a 3aWTUTY KUBOTHE cpeauHe MOoKasyjy MHEePTHOCT U OBaKBe NoaaTtke
He KnacuduKyjy Kao jaBHO AOCTynHe nogaTtke. Haxanocr, nocseanua oBakBOr 04HOCA jecTe U YMHEHNLA
0a Ha HAUMOHA/IHOM HUBOY TPEHYTHO He MOCTOjU HU jeAaH OPraHM30BaH M jaBHO AOCTyNaH M3BOP Noaa-
TaKa M3 0BUX CTyaunja.

Pa3Bojem MoaepHMX cMCTeMa 3a KOHTUHYaHU MOHUTOPMHT EM nosba (Kao wWTo cy rpuyku cuctemun Pedi-
on24 i Hermes, noptyrancku monlT, ermnatckn HORUS un apyru), ueHTpanmsoBaHe 6a3e nojaTaka 3a CK-
NagvwTere MepHUX PesynTaTa NocTajy CBe BaXKHWje, MOWTO ce PpYHKLMOHMUCabe YNTABOT cucTeMa H6asu-
pa Ha tbuma. MehyTum, Koa HaBeaeHMX cucTema H6ase nogaTtaka Cy OCMULL/bEHE TaKo A3 je MepHa CTaHu-
Ua Y LeHTPY Na*Kkbe, U MEPHU PE3yaTaTU ce Besyjy 3a MepHy CTaHWLY ynoTpebsbeHy 33 mepera, 04HOC-
HO 3a NPUKyN/bakbe MepHUX pesynaTara.

HaxanocT, y3 oBakaB NpMCTYn NpojeKkToBarby 6ase jaB/ba ce Npobaem Npu aHaAU3M HUBOA NMOJba KOju je
Ha AaToj NOKAUMjX NOCTOjao Yy NPOLLIOCTH, jep je HeONXOAHO 3HATU KOja KOHKpeTHa MepHa CTaHuua je
6una nocTaB/beHA Ha AaTOj NOKAUMjU.
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Mnak, Hajsehu npobaem Koju NocToju Koa akKTUBHUX CUCTEMA 3@ KOHTUMHYA/IHU MOHUTOPUHT jecTe Ynkbe-
HUUA A2 OHW 00aBJ/bajy CAMO Meperba TPEHYTHMX HMBOA EM nosba, anu He BpLue NPOLEHY U30XKEHOCTH
nosbmma. Ctora ux oBaj HeAOCTAaTaK YMHM MOMANO HEMPUXBAT/BUBMM Y CMUC/Y 3axTeBa Koje NocCTaB/ba
6a3nyHM mehyHapoaHu ctaHgapa EN 50413:2008+A1:2013 3a ucnutnsare EM nosba, nako oBM cuctemm
YyHOCe 3Ha4yajHy HOBMHY Yy NOCTYNaK UCMUTMBaHA, KPO3 YBUA U UCTOPMjAT NPOMEHa HMBOA NOJba Ha AaToj
NoKaumju.

Mopea HaBedeHUx npobaema, Kog MOMEHYTUX aKTUBHMX CUCTEMA 38 MOHUTOPUHT EM nosba, TEXHUYKM
[eTasby 0 opraHn3aumju 6ase nogataka cy He4OCTYMNHW CTPYYHO] jaBHOCTU. Y OBOM MOMEHTY, HE NOCTOoju
HW jeaH CTPYYHM pPag, y KOM cy objallbeHn cBu aeTasby 6ase 6UN0 Kor o4 NOMeHYTUX cucTema.

Y unsby npeBasunaxera npobiema Koje MMajy HAMEHCKe CTyauje 0 NPOLEeHU U3/I0XKEHOCTH, Kao U Noc-
Tojehun cnMctemu 3a MOHUTOPUHT, LLeHTpaaM3oBaHa 6a3a nogaTaka HaumoHanaHor CEMOHT cucrtema je au-
3ajHMpaHa ga byae NPBEHCTBEHO OpPMjeHTUCAHA Ka CaMoj 0Kaunju ucnutmeama. OHa je ocMuULL/beHa Ta-
KO 4@ KOPUCHULM Y NPBOM KopaKy ogabepy noKauujy uam nogpydje Ha Kom je ucnutusare 06aBs/beHo, 1
TEeK HaKOH Tora Mory Aa aHanu3upajy npoMeHe HMBOA MoJba, Koje Cy NocTojasne y AY*KEM MHTepBasy Bpe-
MeHa.

JopatHo, y CEMOHT cuctem cy umnaemeHTMpaHa v Asa oaroBapajyha metoaa 3a NpoueHy U3I0XKeHoC-
™ EM nosbuma, jeaaH 6asmMpaH Ha rpaHuLaMa M3I0XEHOCTU? U APYrK KOju Te rpaHule npunarohasa y
CKNafy ca CMeKTpanHMM CajpKajeM came NoKaluje, TaKo3BaHW MeToA ca aJanTUBHUM rpaHuLama nsno-
seHocT®, Oba meToaa ce ocnarbajy Ha MepHe pesy/TaTe WMPOKOMN0jacHOT MOHUTOPUH a.

Ha oBaj HaumMH, CEMOHT cuctem Ha OCHOBY MepHUX BpeaHOCTH noctojehnx HMBoa EM nosba, omoryhasa
W afeKBaTHY NpoLeHy nsnoxeHoct EM no/buma, NpBEHCTBEHO ONLWTEr CTAaHOBHULLTBA, C TUM Aa Ce CUC-
TEM MOXe NpuaaroguTn Aa o0b6ass/ba M NPOLEHY NOTEHUMjasIHE U3NOXKEHOCTU U NPodecnoHanHor ocob-
Jba. CBaKa NpoLeHa U30XKeHOCTN ce 06aB/ba Y CKAaAy Ca 3aKOHCKM NPONUcaHUM pedepeHTHUM rpaHu-
YHMM HMBOMMaA Nosba®.

KoAuKo je N03HATO ayTOpMMa OBOT TEXHUYKOT peLlemra, 04, aKTyeHUX CUCTeMA 338 KOHTMHYANHU MOHUTO-
puHr EM nosba, jeanHo je CEMOHT cuctem y moryhHOCTK fAa, nopen mepera U npy»Kakba MHpopmaumja
0 GAyKTyaunjm HMBOA Nosba, 0b6aB/ba U NPOLLEHY M3NOXKEHOCTH, anu U aa omoryhu yeug y Gayktyaumjy
noTeHuUujanHe usnoxeHoctu. Ha Taj HaumH, CEMOHT cuctem 3ag0BosbaBa cBe 3axTeBe mehyHapoaAHUX
CTaHAapA4a 3a WMPOKOMNOojacHo ncnmutneame EM nosba.

Onuc TeXHUUKOT peLlera ca KapaKTepucTuKama, ykbyuyjyhu npatehe nnycrpaumje n TexHuuke yprexe:

LleHTpannsoBaHa 6a3a nogataka CEMOHT cucrtema je opujeHTUCaAHA Ka UCMIUTHO]j IOKALUNjU UAK nogpydjy
roe ce MOHUTOPUHF Nosba ob6aBsba. Mpu HeHOM OCMUMLL/baBakby NOLWJIO Ce 04 NPeTnocTaBke Aa je moryhe
06aBMTHK BULLE PA3INYUTUX KaMMakba MOHUTOPUHIA Ha jeAHO] NOKaLumju, Kopuctehn ucte nnmn pasnmymTe
MepHe CTaHuLe.

2 TexHWUKO pelLerbe “Memod npoyeHe U3N0HEeHOCMU eneKMPUYHUM MObUMA BUCOKUX (hpeKeeHyuja 6a3upaH HA 2paHuUyama uzno-
xweHocmu” (M82), aytopa: H. bypuh, [l. Kmajuh, K. Kacaw-/laxketuh u B. bajosuh, ycBojeH oa41yKomM HacTaBHO-Hay4yHor Beha dakynteTta
TeXHUYKMX HayKa, YHuBep3uTeTa y Hosom Caay, Ha 16. pegoBHOj cegHMUM, ogpKaHoj AaHa 25. 05. 2016. roguHe.

3 TexHWUUKO peluerse “Memod npoyeHe U3NOHEHOCMU eneKMPUYHUM MOsbUMA BUCOKUX (hpeKseHyuja 6a3upaH Ha adanmueHUM 2pa-
Huyama usaoxceHocmu” (M82), aytopa: . Kiajuh u H. hypuh, ycBojeH oanyKom HacTaBHO-Hay4yHor Beha PakyaTeTa TEXHUUYKUX HayKa,
YHuBep3uTteta y Hosom Cagy, Ha 23. pef0BHOj ceaAHULM, OAPKaHOj AaHa 28. 09. 2016. roguHe

4 “IpasunHuUK 0 epaHUYama usnazara HejoHusyjyhum 3paversuma”, Cnyx6eHun rnacHuk PC, 6p. 104/2009.
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Y cBaKoj 04 Kamnakba MOHUTOPWUHra, Moryhe je mepHe cTaHWLe NOCTaBUTU ca PasANYUTUM MHAMBUAYAN-
HUM NapameTpUma, HEONXOAHUM 33 CaMa MepeHsa, a KacHuje 1 3a ogrosapajyhy npoueHy U3N0XKeHOCTH.

OcHoBHM KoHUenT 6a3e nogaTaka CEMOHT cuctema je npmMKasaH Ha cavum 3.

Jlokaupja 1 1n
\\‘7 JloKaupja 2 -t
S~
§ - JNokauwnje
WUHTepHeT m:g:::; I
nopran
Mepema

MepHa cTanmua 1 1:n
MepHa cTanmua 2 [

!

MepHe cTannue
OCHOBHM MoZaLu
O KOHKPETHO)
MepHOj CTaHWULM

ol

KopucHUK
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Cnuka 3. KoHuenT ueHTpannsosaHe 6a3e nogataka CEMOHT cucrtema.

MojegmnHe KaTeropuje, Kao wWTto cy Jlokaunje, Mepera, MepHe CTaHMLE M OCHOBHM NOZaLN O MEPHO] CTa-
HUUMK, OcNakbajy ce Ha oarosapajyhe Tabene y 6a3u, koje cy mehycobHo noBesaHe Be3ama Tmna “1:n”.

Bese oBor TMNa yKasyjy Aa jeaHa mepHa JloKauuja moxke nmatn sehn 6poj Mepetba, Koja cy akTUBHa UK
cy y npownoct ob6aB/beHa Ha 0BOj IoKaumju. JoaaTHo, cBako Mepere moxKe 6UTU CNpoBeAeHO ca BU-
we MepHMX CTaHWLa, NPU YeMy He MOpajy YBEK UCTE MepHe CTaHMLLE [a CE KOPUCTE 3a Mepetba.

Ha cnnyaH HaumH, MepHa cTaHuua moxKe ga MMa Behy 6poj KapaKTEPUCTUYHUX TEXHUYKMX NOAaTaKa, 04,
yera camo rpyna nogataka moxke Aa byge og 3Hayaja 3a KOHKPETHO Mepere, Ha KOHKPETHO] IoKaumju.

Ha ocHoBy Be3a Tmna “1:n”, CEMOHT 6a3a nogaTaKka noceayje BUCOK cTeneH GpaeKkCMbUnHoCTM 3a pasnu-
yuTe c/lyyajeBe U CueHapuje Mepera, OA4HOCHO MOHUTOPMHIA. [logaTHo, 6as3a NnogaTaka oCMULWI/bEHA Ha
0Baj HauMH je y MoryhHOCTM 4@ UCTOBPEMEHO YyBa M MepHe pes3yaTaTte, anu U BeoMa BarKHe nogaTtke o
CaMOM MOCTYMNKY MOHUTOPMHIA, LWITO je 04, U3y3eTHEe BaXKHOCTU 3a NOHOB/LUBOCT MEPEHa, Koje ce 3axTeBa
y Cknagy ca mehyHapogHo onwTtenpuxsaheHum ctaHgapgom “General requirements for the competence
of testing and calibration laboratories” — EN ISO/IEC 17025:2005.

Cse oBe ¢yHKUMOHANHOCTM YnHe 6a3y CEMOHT cuctema Beoma norogHom 1 3a popmmparse Tako3BaHor
pernctpa EM nosba 3a fiokaumje, o4HOCHO NoApyyja o4 HTepeca. JegaH Takas pernctap omoryhyje ga, y
CBaKOM MOMEHTY, 3aMHTEPECOBAHU KAUJEHTU MMajy YBUA Y TPEHYTHO CTakbe HMBOA NOJbA U U3NOMKEHOC-
TW, KA0 U Y HUBOE KOjy Cy paHMje NOCTOjanun Ha AaToj NoKaumju.

[opatHo, pernctap EM nosba omoryhyje 1 yeug y npomeHe, ogHOCHO GAyKTyaumMje HMBOA Nosba U came
M3N103KEHOCTU, LITO MOXKe BUTK OCHOBA 3a NpeaMKLMjy 3a Hekn byayhu nepuoga,.

A) Mopgen 6a3e noaaraka

Csu nogaum y 6a3m nogataka ce 4yBajy y oarosapajyhum tabenama, npu yemy je cama 6asa opraHn3oBa-
Ha y Tpu BeInKe LenunHe, o3HayeHe ca LlennHa A, b n B, Kao WwTo je npunKasaHo Ha camum 4.



TexHUUKo pelwere: “baza nodamaka CEMOHT cucmema 30 KOHMUHYAAHU MOHUMOPUH2 U MPOYEHY U3/10XEeHOCMU eseKkmpomaa-
HemcKum rnosbuma”

| UennHa A :
I Measurements Measurements_Sensors Sensors |
: id_measurings id_measurings_sensors id_sensors |
| Tocations name id_measurings name |
id locations 1 e date_started 1w id_sensors w 1 description |
: na_me date_finished gps_longitude serial number |
o description gps_latitude last calibrated |
| description .
days_active gps_height e_probe |
I active_measurings e_or_b_probe e_probe_range |
I id_locations storing_rate e_probe_description |
I stored_field_values e_last_calibrated |
I 1 settings_data b_probe |
: area_description b_probe_range |
| b_probe_description |
| b_last_calibrated |
| SIM number |
| note |
| deleted |
L _________1
____________________________ ] mr—————————————— =
| LlennHa b | |'UennHa B |
| I | |
| | |
|

| 0 0 | | |
| Measurement_Results_Sen_01 Measurement_Results_Sen_02 | I Field_Limits |
| id_measuring_results id_measuring_results | | id_limits |
| id_measurings id_measurings | | natio_limit_value_e_w_min I
| id_parsed_files id_parsed_files | I natio_limit_value_e_w_max |
| measuring_date measuring_date | | natio_limit_value_e_900_min |
| e_rms_avg_w e_rms_avg_w | I natio_limit_value_e_900_max I
| e_rms_avg_900 e_rms_avg_900 | | natio_limit_value_e_1800_min |
| e_rms_avg_1800 e_rms_avg_1800 | | natio_limit_value_e_1800_max |
| e_rms_avg_2100 e_rms_avg_2100 | | natio_limit_value_e_2100_min I
| e_peak_w e_peak_w | | natio_limit_value_e_2100_max l
| e_peak_900 e_peak_900 | I natio_limit_value_b_min |
| e_peak_1800 e_peak_1800 | | natio_limit_value_b_max |
| e_peak_2100 e_peak_2100 | I icnirp_limit_value_e_w_min I
| b_rms b_rms | | icnirp_limit_value_e_w_max I
| b_peak b_peak | | icnirp_limit_value_e_900_min I
| battery battery | | icnirp_limit_value_e_900_max I
| temperature temperature | I icnirp_limit_value_e_1800_min |
| &) 0 | | icnirp_limit_value_e_1800_max| |
| ;| icnirp_limit_value_e_2100_min I
| Parsed_files | | icnirp_limit_value_e_2100_max] |
| 1 id_parsed_files ’ | | icnirp_limit_value_b_min I
| file_name | | icnirp_limit_value_b_max I
I date | date :

l full_file P!
| | |
I |
| _________ v ____ .

