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

3a Kora je pelere paheHo (npaBHO AuLe Uan rpaHa npuepese):

TexHWYKO peluetrse je ypaheHo 3a noTpebe nHGopMaLMoHe MperKe 38 KOHTUHYAIHU MOHUTOPUHI HUBOA
efleKTpomarHeTckux nosba — CEMOHT, Kojy pasBuja uctpakmsaukm tum Pakynteta TEXHUUYKUX HaYKa,
YHusep3uteta y Hosom Caay.

FoauHa Kaaa je pelwerbe KOMNIETUPAHO:

TexHUYKO pelueme je KomnaeTnpaHo y centembpy 2016. rogmHe.

FoauHy Kapaa je noyeno ga ce npumerbyje u o4, Kora:

MHMuMjanHa npumeHa 0BOr TEXHUYKOT pellerba je nodena y jyHy 2016. rogmHe, y okeupy CEMOHT uh-
dopmaumoHe mperke, Ha DakynTeTy TEXHUYKUX HayKa, YHMBep3uTeTa y Hosom Caay.

061acT U HayyHa AUCLMNAMHA HA KOjy Ce TEXHUUKO peLlerbe OAHOCU:

TexHUYKO pellere NpeacTaB/ba Nporpamcko (software) pewere, TMNa 0OTBOPEHOT M3BOPHOT KOAa, Koje
NMoKpuBa 061acTi TeNEeKOMYHMKaumja U MHPOPMALMOHNX TEXHONOMM]ja, ca cneumdUUHOM OpUjeHTaL M-
jom Ka oapehuBatby M3/10XKEHOCTM OMLWTE MONyaauunje eNeKkTPUYHOM NOoJbY BUCOKUX GpeKBeHuUuja, Ha
OCHOBY pe3y/TaTa WMPOKOMOjaCHNX Meperba HMBOA e/IeKTPMYHOT Nnosba U oapehunsarbem ppeKkBeHun)-
CKOT CMeKTpa, NPUMEHOM CeNEKTUBHOT CKEHMpPatba.

KaKo cy pe3ayntatu BepuduKoBaHu (oa cTpaHe Kor Tena):

TexHW4YKo pelwere je BepndMKOBaHO Y OKBUPY JlabopaTopuje 3a eneKTPoOMarHeTCKy KomnaTubuaHocT,
daKkynTeTa TEXHUYKUX HayKa, YHUBep3uTeTa y Hosom Cagy.

1y cknapy ca oppenBama " MpasunHuKa o NOCMynKy, HAYUHY 8peAHOBAHA U KEAHMUMAMUBHOM UCKA3UBAHsY HAYYHOUCMPAMUBAUKUX
pesynmama ucmpaxcusaya”, 6p. 110-00-29/2016-04, Koju je MMHMCTAPCTBO NPOCBETE HayKe M TeXHO/IOLWKOr pa3Boja ycBojuio gaHa 01.
03. 2016. roauHe (“Cny»k6eHu rnacHuk PC” 6p. 24/2016).
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Mpobnem Koju ce TEXHUYKMM peLleHem peLuaBa:

Y norneay 3alTUTE }KUBOTHE CPeAMHE W ONWTe nonynaumje, U3I0KEHOCT HejoHu3yjyhum 3paversmma je
noctana obnact og nocebHor nHTepeca, npe ceera 36or cee Beher 6poja M3BOpa 3payera OBaKkBe BPCTE Y
JbyACKOM OKpyKerpy. CTora cy meperbe, npaherbe M KOHTPOAa HMBOA €NEKTPUYHOT, MarHeTCKOr U enek-
TpomarHeTckor (EM) nosba y oKpy»Keky Beoma BUTHM, KaKo 3a AreHumje 3a 3alUTUTY XKUBOTHE CpeauHe,
TaKO M 33 CAMO CTAaHOBHMWLLTBO.

Y obnactn meperba HMBoa EM nosba, TpeHYTHO cy 3acTyrn/beHa ABa NPUCTYNa: LWMPOKOMNOjacHO U GpekK-
BEHLMjCKMN CeNeKTMBHO Meperbe. OBa ABa NpWCTyna ce Nopes HauMHa meperba ogrosapajyhe sennunHe,
PasNUKyjy M N0 TUNY MEPHUX MHCTPYMEHATA KOju ce KopucTe.

MepHM MHCTPYMEHTM 3a LUMPOKOMOjacHO Mepere HMBoa EM nosba Kao pesynTtar aajy jegHy, CBEYKYMNHY v
KYMyNnaTMBHY BPeAHOCT HUBOA MNOJba, Y OKOJIMHU MepHe SIoKauuje. Y TaKBOj U3MepeHoj BpegHOCTH ce Ha-
Nlase JONPUHOCKU CBUX aKTUBHMX, NPUCYTHUX U3BOPA Y OKOIMHU MEPHe NIoKauuje, unje cy pagHe ppek-
BeHUMje y OKBMPY GPEKBEHLMjCKOT Oncera MepHe COHAE MHCTPYMEHTA. Y C/lyyajy OBOr TUMa MepeHa, Hu
WHCTPYMEHT, HU cCamMa CoHAa HUcy Y MoryhHOCTM Aa pas/uKyjy Ha Kojum To GpeKBeHLUMjama OKOIHW 13-
Bopu emuTyjy EM 3paverce.

OBaKaB MepHM NPUCTYN Ce MOXKe CMaTpaTh Kao GPeKBEHLMjCKM He3aBMCaH M 3aTo ce Hajuyewhe Kopuctu
y cuTyaumjama Kaga je notpebHa nHbopmalmja 0 cBeYKYNHOM HMBOY Nosba, 6e3 063npa Ha 6poj akTmB-
HMX M3BOpPA Ha AaTOj IOKALMjU, KA0 U HA KOjuM TOo ppeKBeHLMjama OHU paje.

Ca apyre cTpaHe, ppPeKBEHLMJCKM CENEKTUBHU MPUCTYN MEPEHY UCTOBPEMEHO HYAN pesynTaTte Mepetrba
HMBoa EM nosba, 3a cBaky ¢peKBeHUMjy nojeamHadyHo, y dpekBeHUMjckom ornicery KopuwheHe mepHe
coHge. CTora ce MepHU UHCTPYMeHTH, npeasuhenn ga obas/bajy oBakaB TUM MepeHa, Yr1aBHOM KOpUc-
Te Kaja je HEONXOAHO oApPeanTM CMEeKTPasHWU CafaprKaj Ha oarosapajyhoj noKaumju, 3a YntaB GpeKkBeH-
LMjCKM ONncer uau 3a nojeguHe nogoncere, pesepsucaHe 3a jeaaH uav smwe nssopa EM nosva.

OBa ABa MepHa NpMUCTyna ce yrN1aBHOM KOPMCTe 04BOjEHO WU HE3aBMCHO, Y 3aBMCHOCTM 04, TOra Kakas Tun
Meperba je HeonxogaH. tbnxosa eBeHTyanHa 3ajegHUYKa ynoTpeba 40BOAM A0 NPOAYKeHa HEONXo4HOr
BPEMEHA MepeHba, a/iv U3UCKYje U PeflaTUBHO BE/IMKE TPOLLKOBE, KOje 3axXTeBajy KynoBuHa, Kaambpauuja
U ofprKaBatbe MEPHUX MHCTPYMEHaTa, Kao M NocTynak obpase nogartaka, MehyTum, hMX0Ba 3ajeAHMNYKa
ynotpeba moxke 6UTK 0Z BE/IMKE KOPUCTM.

Y nornegy ucnutmearwa EM nosba, ynotpeba 6uno Kojer og onvcaHa gBa MepHa npucTyna 4o4aTHO 3ax-
TeBa W NPOLLEHY U3/I0XKEHOCTU MOJbY, KaKo onwTe nonynauuje, Tako U npodecnoHanHor cobsba, y cknaay
ca ogroeapajyhom npumeHom. Mpu NPOLLEHU U3NOKEHOCTU, AoMaha akpegMToBaHa Tefa U CTpyYHa jaB-
HOCT ce oc/nakbajy Ha HauMOHaNHe NMpaBUIHUKE, KOjuMa je peryamncaHa obnact ucnutmsarwa EM nosba,
NMPBEHCTBEHO Ha “[TpaBUMHUK O 2paHUUAMA U3a1a2aHa HejoHu3yjyhum 3paversuma”, “Cny>kb6eHun rnacHu
PC”, 6p. 104/2009 (y Aasbem TeKCTy [1pasusiHUK), Kao U Ha HU3 NPONPaTHUX CTaHAapAaa.

OBaj npaBunHUK gedunHMLe ABe KaTeropuje: 6asnyHa orpaHMyerba U3narakba CTaHOBHULWTBA U pedepeH-
THe rpaHWYHe HMBOe. basnyHa orpaHMyerba nsnararba eNeKTPUYHUM, MarHeTckum u EM nosbuma (y on-
cery oa 0 Hz go 300 GHz) jecy orpaHuyerba y n3narakby M3BOpMMa BpeMEHCKN NpomeH/buBnx EM nosba,
3aCHOBaHa Ha yTBpheHUM 3apacTBeHNM ePeKTUMA U BUONOLWKMM NoKasaTe/bnma.
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PedepeHTHM rpaHNYHM HMUBOM NpesacTaB/bajy HUBOE M3Narakba Nonynaunje enekTpUYHMM, MarHeTCKUm 1
EM nosbMma, Koju cnyKe 3a NPaKTUYHY NPOLLEHY W3/10KEHOCTU, HAa OCHOBY MepeHa BEKTOPA jauymHe en-
eKkTpuuHor nosba £ [V/m], BeKktopa jaunHe marHeTckor nosba H [A/m] n/vnn BekTopa mMarHeTcke UHAYK-
uumje B [T], kKako bu ce yTBpAUAO Aa M NOCTOjU BepoBaTHOha Aa 6a3MyHa orpaHMyera byay npekopaye-
Ha. MponucaHn pedepeHTHU rPaHNUYHN HUBOW CY PPEKBEHLMjCKM 3aBUCHM U 33 CBaKy dpeKBeHUujy ce
aAeduHuwe oarosapajyha speaHocT pedepeHTHOr HUBOA.

Kapga je y nuTakby NpoLeHa U3N0KEeHOCTM eNEKTPUUYHUM NO/bMMa BUCOKMX dpekBeHuMja (M3Hag, 100 kHz),
Ha KOjuUMa cy TEPMMUYKM edEeKTU M3Nararba AOMUHAHTHKM, OHA Ce BPLUM TaKo LITO Ce NpoBepa npekopa-

yerba 6asnYHKUX orpaHnyerba obassba Kopuwherem cnegeher Kputepmjyma:
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npu yemy je E; MHTEH3UTET BEKTOPA jauyMHe e/IeKTPUYHOT Nosba Ha PpeKkBeHuunju i, E; pedepeHTHU rpa-
HUYHWU HUBO BEKTOPA jauMHE eNeKTPUYHOT Nosba Ha GPEKBEHLM|U i, AOK je KoHcTaHTa ¢ = 87/fY? [V/m], 3a
OnwTy Nonynauujy, y cknagy ca lNpasuaHnMKom.

OuunrnesHo je Aa OBaKaB MPUCTYN MNPOLEHE U3/I0XKEHOCTU NoAPasyMmeBa GPEKBEHLMjCKM CENEKTUBHA Me-
perba HMBOA NOoJba, jep ce 3axTeBa Aa Ce MHTEH3UTET BEKTOPA jauMHe eNleKTPUYHOT NoJba, 3a CBaKy dpek-
BeHLMjy NoHaocob, nopegm ca ogrosapajyhmum nponmucaHum pedpepeHTHUM rpaHUYHMM HMBOOM. Ha 0Baj
HauYMH ce MoXKe A06UTU AOMNPUHOC YKYMHO] U310KEHOCTM CBaKe GPEKBEHLMjCKE KOMMNOHEHTE N0/ba, 04-
HOCHO M3/10KEeHOCT Mo nojeanHum dpekeeHuMjama. MoryhHocT npekopayerba 6a3MYHUX OrpaHuYerba He
NOCTOjW, YKOZIMKO je 3340B0O/bEH YC/I0B Aa CBEYKYMHA MU3/1I0XKEHOCT, fobunjeHa cymuparbem M3/10KEHOCTU
no ceum ¢pekBeHLMjama y nspasy (1), He npenasm BPeLHOCT jeaaH.

Ha)KanocT, oBakaB NPUCTYN NPOLLEHE M3/0XKEHOCTU OMLWTE Nonyaaumje je NPakTUYHO HeynoTpebsbus y
C/NlyyajeBMMa Kaja ce KopucTe LWMPOKoNojacHa mepera. Taga Huje moryhe pasggajatbe dpekBeHuMja U
FbMXOBMX NOjeAUHAYHMX A4ONPUHOCA U3MEPEHO] KYMYaTUBHO] BPeAHOCTM H1BOA nosba. Koa Kopuwhersa
0BOr TUMa Mepera, NPBEHCTBEHN nNpobaem npeacTas/ba YMHbEHULA A3 He 3HAaMO Kojy BpeaHocCT pede-
PEHTHOT rPaHUYHOT HMBOA Tpeba y3eTn y 063ump, Npu oapehBarby N3N0KEHOCTH.