CnukKa 4. MNojeanHe uenvHe 6ase nogataka CEMOHT cucrema.

Tabene 13 npBe uennHe H6ase, o3HayYeHe ca A, OC/IMKABajy KOHLENT NpMKasaH Ha canum 3. Y oBum Tabe-
Nlama ce 4YyBajy nogaum o mepHoj Jlokauuju (Locations), Meperbnuma (Measurements) u MepHUM CTaHK-
uama (Sensors). [logaTHo, LenvMHa o3HavyeHa ca b npeacTaB/ba LEHTPAIHO MECTO CKAaAMLITEHA MEPHUX
pesynTaTa, Npy YeMy ce CBaKOj MepHOj CTaHMLM goaesbyje oarosapajyha tabena, Kako 6u ce nojegHoc-
TaBWJla NpoLeaypa CMeLWTaka NoaaTaka.

KoHauHo, uenvHa o3HavyeHa ca B npeactas/ba Aeo Kojum ce omoryhasa npoLeHa U3N10XKEHOCTH, KopuCc-
Tehn CEMOHT meToae npoueHe 6asmpaHe Ha rpaHMUama U310XKEHOCTM M Ha pe3yaTaTuma LUMpPOKOoMNo-
jaCHOr KOHTMHYa/JIHOT MOHUTOPUHTA.

Y nojeanHum uennHama, tabene cy mehycobHo nosesaHe Besama Tuna “1:n”, uume ce omoryhasa ga ce
BULLE HUXUX NOoAKaTeropuja sBesyje 3a BuLy Kateropujy. Ha osaj HaumMH omoryheHo je yyBare Uctopuja-
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TexHunuko pewerse: “6a3a nodamaxka CEMOHT cucmema 3a KOHMUHYAAHU MOHUMOPUH2 U NPOUeHy U3/0HeHOCMU enekmpomaa-
Hemckum noseuma”

Ta cBUX 06aB/bEHUX UCMUTMBAHA, HEONXOAHUX 33 GOpMUpParbe perncrTpa nosba Ha AaTtoj UCMAUTHOj No-
Kaumju.

HopaTtHo, uennHe A n b cy mefycobHo Takohe nosesaHe, Npeko pesyataTa Mepera, 40K je ueanHa B He-
3aBWCHa, jep ce NpoLeHa U3NoxKeHocTn obas/ba HakHaAHO, Y $da3un obpase pesynTaTta Mepera, 04HOCHO
npe camor NpuKasMBarba MepHUX pesynTarta nytem MHTepHeT noptana CEMOHT cucrema.

b) Moaen 6a3e nogataka — LleamHa A

OppeheHn 6poj napameTtapa mopa 6UTM NO3HAT Kako 6K ce y NOTNYHOCTU ONMcano mepemre Ha oapehe-
HOj JIoKauuju. Y OKBUPY OBe LUEAMHE, Y LEeHTPY Naxkke je ogHoc namehy Tabena HamereHux Jlokauuja-
ma, Meperonma 1 MepHUM CTaHULLAMA, Kao LITO je NPUKA3aHo Ha camum 5.

| LlennHa A :
I Measurements Measurements_Sensors Sensors |
I id_measurings id_measurings_sensors id_sensors |
: Tocations name id_measurings name |
| id locations 1 e date_s_tqrted 1w |d_sensors w 1 des_cription |
| name date_fln_lshed —l_ gps_lor?gltude serial number |
| description description gps_latitude last calibrated |

days_active gps_height e_probe |
I active_measurings e_or_b_probe e_probe_range |
I id_locations storing_rate e_probe_description |
I stored_field_values e_last_calibrated |
| settings_data b_probe |
I area_description b_probe_range |
I b_probe_description |
I b_last_calibrated |
I SIM number |
I note |
: deleted |
L

Cnuka 5. LennHa A 6a3e nogaTtaka.

Caky JloKauujy je Heonxo4HO onNucaTM MMEHOM M A0A4ATH joj KpaTaK OMMC, Kako 6K ce 3anHTepecoBa-
HUM KOPUCHULIMMA ON1IaKLLIAI0 HanaxKere noKaumje.

JopatHo, Behu 6poj Mepera MorKe BUTKM NPUAPYKEH jelHOj MEPHOj IoKaumju, umajyhu y Buay aa Ha-
LMOHA/IHN 3aKOHOZaBHW aKTX NOjeaMHUX 3eMasba 3axTeBajy NepnoamyHo Tectnparoe EM nosva. Crora je
Mmogaen 6ase nogataka CEMOHT cuctema ocMuUL/bEH YNPaBO TaKBOM NMPUCTYNY MOHUTOPUHIA M Y NOTMY-
HOCTM ra noAprKasa.

MojeanHayHa meperba ce L04aTHO ONUCYjy M NapameTprMma Kao WTo Cy AaTyM MOYEeTKa M 3aBpLleTKa mMo-
HUTOPWHTIA, NOTOM BPOj aKTUBHUX AaHa MepeHa, Kao M 03HAKa fa /I Cy NnojeauHa mepera TPeHYTHO ak-
TUBHA WM He.

Mopepn meHa 1 KpaTKor onuca KopuwheHe MepHe cTaHuue, y 6a3m nogaTaka ce 4yBajy M No4aum o He-
HOM cepujcKom 6pojy, aTymy nocnearer Kannbpucara, TEXHUYKM NOAaLM O MEPHO] COHAMN 33 MepeHre
€/1eKTPUYHOT MOJba, Kao U O COHAM 33 Meperbe MarHeTcKor nosba. [joaaTHo, YyBajy ce u nogauun o aaty-
MUMa Kannbpucarba obe coHae, nHpopmaumje o SIM KapTuum 3a mobunHy TenepoHujy, Npeko Koje ce
ocTBapyje 6exMyHa KoMyHMKaumja mepHe ctaHuue n MHTepHeTt noptana CEMOHT cuctema.

Oarosapajyha MepHa cTaHMUa ce ca KOHKpeTHUM Meperem nosesyjy npeko nomohHe Tabene Measure-
ments_Sensors, y OKBMPY Koje ce 4yBajy nogaum o GPS KoopgmMHaTama NOCTaBKe MepPHEe CTaHULE, BUCUHM



TexHUUKo pelwwetrbe: “6aza nodamaka CEMOHT cucmema 30 KOHMUHYAAHU MOHUMOPUH2 U MPOYEHY U3/10XEHOCMU esnekmpomaa-
HemcKum rnosbuma”

Ha Kojy je cTaHMLA NocTaB/beHa, Kao M MHpopmalMja Koja o4, iBe MepHe COHAE Ce KOPUCTU (eneKkTpuiHa
NN MarHeTcKa).

[opnaTtHo, y okBMpY oBe Tabene YyBajy ce M Nogaum O y4ecTaHOCTU Meperba (ogabupatba) came cTaHuLE,
Kao u ogrosapajyhu nogaum o MHAMBMAYaNHOM nogelwasakby KopuwheHe mepHe coHae. KoHauyHo, yyBa
Ce W KpaTaK OMuc MecTa rae je MepHa CTaHuLa NoCTaB/beHa.

B) Moaen 6a3e nogataka — LlennHa b

CEMOHT cuctem 06aB/ba KOHTUHYa/HU MOHUTOPUHT, KOpUCTERN WECTO-MMHYTHO yCcpeaHaBatkbe, Yy CKaa-
Ay ca 3axTeBMMma cTaHgapaa EN 50413:2008+A1:2013. 360r Tora je 3a 04eKMBaTK Aa Ce OFPOMHA KOMYK-
Ha MepHUX pe3yaTaTta Mopa CKAaauwWTnTK y 6a3m nogartaka.

Kako 61 ce onaKiwana eBMaeHUMja O TOME KOjU MepPHU pe3ynTaTv Npunagajy Kojoj MepHoj CTaHuum, mo-
Aen 6ase je An3ajHMpaHa Tako [a Ce CBAKOj MEPHOj CTaHULUM NPUAPYXKYje jeaHa Tabena 3a cmewTarbe
MEPHUX Pe3ynTaTa, Kao LWTO je NPMKA3aHOo Ha canum 6.

Measurements

id_measurings

name

1 date_started 1

date_finished

description

days_active

active_measurings

id_locations
| o o |
I Measurement_Results_Sen_01 Measurement_Results_Sen_02 I
I id_measuring_results id_measuring_results I
I id_measurings id_measurings I
I id_parsed_files id_parsed_files I
I measuring_date measuring_date I
I e_rms_avg_w e_rms_avg_w I
I e_rms_avg_900 e_rms_avg_900 I
I e_rms_avg_1800 e_rms_avg_1800 I
I e_rms_avg_2100 e_rms_avg_2100 I
I e_peak_w e_peak_w I
I e_peak_900 e_peak_900 I
I ]e_peak_1800 e_peak_1800 '
I |e peak 2100 e _peak_2100 '
I b_rms b_rms I
I b_peak b_peak I
I battery battery I
: temperature temperature :
| * Parsed_files i |
I id_parsed_files I
I file_name I
I date I
: Ll,en UHa B full_file :

Cnuka 6. LUennHa b 6ase nogartaka.

MojeanHayHom Mepetby ce NpuapPy:Kyjy nogaum o ogrosapajyhum MepHum cTaHuLama, Koje GU3UYKM
CNpOBOZE CamMo Mepetbe, NPU YemMy ce, ¥ Unsby edUKACHOT CKNaaMILTeHa NogaTaka, naeHTMdUKaTop ca-
MOT Mmepetba ynucyje y Tabeny ca mepHMmM pesyntaTuma ogrosapajyhe mepHe ctaHuue. Mopeg Tora, 4ysa
ce 1 nogaTak 0 AaTyMy Kaja je Taj MepHU pesynTaT fobujeH.



TexHunuko pewerse: “6a3a nodamaxka CEMOHT cucmema 3a KOHMUHYAAHU MOHUMOPUH2 U NPOUeHy U3/0HeHOCMU enekmpomaa-
Hemckum noseuma”

BaaH AeTasb Yy 0BOj Lie/IMHK jecTe U ynrbeHnua aa CEMOHT cuctem kopuctn Narda AMB 8057/03 mep-
He CTaHWLEe, Koje Cy y CTakby A3 UCTOBPEMEHO 06aB/bajy Meperba eNleKTPUYHOr Nosba Y YeTUpn GpeKkBeH-
UMjcKa nogoncera: wupokonojacHom (100 kHz — 7 GHz), GSM 900, GSM 1800 n UMTS 2100 nogoncery,
Kao M mepera MarHeTckor nosba y onery og, 10 Hz do 5 kHz. 3a nojegnHe mepHe nogoncere, mepHa cTa-
HULa AOCTaB/ba NOAATKE O MAaKCMMANHOj U3MepeHoj BpeHOCTH, Kao 1 0 ycpeareHoj BpeAHOCTH.

[opaaTHo, mepHa cTaHuua ob6e36ehyje M nogaTke o TeMNepaTypy U HaNoHCKOM HUBOY YHYTpalre HaTe-
puje, Kojom ce mepHa CTaHMLLA Hanaja.

MpUAMKOM KOMyHUKaluuMje mepHe cTaHuue ca MHTepHeT noptanom CEMOHT cuctema, cBuM MmepHU noaa-
UM ce AOCTaB/bajy Y BUAY TeKCTyanHMX ¢ajnosa, Koju ce Ha ogpeheHn HaumH obpalyyjy, a camu nogaum
ynucyjy y oaroBapajyhe tabene. MNopen nogaTaka U camu TeKCTyanHu dajnosu ce yysajy y 6asmn, obesbe-
Hyjyhu Ha Taj HaYMH CUTYPHOCT NodaTaka yc/ies eBeHTyaHe rpellke NPUANKOM napcuparsa. MNopes Ha-
3uBa ¢dajnoBa YyBa ce U AaTym KafZa je CBaKM o4 HUX ynucaH y 6asy.

) Moaen 6ase nogartaka — LlenuHa B

MpumeHa CEMOHT cuctema nogpasymeBa 06aB/batbe MOHUTOPUHIA Y AYXKEM BPEMEHCKOM nepuoay, y
OKBMpPY KOF Ce BPLUM U NPOLEHa U3N0XKEHOCTU, Kopuwherem metoaa 6asnpaHnx Ha rpaHMLLAMa U3N0XKe-
HocTW. Y okBMpy 0ba meToaa, oapehyjy ce Aora U ropra rpaHuua rnobanHe usnoxeHoctu (GER), npu
Yyemy je OCHOBHa Waeja Aa ce ogpeau oarosapajyhu oncer y okBMpy KOr ce Hanasu peasiHa U310XKeHOCT.
JopaTtHo, y TOKy BpemeHa ce NnpomMeHe OBUX rpaHuLLa npaTte, Kao WTOo je NpPUKa3aHo Ha camum 7.

— (e 1 A

\\

(o]
-

= - MepHa

WHTepHeT 4 GER CTaHMua U3Bop EM
I nopran B noma
| GERdonje
! Y '
& \ 0 24h

4

[OHesHe rpaHuue GERa
KopucHUK

Cnuka 7. [JHeBHe rpaHuLLe U3N0XKEHOCTH.