C 0631pom aa HaumoHanHu MPaBUAHMK, Ka0 HM NPONPaTHM CTaHAAPAHM, He HyAe pellere 3a NPoLeHy
M3N0XKEHOCTM Y CAyYajy LWMPOKOMNOjaCHUX Mepera, HeAaBHO je NPeaioXKeH HOBU MeTo, NpoLEeHe 13o-
}eHOCTK, 6asnpaH Ha oapehnBatby rpaHMLIA U3N0XKEHOCTH, 3a CIyYaj Meperhba HMBOA eeKTPMYHOT NoJ/ba
BUCOKMX PppeKBeHLmja’.

MeToa npoueHe U3N0XKeHOCTH, 6asMpaH Ha Ha rpaHMLAama U3N0XKEHOCTH, Npeanaxe ogpehusarse once-
ra y KOM ce peasiHa M3/10XKEeHOCT eNeKTPUUYHOM NoJby MoXKe Hahu. Kog oBor metoga ce oapehyjy MUHK-
Ma/IHU U MAKCMMaJTHM NPONUCaHN pepepeHTHU rPaHNUYHN HUBOW, Eref min N Eref max, Y GPEKBEHUMjCKOM ON-
cery MepHe CoHAe, oA fmin 8O fmax, KOjU CE OHAA KOpUCTE 33 oapehnBarbe ropte U AoHE rPpaHuLLEe U3o-
KEHOCTHU.

HaKanocT, y MHOrMM cuUTyaumjama pacnoH uamehy rpaHuLa U3N0KEHOCTM MoKe Aa byae 3HayajaH, un-
Me ce YBe/IMKO yMakbyje NpeumnsHocT oapefhnBarba oncera y KOM ce Hafiasu cTBapHa M3ioxeHocT. Mpea-
JIOrOM OBOT TEXHUYKOT pellera geduHue ce yHanpeheHn MeToL NpoLeHe U310KEHOCTH, 3aCHOBaH Ha

2 TexHWUKO peluerse “MeTos, NPOLEHE U3N0KEHOCTY eNEKTPUUHUM NOJbUMA BUCOKUX GPeKBeHLyja 6asmpaH Ha rpaHMLamMa U3/I0KeHOoC-
™" (M82), aytopa: H. Bypuh, O. Kmwajuh, K. Kacaw-/laxetuh, B. Bajosuh, ycBojeH og/1lyKom HacTaBHO-Hay4YHor Beha dakynTteta TexHWu-
KWUX HayKa, YHuBep3uTeTa y Hosom Cagy, Ha 16. pefoBHOj cegHUUM, ogpKaHoj aaHa 25.05.2016. rogmHe.
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afanTUBHUM rPaHMLLAMa M3/I0XKEHOCTH, Koje Mory Aa ce npunarohasajy peasiHoOM CNeKTpasHOM cagpiKa-
jYy Ha UCNWUTHO] NIOKaLMjK, WTO AOBOAM A0 CMatberba pas/ivKke uamely rpaHMLa M3N0KEHOCTM, @ CaMUM
™M 1 Ao noseharba NPeLMU3HOCTM NPOLIEHE U3/I0KEHOCTMH.

Crarbe pelneHoCTH Tor npobnema y ceery:

Benunkun 6poj npaBHUX akaTa, Kako Penybnmke Cpbuje, Tako 1 Apyrnx AprkaBa Y CBETY, OC/akba Ce Ha npe-
nopyky mehyHapoaHe He3aBuUCHe opraHusauwuje International Commission on Non-lonizing Radiation
Protection (ICNIRP), Koja HyaAM cmepHULE M yNyTCTBA 3a 3alUTUTY OJ, LWUTETHOr U31arakba HejoHusyjyhum
3pavyerbnma, geduHucaHe y AokymeHTy “Guidelines for limiting exposure to time-varying electric, mag-
netic, and electromagnetic fields (up to 300 GHz):1998", (y aasbem TeKcTy Guidelines).

HauumoHanHu MpaBUAHKUK je yTemesbeH YNpPaBO Ha OBOM AOKYMEHTY, Npu Yemy Tpeba Harnacutm aa je
Peny6auka Cpbuja Ao4aTHO NooWTPUAA KpUTEPUjyMe Y TOM NOraeay, ycBajakem CONCTBEHUX pedepeH-
THUX FPAaHUYHMX HMBOA, KOjWU CY ABA M MO NyTa MatbW y OAHOCY HA HUBOE NpeasioXKeHe y okBupy Guideli-
nes fokymeHTa. Mehytnm, n cam Guidelines LOKYMEHT NPOLLEHY U30XKEHOCTU 6asmpa Ha peKkBeHUM)-
CKM CeNeKTUBHOM mepery HMBoa EM nosba, 1 He HyAn pellerbe 3a NPOLEHY U3/10XKEHOCTU Y CAyYajy WK-
poKonojacHUx mepera HMBoa EM nosba.

JepgaH oa moryhux HauMHa NPOLEHE U3N0KEHOCTU KOZ, LUMPOKOMOjaCHUX Meperba NPeasIoXKeH je y CTaH-
napay “Basic standard for the in-situ measurement of electromagnetic field strength related to human
exposure in the vicinity of base stations” — EN 50492:2008, n goKyMeHTy ca oarosapajyhum nsmeHama
EN 50492:2008+A1:2014.

Y oBom cTaHAapay, y oaemky Annex K — “Examples of implementation of this standard in the context of
Council Recommendation 1999/519/EC”, Koju je nHdopmaTMBHOr KapakTepa, cyrepuiie ce nopehere
MepeHe BpegHOCTM ca MUHUMATHUM pedepeHTHUM rPaHUYHUM HUBOOM M3 YMTABOT GpPEKBEHLMjCKOT On-
cera Koju NoKpuBa MepHa CoHAa MHCTpyMeHTa. MehyTtum, ¢ 063Mpom Aa ce 0Baj CTaHAAp4, O4HOCKU Ha
Mepetrba HMBOA E/IEKTPUYHOT MOJ/ba BUCOKUX GpPeKBEHLMja, Y OKONMHU Ba3HUX CTaHUUA MObUHe Tenedo-
HWje, Kao KOHKpPeTHOr M3Bopa EM nosba, HM 0Baj CTaHAAPA, CE HE MOXKE CMATPaTH OMLTe NPUXBAT/bUBUM,
OZLHOCHO He MOXKe Ce CMATPATU Kao AOKYMEHT KOjU HYAW jaCcHe M NpeLyM3He CMEPHULLE KaKo BPLUNTU NPO-
LEHY M3NIOXKEHOCTM Y OMWTEM C/y4ajy LMPOKONOjaCHUX Meperba, Y MPOM3BO/bHOM GpeKBEHUMjCKOM on-
cery, 6e3 uHpopmaLMja 0 NPUCYTHOCTU aKTUBHUX U3BOPA Y OKOIMHM.

[opatHo, y TPeHYTHO HajBaXKHMjemM cTaHgapay u3 obnactu ncnutmearba EM nosba, nog Hasusom “Basic
standard on measurement and calculation procedures for human exposure to electric, magnetic and elec-
tromagnetic fields (0 Hz - 300 GHz)” — EN 50413:2008, ca cBOjuM uaMmeHama AePUHUCAHUM JOKYMEHTOM
EN 50413:2008+A1:2013, y Tauku 5.2.4, ce Takohe no3mnBa Ha GPeEKBEHLMUCKM 3aBUCHE pedepeHTHe rpa-
HMYHe HMBoe. OBa Tayka npeanaxke ynotpeby ¢muntepcknx baHaka nam 6pse Pypunjeose TpaHchopmauym-
je (Fast Fourier Transform — FFT), 3a oapehuBarbe CNeKTpasHOr caZip’kaja U3MepeHor CUrHana, Kako bu
ce pobujeHe BpeLHOCTU MOre ynopeanTn ca GpeKBeHUNjCKN 3aBUCHUM pedepeHTHUM FPaHUYHUM HU-
BouMma. Ha oBaj HaumH ce n cam 6a3Hm ctaHgapa EN 50413, nocpeaHo, ocnama Ha Guidelines OKYMEHT
N GppPeKBEHLMjCKN CENEKTUBHO MepeHe, 04HOCHO Ha KpUTepujym nposepe geduHUCaH jeaHauymHom (1).

Mmajy y Buay nocrojehy npasHuWHY y peryiatmen, Kao u moryhHoOCT 3a npegnaratbe HEKMX MHOBATUBHMUX
pelera, HeJaBHO NPEeANOKEHO TEXHUYKO peLlere 3a NPOLEHY U3/0XKEHOCTU Ha3snpaHo Ha rpaHMLama
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M3N0XEHOCTK®, Koje je npuiaroheHo WMpoKonojacHMM meperuma, aaje ogrosapajyhu gonpuHoc npob-
NemaTuLM NPOLEHE U3/I0XKEHOCTU eNIEKTPUYHMM NO/bUMa BUCOKUX GPeEKBEHLM]a.

MpeanoxeHo peliere je NPUMEH/bMBO KAKo 3a CTaHAAapAHa Meperba Y Kpahum BpemMeHCKUm nepuoau-
Ma, TaKO U 33 Mepekrba Y AYKMM MHTEPBA/IMMa BPEMEHA, TaKO3BaHa KOHTUHYA/IHA Mepetba (MOHUTOPUHT)
HMBOA E/IeKTPUYHOT NoJba.

Mopea NOMeHyTMX 1 onwTe npuxsaheHWx 4OKyMeHaTa U CTaH4apAa, NOCToje U NojeaMHaYyHa AOKYMeHTa
M aKTa M3 HaUuMOHa/NHe 3aKOHCKe perynaTuBe nojeauMHMX AprKaBa, ca BepoBaTHOhOM Aa je y HeKom og,
FbMX NPEANoKeHa METOAA NPOLEHE M3/I0XKEHOCTU HA OCHOBY LUMPOKONOjacHMX meperba. Mehytum, ayto-
pVYMa OBOT TEXHMYKOT pellerba HWje No3HaTa HW jeaHa TakBa meToaa. [lo4aTHo, Y HaUMOHA/HO] 3aKOH-
CKoj perynaTtueu Penybaunke Cpbuje, y 061acTi CNUTMBaKbA €1EKTPOMArHeTCKUX Nosba, Koja je aeduHu-
caHa Baxehum npasuaHuumma ns 2009. rogmHe, Kao M ogrosapajyhum HauMOHANHUM CTaHAAPAMMA U3
oBe 06/1aCTH, He NOCTOjW HU jefiaH MeTOZ, NPOoLEeHe U3/0KEHOCTU 3a C/Iy4Yaj LWMPOKOMOjaCHUX MepeHsa.

Onuc TEXHUYKOT peLlerba ca KapaKTepucTuKama, ykbyuyjyhu npatehe nnycrpaumje u TexHuuKe yprexe:

MeTog, npoueHe M3N10KeHOCTU 6a3npaH Ha rpaHnLLama U3N0XKEHOCTH, oapehyje Aoy U ropkby rpaHuLy

cBeyKynHe nsnoxeHoctu (Global Exposure Ration — GER):
2 2

GER,,. = # nu GER = # , (2)

done Eref max ( fl) gorme Eref min ( fz)
roe je Em namepeHa BpPeAHOCT BEKTOPA jauMHe eNleKTPUYHOT nosba, AobujeHa LWMPOKONojacHUM mepe-
HeM, AOK CY Erefmin(f2) W Eref max(f1) MMHUMaNHM U MaKCUMaJTHU NMPONWUCAHU pedepeHTHN rPaHUYHN HUBOM,
KOju cy nponucaHu 3a ppekseHumje fi1 U fr, Yy dpekBeHUnjckom oncery KopuwheHe mepHe coHae, gedu-
HUCAHUM OA, fmin AO fmax-

Umajyhu y Buay aa cy nsabpaHu pedpepeHTHU rpaHUYHN HUBOU HajMmarbM U Hajsehn moryhu y dpekseH-
LMjCKOM Orcery CoOHAgE, CTBapHa U3/I0XKEHOCT e/IeKTPUYHOM MOJby CEe CUTYPHO Hasasu y oncery:
GERyonje < GERamo < GER e (3)

Tpeba HarnacuTM Aa MUHUMANHU U MaKCUMaNHU pedepeHTHU FPaHUYHU HUBOU Eref min(f2) W Eref max(f1), ¥
dpeKBEHUMjCKOM OMNCery MepHe CoHAe, He Mopajy Aa byay HUBOW KOju 0AroBapajy fmin U fmax, Kao WTO je

NPUKasaHo Ha camum 1.
l Eref min Eref maxl

dpeKBEeHUMCKN oncer MepHe coHAe

donj stvarn

A A

Fmin sz f1T Fmax

Cnvka 1. MU360p MMHUMMANOT MU MaKCMMaIHOT NponucaHor pepepeHTHOr rPaHUYHOr HUBOA, Y
bpPEKBEHLM]CKOM OMNCery MepHe CoHAe.