Y cnyyajy aa ce paau o meperby/MOHUTOPUHIY eNeKTPUYHOT MoJ/ba Y Oncery BUCOKMX ¢ppeKBeHumja, GER

rpaHuue ce ogpehyjy Ha ocHoBy M3pasa:
2 2

GER,, . = B u GER = E, , (1)

donje E gornje
ref max ref min

rae je Em U3MepeHa BpeAHOCT YKYMHOT BEKTOPA jaunHe eNeKTPUYHOr Nosba, A06bujeHa WMPOoKonojacHUM
meperem, AOK CY Eref min U Eref max MUHUMANHN MU MaKCUMaAHW 3aKOHCKM NPONMCaHU pedepeHTHU rpaHmny-
HW HUBOW eNIeKTPUYHOT NoJba, Y oarosapajyhem dpekseHuUmjcKkom oncery.

Y cnyyajy aa ce obaB/ba Mepere/MOHUTOPMHI MarHeTCKOr NoJ/ba Y ONcery HUCKUX GpeKBeHLmja, npoue-
Ha M310KeHoCTU ce basunpa Ha GER rpaHMuama, Koje ce ogpehyjy Ha ocHoBy M3pasa:
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TexHunuko pewerse: “6a3a nodamaxka CEMOHT cucmema 3a KOHMUHYAAHU MOHUMOPUH2 U NPOUeHy U3/0HeHOCMU enekmpomaa-
Hemckum noseuma”

B B
j— m —_ m
GERMJ.E ——B u GERnge =—r (2)
ref max ref min
roe je B, nsmepeHa BpeAHOCT YKYMHOr BEKTOPa MarHeTCKe MHAyKuuje, AobujeHa LWWMPOKONojacHUM Me-
perem, AOK CY Bref min W Bref max MMHUMAIHN M MaKCMMATHM 3aKOHCKM NponucaHu pepepeHTHU rpaHnuYHu

HMBOM MArHeTCKO Nosba, y oarosapajyhem ¢dpekBeHUMjcKOM oncery.

MNojeanHe pedepeHTHe rpaHNYHE HUBOE je HeONXOAHO YyBaTK y 6asn NogaTaka U TOME je HaMeHeHa Lie-
NvHa B, ogHocHo oarosapajyha Tabena, npyKasaHa Ha camum 8.

|
LennHa B

| |
| |
| Field_Limits |
| id_limits |
| natio_limit_value_e_w_min |
| natio_limit_value_e_w_max |
| natio_limit_value_e_900_min | |
| natio_limit_value_e_900_max | |
| natio_limit_value_e_1800_min | |
| natio_limit_value_e_1800_max| |
| natio_limit_value_e_2100_min | |
| natio_limit_value_e_2100_max| |
| natio_limit_value_b_min |
| natio_limit_value_b_max :
|

| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |

icnirp_limit_value_e_w_min
icnirp_limit_value_e_w_max
icnirp_limit_value_e_900_min
icnirp_limit_value_e_900_max
icnirp_limit_value_e_1800_min
icnirp_limit_value_e_1800_max
icnirp_limit_value_e_2100_min
icnirp_limit_value_e_2100_max
icnirp_limit_value_b_min
icnirp_limit_value_b_max
date

—_——— e ——_ ——a

Cnuka 8. LUennHa B 6a3e nogartaka.

Mopepn, pedepeHTHNX HMBOA NPOMUCAHUX HALMOHANHUM MPABUIHUKOM, NPUAPYKEHWUX NOjeJUHUM Mep-
HUM MOAOMNCE3MMA NEKTPUYHOT M MArHeTCKOr Nosba, NpeaBuheHo je aa ce y oKBUPY oBe Tabene uyBajy
1 pedepeHTHU HMBOM Koju cy nponucaHn mehyHapoaHum ICNIRP npenopykama®. Ha oBum npenopykama
ce 6a3unpajy 3akoHoaaBcTBa BehMHe 3emasba YnaHMLa EBpOMCKe yHUje, Kao U HEKUX ApYrux 3emasba, Te
crtora am3ajH CEMOHT cuctema npyka moryhHOCT npumeHe 1 Ha mehyHapogHOM HUBOY.

360r moryhe npomeHe pedepeHTHMX rpaHUYHUX HUBOA, Y roAMHaAMa Koje aonase, y okeupy 6ase je npea-
BuheHo aa ce BpeaHOCTMMA pedepeHTHMX HUBOA NPUAPYIKYjE 1 AaTyM HUX0BOT ynnca y 6asy.

Kako je peanusoBaHo 1 rae ce npumerbyje, 0o4HOCHO Koje cy moryhHocTu npumeHe (TexHuuKe moryhHocTm):

MpepnoxkeHo TEXHUYKO pellerbe, ca AeTas/buMa base nogaTaka HaMereHe CUCTEMUMA 3@ KOHTUHYANTHU
MoHUTOpUHT EM nosba, npeacrassba nporpamcko (software) pelwere 0TBOpeHOr M3BOPHOT KOAa, Y CKAa-
Oy ca poKymeHTom "[lpasusHuK o nocmynky, HaQ4YuHy 8pedHOo8AHA U K8BAHMUMAMUBHOM UCKA3UBAHY
HayyHoUCMpaIusa4yxkux pesyamama ucmpaxcusaya” — Mpunor 2 — TexHuuko pellerse, 6p. 110-00-29/-
2016-04, Koju je MMHUCTAapPCTBO NPOCBETE HayKe M TEXHONOLWKOT pa3Boja yceojuao gaHa 01. 03. 2016. ro-
anHe (“Cny»kb6eHu rnacHuk PC” 6p. 24/2016).

> International commission on non-ionizing radiation protection (ICNIRP) — “Guidelines for limiting exposure to time-varying electric,
magnetic, and electromagnetic fields (up to 300 GHz)", 1998.
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TexHunuko pewerse: “6a3a nodamaxka CEMOHT cucmema 3a KOHMUHYAAHU MOHUMOPUH2 U NPOUeHy U3/0HeHOCMU enekmpomaa-
Hemckum noseuma”

MpeanoxkeHa 6a3a nogartaKka je NPojeKkToBaHa y cnagy ca 3axTeBMma HaumoHanHor CEMOHT cuctema,
Kao noApLuka pagy U LeHTpasiM30BaHOM CKAAAULLTEHY MEePHUX pe3ynTaTa U pesynTtaTta npoLleHe NoTeH-
UpjanHe usnoxeHoctn. [logatHo, 6a3a nofaTaka je OCMULIL/bEHA M Kao pernctap EM nosba Ha MepHUM
JIoKaumjama, o4HOCHO NoApyyjy og uHTepeca, nomohy Koje ce MoXKe NpaTUTN NCTopUjaT NPOMEHE HMBOA
npucytHor EM nosba, Kao 1 n3noxeHocTu nonynaumje.

TpeHyTHO je 6a3a nogaTaka akTMBHa Ha naatoopmum MySQL cepBepa, anu je npojekToBaHa Aa noceayje
bGNEKCMBUAHOCT UMNNIEMEHTALM]E M HA HEKUM APYTMM CePBEPCKMM NaaTdopmama.

Cama 6a3a nogataka je nomohy PHP 1 CakePHP nporpamcKor je3anka/oKkpyKerba yKnon/beHa y MHTepHeT
noptan CEMOHT cucrema. logaTHo, aAMUHUCTPATMBHM A0 OBOr NopTana je peanansosaH nomohy Web
Content Management System (WCMS) nnatdopme, Koja omoryhaBa ayTopusaLmjy KOPUCHUKA U aaMu-
HUCTPaLMjy cucteMa, Ha ocHoBy MHpopMaLmja 13 6ase nogaTtaka.

UcnuTHe flokauuje ce npukasyjy Ha MHTepHeT nopTtany Kopuctehn Google maps TexHosorunjy, kao n GPS
KoopAnHaTe 13 H6a3e nogaTtaka. JoaaTHO, Kako 61 ce omoryhuna rnatka NpomMeHa cafprKaja Ha CTpaHMLm
nopTana, uckopuwhene cy jQuery n AJAX TexHosiornje, Kojuma ce NpuKynsbajy oarosapajyhm nogaum us
6a3e 1 NpuKasyjy Ha CTpaHULUM.

AJAX TexHonoruja omoryhasa ga MIHTepHET nopTasn Wasbe U NpMma NoAaTKE Y aCUMHXPOHOM pexumy, y
no3aaunHu, 6e3 HexesbeHOr yTHLAja Ha NPUKa3 M NOHalake aKTMBHE CTpaHe nopTana. OBo je og 3Hayaja
y CuMTyaLuMjama Kaga je npucyTaH BeIMKM 6poj KopUCHUKA Ha NHTepHeT nopTtany CEMOHT cuctema, v Ka-
[ je MHTeH3uBMpPaHa UHTepaKLMja CTPaHULA NnopTasa ca 6a3om NogaTtaka, Kako TOKOM MpPUKasa MepHUX
pesynTaTa, TaKo U NoAaTaka O U3/I0XKEHOCTM nonynauuje.

MpepnoxkeHa 6a3a nogataka je NPBEHCTBEHO HamerbeHa HauuoHanHom CEMOHT cuctemy, anm HbeHa
npumeHa je moryha v y oKBMpPY HEKMX APYFMX CUCTEMA 3@ KOHTUHYAZIHU MOHUTOPUHT, Npu Yemy 6u KOH-
KpeTHa NpMMeHa 3axTeBasa Makbe NPorpamcko npunarohaBarbe OKPyKera Yy KOM je NNaHWPaH NpuKas
nogartaka, O4HOCHO Y KOM je peannsoBaH MIHTepHeT nopTan Tor cMctema 3a MOHUTOPUHT.

JopaTHo, 6a3a nogaTaka je npeasuheHa 3a KomepumjaaHe mepHe ctaHuue npomssohaya Narda STS®, ko-
je mory aa obaB/bajy MOHUTOPUHT €NeKTPUYHOT NoJsba y YeTUPU MepHa nogoncera. Mpu Tome, 3a MepHe
CTaHWUUe HeKor gpyror npoussohaya moryhe je KOPUCTU camo HeKe of TUX Nogoncera, y CKaagy ca Mo-
ryhlHOCTMMa 1 KapaKTepuUCTUKaMa KOHKPETHE MepHe CTaHuLe.

Y nornesy M3NoXKeHOCTH, nNpeanoxeHa 6asa nogaTtaka je 3aCHOBaHA Ha MPOLLEHU U3/I0OXKEHOCTU onwTe
nonynaumje. Mehytum, moryhe je 6a3y nogaTtaka npuMnaro4uTh NpMMeHama y Kojuma ce 3axTeBa npoLe-
Ha U3n0XeHocTu npodecrmoHanHor ocobsba, YHOCOM HOBMX, ogroapajyhux nponucaHux pepepeHTHUX
rPaHUYHUX HUBOA.

KoHauHo, npeanoxkeHa 6asa nogataka TPEHYTHO KOPUCTM HaLMOHAHe nponucaHe pedepeHTHe HUBOE,
KOju cy ABa 1 No nyTa maru og mehyHapoaHo npuxsaheHnx ICNIRP pedepeHTHMX HMBOA. Mopes Tora, y
CEMOHT meToaama 3a NPOLLEHY U3/I0KEHOCTU CE HA UCTU HaunH mory Kopuctutn n ICNIRP pedepeHTHH
HuBoM, WTO omoryhaBa npumeHy oBor mozena 6ase nogataka Ha mehyHapogHOM HUBOY, Y OKBMPY Npo-
LeHY U3/I0}KEeHOCTU CTAaHOBHULLUTBA.

6 https://www.narda-sts.com/en/
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TexHunuko pewerse: “6a3a nodamaxka CEMOHT cucmema 3a KOHMUHYAAHU MOHUMOPUH2 U MPOUEHY U3/0HeHOCMU enekmpomae-
Hemckum noseuma”

Mmajyhu y Buay Aa je TeXHUUYKO pellere ca NpeasoxeHum mogennm 6ase nogataka HacTano Ha OCHOBY
Hay4YHUX pafaoBa, Koju cy 06jaB/beHN Y EMUHEHTHOM Mef)yHapogHOM Hay4HOM HYaconucy U KoHbepeHun-
jama, oTBOpEHU U3BOPHM KO U CBU TEXHWUYKM AeTasbM 0BOT Mogena 6ase cy A4OCTYMHM CBUM 3aUHTEPECO-
BaHMM KOPUCHMLMMA.

Mpwunosu:

MpepnoxeHn mogen 6ase nogaTaka je AeTa/bHO U3MOXKEH y nornaesby “The SEMONT Internet portal and
EMF register”, Hay4yHOg paja:

1. N. Djuric, D. Antic, D. Kljajic, A. Fanti and S. Djuric, “The SEMONT'’s database support for quad-band
monitoring of EMF exposure”, Measurement, DOI: 10.1016/j.measurement.2016.12.019, (Available
online 9 December 2016), will be published in Volume 99, march 2017, pp. 78—89, ISSN: 0263-2241,
2017.

[opaaTHo, nojeanHn aenosu mogena 6ase nogartaka cy aHaNM3NPaHM M Y HAYYHUM PaSoBMMa NPE3EHTO-
BaHMM Ha KoHdepeHuMjama:

2. N. Djuric, D. Kljajic, K. Kasas-Lazetic and V. Bajovi¢, “The SEMONT EM Field Register Support for the
Assessment of Daily Exposure Limits,” IEEE 11th International Symposium on Intelligent systems and
Informatics — SISY 2013, Subotica, Serbia 26-28 Septembar, pp. 305-308, 2013.

3. D.Kljajic, N. Djuric, K. Kasas-Lazetic and M. Prsa, “Procedure for Incorporation of NBM-550 Measure-
ment Results into the SEMONT Database,” IEEE 11th International Symposium on Intelligent systems
and Informatics — SISY 2013, Subotica, Serbia, 26-28 September, pp. 309-312, 2013.

HaBeaeHMW pagoBu NpeacTaB/bajy NpUore oBor TEXHUYKOT peLletsa.
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Na6opartopuja 3a eneKTpomarHeTcKy KomnatubunHocrt
[lenapTmaH 3a eHepreTuky, eNIeKTPOHUKY U TeIeKOMYHUKaLuje
(DaKYIITET TEXHUYKUX HayKa

YHusepsuret y Hosom Capy

Tpr O. O6pagosuha 6

21000 Hosu Cap,

Y cknagy ca ogpepnbama “MpasusHuKa o nocmynKy, Ha4YuHy 8peoOH08AaHA U KBAHMUMAMUBHOM UCKQ-
3UBaHbY HAYYHOUCMPAXCUBAYKUX pe3yamama ucmpaxcueaya”’, 6p. 110-00-29/2016-04, koju je MUHUCTapCTBO
NPOCBETE HayKe U TeXHO/OLWKOr pa3Boja ycsojuno 01. 03. 2016. roguHe (“CnyxbeHun rnacHmnk PC” 6p. 24/2016),
Nabopatopuja n3paje osy

noTBPAY

o sepuduKaumju moaena b6ase nogartaka CEMOHT cuctema 3a KOHTUHYA/THU MOHUTOPUHT U NPOLLEHY
U310)KEHOCTU €/IEKTPOMArHeTCKUM Nosbuma

Ha OCHOBY MCTPaXKMBaAYKMX aKTUBHOCTU Ha pa3Bojy npojekTa MHopmaLMoHe Mpexe 3a UCMUTUBAHE ENIEKTPO-
MarHeTckux nosba — CEMOHT (Serbian Electromagnetic Field Monitoring Network) —y oKBupy nporpama TexHo-
JIowWwKor passoja Penybauke Cpbuje — TP 32055, Kao U CNpoOBEAEHMX NOCTyNakKa Mepera U UCNUTUBAHLA eNek-
TPOMarHeTCKOr nosba, pagu nposepe u Baangaumje mogena 6ase nogataka CEMOHT cuctema, 0BUM JOKYMEH-
Tom notephyjemo ga je moaen 6ase nogataka BepudukoBaH y okBupy JlabopaTopuje 3a enekTpomMarHeTcky
KomnatnubunHoct, Pakynteta TEXHUYKUX HayKa, YHUBep3uTeTa y Hosom Capy, y3 Kopuwhere mepHe onpeme
Koja npunaga /labopatopwuju.

Y Hosom Capy, aaHa 09. 01. 2017. roguHe

PykoBoaunal, Jlabopatopuje

Ww(; /72/ M O/

Mpod. ap Heaa Nekapuh-Hah
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> (AKY (ATET
/7° TEXHUUKHX HAYKA

Tpr docareja O6pazosnha 6, 21000 Hosn Cax, Peny6smka Cpouja
Jexanar: 021 6350-413; 021 450-810; LlenTpasa: 021 485 2000
PauynoBoacrso: 021 458-220; Crynenrcka ciayxoda: 021 6350-763

HMHTETPHCAHIT
CHCTEM
MEHAIIMEHTA
CEPTH®HROBAH O:

Teaedarce: 021 458-133; e-mail: findean‘a uns.ac.rs

Ham 6poj:  022-22/ 4,00
Bam 6poj:

Hatym:

Banentuna Bpebasios
[lled kabunera nexkana

13.12.2016. Hosu Can

HIPEJIMET: Hmenoearve peuenzenama u npuxeamarve peuensuje 3a Texnuuxo
peuwierve

HacraBHo-HayuHo Behe JlemapTMaHa 3a €HepreTwKy, €JIeKTPOHHKY M TeJIeKOMyHHKauuje Ha 54.
ceqnuim on 13.12.2016., na unuumjatuBy Kartenpe 3a TeopHjcKy eNEKTPOTEXHHKY jeIHOIJIAaCHO j€ JOHEJO
OJUTYKY O MIMEHOBalby pelLieH3eHaTa U MpUXBaTamy peLeH3Hje 3a ciieiehie TeXHHYKO pellemne, Koje je pe3yaTar
pana Ha npojexty TP-32055.

Hacnos: ba3a nogataka CEMOHT cucrema 3a KOHTHHYaJJHH MOHHTOPHHI ¥ NPOIEHY H3JI0KEHOCTH
€JIeKTPOMArHeTCKHM MOJ/bHMA

Ayropu: Hukona Bypuh, Jlanka Autuh u Jlparan Kieajuh.

[TpennoxkeHu peLeH3eHTH:

1. np He6ojma Panuesuh, Banpenu npodecop, Enexrponcku dakynrer, YHusepsurer y Huuy,
2. np bpanucnas ByneBuh, HayuHu capaguuk, Enekrporexnuuku uHcTuTyT Hukona Tecna, beorpan.

C nolToBH¥bHEM,
e T

Jlou. np Bopuc Tymuuh
pykoBoauian JlenaprMana

JlocTaBuTH:
1 Jacmuna Jlumuh, Coyx6a 3a onuire U npaBHe MocJioBe,
2 apxuBa Jlenaprmana EET.



s Y HOBOM CAAY TEXHUUKHUX HAYKA

Tpr Jdocnreja O6pazosnha 6, 21000 Hosn Caj, Peny6.mka Cpouja —
Hexanar: 021 6350-413; 021 450-810; LlenTpana: 021 485 2000 CLHCTEM

PauynoBoacrBo: 021 458-220; Crynenrtcka ciayxba: 021 6350-763 MEHAIMEHTA
Tenedarce: 021 458-133; e-mail: ftndean@ uns.ac.rs e

5%, VHUBEP3NTET % DAKY ATET

Haw 6poj:
Bauu 6poj:
Hatym: 2016-05-05

N3BO/I N3 BAIIMCHUKA

HacraBHo-Hayunor Beha @akynrera TexHuukux Hayka y HoBom Cany, Ha 27. peqoBHO]
CeIHHIM oapxaHoj maHa 21.12.2016. roaune, noHeno je ciaenehy ommyky:

-Henompe6u0 U30CMAB/HLEHO-
Tauka 11.1. Bepugpurkayuja Hogux mexHuuKkux peuiera
U UMEHOBAIbE PEeUCH3CHAMA
Tauka 10.1.1: Y yuwy sepupuxayuje H0602 MeXHUYKOZ peuierba yceajajy ce peueH3eHmu:
1.  IIpo¢. np HebGojma Panuesuh, Enexrporcku daxynarer y Hurmy

2. Jlp bpanucnas Bynesuh, Hayunu capaguuk, Ej1eKTpoTeXHUYKH HHCTUTYT ,,Hukona
Tecna®, beorpan
Ha3uB TexHuukor peniema:

“BA3A IIOJJATAKA CEMOHT CHCTEMA 34 KOHTHHYA/THH MOHHTOPHHT U

ITPOLNEHY U3/I0’KEHOCTH EJIEKTPOMAI'HETCKHM IIOJbHMA”

Aytopu TexHuukor pemema: Hukona Bypuh, [lanka Autuh, [Iparan Kipajuh.

-HenompeoHO U30CMaA6./beHO-

3anuCcHUK BOIMIIA: TauHocT nogataka OBE€paBa:

e a ; Cekpera
PRI\ B !”) perap

Jacmuna Jlumuh, quni. npaBHUK Wsan Hewkosuh, aum. npa




PeueH3uja TEXHUUYKOr peluera

OCHOBHM NMOAALM O TEXHUYKOM peluekby:

FP— basa nopgaraka CEMOHT cucrema 3a KOHTUHYaNIHU MOHUTOPUHT U NPOLEHY U3/I0XKEHOCTU
€/1eKTPOMArHeTCKMM Nnosbuma

AyTopm Hukona bypuh, flaHka Autuh u [iparad Kmwajuh

Kateropmja HoBO TeXHMUYKO peluere NPUMEHEHO Ha HauMOHa/IHOM HuBoy (M82)

Peanusatop dakynTeT TeXHUYKUX HayKa, YHusep3urtetr y Hosom Capy

OCHOBHM NOAALM O peLe3eHTy

WUme u npesume, 3Bare npo¢. ap Hebojwa Panuesuh, BaHpegHu npodecop
Y>ka obnacr 3a u3bop y 3Barbe, gatym usbopa | Teopujcka enekrpotexHuka, 27. 10. 2016.
YcTraHoBa rge je 3anocneH EnekTpoHcku dpakynrtet, YHusep3autet y Huwy

CTpy4YHO MULL/bEHE peLe3eHTa:

MpeaioxKeHo TEXHUYKO pellerbe NpeacTas/ba 3HayajaH M HOB AONPUHOC Y AOMEHY MOAPLLKE KOHTUHY-
a/lHOT WMPOKOMNOjaCHOT MOHUTOPUHra enektpomarHetckux (EM) nosba v pa3soja peructpa EM nosa 3a
UCNWUTHE NOKaLMje UAKU Noapyyja oj UHTepeca.

OBO TEXHWUYKO pellerbe AeTa/bHO Onucyje Mogen UeHTpaanloBaHe Hase noaaTtaka HauuoHanHe nHoop-
MaLMoHe mpexe 3a ucnutuearwe EM nosba — CEMOHT (Serbian Electromagnetic Field Monitoring Net-
work), ca acnekTa cKnaguwTera MepPHUX pe3ynTaTta, Npu Yemy je cam mozgen 6a3e NpojeKToBaH ca Har-
JTACKOM Ha UCMUTHY NIOKauMjy, Ha Kojoj je moryhe o6aBuTtun Behu 6poj kKamnarba MOHUMTOPUHTA y3 nomoh
Pa3INYUTUX MEPHUX CTAHULA.

[opaTtHo, mogen 6a3e nogaTtaka, No NpBMU NyT, NPeACTaB/ba M pelere Koje omoryhasa CEMOHT cucre-
My obaB/barbe npoLeHe NoTeHuujanHe u3noxeHoctn EM nosy, y cknagy ca metoaama 6asmpaHum Ha
rPaHULLAMA U3/1I0XKEHOCTU, ONMUCAHUM Y TEXHUYKUM peLleruma: “Memoo rnpoyeHe u3nomeHocmu enex-
MPUYHUM MOMBUMA BUCOKUX (hpeKseHyuja ba3upaH Ha epaHuyama usnoxeHocmu” (M82), uunju cy ayto-
pu Hukona bypuh, [iparaH Kbajuh, KaponuHa Kacaw-/laxketuh, Bepa bajosuh, kao n “Memod npoueHe
U3/10EHOCMU e/1eKMPUYHUM [0/bUMA BUCOKUX (hpekseHyuja 6a3upaH HaO a8anmueHUM 2paHuUuama
usnoxceHocmu” (M82), umju cy aytopu [paran K/bajuh n Hukona bypuh.

MNpeanoxxkenn mogen H6ase nogataka omoryhasa NpouUeHy U3N0XKEHOCTH OMNLWTE nonynauuje u npopecu-
OHanHor ocobsba, y CkNagy ca NPONUCAHUM HALMOHANHUM pedepeHTHUM rPaHUYHUM HUBOMMA, Kao
npumeHy Ha mehyHapoAHOM HUBOY, Kopuwherem afekBaTHUX pedepeHTHUX rPaHUYHUX HUBOA.

TexHuuKo pewere je 4o06uN0 NOTBPAY BaIMAHOCTU, 06jaB/bUBAHEM Y HAYYHOM pajy, Y 4aconucy me-
hyHapogHor Kapaktepa — Kateropuje M21. Crora, cmaTpam [a npeasioykeHO TEXHUYKO pellerbe UChy-
HaBa CBe ycnoBe 33 “Hoso mexHUYKO pewere NpuMereHo Ha HayuoHanHom Husoy (M82)”, npep-
BuheHo oapenbama "[pasunHUKaG 0 NOCMynKy, HA4YUHy 8pPeOHO8AHA U KBAHMUMAMUBHOM UCKA3UBa-
Y HayYHOUCMPAXuBa4ykux pesyamama ucmpaxusa4ya”, 6p. 110-00-29/2016-04, koju je MuHucrap-
CTBO NPOCBETE HayKe M TeXHONOLWKOr pa3soja yceojuno 01. 03. 2016. roguHe (“Cny»k6eHun rnacHuk PC”
6p. 24/2016).

Y Huwy, ganHa 09. 01, 2017. roguHe

{ A
<A1/

npo¢. ap Hebojwa Panuesuh




PeueH3nja TexHUUKOr pellerba

OcHOBHMU noAauu o TeXHUHKOM pellery:

TR Ba3sa noparaka CEMOHT cuctema 3a KOHTUHYaZIHU MOHUTOPUHT U NPOLLEHY U3/I0XKEHOCTH
€/1eKTPOMarHeTCKMm nosbuma
AyTopum Hukona hypuh, flanka AHTuh u fiparad Kmwajuh
Kareropwuja HoBO TexHUYKO pewere NPUMeHeHO Ha HaUUOHaNHOM Husoy (M82)
Peanusarop dakynTeT TeXHUYKUX HayKa, YHuBepauteT y Hosom Cagy
OCHOBHM NOZaLM O peLe3eHTy
WUme u npesume, 3Barbe Ap bpaHucnas Bynesuh, HayuyHu capagHukK

TeXHUYKO-TEXHOIOLKE HayKe
Yika obnacr 3a usbop y 3sarbe, AaTtym u3bopa | (eNeKTpoHMKa, TenekoMyHuKauuje M UHPOpMaLMoHe
TexHonoruje), 30. 11. 2016.

YcraHoBa rge je 3anocneH EnexkrporexHuuku uHctutytT Hukona Tecna, beorpag,

CTpy4HO MULLI/bEHE peLe3eHTa:

Mogen ueHtpanusosaHe 6a3e nopaTaka npeacTaB/ba 3HayajaH TEXHUYKKU JOMPUHOC pajy U [asbem
yHanpehery HauMoHanHe MpeXKe 33 KOHTUHYaNHWU LWMPOKOMNOjaCHU MOHUTOPUHT €NeKTPOMArHeTCKUX
(EM) noswa — CEMOHT (Serbian Electromagnetic Field Monitoring Network).

MpennoxeHo TeXHUYKO peLuere Aaje AeTasbaH npernen moaena v tabena 6ase nojartaka, Kao U HUXO-
Bux MehycobHux Be3a, Koje ce KOpUCTe 3a CKNagMWTere NogaTtaka U MepHUX pesynTaTa, y uumwy dop-
Mupara peructpa EM nosba 3a yBua y UCTopujat MCNUTMBaHa Nosba Ha NojeUHUM IOKaLujama.

JeiMHCTBEHU AONPUHOC OBOM TEXHUYKOT peLleta jecTe Ae0 KOju Ce O4HOCU Ha MPOUEHY NOTeHUMjanHe
U3N10XeHoCTH Kopuctehu metoae H6asupaHe Ha rpaHULLAMA U3N0KEHOCTHU, AedUHUCaHE Y NPETOAHUM
TEXHUYKUM pelleruma: “Memood npoyeHe u3n0#eHoOCmu enekmpuYHUM MosbUMA 8UCOKUX (hpeK8eHyu-
ja 6a3upaH Ha epaHuyama usnoxweHocmu” (M82), umju cy aytopu H. hypuh, . Kmajuh, K. Kacaw-/la-
wetuh, B. Bajosuh, Kao u “Memo0d npoyeHe u3NoHEHOCMU eneKMpPUYHUM MOs/bUMA BUCOKUX (hpeKeeH-
yuja 6asupaH Ha adanmueHUM 2paHuyama udnoxeHocmu” (M82), aytopa . Kmwajuh u H. Bypuh.