3 TexHWuKo pelerbe “MeTos, NPOLEHE U3/IOKEHOCTU eNEKTPUYHMM NOJbUMA BUCOKMX dpeKBeHLmMja 6asmpaH Ha rpaHMLama UsioxeHoc-
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KWUX HayKa, YHuBep3uTeTa y HoBom Cagy, Ha 16. peaoBHOj cegHMUM, ogpKaHoj AaHa 25.05.2016. roguHe
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[opatHo, oBM pedepeHTHU rPaHUYHM HUBOW Ce Y3UMAjY Yy CKNagy U U3 yKynHor ¢peKBeHUmMjcKor oncera
MepHe coHae, 6e3 MKaKBOr NO3HaBakba CMPEKTPANHOr CagpiKaja No/ba HA MEPHO] SIoKaLMju, 0O4HOCHO
6e3 nHdopmauuja 0 TOMe Ha Kojum To GpeKBEHLMjaMa je NPUCYTHA EMUCUjA MO/ba Y OKOJIUHM.

Harkanoct, moxe ce AeCUMTU Aa je Ha KOHKPETHO] NOKaLUMju NPUCYTAH M aKTUBAH YXKM cnekTap o4 ¢pek-
BEHLMJCKOr oncera coHae, unme je moryhe ga ce pedepeHTHM rpaHUYHN HUBOW BUpPajy N3 OBOT YXKer on-
cera, Koju 3HaTHO bosbe oaroBapa CTBapHOj CUTyaLMjM Ha OKaLUMju.

Umajyhn y Bnay moryhHocT norpewwHor o8abunpa Eres min(fa) W Erer max(f1), 3@ KOHKPETHY MepHY NIoKauujy,
jacHo je pa he payyHarbe GERdonje U GERgornje LOBECTM A0 TOTA AA je rOpHba rpaHuua HewTo Behe BpegHoc-
T, AOK je AOHa FpaHuLLa HELTO HUXe BpeaHOCTU og, peanHe. Cee To he pe3ynToBaTn BE/IMKMM ONCETOM
Yy KOMe ce MOXKe Hafla3uTh CTBApHA M3/I0XKEHOCT e/IeKTPUYHOM MOJby, OAHOCHO BE/IMKOM PEeNaTUBHOM
rpewwKkom (Tj. pasnmkom) nsmehy rpaHunLa U3NOXKEHOCTH, KOja ce MoXe aedpuHUCaTH Kao:

GER_.. —GER ’

= . E .
5[%] — ggnJEeR donje . 100% =|1= ref min . 100%. (4)
gornje ref max

Y upsby cmarberba 0Be Pas/fiMKe, a Camum TUM M noseharba NPeunsHOCTN NPOLEHE U3I0KEHOCTU enek-
TPUYHOM NOJbY BUCOKUX GpEeKBEHUMja, T1aBHA MAeja OBOI TEXHUYKOT pellera U MeToaa 6asmpaHor Ha
afanTMBHUM rpaHMLLaMa U3/I0XKEHOCTU jecTe AeTeKuMja akTUBHUX M3Bopa EM nosba y OKOAUMHU MepHe
NoKaumje. LUusb je pa ce BUAM Koju TO enoBu u3 GppeKBeHLMjCKOr orncera coHae Mory aa ce ogbaue, jep
Ha bMMa Hema emucuje EM nosba, Unme ce ctBapa MoryhHOCT 3a cy»Kerbe GPeKBEHLM]CKOT OMncera y Kom
ce BpLIM M360p HOBUX pedepeHTHUX FPAHNYHUX HUBOA Eref min(fanovo) W Eref max(finovo), KOjU CY NpMKAALHM)N
[ATOj MepPHOj NOKALMjK, KAO LITO je NPMKA3AHO Ha CAnUm 2.

lEref min Eref maxl

dpeKkBeHUM|CKN oncer MepHe coHae

Cy>xeHn opekBeHLMjCKkM oncer

A A

A A
fmin fmin novo T 2novo f1novoT fmax novo fmax

Cnuka 2. U360p NpuKNagHujer MUHMManor ¥ MakCMMasiHOT nponucaHor pedepeHTHOr rpaHUYHOT HUBOA,
33 KOHKPETHY MepPHY NoKaLujy.

N360pom HOBUX pedepeHTHUX rPaHUYHUX HUBOA, MPaHULEe CBEYKYMHE M3/I0}KEHOCTU Ce cada MOry oape-

AUTW Kao:
2 2

GER novo — Em u GER novo __ Em

fone Eref max ( 1:lnovo) e Eref min ( f2n0vo )
YMme ce Orcer y KOMe ce CTBapHa M3/10XKEHOCT HaNasM CMakbyje, a O4EeKMBAHA NPELUM3HOCT NpoLeHe n3-
noxeHoctn nosehasa. C 063MpOM Aa Cy NOYeTHU M3a6paHM Eref min M Eref max MUHUMANHN N MaKCUMaNHu
MOI'th Y MHUUMjANHO NOCMATPaHOM d)pEKBEHLI,MjCKOM oncery, cyxeme d)pEKBEHLI,MjCKOI' oncera gosoaun
00 TOora Aa MOpa Aa BaXu:

Eref min ( f2 ) < Eref min ( fznovo) H Eref max ( f]novo ) < Eref max ( fl )’ (6)
oflaK/ie Ha OCHOBY jeAHauuHa (5), cneau aa je:
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LITO AOKa3yje Aa ce oncer y KOme ce CTBapHa M3/10XKEHOCT Hanasm CMambyje, a NpPeLn3HOCT NpoueHe us-
NNOXEHOCTU nosehaBa, Kao LITO je NPMKa3aHo Ha camum 3.

+— GER. 'gornje
GERgorje -

~—— GERstvarmo
GE R a’on/c,e7 e

<+ GE R donje

CnuKa 3. CMatbetbe pasivke nsmely rpaHMLA U3N0KEHOCTU ENEKTPUYHOM NOJbY BUCOKMX GpeKBeHLMja.

OcHoBHa Maeja Koja omoryhaBa cmarberbe pasivke uamehy rpaHMLa M3N0MKEHOCTM U CyXKerbe oncera y
KOMme ce CTBapHa M3/0KeHOCT Hanasu jecte ogpehnBatbe CNeKTpanHor cagpikaja eNeKkTPUYHOr Nosba, Ha
MEepHOj NIoKaLMju of UHTepeca. CTora, MeTos, NPOoLUEHE M3/0XKEHOCTH, KOjU CE OBUM TEXHUYKMM pelue-
Hbem npeanaxke nogpasymea Kopuwhere GpeKkBEHLMJCKM CENEKTUBHOT MEPHOT NPUCTYNa Y KOMBUHa-
LMjM ca LWMPOKOMOjaCHUM MeperbuMa.

Tpeba Harnacuth 4a oBaj NPUCTYN MOXe Aaje 1 3Ha4yajaH A0NPUHOC Y CUTyauMjaMa KOHTUHYa/IHOT MOHMK-
TOPWHTa NoJ/ba, M NPOLLEHE AHEBHUX FPAHULIA U3JIOKEHOCTH, Y AYXKEM BPEMEHCKOM Nepuoay, Kao LWTo je

NPMKa3aHo Ha canum 4.
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Cnuka 4. NpumeHa aganTMBHOr MeToAa 3a NPOLEHY AHEeBHUX FPaHMLA U3/10XKEHOCTH.

Umajyhu y BUAY untbeHuLy Aa je Mana BepoBaTHoha aa he Ha MepHOj noKauuju BUTK YecTor MHCTaNU-
parba HOBMX M3BOPA MOJba, jeAHOM oapeheH CNpeKTpaiHWN cafprKaj MOXKe yKa3aTu Ha HoBe pedepeHTHe
rpaHMYHe HMBOE, KOju cy oarosapajyhu Toj noKaumju, 1 Koju ce Mory KOpUCTUTY 3a Aasby NPOLLeHY HOBMX
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OHEBHUX FPaHULLA U3NI0XKEHOCTU U CYXKEeHe Orcera y Kom ce CTBapHa U3/I0XKEHOCT Haaasu, Kao WTo je To
NPWKasaHo Ha cinKama 46 u 4r.

KaKo je peann3oBaHo u rge ce npumerbyje, 04HOCHO Koje cy moryhHoCTU npumeHe (TexHuuYKe moryhHocTu):

MpeanoxKeHo TEXHUYKO peLlere, Ta4HMje MeToAa NPOLEHE U3N0XKeHOCTM 6asnpaHa Ha afanTUBHUM rpa-
HULAMa U3/10XKEHOCTU, NPeacTaB/ba NPOrpamMcKko (software) pelwerse U peasM3oBaHoO je Ha NPUHLMNY OT-
BOPEHOI M3BOPHOT KOAQA, Y CKnaay ca Mpwuaorom 2 — TeXHUUKO pelerse, ”[1pasuaHUK 0 MocmynKy, Ha4Yu-
Hy 8pedHo8aHa U K8BAHMUMAMUBHOM UCKA3UBAHY HAYYHOUCMPAHUBAYKUX pe3yamama ucmpaicusa-
yg”, 6p. 110-00-29/2016-04, Koju je MUHUCTAPCTBO NPOCBETE HayKe M TEXHO/IOLWKOr pa3Boja YCBOjUIO
AaHa 01. 03. 2016. roauHe (“Cny»kb6eHu rnacHuk PC” 6p. 24/2016).

Kao yHanpehere Beh noctojehe meTtone 3a NpoueHy M3N0XKeHOCTHU, BasnpaHe Ha rpaHMLaMa U3NoXKe-
HOCTM, 0Ba MeToZa Kpo3 npunarohere ogrosapajyhux pepepeHTHUX rpaHUYHUX HUBOA NpeacTaB/ba Be-
OMa KOPUCHO peluetbe Y 3aBpLWHOj ¢pasm obpase pesynTtaTa WMPOKOMNOjaCHUX Mepera, 3a noTpebe npo-
LLeHe u3noxeHocTu. MNpeanorkeHa MeToza je BeoMa NPaKTUYHa, ca acneKkTa MMniemMeHTaumje, ¢ 063Mpom
[a He 3axTeBa HMKaKBe nocebHe pecypce, y norneay kopuwhera NocebHNX cOPTBEPCKMX anaTa 3a HeH
pag v npumeHy. 3a To Cy Al0BOJbHE yobuuajeHe apUTMETUYKe onepalmje, AOCTYMNHE Y CBUM NPOrpamcKnum
anatuma 3a obpagy nogartaka.

JeiHa of NpefHOCTU Npea/ioKeHe MeToAe jecTe U BEOMa Masia apUTMETUYKA KOMIMJIEKCHOCT, € 063upom
[a cy 33 NpopayYyH CBaKe 0f rpaHuLLa U3/10KEHOCTU NOTpebHe camo ABe apuTMETUYKe onepaLuje (gerbe-
e U KBagpupate).

OHO WTO AaTy MeToAy YMHWU HELUTO C/I0XKEHM]OM 3a NPaKTUYHY ynoTpeby, y 04HOCY HAa MHULMjaNHY Bep-
3ujy, jecTe HeonxoAHOCT ogpehnBatba CNEKTPA/HOT CaZpiKaja Nosba Ha NOKALMjK, 33 LWITA C& MOXKe KOpu-
CTN GPEKBEHLMCKM CENEKTUBHO Mepere. OBa YMtbeHMLa pe3ynTyje HewTo Behom KomnaekcHowhy npu-
MeHe came MeTofe, € 063Mpom Aa je nopes LWMPOKOMOjaCHUX Mepeta MHTEH3UTETA BEKTOPA jaunHe en-
€KTPUYHOT Nosba (6UN0 y jeAHOM TPEHYTKY BPEMEHA UN Y AYKEM BPEMEHCKOM UHTEPBAJY), HEOMXOAHO
oparosapajyhe Bpeme 1 3a GpeKBEHUN|CKN CENEKTUBHY aHaAN3y, 04, Koje 3aBUCK M NOoCcTynak nsbopa/oa-
pehunsarba HOBUX pedepeHTHUX TPaHNYHUX HUBOA, Kao M Npunaroherba camumx rpaHnLAa U3N0XKEHOCTU.