MpojekToBaHM Moaen H6ase nogataka npyxka GAEKCUBUNIHOCT UMNIEMEHTaUMje MEPHUX COHAWU pa3Nu-
4ynuTUX Nnpoussohaya u omoryhasa TpaHCNapeHTaH yBUA, y pe3ynTate ucnutusarba nytem MHTepHeT mpe-
*e. lopaTtHo, M3MeHama nogaTtaka o pepepeHTHUM rpaHUYHUM HMBOMMA, moryha je npoueHa usnoxe-
HOCTU U Y CKNagy Ca 3aKOHOAABCTBMMA APYrMX Ap)KaBa, WTo omoryhasa npumeHy moaena 6ase v Ha
mehyHapoaAHOM HUBOY.

TexHUYKO peluerbe NpeacTaB/ba NPOrpaMcKo pellerbe, Koje je 06jaB/beHOo y HayYyHOM pajgy ayTopa — Ka-
Teropuje M21, yume je NocTano pewere ca OTBOPEHUM U3BOPHUM KOZOM, 1AaKO AOCTYNHO U NPUMEH-
Jb1BO 3a noTpebe Apyrux cuctema 3a KOHTUHYaNIHU MOHUTOPUHT EM nosba.

Muw/bera cam 4a 0BO TEXHUYKO PELLEHE UCMYHaBa CBE YCN0Be 33 “HOB0 mexHUYKOo peuwere npume-
HeHOo Ha HayuoHanHom Hueoy (M82)”, kao wTo je npeasuheHo oapeabama "lMpasusnHuka o nocmyn-
Ky, HaQYUHY 8peOH08AHA U KBAHMUMAMUBHOM UCKA3UBAHY HAYYHOUCMPAHUBAYKUX pe3ysimama uc-
mpaxcuea4a”, 6p. 110-00-29/2016-04, Koju je MUHUCTapCTBO NPOCBETE HAayKe U TEXHONOLIKOr pa3Boja
ycsojuno aaHa 01. 03. 2016. roguHe (“Cnysk6eHu rnacHuk PC” 6p. 24/2016).

Y Beorpaay, aaHa 13. 01. 2017. roguHe

ap Bpam}éﬁ Bynesuh
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 DAKYATET
/¥ TEXHUUKUX HAYKA

Tpr Jdocnreja Obpazosnha 6, 21000 Hosn Cax, Peny6imka Cponja
Jexanar: 021 6350-413; 021 450-810; Llenrpama: 021 485 2000

IHTEIPIIC AHIT
CHCTEM
MEHAIIMEHTA

PauynoBoacrBo: 021 458-220; Crynenrcka ciayxba: 021 6350-763

Teaedarce: 021 458-133; e-mail: findean/auns.ac.rs SEETBRRIORAILON:
Haw 6poj:  Ol.cn
Baiu 6poj:
Hatym: 2017-01-26
N3BO/J U3 3AITMCHUKA

HacraBHo-HayuHo Behe ®akynrtera TexHU4Ykux Hayka y HoBom Cany, Ha 29.
peloBHO] CeTHULIM oap>kaHo] nana 25.01.2017. roguue, noHeno je cieaehy oamyky:

-uenompeﬁuo U30CMAB./bEHO-

TAYKA 10. 2. Bepugpuxkayuja Hogux mexHuUYKuUx peuiera
U UMEHOBare peUeH3eHama

Tauka 10.2.2.: Ha ocHOBY MNO3MTHBHOI M3BelITaja pelleH3eHara Bepudukyje ce
TEXHUYKO peliewne (M82) moa Ha3uBOM:

wBbA3A ITOJATAKA CEMOHT CUCTEMA 34 KOHTHHYA/THH
MOHHTOPHHI U ITPOLUEHY U3/ I0KEHOCTH
EJTEKTPOMAI'HETCKHM I1O/bHMA*

Ayrtopu: Hukona bypuh, /lanka Antuh, [Iparan Kipajuh.

-Henompeﬁuo U30CMAB/bEHO-

/,"/‘A{ n\.

3anucHUK BOAMIA: TauHocT nonaraka oBepana: %t N
“.A

Cexkperap
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Jacmuna [lumuh, auni. npaBHuk VsaK Hewkosnh . npasﬁnk\\w%’ﬁp Pane Jlopociosauku
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The expected technological development, mostly found in the communication domain, will accordingly
increase the number of artificial electromagnetic field (EMF) sources, as well as corresponding EMF expo-
sure in the environment. Thus, EMF monitoring has been required worldwide and some innovative mon-
itoring systems are being developed. Some of them are intended to simultaneously perform long-term
monitoring and exposure assessment, as well as to timely inform the public on present EMF levels.
The Serbian Electromagnetic Field Monitoring Network — SEMONT is one of such systems which has been
activated recently. Considering the diversity of the existing EMF sources, as well as the opinion of the
public that base stations generally contribute to the increased EMF level, the SEMONT system was
designed to perform monitoring of the high-frequency electric field strength in four bands. First, in a
wideband, from 100 kHz to 3 GHz, it observes the field strength from all local sources, and then in three
sub-ranges of GSM 900, GSM 1800 and UMTS 2100, using the modern quad-band Narda AMB 8057/03
sensor station. In this paper, the SEMONT’s database support for the quad-band sensor utilization, as well
as the results of initial in situ monitoring, have been presented. Regarding the test location, the acquired
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field strength results in all bands appear to be far below the Serbian prescribed reference levels.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

NUMEROUS research studies have reported that the exposure of
all living beings to the artificial sources of electromagnetic field
(EMF) has risen significantly. Ranging from extremely low frequen-
cies (power lines), through the intermediate frequencies (PC com-
ponents and peripherals), up to the radio frequencies (wireless
communications, including radio, TV, Bluetooth, Wi-Fi, etc.), the
EMF exposure in the environment have become omnipresent.

Devices that are currently in widespread use generate non-
ionizing radiation in the frequency spectrum range up to
300 GHz. Therefore, the scientists worldwide have devoted huge
efforts to investigate health effects due to EMF exposure, in a num-
ber of frequency ranges [1]. Some former studies tried to clarify
potentially dangerous effects, while nowadays, the research is
focused on the beneficial effects of EMF exposure [2].

* Corresponding author.
E-mail addresses: ndjuric@uns.ac.rs (N. Djuric), danka.antic@uns.ac.rs (D. Antic),
dkljajic@uns.ac.rs (D. Kljajic), alessandro.fanti@diee.unica.it (A. Fanti), snesko@uns.
ac.rs (S. Djuric).
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Regarding the dangerous health effects, the International Com-
mission on Non-lonizing Radiation Protection (ICNIRP) has estab-
lished guidelines for limiting EMF exposure, providing protection
against presently known adverse health effects [3]. Consequently,
a number of states have adopted the ICNIRP recommendations in
their national laws, prescribing periodic testing or monitoring, in
order to verify the compliance of the existing and newly installed
EMF sources with the prescribed reference levels [4-7].

The Republic of Serbia is among those countries; even more, it
stepped forward and supported the development of the Serbian
Electromagnetic Field Monitoring Network - SEMONT [8]. This sys-
tem carries out continuous and broadband EMF monitoring in an
innovative wireless way, and performs the exposure assessment
of population over the observed areas. The system is intended to
be a valuable tool for local residents; additionally, it supports agen-
cies for environmental protection, concerning their efforts to
decrease the EMF exposure in the environment, as the Serbian leg-
islation suggests [9-11].

Even though some similar monitoring systems have been devel-
oped [12,13], for the first time, in this paper, the full database sup-
port is presented, in the context of numerous SEMONT'’s features,
as well as exposure assessment. The novelty of this paper is a
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detailed description of the database foundation for the brand new,
the SEMONT’s boundary exposure assessment approach [14].

Finally, the recent testing of the SEMONT's features is offered,
regarding the electric field strength monitoring, simultaneous in
a wideband range (100 kHz-3 GHz), as well as in GSM 900, GSM
1800 and UMTS 2100 ranges. The utilization of quad-band Narda
AMB 8057/03 station [15-17] and specific SEMONT’s database
details are explained meticulously.

The paper is organized so that Section 2 briefly describes the
SEMONT system and its continuous broadband monitoring
approach. Section 3 considers the SEMONT support for AMB
8057/03 sensors, through the centralized database of the Internet
portal and EMF register. The initially acquired measurement
results are presented in Sections 4 and 5. Finally, this paper is
brought to the end with Section 6.

2. System design

The SEMONT system is based on a wireless network of autono-
mous and remote EMF sensor nodes, spatially distributed over the
observed area, as depicted in Fig. 1 [8].

The SEMONT'’s network topology is a basic star topology [18],
consisting of a number of autonomous EMF monitoring sensor
nodes, spatially distributed over the area of interest.

The monitoring results are remotely acquired over the GSM net-
work, using node’s GSM/GPRS modem for remote control and data
upload/download [19]. Received data are processed and stored into
the database, and are to be accessible for users via the Internet net-
work and the SEMONT'’s Internet portal [19].

2.1. Sensor nodes

After careful consideration and testing of different sensors
[16,20], the Narda AMB 8057/03 sensor station was chosen as

The monitoring station is able to work with interchangeable
measuring field probes, for the low- and high-frequency applica-
tions. For the SEMONT utilization, the most attractive field probes
are Narda’s quad-band electric (EP-4B-01) and magnetic (HP-1B-
01) probes [15], whose main parameters are specified in Tables 1
and 2.

Currently, the majority of EMF sources operate in the high-
frequency range, where the thermal effects of the electric field
are dominant on the human tissue. Therefore, in this paper, the
monitoring was carried using AMB 8057/03 sensor, equipped with
the quad-band isotropic electric field probe EP-4B-01 [15].

The measured value of the isotropic probe is a total value of the
three axes components, from all active EMF sources in the sur-
roundings, as shown in Fig. 2.

Using the broadband measuring approach, this probe provides a
single measurement for every monitoring band, representing
the overall and cumulative field strength for a particular band.
The measurement data are stored in the station’s internal
memory and once a day, uploaded to the SEMONT Internet portal
[21].

2.2. Continuous EMF monitoring

The SEMONT system, performing the continuous monitoring, is
able to offer a history overview of the field strength fluctuation
during a period of time, as shown in Fig. 3.

Diversely, within the conventional measurements, only short
time measurement is performed, detecting just a small part of
the daily field strength fluctuation. Therefore, the conventional
measurements are not able to provide a complete insight in the
present field strength for a particular in situ location.

Table 2
The magnetic field probe (HP-1B-01) characteristics [15].

the most appropriate for the implementation into the SEMONT sys- Frequency range Level range Resolution Rejection of the
tem. This sensor is powered by the high capacity internal batteries electric field
and a solar panel, ensuring virtually unlimited autonomy under 10 Hz-5 kHz 50 nT-200 uT 1nT >20dB
conditions of the normal sunlight.
Radio and TV
- /M %y X
- Internet < g
i portal ' 1
I Q lines  ((9)) @ ©)
& Q [ “ 6
Sensor
User GSM base station™ Urban area Source of EMF
Fig. 1. The SEMONT system design.
Table 1
The quad-band electric field probe (EP-4B-01) characteristics [15].
Wideband EGSM 900 EGSM 1800 UMTS 2100
Frequency range 0.1-3000 MHz 925-960 MHz 1805-1880 MHz 2110-2170 MHz
Level range 0.2-200 V/m 0.03-30V/m
Dynamic range >60 dB >60 dB
Resolution 0.01 V/m
Sensitivity 0.2V/m 0.03 V/m
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Moreover, in order to assess the exposure, the conventional
measurement considers the worst case and assesses the maximal
radiation power and maximal field strength [22]. This is always
performed, even though there is a high possibility it will never
occur for a particular EMF source. Consequently, the worst case
scenario results in the overestimated values for the exposure
assessment, giving an unreal picture.

Finally, the most arguable fact of this kind of measurement is
the assumption that once assessed, the maximal exposure is pre-
sent during all time on the location in question [23].

3. The SEMONT Internet portal and EMF register

The continuous measurement results in a significant amount of
data, requiring their proper management, as well as dissemination
to the interested users. The SEMONT Internet portal is designed to

achieve those requirements [21], where the storage and data
management are realized through the so-called EMF register. The
data dissemination functionality is accomplished through a user-
friendly Internet portal [24], which is designed to be understand-
able even for the non-technically educated persons. It enables an
interested party to be informed on EMF levels and corresponding
exposure in the monitored areas.

3.1. Database support for EMF monitoring

The SEMONT monitoring is oriented towards the locations of
interest. At each of these locations, any number of monitoring
instances can be performed, while individual instance can employ
different sensor nodes and configuration. In order to support such
monitoring approach, the Internet portal and corresponding data-
base are designed as depicted in Fig. 4.

The Internet portal acts as the EMF register for the observed
locations, enabling the EMF data storage for the virtually infinite
time period, as well as the corresponding history overview of the
EMF fluctuation for a particular location. This feature can be of
great interest for authorities in the case that a new EMF source
installation is required. In a very simple manner, by analyzing
the past field strength fluctuations, it is possible to investigate
and predict the possibility of the installation of any new EMF
source on that location.

The database relationship between tables: Locations, Measure-
ments and Sensors are of the “1:n” type, which means that a Loca-
tion table, as a parent, can have several different Measurements as
children. Also, a particular Measurement can have several associ-
ated Sensor elements, all of them described by a number of techni-
cal parameters.

In order to fully support the quad-band AMB 8057/03 sensor
implementation, this basic model of EMF register database was
extended by a number of parameters, as described in the following
sections.

3.2. The EMF register database model

The centralized database of the EMF register and the Internet
portal are adaptive, with the full support for a number of different
EMF sensors and corresponding field probes. The database model
consists of three parts: Part A - intended for the storage of basic
information on the performed monitoring instances; Part B — for
measurement data storage; and Part C - for the prescribed
reference level storage, necessary for the corresponding exposure
assessment.

toca::on ; 1:n
ocation -
N
0
§ ﬁ Locations
Internet Measurement 1 1:n
Measurement 2 |«
portal
Measurements
Sensor 1 1:n
Sensor 2 -
Sensors

Basic data for
particular sensor
node

Fig. 4. Categories of monitoring data.
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The model of the centralized database is depicted in Fig. 5.

Such organization of database tables is oriented towards the
Locations themselves, storing data related to the general descrip-
tion of a location, and in particular, storing the explanation where
and how the field monitoring was performed. All sessions related
to a certain location are listed, so that users and authorities can
have an insight into the full history of monitoring, as well as the
specific protocol for monitoring instance.

The presented database design is intended to provide a full
transparency on monitoring and to increase public confidence in
the SEMONT system performances.

3.2.1. Database model - Part A

A certain number of data parameters have to be provided to fully
describe the measurement on a particular location. Thus, the focus of
this part of the database model is on the relationship between the
Locations, Measurements and Sensors tables, as shown in Fig. 6.