MoBehake KOMNNEKCHOCTU 4,01a3M A0 M3pakaja Kaja ce CNMpoBOAe CTaHAapAHa Mepersa Nosba, Y Kpat-
KOM BPEMEHCKOM MHTEPBAJY, a/ln aKo Ce MeToAa KOPUCTU Y CUCTEMMMA Ca KOHTUHYaZIHUM MOHUTOPWH-
rom, Taga jeaHom obaB/beHa CNeKkTpasHa aHaM3a MoXKe fa Aa HOBe rpaHuMYHe HMBOE, Koju he ce Kopuc-
TUTU Y AyKEM BpeMEeHCKOM nepuoay 3a npoueHy usnoxkeHoctu. OBo je moryhe umajyhu y Buay aa je ma-
na sepoBatHoha fa he ce YecTo NojaB/bMBaTU, OAHOCHO MHCTA/NMPATX HOBU M3BOPM NOJba Ha NOKaLMju
NCMNUTMBatbA.

[opnaTHo, NpUMeHa MeToAe ca afanTUBHUM rPaHULAMa Y CUCTEMUMA 32 KOHTUHYaA/IHU MOHUTOPWUHT, je
of, nocebHor 3Ha4Yaja NOWTO je KOPUCHUKY JOCTYyNaH UCTOPUjAaT NPOMEHE HMBOA ENEKTPUYHOT NOoJba, Kao
n oarosapajyhe nsnoxeHoctn nosby. Nomohy oBakBUX cUCTEMA KopUcHUUMMa ce omoryhaBa 6o/ba MH-
dopmurcaHoCT y norneay NOTEHLMjaNHO LWITETHE U3/I0XKEHOCTH, MOLWTO ce NpeumsHnje gebumHuLle oncery
KOMe ce CTBAapHa M3N0XKEHOCT HaNa3n, Ha 4aTOj IOKAUUjU.

MpumeHoM dpeKeBEHLMjCKE aHaNN3e CNEKTPa, NEPUOANYHO (HA WECTOMECEYHOM, FOANLWHEM HUBOY...),
npy*Ka ce MmoryhHOCT 3a afeKBaTHO nosehate NPeLM3HOCTM NPOLLEHE U3/TOKEHOCTU CUCTEMA Ca KOHTU-
HYaHUM MOHUTOPUHIOM, KPO3 CMakbeHe Pasfivke namehy AHEBHUX rpaHuLa.
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MpeanoxeHa mMeTona ce KOPUCTM Y 3aBPLUHOj $a3nM mMmeperba, HAKOH Npey3Mmarba nogaTtaka U3 mepHor
WMHCTPYMEHTa, M To y ¢asmn obpage mepHux nogataka. Umajyhu 1o y BMay, ounrnesHo je Aa NpMmeHa
npeasoxeHe MeTofe He 3axTeBa ynoTpeby cneunduyHe BpcTe MepHUX MHCTPYMEHATA, HEFO je NPUMEH-
JbMBa Ca NPAKTUYHO CBMM KOMEPUUjaNHO AOCTYNHUM MEPHUM MHCTPYMEHTUMA, AM33ajHUPAHUM 33 LUMPO-
KomnojacHa 1 ppeKkBEHLMjCKN CEIEKTMBHA Meperba HMBOA MoJba.

MpumeHa npeanoxeHe metoge je y okempy CEMOHT nHdpopmaumoHe mpeke. C 063Mpom aa je weHa
npBeHCTBEHA HaMeHa 0baB/bakbe KOHTUHYAIHOT LWMPOKONOjacHOT MOHUTOPUHIa EM nosba v agekBaTHa
npougHa M3N0XKEHOCTH, NpesioxeHa MeTofa ce Hamehe Kao BeoMa KOPUCHO M MOYy34aHO pelueHe.
MpWKasnBarem AHEBHUX FPaHMLLA U3N0XKEHOCTU, MyTEM rpaduKOHa KOju Cy jaBHO AOCTYNHU CBUM KOpUC-
HuumMma UHTepHeT web noptana CEMOHT cuctema, omoryhyje ce Beoma npeunsHa n epuKkacHa npoueHa
M3N0XKEHOCTU onwTe nonynauuje. Ha Taj HAuMH ce 3a40B0/baBajy NnoTpebe KOPUCHUKA, a YjeAHO 1 noBe-
haBa KpeamMbunmTeT camor cuctema.

MpeanoxeHa meToga HUje CTPUKTHO OrpaHUYeHa Ha NPMMEHY 33 NPOLEHY M3/10XKEeHOCTU onwTe nonyna-
uuje, Hero ce y3 ogrosapajyhe nsmeHe moxke ynotpebuti 1 3a NpoueHy U310KeHOCTN NpodecnoHanHor
ocobsba. [late M3meHe noapasymeBajy Kopuwhere ogrosapajyhux nponucaHmx pedpepeHTHUX rpaHuy-
HWX HWBOAQ, 3a OBY KaTeropwujy nonynaymje.

Beoma Ba)KHO je HANOMEHYTU Aa NPeasIoXKeHa MeToAa H1je UCK/byunBo Be3aHa 3a CEMOHT cucrtem, seh
ce MoXKe NPUMEHUTU Y BUI0 KOM APYrOM CUCTEMY AM33jHUPAHOM 33 KOHTUHYAHWU LWMPOKOMNOjacCHU MO-
HUTOPMHI HMBOA NoJba. Takohe, MeToda Ce MOXKe KOPUCTUTU U Y CBUM aKpeanTOBaHMM OpraHmM3aunjama
3a ucnutuearbe EM nosba, Kao u y nabopatopujama Koje obaBsbajy oaroapajyha mepera y Hay4He CBp-
Xe.

LLTo ce TMye npumeHe Ha mefhyHapoAHOM HMBOY, jeHOCTAaBHOCT M Mpe CBera OnwToCT NPea/ioXKeHe Me-
Toge omoryhyjy tbeHo Kopuwhere M MMNIEMEHTALM]Y Y OKBUPY 3aKOHOAABCTBA BM0 Koje Apyre ApKa-
BE Yy CBETY, Y3 NPUMEHY aZleKBaTHUX pedepeHTHUX FPAaHUYHUX HNBOA, MPONUCAHUX Y NPaBUAHMLMMA NO-
jeanHnx gpxasa unm y oksmpy ICNIRP Guidelines pokymeHTa.

Mmajyhu y Buay Oa je meToda HacTasa Ha OCHOBY Hay4HMX pagoBa, 06jaB/beHUX Y EMUHEHTHOM Hayu-

HOM, MehyHapo4HOM Yaconucy U KoHbepeHuuju, HeH OTBOPEHU KOJ, je AO0CTynaH CBMM 3aMHTepecoBa-

HUM KOPUCHULMMA.

Mpunosu:

MpeanoxeHa mMeToAa NPoLEeHEe U3/I0XKEHOCTHU je ieTa/bHO ONMcaHa U Y Hay4HOM paay:

1. D. Kljajic and N. Djuric, “The adaptive boundary approach for exposure assessment in a broadband
EMF monitoring”, Measurement Journal, DOI:10.1016/j.measurement.2016.07.055, Volume 93,
November 2016, pp. 515-523, ISSN: 0263-2241, 2016,

roe cy ogrosapajyhu getasbu came meTode M tbeHe npumeHe, objawmeHn y nornasmwy “The boundary
exposure assessment approach”.

[ogfaTtHo, NnpegaoXeHa METoAa je aHaAM3MpaHa 1 y HaydHOM pagy NPe3eHTOBaHOM Ha KOHpepeHLUMju:
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2. D. Kljajic, N. Djuric, K. Kasas-Lazetic, D. Antic, “Adaptive boundary approach for EMF exposure
assessment in broadband measurements”, Progress In Electromagnetics Research Symposium —
PIERS 2015, Prague, Czech Republic, July 06 — 09, 2015, The Electromagnetics Academy, PIERS 2015
Proceedings, pp. 1889-1892, ISSN: 1559-9450, ISBN: 978-1-934142-30-1.

HaBefaeHu pagosu NpeacTass/bajy Npuaore oBor TEXHUYKOr pellerba.
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NlabopaTopuja 3a eIeKTPOMarHeTcKy KomnatubunHocr
[lenapTmaH 3a eHepreTuky, eNIeKTPOHUKY U TeIeKOMYHUKaLuje
DaKyNTeT TEXHUUKUX HayKa

YHusepsurer y Hosom Cagy

Tpr A. O6pagosuha 6

21000 Hosu Cap,

Y cknagy ca oapenbama “lMpasusHUKa 0 Nocmynky, HAYuHy 8pedHO8aHA U KBAHMUMAMUBHOM UCKQ-
3UBaKY Hay4HOUCMPaMCUsa4yKux peaynmama ucmpaxcusaya”, 6p. 110-00-29/2016-04, koju je MUHUCTApCTBO
NPOCBETE HayKe M TeXHONOLWKOr pa3Boja yceojuno 01. 03. 2016. roamHe (“Cny»k6eHu rnacHuk PC” 6p. 24/2016),
NabopaTopuja usaaje osy

noTspay

o Bepudukaumju Metoae nNpoLeHe U3/0KEHOCTU ENEKTPUYHUM NO/bMMA BUCOKUX PpeKBeHLMja 6a3upaH Ha
afanTUBHUM rpaHULLIAMa U3NOMKEHOCTU

Ha ocHoBy obaB/beHe Kamanarbe MOHUTOPUHIA e/IEKTPUYHOT NMO/ba BUCOKUX PpeKBeHLMja, 3a noTpebe
NHbopmaumoHe Mpexke 3a UCNUTUBaHE eNeKTpoMarHeTckux nosba — CEMOHT (Serbian Electromagnetic Field
Monitoring Network), Kao 1 cnpoBefeHUX NOCTynaka nposepe u Banupauuvje “Memode npoyeHe u3snoxeHoc-
mu eseKmMpuUYHUM MOsBUMA BUCOKUX hpeKeeHyuja 6a3upaH Ha adanmueHUM 2paHuUyama ussaoxceHocmu’”,
O0BUM JOKyMeHTOM noTtephyjemo Aa je metoaa BepuduKosaHa y okeupy Jlabopatopuje 3a eneKTpomarHeTcKy
komnatnbunHoct ®TH Hoeu Cag, y3 kopuwhere mepHe onpeme Koja npunaga /labopatopuju.

Y Hosom Caay, aaHa 09.09.2016. roauHe

Pykosoaunay, Jlabopatopuje

»NQA_ Osggg C i

npod. ap Heaa Mekapuh-Hah
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Banentuna BpeGanos Bau 6poj:
[le xabunera nexana Harym:  30.08.2016. Hosu Can

IIPE/IMET: Hmenosarwe peyenzenama u npuxeamarve peyensuje 3a Texnuuko
peuerve

HacraHo-nayyHo Behe Jlemaprmana 3a CHEPreTHKY, CJIEKTPOHUKY W TEeNeKOMYHHMKauuje Ha 39.
cepnuuum ox 30.08.2016., na mnnumjatuey Karenpe 3a TEOPH|CKY €NEeKTPOTEXHUKY jeHOrIACHO je noHeno
OUTYKy O MIMCHOBakby pELIEH3EHATa U NPUXBaTaky pelieH3Htje 3a creaehie TeXHUuKo pelieme, Koje je pesysrar
pana Ha npojekty TP-32055.

Hacno: Merton mpouene wu3ioskenocTn CJIEKTPUYHHM MObMMA BHCOKHX (ppekBeHunmja Oazmpan Ha
AJaNTUBHUM IDAHHIAMA H3JI0KEHOCTH

Aytopu: Jparan Kibajuh, Hukona Dypuh.

[Ipennoxenu peuenzenru:

1. np 3nara I{gerkosuh, penosHu npodecop, EnekrpoHcku dakynrer, Yuupepsurer y Huuy.

2. np Bpanucnas Bynesuh, Hay4uu capannuk, Enexkrporexunuku Unetury "Hukona Tecna", beorpan.

CrnowrgBamem,
// /.

I[ou.(gé bopuc Jymuuh

pykoBoaunay [lenaprmana

Hocrasuru:

1 Jacmuna JTumuh, Cnyx6a 3a omure u MpaBHE TIOCJIOBE,
2 apxuBa Jlenaptmana EET.
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Hawu 6poj:
Bau 6poj:
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N3BOJA U3 3AIIMCHUKA

HacraBHo-HayuHo Behe ®@akynrera TexHuukux Hayka y HoBom Cany, Ha 20.
penoBHO] cenHHIM onpxkaHoj naHa 31.08.2016. romuue, moHeno je cienehy
OIULYKY:

-HenompeoHo u30cmae.,beHo-

TAYKA 13. INumara HAy4HOUCMPANCUBAYUKO2 PA0a U mMeljyHapooHe capaomwe
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r—— MeTo.u, npoueHe U310XKEeHOCT! enekTpuuHMM no/buma Bucomx cbpeuBeHu,uja ﬁa3|4pa|-|
Ha a4anNTUBHUM FrPaHULLAMA U310XKEHOCTH

AyTOopM AparaH Kmwajuh, Hukona bhypuh

Kateropwuja HoBO TeXHUYKO peluerbe NPpUMeHheHO Ha HauMOoHaNHOM HuBoy (M82)

Peanusartop PakynTeT TeXHUYKUX HayKa, YHuBep3utetr y Hosom Capy

Mme 7 npesume 3Barbe

npocb p,p 3na1'a U,BETKOBMh pep,oanu npo¢ec0p

Ji-

Ya obnacr 3a u3bop y 3sarbe, gatym usbopa

TeopujCcKa enekTpoTexHuka, 12. 12. 2012.

YcTtaHoBa rge je 3anoc/ieH

EnekTpoHcku pakynrter, YHuBsep3suretr y Huwy

I'Ipe,u,nomeHo TEXHUYKO DELI.IEI-be npe,u,(:Tanba HOB ,u,oanHoc VY ,ﬂ,OMEHy MCNUTUBAbA enepranux no-
/ba BUCOKUX PpekBeHuMja, U 3HaA4YajHO nobosbluaBa NPoLUeHy NoTeHunjane U3noXeHOCTU OBUM MNOJbMU-
Ma, Y CUTyauujama Kaga ce KOPUCTU LIMPOKOMNOJjaCHO MepeHbe.

L......

OBO TEXHMYKO pellere npeactas/ba yHanpeheHy sep3ujy, npeTxoaHo objasB/beHe MeToae npoueHe ns-
NOXEHOCTU ENEKTPUYHUM NO/bUMA BUCOKUX PpeKBeHLMnja 6a3mpaH Ha rpaHMuama udnoxkeHoctn (M82),
aytopa Hukona bypuh, [lparaH K/mwajuh, KaponuHa Kacaw-/laxketuh, Bepa bajosuh. Mehytum, metopn,
NPeanoXKeH y 0BOM TEXHUYKOM peluery, nocegyje AoAaTHU HUBO OPUTMHANIHOCTU, WUTO ra YNHU He3a-
BUCHUM MOCTYNKOM NMpoLueHe U3N0XEeHOCTU, KOJUM Cce npeunsHunje ogpehyje oncer y Kom ce peasiHa us-
NOXEHOCT MoXe Hahu.

MeTopa npoueHe je OCMULL/bEH Aa KOMBUHYje LWNMPOKONOjacHa U GPEeKBEHLUN|CKU CEeNEKTUBHA MEpeH-a,
Kako bu ce ogpeannun pedepeHTHU rpaHUYHM HUBOM, KOjU Hajbos/be oaroBapajy A4aToj MepHOj I0KaLMju,
a KOJU Ce KaCHuje Kopucte 3a afeKBaTHY NpoueHy AHEeBHUX rpaHuua manoxKeHoctun. Cam metoa ce
KOPUCTU Y 3aBPLIHOj pa3n UCNUTUBAHA NO/bA, TOKOM 0bpasae mepHUX nogaTtaka, U KOpuctu gobpo nos-
HaTe U 1aKOo AOCTyNHe HyMepuyKe anare.

[1o0AaTHO, TEXHUYKO pellerbe 3a NPoueHy MU3N0XKEeHOCTU, nopesd nNpumeHe Ha HAUMOHANHOM HUBOY, Y
MHPOPMALMOHO] MpPEeXK 3a UCNUTUBAtbE enekTpomarHeTckux nosba — CEMOHT (Serbian Electromag-
netic Field Monitoring Network), moxe aa ce npumersyje u Ha mehlyHapoaHOM HUBOY, Kopullherem
afleKBaTHUX pedPepeHTHUX rPaHNYHUX HUBOA.

TexHWYKo pelwerse je 4obnno noTepay BaAnMAHOCTU, 06jaB/bUBAHHEM Y HAYYHOM paay, Y Yaconucy me-
hyHapoaHor Kapaktepa. Crora, cmaTtpam Aa OBO TEXHUYKO pellere ucnywaBa cBe ycnoBe 3a “Hoeo
MexXHUYKO pewere npumereHo Ha HayuoHaaHom Husoy (M82)”, npeasuhene oapenbama ”“lMpasus-
HUKG O Mocmyriky, Ha4YuHy 8peoH08AHA U KBAHMUMAMUBHOM UCKA3UBAHY HAYYHOUCMPAMXUBAYKUX
pe3ynmama ucmpaxusaya”’, bp. 110-00-29/2016-04, koju je MUHUCTAPCTBO NPOCBETE HAayKe U TEXHO-
" nowKkor pa3soja ycsojuno 01. 03. 2016. rogunHe (“CnyxbeHu rnacHuk PC” 6p. 24/2016).

Y Huwy, aaxa 10.09.2016. roguHe
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PeueH3unja TexHuuKor pewera

OCHOBHM NOAaLM O TEXHUYKOM pellersy:

ks MeTopa npoueHe N3N0XKeHOCTU eNIeKTPUYHUM NO/bUMa BUCOKMX peKBeHLMja 6a3upaH
Ha afanTUBHMUM rpaHULLAMA U3I0XKEHOCTU

AyTtopu Aparax Kmwajuh, Hukona bypuh

KaTteropuja HoBO TeXHWUUKO peluerbe NPUMEeHeHO Ha HaLUOHaNHOM HuBoy (M82)

Peanusartop PakynTer TeXHUUKMUX HayKa, YHuBep3utet y Hosom Cagy

OCHOBHM NOAALM O peLe3eHTy

Ume u npesume, 3Bare Ap bpaHucnas Bynesuh, HayuyHu capagHuK
Yka obnacr 3a u3bop y 3sarve, gaTym usbopa | NpupoaHo-maTtemaTtuue Hayke (pusmka), 21. 05. 2011.
YcraHoBa rae je 3anocneH EnektporexHuuku nHcTutyT Hukona Tecna, Beorpag,

CTpy4yHO MULLI/bEHE peLe3eHTa:

MpeanoxeHo TeXHWYKO pelere A0AATHO AONPUHOCK M 3HA4ajHO No6osblIaBa NPOLEHY U3NOKEHOCTH
€/1eKTPUYHMM NO/bMUMA, Y OKBUPY HaUMOHaNHE MHPOPMALIMOHE MPEXKE 3a UCMIUTUBAKbE e/IeKTPOMarHeT-
ckux nosba — CEMOHT (Serbian Electromagnetic Field Monitoring Network). Camo TexHWU4Ko peluetbe
yHanpehyje npoueHy AHEBHUX rPaH1LLA U3/I0XKEHOCTN EIEKTPUUYHOM NOJbY BUCOKMX GPEKBEHLM]a, KOM-
6uHyjyhu WwmnpokonojacHa u GPeKBEHLM|CKM CENEKTMBHA Mepetba HMBOA NoJba.

Metog npeacrasba nobosblwarbe MeTosa MPOLEHE M3OMKEHOCTU ENEeKTPUYHUM MO/bUMA BUCOKUX
¢dpekseHumnja basupaHor Ha rpaHuLama usnoxeHoctn (M82), aytopa Hukona bypuh, [iparan Kbajuh,
KaposnuHa Kacaw-/laxxetuh n Bepa bajosuh. Hosu metog oapehyje oarosapajyhe pedepeHTHe rpaHuy-
He HUBOE, KOju oArosBapajy CTBAPHOM CMEKTPA/HOM CaZpXKajy Ha JIoKauuju UCAUTUBaKba, YUME Ce A0-
6uja nobosblaHa NpoueHa AHEBHUX rPaHMLLA U3NOKEHOCTU M CMarbeH oncer usmehy rux, y Kojuma ce
CUTYPHO Hanasu peasHa U3I0KEeHOCT.

MeTog npoueHe usnoxeHoctv 6asnpaH Ha aflanTMBHUM rpaHMLLAMa U3/IOKEHOCTU je BeOMa NpaKTU4aH
3a NPUMEHY Y peasiHUM yCN0BUMa, KaKo 3a NPOLEHY M3/I0XKEHOCTM ONWTE Monyiauuje, Tako u npode-
CUOHaNHOT 0Ccob/ba y OKBMPY HUXOBUX CBAKOAHEBHUX AyKHOCTU. YnoTpeba meToaa je Kpajrbe jeaHoC-
TaBHa 1 0ABWja ce y 3aBpLIHOj pa3n obpase pesyntata meperba, Kopuctehu Npu Tome HajjeaHOCTaBHM-
je matemaTuuke onepauuje u anate 3a obpagy nogartaka.

TexHunuKo peliere npeacTas/ba nporpamcko (software) pewerbe, Koje je cBojy NOTBpAY afeKBaTHOCTU
A06uno objas/bmBarbem y HaydHOM pagy ayTopa, y 4aconucy mehyHapoaHor KapaKTepa, a FeH 0TBope-
HU U3BOPHM KOZ, je YNHU N1aKO NMPUMEH/BMBOM M Ha MehyHapogHOM HUBOY.

Muwsberba cam a TEXHUYKO pellere UCnyHaBa CBe yC/10Be 3a “HOB0 MexXHUYKO pewerbe npumerse-
HO Ha HayuoHanHom Hueoy (M82)”, npeasuheHe ogpeabama ”paguaHUKG O MOCMYKY, HAYUHY 8peo-
HOBAHA U KEAHMUMAMUBHOM UCKA3UBAHY HAYYHOUCMPAXUBAYKUX pe3yamama ucmpaxcusaya”, 6p.
110-00-29/2016-04, koju je MMHMCTapCTBO NPOCBETE HayKe M TEXHONOLWKOT pa3Boja ycBojuno AaHa 01.
03. 2016. roguHe (“Cnyx6enn rnacHuk PC” 6p. 24/2016).

Y beorpapy, AaHa 26.09.2016. roguHe
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The boundary approach for the assessment of daily exposure to electromagnetic fields (EMF) has been
recently proposed for the continuous and broadband EMF monitoring of the Serbian Electromagnetic
Field Monitoring Network - SEMONT. This approach is based on the determination of the daily upper
and lower exposure boundaries, combining data of the continuous in situ EMF monitoring in a broadband
frequency range and the minimal and maximal prescribed reference levels. The real exposure is posi-
tioned between these boundaries. In this paper, the enhancement of the boundary approach is presented.
By adjusting the existing boundaries and reducing the difference between them, the precision of the daily
exposure assessment in the SEMONT system has been improved. The frequency selective measurement
has been used to determine the frequencies on which EMF sources radiate over a particular area and
in situ location. Consequently, the new minimal and maximal reference levels can be selected; these
are suitable for a particular in situ location and should be used for the calculation of exposure boundaries
on that location. A simple in situ test measurement of the high-frequency electric field strength was per-
formed, in order to verify the proposed adaptive boundary approach. The analysis shows that this
approach attained reduction in boundaries difference of 36.25%, regarding the Serbian legislation, result-
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Electromagnetic fields
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Broadband exposure assessment

ing with the increased precision of the daily exposure assessment for the broadband EMF monitoring.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Two approaches for measurements of electromagnetic field
(EMF) level have been most commonly used: the frequency selec-
tive and the broadband approach [1,2]. These approaches use dif-
ferent types of instruments: the spectrum analyzers and
broadband field strength meters, respectively. The frequency selec-
tive approach simultaneously offers results of field strength mea-
surement for each separate frequency, in the entire scanned
frequency range, resulting with a number of values. On the other
hand, the broadband measuring approach results with a single
value of the overall and cumulative field strength in a broadband
frequency range, contributed from each frequency particularly,
without the possibility of differentiating between frequencies.

Both measuring approaches are applicable for the low-
frequency and high-frequency EMF measurement, where, in the
low-frequency range, the magnetic field strength is usually
measured, while in the high-frequency range, the electric field
strength is the measured value. These approaches are often used

* Corresponding author.
E-mail addresses: dkljajic@uns.ac.rs (D. Kljajic), ndjuric@uns.ac.rs (N. Djuric).

http://dx.doi.org/10.1016/j.measurement.2016.07.055
0263-2241/© 2016 Elsevier Ltd. All rights reserved.

independently, although in some situations they can act as a
complement to each other.

The EMF measurements and assessments of the risk exposure
need to be performed in compliance with relevant standards
[3-5]. The large number of national and international legislative
acts relies on the recommendation of the International
Commission on Non-ionizing Radiation Protection (ICNIRP), named
“Guidelines for Limiting Exposure to Time-varying Electric,
Magnetic, and Electromagnetic Fields (up to 300 GHz)” [6], setting
up the guidelines for the exposure assessment of the general
population, as well as the occupational one.

Regarding the exposure assessment, the approach suggested in
ICNIRP’s Guidelines has been based on the frequency selective
measurements, allocating contributions of each particular fre-
quency to the overall field strength and calculating exposure per
frequency. Due to the scanning of the entire frequency spectrum
and the checking of the existence of EMF sources at particular fre-
quencies, this measuring approach is quite demanding, resulting
with a large quantity of data in a short time period. On the other
hand, the broadband measuring approach does not require spec-
trum scanning, neither the frequency separation nor the determi-
nation of the existence of EMF sources. Thus, this type of
measurement is much simpler, faster and easier to perform.


http://crossmark.crossref.org/dialog/?doi=10.1016/j.measurement.2016.07.055&domain=pdf
http://dx.doi.org/10.1016/j.measurement.2016.07.055
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Recent trends in the EMF testing require a constant field
strength monitoring [5], using a continuous measurement, in order
to obtain real-time EMF level fluctuations on the long-term basis.
Due to the fact that the measurement is faster and results with a
significantly smaller amount of data, the broadband measurement
approach appears as a quite practical solution for the EMF monitor-
ing requirements and the assessment of human exposure to EMF,
especially for a longer time period. Moreover, this type of measure-
ment offers an easier data processing, dissemination and presenta-
tion to the public, and therefore it is more user-friendly for the
general population.