Each location should be defined by its name and a brief descrip-
tion, helping interested users in locating it more easily. A number
of measurement instances can be assigned to each location, espe-
cially having in mind that national laws of certain countries require
periodic testing. The SEMONT system is intended for such monitor-
ing approach, fully supporting it.

{—Pa rtA :
I Measurements Measurements_Sensors Sensors |
| id_measurings id_measurings_sensors id_sensors |
| Locations name id_measurings name |
| - - date_started id_sensors description |
id_locations 1 e 1 = . o 1 .
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name - . )
| i description gps_latitude last calibrated |
description . .
| days_active gps_height e_probe |
| active_measurings e_or_b_probe e_probe_range |
| id_locations storing_rate e_probe_description |
| stored_field_values e_last_calibrated |
| 1 settings_data b_probe |
| area_description b_probe range |
| b_probe_description |
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| SIM number |
| note |
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I |
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Fig. 5. The relationship tree of the centralized database.
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Measurements Measurements_Sensors Sensors
id_measurings id_measurings_sensors id_sensors
- name id_measurings name
Locations . .
: - date_started id_sensors description
id_locations 1 = e 1 . .
- date_finished gps_longitude serial number
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Fig. 6. Part A of the database model.

Every monitoring instance is specified by a short description,
the duration of the monitoring period, and the number of active
days of measurements, as well as the label that indicates if
monitoring is active or finished for a particular location.

Individual monitoring instance can use a number of sensor
nodes, depending on the complexity and importance of the chosen
location. The high sensitive locations, or locations of a special inter-
est, should be observed in more detail, using several sensor nodes.
Each sensor node is accompanied by its own electric or magnetic
field probe, calibrated in accordance with the prescribed standard
[25]. Moreover, the sensor nodes need an active SIM card for the
existing cellular network.

In order to connect the Measurements and Sensors, regarding
all requirements, the Measurements_Sensors table is introduced,
as depicted in Fig. 6. This table contains some specific settings,
since the sensor nodes are normally spatially distributed. It is pos-
sible that different monitoring instances, at the same location,
employ sensors that can be located at different positions. Thus,
the position of the sensor element is described through the GPS
coordinates, which is of a high importance to the interested users
who will be able to locate a particular sensor using the Geographic
Information System (GIS).

Additionally, each sensor node uses either electric or magnetic
field probe at a time, since those two fields are measured indepen-
dently. Also, the sensor node data settings are stored, together with
a short description of the area around the sensor.

3.2.2. Database model - Part B

The SEMONT’s continuous monitoring is performed using the 6-
min averaging, according to the requirements of the standard SRPS
EN 50413:2014 [22]. Therefore, a huge amount of data is expected
to be stored into the database. Consequently, each sensor node has
its own database table with the measurement data, as shown in
Fig. 7 (example of two sensors).

The database tables for measurement results are dependent on
sensor nodes. Such model is designed in order to fully support the
operation of the AMB 8057/03 unit and its quad-band electric, as
well as one-band magnetic field probe.

The quad-band electric field probe performs measurements,
simultaneously in four frequency ranges, providing root mean
square (RMS) or average values, as well as peak values of the field
strength. On contrary, the magnetic field probe performs measure-
ments only in one, low frequency range [15]. Additionally,

information on the battery status and air temperature are provided
during measurements.

Sensor nodes perform monitoring so that the measurement
results are saved in its internal memory. At a certain moment of
the day, defined in the sensor’s settings, they are uploaded to the
Internet portal in the form of the textual file. All files with the
measurement results are kept in the database.

3.2.3. Database model - Part C

The SEMONT system is designed for the long-term broadband
monitoring, performing exposure assessment of the general popu-
lation and occupational one. It follows the recently published
method named boundary assessment approach [14,27,28].

In this paper, the total high-frequency electric field strength is
observed and thus the assessment of the global exposure ratio
(GER), defined similar as the exposure ration (ER) of standard SRPS
EN 50492:2014 [26], was performed applying the following
equations:

En \2 En \*
GERjower = (E ; ) and  GERypper = <E - > , (1)

where E,, is the averaged measured value of the electric field
strength, while E;efinin and Eremax are the minimal and maximal pre-
scribed reference levels of the electric field strength, for a particular
frequency band.

The idea of this assessment approach is to obtain the daily
exposure boundaries and the range where real exposure can be
positioned, as well as the fluctuation of those limits during the
day, as it is shown in Fig. 8 [14,27,28].

The reason for such exposure assessment approach lies in the
fact that the broadband monitoring is used, where it is not known
at which frequencies the surrounding sources emit. Consequently,
in order to compare the measured results with the prescribed
limits, as well as to assess exposure, the lowest and the highest
prescribed reference levels, in the frequency range of the used field
probe, have to be considered, resulting with upper and lower
global exposure limits, as shown in Fig. 8.

Regarding the Serbian national legislation and ICNIRP recom-
mendations, for the general population, the prescribed reference
levels are presented in Table 3 [9].

The Serbian legislation introduces additional safety limits,
resulting with the reference levels being nearly 2.5 times lower
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Fig. 8. Daily curves of the exposure boundaries.
Table 3
The Serbian and ICNIRP prescribed reference levels.
Reference level [V/m]
Serbian ICNIRP
Band Frequency range Enin Einax Epnin Emax
Wideband 100-3000 MHz 11 34.8 27.5 87
EGSM 900 925-960 MHz 16.73 17.04 41.82 42.60
EGSM 1800 1805-1880 MHz 23.37 23.85 58.42 59.62
UMTS 2100 2110-2170 MHz 24.4 24.4 61 61
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Fig. 9. Part C of the database model.

than those suggested by the ICNIRP Guidelines [3]. However, the
SEMONT'’s database is designed to store both reference levels, as
shown in Fig. 9.

The prescribed reference levels are frequency dependent,
having in mind the sensitivity of human tissue to the excitation
by EMF of different frequencies. Thus, regarding the boundary
approach of the exposure assessment [14,27,28], each frequency
band has its own lower and upper prescribed limits for the electric
and the magnetic field. Additionally, in time, it is likely that
changes of the prescribed limits will be required, and thus all
changes in this table are notified by date.

4. Initial measurements

In order to test the incorporation of the AMB 8057/03 monitor-
ing station into the SEMONT system, as well as the functionalities
of this unit, the initial in situ monitoring was performed in the
campus area of the University of Novi Sad. This area is very impor-
tant and can be considered as a highly sensitive area, since the
presence of the student population is nearly constant during most
of the day.

In this paper, the presented test monitoring is for only one loca-
tion, already considered in [27], and will be briefly described once
more in continuation. Such scenario is straightforward; however, it
is not restricted for such initial investigation and functionality
testing.

4.1. Sampling approach

The presented monitoring was completed using the sampling
frequency of one measurement per three seconds. For this initial
monitoring, the time period from 10:45 A.M. until 12:45 P.M was
selected, assuming that the wireless communications will reach
their daily peaks, and the base stations will operate at a full capac-
ity in this period of the day.

During the measurement, the AMB 8057/03 monitoring station
acquired nearly 2000 consecutive samples per frequency band.
These data samples were afterward post-processed in the

following manner: firstly, the samples were divided into non-
overlapping 6-min windows, and secondly, the samples in those
windows were averaged, using arithmetic mean function

1 N
Ex = NZEi (2)
i=1

where E, is the averaged electric field strength, N is the number of
samples in a window, and E; is a sample value.

The data averaging was performed in accordance with the stan-
dard SRPS EN 50413:2014 [22] and the Serbian legislation [9-11].

4.2. Measurement location

The selected monitoring location was on the corner of Dr. S.
Milosevic and Dr. V. Savic Streets, on the traffic crossroad near
the buildings of the Higher School of Professional Business Studies,
the Faculty of Economy and the Student’s Sport Center, as previ-
ously considered in [27].

This location represents one of the major campus crossroads for
students, where they daily pass and stay for a while; consequently
this location is considered as a highly sensitive one.

Furthermore, there are a kindergarten and an elementary school
near this location, as well as the Civil Engineering Institute, as
shown in Fig. 10.

The potential presence of a number of people was one of the
reasons to select this location as a place of high interest, regarding
EMF exposure and EMF monitoring.

In this area, two dominant base stations are installed on the
rooftops of nearby buildings, as shown in Fig. 10. According to
the technical data, presented in Tables 4 and 5 [29,30], they pro-
vide GSM 900 and GSM 1800 services, each of them covering three
area sectors.

Additional reason to select this location is the fact that the main
beams of the first sector antennas, of both base stations, intersect
above the location. The main beam originating from the GSM 900
base station passes over the measurement location at the height
of 4.18 m, and reaches the ground 119.73 m behind it, while the
main beam from GSM 1800 base station passes at the height of
19.85 m, and reaches the ground 188.82 m behind it, as presented
in Table 6 [27].

Regarding the measurement procedure in the SEMONT system
[27], the monitoring station was placed on its own plastic mast,
on the position of the predetermined hot spot at the measurement
grid, shown in Fig. 11.

The field probe was set at the height of 1.7 m, which is the aver-
age human height, as shown in Fig. 12.

The height of 1.7 m was chosen in order to perform the field
strength monitoring at the highly sensitive position of the human
head.

5. Measurement results

The monitoring results of four frequency bands of the AMB
8057/03 unit are shown in Fig. 13.

The gaps that can be noted in data graphs are present due to the
testing of GPRS/FTP scheduled daily upload of the measurement
results to the database. The GSM modem of the AMB 8057/03 unit
turns on at scheduled time, and starts data upload to the FTP ser-
ver, while at the same time temporarily stopping the measure-
ments. This feature was intentionally implemented in AMB
8057/03 unit, since the GSM modem connects wirelessly to the
GSM network and radiates its own electric field, which can cause
unintentional interference in the measurement data during moni-
toring. Thus, in the course of the data transfer, the measurements
are paused.
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Fig. 10. Measurement location.

Table 4 Table 6
Characteristics of the base stations antenna RBS NS Liman 2 [29]. The main beam over the measurement location [27].
RBS 2206 indoor 900 MHz GSM service GSM 900 GSM 1800
Antenna (GSM 900) 1st 2nd 3rd Azimuth 45° 105°
sector sector sector Passing at the height of 19.85m 418 m
Antenna type (Kathrein) K739495 K739495 K739495 Reach the ground at 37582m 32073 m
Behind the location 188.82 m 119.73 m
Number of antennas per sector 1 1 1
Antenna azimuth 45° 200° 290°
Electrical down-tilt 2° 2° 2°
Mechanical down-tilt 4° 1° 4°
ﬁ“te‘;“a C‘f?“;‘“ fmlm the ground level [m] 39-5 275 4317'5 Regarding the measurement results and the basic statistical
umber of channels per sector analysis, presented in Table 7 and including zero field strength val-
ues in the gap, it can be noticed that the averaged electric field
strength obtained in a wideband frequency range dominates, as
Table 5 expected, ranging from 0 to 0.897 V/m.

Characteristics of the base stations antenna RBS NSH 69 NS Liman II (Bajic dormitory)
[30].

RBS 2216 indoor 1800 MHz

Antenna (GSM 900) 1st 2nd 3rd
sector sector sector
Antenna type (Kathrein) K742241 K80010292 K742241
Number of antennas per sector 1 1 1
Antenna azimuth 105° 225° 350°
Electrical down-tilt 2° 2° 2°
Mechanical down-tilt 0° 0° 0°
Antenna center from the ground level [m] 11.2 11.2 11.2
Number of channels per sector 4 4 4

For the remaining three bands, the measured values range from
0 to 0.607 V/m for EGSM 900, from 0 to 0.624 V/m for EGSM 1800,
and from 0 to 0.484 V/m for UMTS 2100 band.

Had the analysis been performed on the data set excluding the
gap, it would have increased the mean values of samples series,
En&an, and significantly decreased standard deviations, as shown
in Table 8.

In this case, the electric field strength ranges from the values of
0.757 V/m to 0.897 V/m for the wideband, from 0.518 V/m to
0.607 V/m for EGSM 900, from 0.537 V/m to 0.624 V/m for EGSM
1800, while from 0.437 V/m to 0.484 V/m for UMTS 2100, where
these results are consistent with those already reported
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[4,5,29,30]. However, in normal monitoring conditions, the gap
should not be considered.

The relative errors between mean values and standard devia-
tions of the series of averaged values, calculated as

S(A—B) =’¥- 100[%] 3)

in the cases with and without the gap are presented in Table 9.

Excluding the gaps, the substantial decrease of standard devia-
tions can be noticed (more than 88.44%), suggesting that the mon-
itoring location can be considered as a location with the slow
change of the electric field strength.

Furthermore, when the gap was excluded, the increased level of
the mean values was expected. The relative error between
Enoan and Efeqn, is 15.79% and can be considered as a large one.
However, one should have in mind that, for such preliminary test-
ing, the monitoring period was just a little more than two hours,
while the gap interval was about 12 min, which is about 10% of
the monitoring time. For the real implementation and monitoring

Electric field strength in four frequency ranges
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Fig. 13. The electric field strength of the quad-band field probe.

during a longer time period, the period of modem activities for
GSM/GPRS transfer will be negligible, as well as the change of
the E.qn Values, in consequence.

Nevertheless, in this paper, the GER assessment, for all fre-
quency bands, was obtained using the averaged field strength val-
ues with the included gap, following the Eq. (1) [14,27,28].

Following the Serbian prescribed reference levels, presented in
Table 3, the results of the GER assessment are depicted in Fig. 14.
It can be noticed that the highest difference between the bound-
aries, i.e. GERypper and GERjower, is present for a wideband range,
which is also expected, since this frequency range is the widest
and the applied field probe does not know which EMF sources
are present in the vicinity of the monitoring location, nor on which
frequencies they operate. Thus, we have assumed that EMF sources
radiate on all frequencies, in the entire wideband range, from
100 kHz to 3 GHz, accordingly finding the minimal and maximal
prescribed reference levels for the whole wideband range, as pre-
sented in Table 3.

The other bands are considerably narrower, resulting with
much better boundary assessment and the lower relative error
between them, as shown in Fig. 14 and Table 10.

The boundary approach assessment of GER is much better for
the narrower frequency ranges, as shown in details in [31,32]. Such
approach offers a possibility to decrease the relative error, between
GERpper and GER[gyver, from 90% in the case of wideband, to 3.61%,
3.98% and 0 in the cases of GSM 900, GSM 1800 and UMTS 2100
band, respectively.

Likewise, running the statistical analysis of the GER boundaries,
presented in Table 11, it can be noticed that their standard devia-
tions are quite low, lower than 0.0227%, confirming that the test
monitoring location had a small variability in the electric field
strength during the monitoring period.

Finally, concerning the results presented in Table 10, it can be
observed that the GER boundaries for wideband are almost five
times higher than for GSM 900, nine times higher than for GSM
1800, while almost sixteen times higher than for UMTS 2100 band.
However, for all frequency bands, the GER boundaries are far below
the allowed value of GERyjioweq = 1 [9-11], resulting that this partic-
ular location can be considered as a zone with the considerable low
EMF exposure.
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Table 7
Statistical analysis of the measurement data (with the gap).
Wideband GSM 900 GSM 1800 UMTS 2100
Efax [V/m] 0.897357 0.607270 0.624462 0.483519
Efean [V/m] 0.728418 0.491285 0.508556 0.394216
E5uin [V/m] 0.000000 0.000000 0.000000 0.000000
STDEV® 0.297967 0.201624 0.207779 0.160943
Table 8
Statistical analysis of the measurement data (without the gap).
Wideband GSM 900 GSM 1800 UMTS 2100
Enfx [V/m] 0.897357 0.607270 0.624462 0.483107
En&an [V/m] 0.843432 0.568856 0.588855 0.456461
Epgn [V/m] 0.757446 0.518250 0.537411 0.437036
STDEV"® 0.034447 0.029142 0.021364 0.015131
Table 9
The relative errors of mean values and standard deviations.
Wideband (%) GSM 900 (%) GSM 1800 (%) UMTS 2100 (%)
S(E%ean — Ensean) -15.79 -15.79 -15.79 -15.79
S(STDEV® — STDEV™) 88.44 85.55 89.72 90.60
Global exposure ratio for wideband Global exposure ratio for GSM 900
0.007 0.0014 — T T T T . . r r r

0.006 0.0012

0.005 0.001
E
N 0.004 E 0.0008
W [G)
(G}
0.003 0.0006
—4—  GERuypper —4—  GERypper
—©—  GERjower —6—  GERjower
0.002 0.0004
0.001 0.0002
q
0 »—o—& L L 0 L L L L L L oo L L
© N x| N N © > © © N q| q| N © > o
NS LN LN 5 LY ) NN S O S @ 0P 8P 6 S T o
A0 A ke e A N N b A0 A A A A AL A A
Time Time
Global exposure ratio for GSM 1800 Global exposure ratio for UMTS 2100
0.0008 T T T T T T T T T T 0.00045 T T T T T T T T T T
0.0007 0.0004
0.00035
0.0006
0.0003
0.0005
o« o 0.00025
W W
© 0.0004 ©
0.0002 |
0.0003
0.00015
0.0002 0.0001
0.0001 0.00005 }
0 L L L L L L +—o—o L L 0 L L L L L L —0—6 L L
© x| N q| N © o © © | N q| N © > ©
RS Y LN S L RN ARt ST LY. L Y LN T
AQ" AN AN AN AN N AL AL AQ" AN AN AN AN AL AL AL
Time Time

Fig. 14. The GER exposure assessment.
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Table 10
The mean value and relative error of the GER (with the gap).
Wideband GSM 900 GSM 1800 UMTS 2100
GER e 0.005085 0.001001 0.000549 0.000303
GERJbyser 0.000508 0.000965 0.000527 0.000303
S(GERIcan _ GERJnean) 90% 3.61% 3.98% 0
Table 11
Standard deviation of the calculated GER (with the gap).
Wideband GSM 900 GSM 1800 UMTS 2100
GERypper 0.002114 0.000422 0.000227 0.000125
GERjower 0.000211 0.000406 0.000218 0.000125

6. Conclusion

This paper presents details on the database support for the
quad-band Narda AMB 8057/03 monitoring station implementa-
tion in the SEMONT system. The database details were presented
regarding the monitoring instances, with the potential multiple
measurements at the same location. Furthermore, the approach
of boundary exposure assessment was described regarding the Ser-
bian legislation, as well as ICNIRP recommendation for the general
population.

In order to test the implementation of the AMB 8057/03 unit, as
well as some functionalities of the SEMONT system, the in situ EMF
monitoring was performed at the already tested location. It con-
ducted measurements in four frequency bands, including the wide-
band range, as well as the frequency ranges of GSM 900, GSM 1800
and UMTS 2100 bands.

Regarding the measurement results from the two-hour moni-
toring, the boundary exposure assessment shows that the potential
exposures in all four frequency bands are far below the maximal
allowed limit, while the standard deviation of GER boundaries,
lower than 0.0227%, suggests that the test location had a small
variability of the electric field strength, as well as general popula-
tion exposure.

The performed initial monitoring was conducted using the AMB
8057/03 unit, with the intention of testing the communication and
the system functionality, while the presented measurement
results, even though obtained in a rather short time period, have
demonstrated the potential that continuous quad-band monitoring
can provide a clear image of the present EMF level, as well as the
exposure on a particular location. In future, we expect a number
of similar monitoring, extending their duration over a longer time
period.
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Abstract — Having in mind the practically inevitable increase
of artificial electromagnetic fields (EM) in the surroundings
it is required to perform a proper assessment of the poten-
tial exposure of the general population. In order to diminish
the public unawareness about the real-time level of the EM
fields and exposure, the Serbian electromagnetic field moni-
toring network — SEMONT has started the initial measure-
ment campaign of EM emissions in the environment. The
SEMONT information network is designed to use spatially
distributed sensor elements, as well as handheld measuring
instruments, intended for continuous broadband monitor-
ing. The results of measurements are stored into a central-
ized database of the EM field register and they are publicly
available through the SEMONT Internet portal. In this pa-
per, the SEMONT EM field register support for the ad-
vanced feature of the daily exposure assessment is consid-
ered, regarding EM field reference levels, prescribed by the
Serbian legislation and the ICNIRP recommendation.

L

The number of electromagnetic (EM) field sources in-
creases the interest of the general population related to
potentially harmful effects of the long-term exposure to
EM radiation. As a result, the remote EM field monitoring
systems, rapidly developed in recent years, have become
valuable tools in the area of the radiation protection [1].

The Serbian electromagnetic field monitoring network
— SEMONT [2]-[3], has recently started with initial moni-
toring, offering information on the in-situ real-time EM
field strength and furthermore the daily limits of the po-
tential exposure [4].

The main idea in the SEMONT system is to utilize the
continuous broadband monitoring, performing measure-
ments in 24/365 manner. Such approach enables recording
of all changes of the field strength level, while the data
storage into the centralized database allows for the crea-
tion of the EM field register for a particular location [5].

Publishing the data over the appropriate Internet portal
[6], the history overview of field changes and their fluc-
tuation can be observed, which would not be possible us-
ing the conventional approach.

The SEMONT monitoring system, as an innovative ap-
proach that uses the wireless sensor network with appro-
priate field sensor nodes, is designed to be objective, to be
reliable and to perform a continuous monitoring.

The objectivity of the measurements is achieved by util-
izing the autonomous EM field sensor nodes, which are
wirelessly connected to the EM field register. Such ap-
proach provides automatic downloading of measurement
data from sensor nodes and their storage into the central-
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ized database of the system, without the employment of
technical personnel.

The reliability of the measurement is derived on the
compliance with the Serbian legislation [7], the ICNIRP
recommendation [8], and the international norms and
standards regarding the measurement of EM fields [9].
The SEMONT system is designed to be in full compliance
with those requirements, while its development is under
the supervision of the accredited Laboratory for Electro-
magnetic Compatibility of the Faculty of Technical Sci-
ences, University of Novi Sad [10].

The continuous approach provides the permanent moni-
toring of EM emissions and a maximum transparency to
the end users and the public.

This paper considers the establishment of the EM field
register [5], as a support for an innovative approach of the
daily exposure assessment in the SEMONT system [4].
Based on the results of the continuous broadband monitor-
ing, the SEMONT system performs the assessment of the
upper and the lower limits of the daily exposure, offering
the range where exposure can be positioned at any time.

In this paper, Section II provides a brief overview of the
SEMONT monitoring concept, while Section III presents
the exposure assessment methods. In Section IV the data-
base model of the EM field register is considered, as a
support for the assessment of daily limits of the exposure.
Finally, the Section V brings the conclusion on the paper.

II. THE SEMONT MONITORING CONCEPT

The SEMONT monitoring system is designed as a
broadband monitoring system, which uses isotropic field
probes [11] for observing the cumulative and overall level
of the EM field, radiated from all active sources around a
particular sensor node, as shown in Fig. 1.

—2_____ (Gathering results over,

GSM network
i Radio and TV<< )))
Internet E(f) broadcasting ((
t portal Wi-Fi
(¢ )systems

Sensor
node, E(t) (
Ex(t)‘yé?(t/.— E? (t)+E (O+EX(?)

Source of
EM field

User GSM base station

Figure 1. Isotropic EM field monitoring of the electric field.

The isotropic probe enables the simultaneous monitor-
ing of all three components of the field, regardless their
direction, and offers a resulting value, as shown in Fig. 1.
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Furthermore, by utilizing the broadband monitoring ap-
proach, there is no need to consider which EM sources are
present and active in the surroundings. The measurement
provides just one value of the overall field level. This ap-
proach is quite valuable when the measurement results
have to be presented to the general public that lacks ade-
quate technical knowledge concerning the EM fields.

By spatial distribution of sensor nodes and utilization of
wireless connection to the centralized EM field register,
the valuable monitoring system can emerge, offering the
monitoring over a particular area. Such approach is im-
plemented into the SEMONT monitoring network and can
be used to reveal the real-time field levels, especially over
the areas that can be considered as the increased sensitiv-
ity areas, as defined in the Serbian law “Rules for non-
ionizing radiation sources of interest, types of sources,
manner and period of their investigation” [12].

The SEMONT system is also designed to incorporate
the measurement results obtained by the handheld instru-
ments with ability of the broadband and continuous moni-
toring of EM fields [13], [14].

III. THE EXPOSURE ASSESSMENT APPROACH

The SEMONT network is designed for the continuous
and long-term monitoring. The field sensors provide an
on-going stream of the measured samples used to assess
the lower and the upper limits of the daily exposure.

The SEMONT system is set to compare the measured
values with the lowest and the highest reference levels, in
the frequency range covered by the field probes [4], [9].

Considering the high-frequency EM fields, the thermal
effects have to be taken into account [15]. Thus the SE-
MONT system calculates the lower and the upper level of
the global exposure ratio (GER) [9], according to the fol-
lowing expressions [4], [7]

2

and GER,,, =

2
E

m

GER,, =| 22—

ref max

m

(M

ref min
where E,, is the broadband measured value, while E,.
and E.f . are the minimal and the maximal prescribed
reference levels of the electric field strength, defined by
the appropriate legislation, over the frequency range of the
field probe used.

The main idea is to obtain exposure limits and to pre-
sent them as daily curves, as depicted in Fig. 2.
ﬁ

i-i —z
Source of

Database Sensor \
Internet EM field

portal

GER

Upper GER level

! Lower GER level
|

24h
Daily limits of GER

User

Figure 2. Limits of the GER as a daily curve.

When the SEMONT system performs the monitoring of
the low-frequency field, using the appropriate magnetic
field probe, the exposure assessment is completed accord-
ing to the following expression [7]
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where B,, is the broadband measured value, while B,/
and B,ef e are the minimal and the maximal prescribed
reference levels of the magnetic flux density over the fre-

quency range of the field probe.

Using this approach, the SEMONT monitoring system
is able to offer daily limits of exposure [4], while the real
exposure will be in the range

GER,,, < GER,,,; < GER 3)

resulting in a much better and clearer overview of the ex-
posure on a particular in-situ location during the long pe-
riod of time.

Additionally, considering the necessity to restrict the
exposure, the requirement GER,,, < 1 has to be met. Oth-
erwise, the comprehensive exposure assessment, i.e. the
investigation of the contribution from each of the EM field
sources, using the frequency selective analysis, should be

performed [9].

real up >

IV. DATABASE OF THE EM FIELD REGISTER

The model of the centralized database of the SEMONT
EM field register is described in detail in the priory pub-
lished paper [5]. In order to have the consistency, some of
important details will be repeated on this occasion.

A. Database model

The SEMONT system is designed so that on a particu-
lar Location the numerous measurement campaigns can be
conducted, employing a number of different sensor ele-
ments. Thus, the model of the EM field register central-
ized database was realized as depicted in Fig. 3 [5].

Locations
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Field_Limits
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natio_limit_value_e_w_min
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id_measurings
id_sensors

1

=>
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Figure 3. Database model of EM field register.

The SEMONT system is designed to utilize the sensor
nodes that are capable to perform the broadband monitor-
ing of the magnetic field in one frequency range, while
considering the electric field, four frequency ranges can be
monitored (wideband, GSM 900, GSM 1800 and UMTS
2100).

Each frequency band has their own limits for the elec-
tric and the magnetic field, stored in the Field Limits table
[5]. The changes in those data are notified by the date.
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Figure 4. Steps for the calculation of daily limits of the exposure.

When a particular sensor node is selected, with the in-
tention to present its measurement results, the web soft-
ware determines the type of the field probe which was
used, consulting “e_or_b_probe” field from the Measure-
ments_Sensors table.

If the electric probe is used, additional steps are re-
quired to determine which of four frequency bands the
user requires for the analysis. Regarding such information,
the measurement data for a particular band are prepared,
as well as the corresponding reference levels, and the ex-
posure assessment calculation can start.

The exposure lower and upper limits are calculated for
any instant of time, during a selected period, and they can
be shown as the continuous curves, as depicted in Fig. 2.

C. Web based realization

The software for the exposure assessment is located on
the SEMONT Internet portal and it is session oriented,
which means that it is activated separately for each session
initiated by user. The basic concept is depicted in Fig. 5.

The foundation for the Internet portal and the EM field
register is a database, relaying on the MySQL server.

The greatest number of features of the SEMONT Inter-
net portal are programmed using the PHP programming
language, and its special the CakePHP application devel-
opment framework.

The web form of the Internet portal that presents the
measurement results implements the Google maps tech-
nology and allows users to see the sensor nodes location
on the electronic map of the territory. It is expected for
this page to be most frequently visited and in order to per-
form the smooth change of the page content, the jQuery
and AJAX web development techniques are employed.
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Figure 5. The concept of the exposure assessment presentation.

Finally, the measurement results are displayed using the
charts realized with the open source JpGraph library.

D. Functionality testing

In order to perform the functionality test of the SE-
MONT system and the accompanying Internet portal, the
initial monitoring campaign of the high-frequency electric
field has been performed [16], [17].

This campaign was conducted over the area of the cam-
pus of the University of Novi Sad. However, in this paper,
only one specific location is presented to demonstrate the
methods for the daily limits exposure assessment.

The corner of Dr S. Milosevic and Dr V. Savic streets
was chosen for the EM field monitoring since it presents
the crossroad between the buildings of the Higher School
of Professional Business Studies, the Faculty of Economy
and the Student’s Sport Center. Besides, near this cross-
road, there is an elementary school and a kindergarten and
two dominated GSM base stations, as shown in Fig. 6.