Recently proposed approach of the boundary exposure assess-
ment, implemented into the Serbian Electromagnetic Field Moni-
toring Network — SEMONT |[7], is based on the determination of
the daily upper and lower boundaries of exposure, comparing the
results of the continuous in situ EMF broadband monitoring with
the minimal and maximal reference level for a particular broad-
band frequency range of the field probe.

In this paper, the advancement of the proposed boundary
approach is presented. The calculated boundaries have been
adapted in order to reduce the difference between them and to
increase the precision of the exposure assessment. In the section
“The boundary exposure assessment approach”, the brief reintro-
duction of the boundary approach is presented, as well as possibil-
ities for its improvement, while “Disadvantage of the boundary
assessment approach” section describes the conventional exposure
assessment approach, based on the frequency selective measure-
ments, and presents the ideas for the advancement of the boundary
approach and the adaptation of its exposure boundaries. The sec-
tion “Utilization of the adaptive boundary approach” brings the
results of the in situ measurement, conducted in order to verify
the proposed adaptive boundary approach, as well as the discus-
sion on the obtained reduction of the difference between bound-
aries. Finally, the “Conclusion” section, focusing on the adaptive
boundary approach application, is provided at the end of this
paper.

2. The boundary exposure assessment approach

The combination of the broadband measurement and the con-
tinuous monitoring, as performed by the SEMONT system [8,9],
offers the important data of cumulative field strength over a day,
from all surrounding EMF sources, and the possibility for the
assessment of the long-term exposure of humans to EMF radiation.
Such approach can be used for the attainment of daily fluctuation
of EMF, while the results can be used for the EMF register of the
observed area [9], as presented in Fig. 1.

Unfortunately, at this moment there is no recommended speci-
fic procedure for a comprehensive exposure assessment of the
human population in the case of broadband measurements. The
standard SRPS EN 50492:2010 [3] provides some indications and
gives initial instructions in such a case, suggesting a comparison
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Fig. 1. History overview of the EMF level fluctuation.

of the obtained measured value with the lowest reference level
in the frequency range of the used field probe. Consequently, the
global exposure ratio (GER) is obtained [3].

The basis of the proposed boundary exposure assessment
approach is additional comparison with the highest reference level
in the frequency range of the field probe, thus assessing the lower
boundary of GER [7]. The exploitation of the results of the contin-
uous in situ EMF monitoring, and their combination with the min-
imal and the maximal reference level in a certain frequency range,
offer a range where the possible real-time exposure can be posi-
tioned at any instant of time.

The proposed boundary approach is applicable for any kind of
broadband EMF measurements, and can be used for the exposure
assessment for both the general population and the occupational
one. Hence, it is already implemented into the SEMONT monitoring
system, which is designed for the low-frequency and high-
frequency real-time and long-term EMF monitoring [8].

In this paper, only the high-frequency electric field strength
measurements will be considered. Since the thermal effects on
human tissue are dominant for those frequencies, the assessment
of the GER boundaries is performed by applying the following
expressions:

E 2 E ’
GERpy = 7'") and GER,, = (7'") , 1
tow (Eref max(f]) w Eref min (fz) ( )

where E,, is the broadband measured value of the electric field
strength, while Eyef min(f1) and Erer max(f2) are minimal and maximal
reference levels, prescribed by the appropriate legislation [6,10,11],
over the frequency range of the applied field probe. According to the
proposed boundary approach, the real-time exposure is located in
the following range:

GERIOW < GERreal < GERup- (2)

The presentation of these GER boundaries, in the form of daily
curves, provides valuable information to the general public on
the daily levels of exposure to nonionizing radiation in the envi-
ronment, as depicted in Fig. 2 [12,13].

By adopting the proposed boundary approach, the systems
based on a long-term continuous monitoring and an observation
of EMF, during 24/7 period, can offer a clearer insight of the expo-
sure during the day, on a particular in situ location, regarding that
the real exposure is located between the assessed boundaries.

3. Disadvantage of the boundary assessment approach

The ICNIRP’s recommendation offers certain guidelines for the
compliance assessment of the potential EMF exposure [6]. In the
case of the high-frequency measurements, the following
requirements have to be met:

IMHz /pN\2  300GHz /o 2
IORPWCIRES ®
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Upper GER level

Lower GER level

User Daily limits of GER

Fig. 2. The public presentation of daily GER boundaries.
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and
1 MHz 2 300 GHz 2
)+ 2. 0)
)+ = <1 (4)
j:l%:kl-lz < d j>g/l:Hz HL'j

where E; is the electric field strength at the frequency i, E;; is the
electric field strength reference level for the frequency i, H; is the
magnetic field strength at the frequency j, H;; is the magnetic field
reference level for the frequency j, c is 610/f [V/m] (fin MHz) for the
occupational exposure and 87/f'/2 [V/m] for the general public
exposure, while d is 1.6/f [A/m] (f in MHz) for the occupational
exposure and 0.73/f [A/m] for the general public exposure [6].

The exposure assessment approach in the ICNIRP’s Guidelines
relies on the frequency selective measurements, determining
exposure per frequency. Unfortunately, this approach is not appli-
cable in broadband measurements, and consequent exposure
assessment, since it is unknown on which frequencies the EMF
sources emit and which reference level values have to be used
for the observed frequency range. Thus, the application of the
boundary approach appears to be a much better solution for the
evaluation and the exposure assessment to EMF in the broadband
frequency range.

The determination of the GER boundaries relies on the
comparison of the measured values of the field strength with the
pre-assumed lowest and highest reference levels in a particular
frequency range of the used field probe. Those minimal and
maximal reference levels are applied for the assessment, during
the entire monitoring period, and without any knowledge on the
frequencies of the present EMF emission. Thus, it could happen
that the frequencies corresponding to the selected reference levels
mismatch the active frequencies on a particular location, since
there are no EMF sources that emit at every frequency in the
frequency range of the probe, and particularly at the frequencies
that correspond to the minimal and maximal reference levels. Con-
sequently, it can be assumed that the lower GER boundary can be
underestimated, while the upper GER boundary overestimated.

The goal of the newly proposed adaptive boundary approach is
to perform a better and more accurate assessment, by determining
which emitting frequencies are present at a specific in situ location
[14]. Accordingly, it could be possible to select suitable reference
levels whose frequencies closely correspond to the present spec-
trum. On selecting the new minimal and maximal reference levels,
the GER boundaries can be calculated using the following
expressions:

GERpyy = <7E’" )2 and GER,, = <7E’" )2 (5)
o Eref mﬂx(f]new) P Eref min (onew) '

while the difference between the GER boundaries can be reduced.

This paper investigates the approach of GER boundaries adapta-
tion and reduction of the difference between them, by involving
the frequency selective measurement at a corresponding in situ
location. The aim is to discover the appropriate reference levels
that should be used for the new exposure boundaries assessment.
The utilization of the spectrum analysis will provide information
on spectral characteristics of the measured field strength, as well
as information on the presence of all EMF sources in the vicinity
of the in situ measurement location.

4. Utilization of the adaptive boundary approach

In order to verify the adaptive boundary approach for the expo-
sure assessment in the broadband monitoring, the real-time in situ
test measurement of the high-frequency electric field strength was
conducted in the campus area of the University of Novi Sad. Con-
sidering the almost constant presence of the student population,

the campus area was deliberately chosen for this test measure-
ment, as a highly sensitive zone of the city of Novi Sad [15].

4.1. Measurement location

For this test measurement, the visual inspection of the campus
area was conducted, in accordance with the SRPS EN 50413:2010
standard [4], noticing all active and dominant EMF sources. The
selected location is on the corner of Dr. S. Milosevic and Dr. V. Savic
streets, since this location presents a highly visited crossroad
between the buildings of the Novi Sad Business School and the Stu-
dent Sports Centre. In addition, this location is in a close proximity
to the primary school “Jovan Popovic” and the day nursery and
kindergarten “Happy Childhood”, as shown in Fig. 3.

However, the most important reason for the selection of this
measurement location lies in the presence of two visually notice-
able GSM base stations in the close vicinity, which are marked as
dominant EMF sources. The antennas of these base stations are
installed on the rooftops of two nearby apartment buildings, as
shown in Fig. 3, providing GSM 900 and GSM 1800 communication
services, while covering three area sectors. The basic technical data
of these GSM antennas are specified in Table 1 [16,17].

The first sector GSM 900 and GSM 1800 antennas are located
187 m and 201 m from the center of the measurement location
respectively, while the measurement location is in the direction
of the main beams of these sector antennas, as shown in Fig. 3.
The intersection of the main beams from the first sector antennas
is above the measurement location, at the heights of 19.85 m and
4.18 m above the ground level, as shown in Table 2. This fact sug-
gests the potential increase of the EMF strength, as well as the pos-
sible exposure of the humans at this location.

The main beams reach the ground behind the test measurement
location, far away, at the distances of 188.82 m and 119.73 m,
respectively.

4.2. Measuring procedure and measuring equipment

The test measurement was conducted by applying both, the
broadband and the frequency selective measuring approaches,
dividing the measurement into two phases. First, the continuous
monitoring in a broadband frequency range was performed, during
the time period of four hours, and second, the frequency selective
scanning of the spectrum was performed, detecting the emission
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Fig. 3. Surrounding of the test measurement location [15].
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Table 1
Technical characteristics of the base station antennas [16,17].

RBS 2206 indoor 900 MHz

RBS 2216 indoor 1800 MHz

Sectors 1st sector 2nd sector 3rd sector 1st sector 2nd sector 3rd sector
Antenna type K739495 K739495 K739495 K742241 K80010292 K742241
Number of antennas per sector 1 1 1 1 1 1
Antenna azimuth 45° 200° 290° 105° 225° 350°
Electrical down-tilt 2° 2° 2° 2° 2° 2°
Mechanical down-tilt 4° 1° 4° 0° 0° 0°
Antenna center from ground level [m] 39.5 37.5 375 11.2 11.2 11.2
Number of channels per sector 4 4 4 4 4 4

Table 2
The main beam of the first sector antennas over the test measurement location.
GSM service  Azimuth  Passing on the  Reach the Behind the
[°] height of [m] ground at [m]  location [m]
GSM 900 45 19.85 375.82 188.82
GSM 1800 105 418 320.73 119.73

and presence of non-visible EMF sources in the vicinity of the test
location.

4.2.1. Phase |

The broadband measurement was conducted using the hand-
held Narda NBM-550 broadband field meter [18], equipped with
the electric field probe EF 0691, whose main parameters are shown
in Table 3 [19].

The NBM-550 broadband field meter has the ability of manual
recording, as well as the continuous monitoring of the electric field
strength. Therefore, the first phase of measurement consisted of
two parts:

o First, the preliminary electric field spatial scanning was per-
formed over the measurement grid regarding the SEMONT's
measurement procedure [20,21]. The obtained results served
for the determination of the so-called hot spot that presents a
local spot with the maximum field strength.

o After that, the continuous monitoring of the high-frequency
electric field was conducted in the hot spot, during the time
period of four hours, from 10 a.m. until 2 p.m., with 6 min aver-
aging, as suggested in the guidelines [5,6].

This four hour period was selected since it encircles the period
of the day when the maximum radiation of EMF sources can be
expected; the second reason relies on the fact that students fre-
quently pass through the selected area during that time period,
attending their daily activities. Unfortunately, it is obvious that
four hour period is not enough to attain deep and comprehensive
insight into the long-term (daily, monthly) EMF exposure on a par-
ticular in situ location. However, for the verification of the pro-
posed adaptive boundary approach it can be acceptable.

4.2.2. Phase Il

In the second phase, by finishing the continuous monitoring,
the frequency selective scanning of the present spectrum content
was conducted in the hot spot. This type of measurement was
started at 2:25 p.m., using Rohde & Schwarz FSH3 spectrum ana-

The frequency scanning lasted very short, from 2:25 p.m. to
2:36 p.m., which FSH3 needs to sweep the entire spectrum. The
instrument itself was set up in AUTO SWEEP TIME mode with basic
parameters presented in Table 5.

The frequency selective measurement was performed only
once, in order to determine the present spectrum. However, such
measurements can be performed several times during campaign
of continuous monitoring, resulting with a better overview of pos-
sible change in spectrum. Unfortunately, such approach can result
with a huge amount of measurements data and moreover with
strong impracticality of utilization of both type of instrument at
the same hot spot. Therefore, in this test measurement the spec-
trum analysis was performed only once, assuming that present
EMF sources will not change their emitting frequencies at all.

4.3. Measurement results

The broadband continuous monitoring resulted with the fluctu-
ation of the overall and cumulative electric field strength during
the selected time period. Unlike this approach, the frequency selec-
tive measurement provided information on the electric field level
for each particular frequency in the range covered by the used field
probe, while that measurement was performed in a short period of
time.

4.3.1. Continuous monitoring

The electric field strength fluctuation is depicted in Fig. 4. The
curves present maximum and average field strength values, for
the broadband continuous monitoring in the hot spot, during the
time period of four hours.

At the beginning of test measurement, the initial exposure
assessment was performed by applying the proposed boundary
approach on the acquired results of monitoring, determining the
lower and the upper GER boundaries of the exposure. Those
boundaries were calculated utilizing Eq. (1), where the average
value of the measured electric field strength was used as E,, value.
The minimal and maximal reference levels are Eef min = 11 V/m and
Eref max =34.8 V/m, in the observed field probe’s frequency range,
according to the Serbian legislation for the general population
[10,11]. The assessed GER boundaries and the range where the real
exposure can be located are shown in Fig. 5.

Table 4
FSH3 spectrum analyzer field probe’s main parameters [22].

. . . Parameter Frequency range Measurement range Frequency resolution
lyzer, equipped with RSEMF30-26-04-08 three axis field probe quency fang ¢ queney
and R&S RFEX v6.1.34 software. The main parameters of this mea- Value 30MHz to 3GHz 1 mV/m to 100V/m 1 Hz
suring system are shown in Table 4 [22].
Table 3
Broadband electric field probe EF 0691 [19].
Parameter Frequency range Measurement range Linearity Frequency sensitivity
Value 100 kHz to 6 GHz 0.35 to 650 V/m +0.5 dB (2 to 400 V/m) +1.5dB (1 MHz to 4 GHz)
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Table 5
FSH3 AUTO SWEEP TIME mode parameters [22].

Parameter Trace mode/
detector

Res BW/video Ref level Dwell
BW/span time

1000 kHz/auto/ 91dBpuvV 250 ms
150.000 MHz

Value Max hold/RMS

Electric field strength

E
=
08 ................................................. B
0 7 ............................. Max Value
. —©— Average value
06 ................................................. B
05 ................................................. -
0.4 L L L L L L L

NN N N N N N N N
QT a0 QO ENR Q- 0 ER ENR Q-
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Time

Fig. 4. Broadband continuous monitoring of the electric field strength in the hot-
spot.
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The range between GER boundaries could be described by the
relative difference 6, using the following equation:

N\ 2
52%.100%: 1_ (M) -100%. (6)
GERup ref max

Unfortunately, considering the used Eref min and Erer max values,
as well as entire frequency range of the field probe, the relative dif-
ference between GER boundaries is 90% from the upper boundary,
which presents a significant difference. In the case that the reduc-
tion of this gap is possible, it could be feasible to evaluate the pre-
sented EMF exposure much more precisely. Thus, our intention
was to uncover the frequencies on which the EMF emission exists
on test location, and to determine the new Ere min and Erer max

reference levels, which correspond to the present spectrum and
which consequently will lead to the reduction of the difference
between the initial GER boundaries.

4.3.2. The frequency selective measurement

The results of the high-frequency electric field spectrum scan-
ning are presented in Fig. 6. The presence of the spectral compo-
nents in several sub-frequency ranges can be noticed, which are
caused by different communication services. As it can be seen,
the GSM 900 and GSM 1800 components of the electric field have
the highest strengths in spectrum, which was expected regarding
the visual inspection of EMF sources in the campus area and the
measurement location surrounding.

Additionally, the spectrum shows existence of some other EMF
sources, which were not noted during the visual inspection of the
site. Those sources provide the UMTS 2100 communication service
and radio/TV broadcasting, which was also expected, regarding
commercial potential of the campus area for services providers.

Considering frequency scanning, the electric field strength is
bellow the FSH3 threshold, for some subranges, or in those sub-
ranges there is no EMF emission. Such subranges are from
172 MHz to 426 MHz, from 568 MHz to 783 MHz, from 790 MHz
to 937 MHz, from 960 MHz to 1805 MHz and from 1853 MHz to
2125 MHz. Thus, the vertical dashed lines in Fig. 6 present transi-
tions between subranges with and with no EMF emission.

4.3.2.1. The exposure ratio by ICNIRP’s Guidelines. Regarding the
standard measuring methods, prescribed in SRPS EN 50492:2010
and SRPS EN 50413:2010 standards [3,4], the consequent fre-
quency selective exposure assessment was performed according
to the ICNIRP’s Guidelines and Eq. (3), calculating the exposure
ratio (ER) with the following expression:

w3 O S

i=100 kHz i>1 MHz

where E; is the measured electric field strength at the frequency i,
E;; is the electric field strength reference level for the frequency i,
which takes values from 100 kHz to 3 GHz, while c is 87/f/?
[V/m] for the general public exposure.

Regarding the present spectrum, the exposure ratio ER has a
value of 0.003696605 and it is positioned between the assessed
GER boundaries, as presented in Fig. 7.

The average values of GERj,w and GER,, boundary curves, during
four hour monitoring, are 0.000769456 and 0.007701178, respec-
tively, as it can be seen in Table 6.

Relative difference between GER,, average value and ER is
51.99% from GER,p, while the difference between ER and GERjow
average value is 79.17% from ER. Such high differences encourage
our assumption that they could be reduced, by adapting the initial
GER boundaries using new reference levels, determined by the
spectrum scanning and the detection of present EMF sources.

4.3.2.2. Assessment of maximum exposure ratio. The main objective
of the frequency selective scanning was to obtain information
about spectrum content, at particular in situ location, and to get
insight on the presence of EMFs originating from sources that are
not visually noticeable. Regarding the information about present
spectrum, communication services GSM 900, GSM 1800 and UMTS
2100 were considered as a dominant EMF sources on the test
location.

The standard SRPS EN 50413:2010 [3] considers the worst case
scenario of exposure, resulting that the maximum exposure assess-
ment from three dominant communication services was separately
performed, assuming the worst-case when all channels of corre-
sponding base stations are active.
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Fig. 6. The spectrum of the high-frequency electric field at the measurement location.
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Table 6
Minimum, average and maximum values of exposure boundaries.
Minimum Average Maximum Standard
deviation [%]
GERjow 0.000683499 0.000769456 0.000849103 0.004423703
GERyp 0.006840869 0.007701178 0.008498326 0.044275054

The carriers’ electric field strengths for these services, as well as
reference levels that correspond to the carrier’s frequencies are
specified in Table 7.

According to standard SRPS EN 50492:2010 [3], the maximum
exposure ratio (ER.y) is calculated using the following expression:

Table 7

Maximum exposure ratios for the dominant EMF services.
Service GSM 900 GSM 1800 UMTS 2100
Nchannel 4 4 -
Carrier frequency 948 MHz 1842 MHz 2129 MHz
Ecarrier [V/m] 0.276762591 0.55179539022 0.117707478
Emax [V/m] 0.553525182 1.10359078 0.235414956
Eref carrier [V/m] 16.934 23.605 244
ERpmax 0.001068418 0.002185753 0.000232717

Emax

2
ERpox = (————
max <Eref carrier) ’

where in the case of GSM 900 and GSM 1800 services, Eqx is
obtained as:

(8)

Emax =V Nchannel * Ecarriers (9)
while, in the case of UMTS 2100 service E,. is calculated as:
Emax = \/ncpich ‘Ecarrier~ (10)

Parameter #picy is the ratio between the maximum allocated
power to the base station and the power allocated to the common
pilot channel (CPICH) of UMTS 2100 service. This relation is
expressed by corresponding electric field strengths, in Eq. (10). In
this equation E.er represents electric field level measured at
the CPICH frequency, while Epg is maximum expected field
strength of the base station, as described in standard SRPS EN
50492:2010 [3]. The standard, in addition, mentions that #pic
parameter depends on the capacity of the base station, it is set
by the operators, and it can be commercially confidential. Its value
is generally between 4% and 10%, while in this paper the value of
10% is used, regarding worst case exposure.

For the test location, the final ER,,, is obtained as

+ ERGSM 1800

max

ER —E RGSM 900

max

+ ERUMIS 2100 _ 0003486888, (11)
and it is presented in Fig. 8.

Observing ER,,,qx vValue it can be noticed that a difference exists
comparing with ER value, which is calculated by taking into
account the entire frequency range. The reason for this is that
GSM and UMTS base stations have been assumed as dominant
sources, working with full capacity, which in many situations is
not likely that will occur. Moreover, all other EMF sources were
neglected, which in real situations usually should not be done or
should be properly justified if ignoring.

The relative difference between ER and ER,4y is 5.69% from ER
and such small value confirms the highest contribution of the
EMF radiation originated from GSM 900, GSM 1800 and UMTS
2100 communication services on the test measurement location.
Additionally, the relative difference between initial GER,, average
value and ERy,qx is 54.72% from GER,,;,, while the difference between
ERqx and initial GERy,,, average value is 77.93% from ER .
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Fig. 8. Sum of maximum exposure ratios of the dominant EMF sources.

4.3.3. Boundary adaptation approach

Rough comparison of the results of the assessed GER boundaries
and the calculated exposure ratio following the ICNIRP’s Guidelines
suggests that the difference between the initial GER boundaries
could be reduced. However, one has to consider the fact that, on
excluding the contribution of GSM 900, GSM 1800 and UMTS
2100 services at a particular in situ location, the rest of the spec-
trum has a small contribution to the overall field strength. Addi-
tionally, the electric field strengths at frequencies reserved for
the radio/TV broadcasting are much smaller in comparison with
the field strengths at the frequencies intended for GSM 900, GSM
1800 and UMTS 2100 communication services. On this test loca-
tion, their contribution to the exposure ratio ER is only 3.05%, as
can be seen in Table 8.

However, there may be a number of other locations where
emission from cellular networks is not dominant and where, for
example, radio/TV broadcasting systems are primary EMF sources.
Therefore, neglecting the contribution of some field components
may not be performed without a strong reasons and confirmation
on dominant EMF sources presence, through the visual inspection
and frequency selective scanning of the spectrum.

Results presented in Table 8 shows that GSM 900, GSM 1800
and UMTS 2100 communication service are really dominant EMF
sources at chosen measurement location, justifying the necessity
for maximum exposure assessment from them, as it is required
by standards and described in previous section.

The frequency spectrum, shown in Fig. 6, suggests that the
observed broadband frequency range (from 30 MHz to 3 GHz)
could be narrowed to the range from 30 MHz to 2200 MHz, since
the FSH3 analyzer did not detect presence of any field components
beyond that frequency range. Additionally, according to the results
provided in Table 8, neglecting the contribution of the field compo-

e Case A - assessment based on the initial four hour broadband
monitoring,

e Case B - assessment as a consequence of spectrum analyses and
the shrinking of the observed frequency range from 30 MHz to
2200 MHz, and

e Case C - assessment as a consequence of neglecting the contri-
bution of the radio/TV broadcasting service and the shrinking of
the observed frequency range from 925 MHz to 2200 MHz.

Regarding those three cases, the new minimal and maximal ref-
erence levels can be selected, as presented in Table 9.

Changes in the newly selected minimal and maximal reference
levels resulted in decreasing the relative difference between initial
GER boundaries, as presented in Table 9. Certain slight reduction
can be observed in case B, while the decreasing in case C is much
more expressed.

Adapted GER boundaries for cases B and C, as well as their com-
parison with those obtained in case A (the initial phase of the
broadband monitoring) are presented in Fig. 9.

Fig. 9a shows that there is no change of GERG™ ® boundary,
comparing it to the initial GERG2 4, while the new GER{ ¢ ® bound-
ary is less underestimated in comparison with GER{&¢ 4. The rela-
tive difference between the adapted boundaries in case B is now
80%. However, the additional adaptation of GER boundaries occurs
in case C (Fig. 9b), where the reduction in boundaries difference of
36.25% is attained. Such reduction will result in the increased pre-
cision of the assessment, as well as in a much clearer insight of the
EMF exposure at the chosen in situ location.

The average values of the adapted GER,, and GER,, boundary
curves, in cases B and C, are specified in Table 10.

Ratios between the average values of the adapted upper and
lower boundaries (GER™“") in cases B and C, and those boundaries
acquired in the initial phase of the broadband exposure assessment
(GER®¢ 4), are provided in Table 11.

The results presented in Fig. 9 and Table 10 show that the per-
formed test measurement and the conducted boundary adaptation
bring certain enhancement of the proposed boundary exposure
assessment approach. In the adaptation case C, a significant reduc-
tion of difference between GER boundaries is accomplished, as well
as the improvement of their assessment for about 50%.

The comparison of case C adapted GER boundaries with ERqx
values for three dominant EMF services is shown in Fig. 10.