3 GSM 1800 = % Higher School of
antennas o % =Profecssional
1 Business Studies
- - 7
2 S~~~ _20lm e
St e
S e
-~ 2
. ~ ~ag_Location of
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3 1
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antennas .
2

Figure 6. Measurement location and surrounding.

These base stations are intended for GSM 900 and 1800
services, both covering three area sectors. Considering the
technical data of these base stations it can be additionally



noted that the test location is at the intersection of the
main beams from the first sector antennas of both base
stations, as shown in Fig. 6.

Test measurements were performed using the Narda
NBM 550 broadband field meter, for the wideband moni-
toring, and the isotropic field probe EF 0691 [16], [17].

The SEMONT monitoring system performs the expo-
sure assessment, regarding prescribed reference levels for
the magnetic and the electric field as presented in Table 1.

TABLE L PRESCRIBED REFERENCE LEVELS [7], [8]
Frequency range | Serbian legislation | ICNIRP
Reference levels for the magnetic field [u7]
fmin[HZ] fmax[HZ] Bmin Bmax Bmin Bmax
5 32k 2.5 640 6.25 1600
Reference levels for the electric field [ V/m]
fmin[HZ] fmax[HZ] Emin Emax Emin Emax
100 k 7G 11 34.8 27.5 87

The initial measurements were conducted in the period
from 10 AM until 2 PM, expecting for the EM radiation to
achieve its peak, since telecommunications and broadcast-
ing services are fully operable during this time.

The results of the daily limits exposure assessment are
presented using graphs, as depicted in Fig. 7.

A\ SEMONT - Measurement results

Sensor data - Sensor 1
Campus UNS - Economy 2012 - Sensor 1 R, T

Neasurement - wideband | Exposure - wideband | Measurement - EGSH 900 band

iz do 6 GHz

Exposure assessment (%] - wideband

Show all...

Measurement results search

From date Un

il
o0 3 fns 8

Actions

Figure 7. Assessment of daily exposure limits.

The performed test measurement shows that the real
exposure level of the general population at this particular
location, regarding the Serbian legislation, ranges between
0.00043 and 0.00556, which is, also, far below GER,,,. =
1, prescribed for the general population [7].

V.

The SEMONT system is designed to present the meas-
urement data for a particular period of time in the past. It
is a suitable solution for the EM field register, offering the
history overview of the EM field levels, as well as the
daily exposure that is present. Also, the recorded data can
be used for the prediction of the future field levels.

As a consequence, the SEMONT system is able to offer
a respectable answer to the public concerns regarding the
long-term exposure. Therefore, this paper presents the
field register support for the novel assessment approach of
the daily limits of the exposure that could help in enhanc-
ing the future estimate of the potential long-term exposure
to the EM radiation.

CONCLUSION
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Abstract— One of the consequences of the permanent in-
crease of the electromagnetic (EM) field sources is the
emergence of various systems for the remote monitoring of
electromagnetic field. These systems are able to perform the
continuous monitoring of the EM field in the environment
utilizing the wireless sensor network technology. As a sup-
port to the authorities, to timely inform the general popula-
tion on the potentially harmful effects of the long-term ex-
posure to the EM radiation, the development of the Serbian
electromagnetic field monitoring network — SEMONT has
started. The SEMONT system performs a continuous EM
field monitoring and presents the obtained results over its
own Internet portal, playing an important role in the field of
radiation protection. In order to obtain data on the high-
frequency electric field strength over the area of the campus
of the University of Novi Sad, the SEMONT system has re-
cently started with initial measurements. This paper consid-
ers the SEMONT system database model supporting the
measurement results incorporation, obtained by the NBM-
550 handheld instruments.

L

The increasing number of electromagnetic (EM) field
sources enforces the safety problem both for the human
health and the environment [1]. In order to raise the
awareness of the general population about unhealthy and
possibly dangerous effects of the long-term exposure to
the EM radiation, the research team has started the devel-
opment of the Serbian electromagnetic field monitoring
network — SEMONT [2], [3].

Based on the technology of the wireless sensors net-
work, the SEMONT system is able to continuously ac-
quire information about the current EM field level over an
open area utilizing spatially distributed sensor nodes, as

shown in Fig. 1.
Radio and TV
éé\

g —7L— W \wdcastlng
(< )

INTRODUCTION

Internet Ilnes
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. 3 g C@
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Figure 1. Basic concept of the SEMONT system.

Additionally, the SEMONT system performs the expo-
sure assessment of the general population according to the
Serbian legislation [4], [5] and the recommendations of

978-1-4799-0305-4/13/$31.00 ©2013 IEEE
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the International Commission on Non-Ionizing Radiation
Protection (ICNIRP) [6].

The results of the continuous monitoring and the expo-
sure assessment are presented as daily curves over the
publicly available Internet portal of the system [2]. Be-
sides that, the system also allows for the creation of the
EM field register that contains a long-time history over-
view over a particular area [7], as shown in Fig. 2.
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Figure 2. Feature of the long-time history overview.

In order to validate the system functionality, initial test
measurements have been carried out over the area of the
campus of the University of Novi Sad. Some details about
those measurements have already been presented in some
previously published papers [8], [9], so at this occasion
they will be omitted, since the focus of this paper is the
measurement results incorporation into the SEMONT
centralized database.

Therefore, this paper briefly presents the SEMONT sys-
tem database model and its Internet portal organization.
The Section 2 introduces the basic concept of the SE-
MONT database and describes the Internet portal organi-
zation, while Section 3 presents the measurement results
incorporation into the database. Section 4 brings the con-
clusion of this paper.

IL.

This section presents a brief reintroduction of some pri-
ory published details [7], [10], aiming to introduce readers
to the EM field register database model of the SEMONT
system.

Dedicated Internet portal of the SEMONT system is in-
tended for the presentation of the EM field measurement
results to the general population. During the incorporation
of the results into the system database, the following
should be taken into account:

THE EM FIELD REGISTER DATABASE MODEL

e Locations, where the measurements are performed,
e Measurements itself, and
e Sensor elements that have been applied.



On the particular location several different measuring
campaigns can be carried out, utilizing different sensor
elements. Therefore, the logical organization of the regis-
ter elements [7] is presented in Fig. 3.
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Figure 3. Relationship between the register elements.

It can be seen from Fig. 3 that each Location can have
several different Measurements. Also, the particular Mea-
surement can have several associated Sensor elements [7].
These three elements with their attributes are the founda-
tion of the SEMONT system database model.

More details about the SEMONT database model have
already been presented in some previously published pa-
pers [7], [10]. The focus of this paper is to describe a pos-
sibility of the database model to incorporate measurement
results into the system. The Internet portal of the system is
designed to allow the full history overview for a long-time
period presenting results in the form of graphs and tables.
Additionally, the Internet portal provides information on
the SEMONT network features, its technical specifica-
tions, several application examples for the low-frequency
and the high-frequency field monitoring, and finally, the
measurement results [2].

III. INCORPORATION OF THE MEASUREMENT RESULTS

In order to perform the first systematic testing of the
EM pollution on the high-frequency route of the student
population on the campus of the University of Novi Sad,
the research team began the initial measuring campaign
[8]. The campaign was performed over the area of the
campus utilizing the handheld equipment for the high-
frequency electric field strength measurement.

A. Measuring campaign

Measurements were conducted at ten carefully chosen
locations that cover places most crowded with students on
the campus. The measuring procedure over the particular
location consisted of two parts:

= First, preliminary field scan was performed over the
measurement grid, in accordance with relevant stan-
dards regarding the measurement of EM fields [11]-
[13], in order to determine spatial distribution of the
field strength and to find the grid point with the local
maximum of the field strength, the so-called hot-spot.

= In the second phase of the measurement, the continu-
ous monitoring of the field strength was carried out at
the hot-spot, observing maximal and averaged field
values. Continuous monitoring during the time period
of 4 hours was performed in order to determine the
electric field fluctuation during that time period [8].

Since the implementation of the wireless monitoring
stations and sensor elements of the SEMONT monitoring
system is still in the phase of development, in this measur-
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ing campaign the Narda NBM-550 broadband field meter
[14] with the EF 0691 high-frequency electric field probe
[15] was applied. Some of the basic parameters of the
applied probe are given in Table L.

TABLE L ELECTRIC FIELD PROBE EF 0691 [15].
Parameter Value
Frequency range 100 kHz to 6 GHz

0.35 V/m to 650 V/m
+0.5 dB (2 to 400 V/m)
£1.5 dB (1 MHz to 4 GHz)

Measurement range
Linearity
Frequency sensitivity

Although the NBM-550 broadband field meter is a
handheld instrument, it has the same functionality as the
SEMONT monitoring stations, and can be utilized for the
EM field monitoring [8].

B.  Methods of incorporating the measurement results

Since initial measurements were performed by utilizing
NBM 550 handheld measuring equipment, there are two
possible solutions for incorporation of obtained results:

¢ Automatic approach — provides the transmission of the
measurement data, stored in the instrument internal
memory, to the SEMONT system database, utilizing
the connection instrument — laptop and GSM network.

¢ Manual approach — it means to download the measure-
ment data to the PC and their incorporation into the da-
tabase using the specially developed software inter-
face, the so-called Parser, as depicted in Fig. 4.
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Figure 4. The NBM-550 incorporation into the SEMONT system.

The software interface, used for the data parsing, en-
ables the authorized personnel to incorporate the meas-
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urement results through the protected administrative part
of the SEMONT Internet portal.

Unfortunately, since the SEMONT network is still un-
der development, implementing the wireless monitoring
stations and sensor elements, utilizing of the handheld
equipment is not very efficient from the standpoint of the
data incorporation. At the final phase, in the fully devel-
oped system, the measurement data from the sensor nodes
will be automatically, wirelessly and remotely collected
and stored into the system database.

C. Database model — table relationship

As stated in the previous section, for each particular Lo-
cation, numerous Measurement campaigns can be carried
out, utilizing a number of different Sensor elements. Con-

sequently, database models of the EM field register of the

SEMONT system were realized as depicted in Fig. 5 [7].
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Figure 5. Database model of the EM field register [7].

There are several tables as an integral part of the data-
base model. The Measurements _Sensors block, describing
the particular measurement, presents the central part of the
database. For each Location there can be several different
Measurements, so the relationship between these tables is
the “1:00” type. Also, one Measurement can apply several
different Measurements_Sensors, as shown in Fig. 5.

The Sensors table contains basic attributes about a sen-
sor element associated to Measurements Sensor and ap-
plied for an individual Measurement. All other tables also
contain their own attributes [7] and here these details will
not be mentioned. The attention will be focused on the
Measurement Results table.

The Measurement_Results table is a part of the database
intended for the incorporation of the results using the
software interface. The data file containing the results of a
particular measurement is incorporated after selecting one
of the incorporation methods described in Fig. 4 and writ-
ten into this table. Additional information about the per-
formed measurement, such as a serial number, a meas-
urement date, a battery status and the local temperature are
also placed into this table.

D. NBM-550 file format

On the particular location, the measurements were per-
formed every 6 minutes during 4 hours a day. While per-
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forming the broadband monitoring, the instrument records
the averaged field values and also the peak value during
the time interval of 6 minutes, in the applied probe fre-
quency range [14]. On applying the handheld equipment
in this initial measuring campaign, the measurement re-
sults were incorporated using the manual approach, de-
scribed in Fig. 4.

One of the file formats that contains the measurement
results obtained by the NBM-550 is the XLS (Microsoft
Excel Spreadsheet) and it is shown in Fig. 6. This file is
downloaded to the PC in the process of the results incor-

poration to the database.
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Figure 6. NBM-500 XLS file.
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As it can be seen from Fig. 6, beside some basic in-
strument parameter settings, the file contains data columns
with the averaged and the peak electric field values for the
corresponding instant of time.

E.  NBM-550 results — manual incorporation

The columns containing the averaged and the peak elec-
tric field values are extracted from the NBM-550 XLS file
utilizing the Parser and are incorporated into the system
database, as depicted in Fig. 7. The Parser software mod-
ule is available via the SEMONT internet portal admini-
stration page and it is available only to the authorized per-
sonnel.
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T H’ Creating the XLS file  |—»

= Downloading to
=] the PC
NBM 550

XLS file with the results

@ PC
RS
v
Utilizing software Extracting data from Uploading
interface - Parser > the columns ’ the result '
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Figure 7. Incorporation of the results obtained with the NBM-550 into
the SEMONT system database.

Electric field values mentioned above were written into
the “e rms_avg w” and “e_peak w” fields of the Meas-
urement_Results table, because the measurements were
carried out with the NBM-550 field meter in the wideband
frequency range.



F.  Future development

Generally, in the fully developed SEMONT system,
utilizing specially designed sensor elements [16], the
broadband monitoring of the electric field will be possible
in four frequency ranges (wideband, GSM 900, GSM
1800 and UMTS 2100), as shown in Fig. 8. Therefore, the
Measurement Results table contains fields with data about
the averaged field values and the peak values for each
frequency range.
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Figure 8. The SEMONT monitoring bands.

It should be mentioned that there are also fields that
contain data about the magnetic field values, since the
utilization of the sensor elements capable to perform the
monitoring of the low-frequency field is planned in the
future [16], as shown in Fig. 8.

G. Web Technology used for the realization

Utilizing the PHP programming language and its spe-
cial CakePHP application development framework [10] is
crucial in the realization of the SEMONT Internet portal.
Besides that, the centralized database relies on the
MySQL server, while the protected administrative part of
the portal is provided by utilizing the Web Content Man-
agement System (WCMS).

The implementation of the Google maps technology
provides the presentation of the measurement results, dis-
played using the charts realized with the open source
JpGraph library for the PHP. The utilization of the jQuery
and AJAX web development techniques provides the
smooth changes of the page content, since it is expected
for this SEMONT web page to be the most visited one.

IV. CONCLUSION

The SEMONT system is a unique system at the national
level and its accompanying Internet portal presents a sig-
nificant support for the local authorities in their efforts to
take a systematic care of the potential unhealthy effects of
the non-ionizing radiation.

The system is designed for the automated, remote and
continuous EM field broadband monitoring in the envi-
ronment and is the most suitable solution for a constant
supervision of the EM field strength, as well as for the
global exposure assessment of the population.

In this paper, the SEMONT system database model as a
support for the incorporation of the NBM-550 measure-
ment results into the system was introduced. In order to
present the database model organization, the initial meas-
uring campaign was carried out over the area of the cam-
pus of the University of Novi Sad. The high-frequency
electric field measurement results, obtained with the hand-
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held equipment during this measuring campaign, were
incorporated into the database using the manual approach.

The organization of the database model tables and the
procedure for incorporating the results into them demon-
strate the functionality of the SEMONT monitoring sys-
tem and its publicly available Internet portal.
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