It can be observed that the sum of ER,,, values for three dom-
inant EMF sources is not placed in the range between those bound-
aries, as expected, having the value almost equal to the adapted
GER,;, average value. It is caused due to a couple of reasons. First,
the frequency selective measurement was conducted in a relatively

Table 9
The new reference levels of the electric field strength in the case of spectrum
shrinking.

nents at the frequencies reserved for the radio/TV broadcasting, Case A B C
additional shrinking of the observed frequency range can be per- Frequency range [MHz] Broadband 0.1 to 3000 30 to 2200 925 to 2200
formed, narrowing it to the range from 925 MHz to 2200 MHz. Eref min [V/m] 1 1 16.728
Thus, in order to show the advantage of the adaptation of GER Eref max [V/m] 348 24.597 24.597
. . . s [%] 90 80 53.75
boundaries, let us consider the assessment of corresponding GER
boundaries in three cases:
Table 8
Exposure ratios for a particular frequency ranges.
Service Radio/TV GSM 900 GSM 1800 UMTS 2100
Frequency range [MHz] 30 to 800 925 to 960 1805 to 1880 2110 to 2200
ERservice 0.000112764 0.001312814 0.001836578 0.000434449
ER*™vi¢|ER [%] 3.05 35.51 49.68 11.75

ER =0.003696605 is overall exposure ratio, from all active EMF sources in surrounding, shown in Fig. 7
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Fig. 9. Adaptation of GER boundaries in cases B (a) and C (b).
Table 10
Minimum, average and maximum values of adapted exposure boundaries.
Minimum Average Maximum Standard deviation [%]
Case B GERpow 0.001368146 0.001540204 0.001699630 0.008854829
GERyp 0.006840869 0.007701178 0.008498326 0.044275054
Case C GERpow 0.001368146 0.001540204 0.001699630 0.008854829
GERyp 0.002958071 0.003330079 0.003674775 0.019145047
Table 11 whether EMF sources radiate the highest strength at the moment
Ratio of adapted and initial GER boundaries. of the spectrum scanning or in some other period of the day.
Case B c Considering the performed analysis, it is clear that using the
Frequency range [MHz] 30 to 2200 935 10 2200 spectrum scanning, the accuracy of the assessment of GER bound-
GERG4aPt GERGeS® A [%] 100 43.24 aries can be improved at an in situ location. Generally, implement-
GER¢ A|GERSPt (%) 49.96 49.96 ing the proposed adaptive boundary approach into the systems for
broadband EMF observation, like the SEMONT system, and per-
forming a periodic spectrum scanning for the determination of
) suitable reference levels, could offer a much better assessment of
0.009 , , _Exposureratio , a long-term exposure to nonionizing radiation in the environment,
increasing the credibility of the systems for EMF monitoring.
0:008 |roerersrrs e Moreover, since the periodical spectrum scanning can offer
0.007 bevv e information on some post-installed EMF sources at a particular
Feoe in situ location, and their contribution in the spectrum, the change
0006 Frvvrrrmme i ---&--- GERup i .. . .
B GEREE®C of the minimal and maximal reference levels would be desirable,
Qe 0.005 frovnrvmee R - increasing the precision of the exposure assessment. Thus, the
w periodical modification of reference level values in the monitoring
0.004 . .
system database, so that they correspond to the present in situ
0.003 EMF spectrum, could improve the system’s effectiveness in inform-
0.002 ing the general population on a range where the real time EMF
d exposure is positioned.
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Fig. 10. Comparison of results of two exposure assessment approaches in the
adaptation case C.

short time period (a few minutes), and it is possible that some
changes in the spectrum are not detected, while the broadband
monitoring lasted for four hours. Second, the calculation of ERpqx
values assumed the worst-case situation (maximum traffic and
maximum power of base stations), which is in some situation unli-
kely to happen, while, on the other hand, it is not possible to know

5. Conclusion

Diversities in procedures and equipment for the measurement
and assessment of EMF exposure in the environment result in
some advantages/disadvantages regarding the success and
cost-effectiveness of the applied methods. The frequency selective
measuring approach offers information on the presence of EMF
sources in the vicinity of an in situ measurement location and their
contribution in the spectrum; nevertheless, it also results with a
large amount of data and becomes impractical in the case of a
long-term continuous observation of the field strength. Therefore,
the measurement of the overall field strength in the broadband fre-
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quency range imposes as a better solution when the continuous
monitoring is demanded, since it does not require any field compo-
nent separation nor the determination of the existence of EMF
sources.

A problem that occurs when applying the broadband measuring
approach is the lack of the prescribed specific procedure for a com-
prehensive exposure assessment of the human population. As a
possible solution, the boundary exposure assessment approach is
proposed. This approach suggests the determination of daily lower
and upper boundaries of a possible EMF exposure, offering, with
some confidence, the range where the real exposure could be
positioned.

In order to enhance the proposed boundary approach, this
paper brought a possible adaptation of GER boundaries by involv-
ing the frequency selective measurements. It is shown that the
spectrum scanning of the observed field strength can result in
new and more appropriate reference levels, adapting the GER
boundaries, and considerably reducing the difference between
them. The performed analysis shows attainment in the reduction
of boundaries difference of 36.25%, consequently resulting with
the increased precision of the daily exposure assessment for the
broadband EMF monitoring.

It can be concluded that the combination of the broadband and
the frequency selective measuring approaches can offer a much
clearer overview of the exposure to EMF at corresponding in situ
locations. Additionally, a periodic spectrum scanning can reveal
the existence of some new EMF sources, installed in the location’s
surrounding, offering the new minimal and maximal reference
levels in the corresponding frequency range, and subsequently
adapting the GER boundaries. Thus, using such an approach, it is
possible to advance the corresponding exposure assessment in
the existing and upcoming systems for the broadband continuous
monitoring of EMF.
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Abstract— Recently proposed boundary approach for exposure assessment of humans to elec-
tromagnetic field (EMF), regarding the continuous broadband EMF monitoring, offers daily
upper and lower exposure boundaries. This means that the range with the potential exposure
of the general population, as well as the occupational one, can be located in real time. As an
advancement of this method, this paper presents a novel approach based on the adaptation of
exposure boundaries in order to reduce the difference between them and this will increase the
precision of the assessment. Frequency spectrum analysis has been applied, determining the ap-
propriate reference levels for boundary calculation on a particular in-situ location. The results of
the performed in-situ test measurement of the high-frequency electric field strength have shown
attainment in the reduction of boundaries difference of 36.25%, consequently resulting with the
increased precision of the daily exposure assessment for the broadband EMF monitoring.

1. INTRODUCTION

Two most commonly applied approaches for the in-situ measurements of electromagnetic field
(EMF) level are the frequency selective and broadband approaches. Even though worldwide re-
searches have shown that, for many cases, the general public exposure is well below the established
guidelines, long-term EMF monitoring is an important issue from an environmental protection
point of view.

The broadband measuring approach seems to be a more appropriate solution, for the require-
ments of the continuous and long-term monitoring of the real-time EMF level fluctuations in the
environment. This approach results with the single value of the overall and cumulative EMF
strength, unlike the frequency selective approach, which simultaneously offers a number of EMF
values for each separate frequency in a particular frequency range.

Thus, in order to provide the long-term continuous supervision of the overall and cumulative
level of EMF over the observed area, the Serbian electromagnetic field monitoring network —
SEMONT has been recently tested [1,2]. The SEMONT is based on the utilization of autonomous
and independent field sensors that perform broadband EMF monitoring, radiated from all active
sources around the sensor nodes.

Unfortunately, due to the lack of information on the operating frequencies of EMF sources, the
utilization of the broadband measuring approach leads to difficulties in performing the exposure
assessment of humans. These difficulties occur since it is not known which of reference levels has
to be applied when the comparison of measured values has to be done.

In order to solve this issue, the boundary exposure assessment approach has been proposed,
calculating the daily upper and lower boundaries of exposure [3]. That approach has already been
implemented into the SEMONT monitoring system and is applicable for both the low-frequency
and the high-frequency EMF measurements.

2. THE BOUNDARY ASSESSMENT APPROACH

Regrettably, there is no recommended specific procedure for a comprehensive exposure assessment of
the human population in case of the broadband EMF monitoring. On the other hand, some baseline
instructions are provided in the standard SRPS EN 50492:2010 [4], suggesting the comparison of
the obtained measured value with the lowest reference level in the frequency range of the used field
probe in order to obtain the global exposure ratio (GER).

Based on this suggestion, the recently proposed boundary approach suggests the comparison
of the obtained measured values with the lowest and highest reference levels in the field probe’s
frequency range [3]. Applying such an approach, the upper and lower boundaries of exposure
can be determined. In case of the high-frequency electric field measurements, the boundaries are
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calculated via following expressions:

E, \° E, \°
GERipy = <E> and GER,, = (E> : (1)
ref max ref min

where E,, is the broadband measured electric field strength value, while Eyef min and Epof max are
the minimum and maximum electric field reference levels, over the frequency range of the applied
field probe, defined by the corresponding legislation for the general population, as well as the
occupational exposure. In this paper, the exposure assessment has been done considering reference
levels prescribed by the Serbian legislation [5].

Combining the proposed boundary approach and the results of the continuous in-situ EMF
broadband monitoring, the daily boundaries can be obtained, showing the fluctuation of the po-
tential exposure over a long period of time, as it is depicted in Fig. 1 [2].

For the purpose of this initial research, a simple test measurement of the high-frequency electric
field strength was conducted on the location of the campus area of the University of Novi Sad. Four-
hour broadband monitoring of the electric field strength was performed regarding the SEMONT’s
measurement procedure [2], in the frequency range of 100 kHz up to 6 GHz, applying Narda NBM-
550 handheld broadband meter equipped with EF 0691 field probe. This equipment has very similar
features as the sensor nodes of the SEMONT system.

Based on the acquired measurement results, the GER boundaries calculation was performed
according to the Equation (1), where the minimum and maximum reference levels in the observed
frequency range were chosen according to the Serbian legislation [5]. Results of the upper and lower
GER boundaries calculation are shown in Fig. 2.

The calculation of the upper and lower exposure boundaries results with a certain difference
between them, which can be described by the relative difference ¢ as

Eu_ B w Ere min 2
5:G Rup — GERyp ,100%:[1_<f)]‘100%. (2)

GERup Eref max

In the observed frequency range, Eref min = 11 V/m (for frequency f = 400 MHz) and Eyef max =
34.8V/m (for frequency f = 100kHz) [5]. Consequently, the relative difference between GER
boundaries is 90% from the upper boundary, which presents a significant discrepancy, as it can be
observed from Fig. 2.

However, the real exposure is somewhere between GER boundaries and the most precise method
to determine it is to use the frequency selective measuring approach, as suggested in the Guidelines
of International Commission on Non-Ionizing Radiation Protection (ICNIRP) [6].

Unfortunately, the exposure per frequency approach, given in these Guidelines, could not be ap-
plied for broadband EMF measurements, since there is a lack of information on present frequencies
on which EMF sources radiate. Thus, this paper proposes the investigation of GER boundaries
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adaptation and the reduction of difference between them by adopting new and appropriate refer-
ence levels for a particular in-situ location. With the reduction of GER boundaries, a smaller range
could be offered, where the real exposure can be positioned, resulting with a much better insight
onto the exposure on a particular in-situ location.

3. THE ADAPTIVE BOUNDARY APPROACH

The broadband measuring approach offers results of the overall and cumulative value of EMF at a
particular in-situ location, without the ability to identify active EMF sources in the surroundings,
nor their operating frequencies. Choosing the lowest and highest prescribed reference levels in the
observed broadband frequency range for Eyef min and Eef max, consequently leads to the under-
estimation and the overestimation of GER boundaries. This situation occurs since the measured
results are compared only with these two limits, while the reference levels for other frequencies are
not taken into consideration.

Regarding the particular location, it is possible that only few field components in the whole
frequency spectrum contribute to the overall measured EMF value. Thus, it is clear that the
observed frequency range can be narrowed and new reference levels can be chosen, reducing the
gap between GER boundaries. This is the main idea of the adaptive boundary approach.

Latest researches have shown that the most dominant sources of the high-frequency EMF emis-
sion in the environment are those reserved for GSM 900, GSM 1800 and UMTS 2100 communica-
tions services [7,8]. Having in mind this fact, the shrinking of the observed broadband frequency
range is possible in case that it is proven that the contribution from other frequencies and EMF
sources to the overall EMF strength is practically negligible, as it is presented in Fig. 3.

One way to determine in-situ active frequencies is by a spectrum scanning. Thus, the adapta-
tion of GER boundaries is based on the utilization of the frequency selective in-situ measurement
combined with the broadband EMF monitoring.

In order to verify the proposed adaptive approach, the spectrum scanning at a test measurement
location was performed. Results of the performed scanning confirmed the assumption on the
dominance of the mobile phone communications services in surroundings. Hence, the appropriate
shrinking of the observed broadband frequency ranges from 925 MHz to 2200 MHz (comprising
only downlink of GSM 900, GSM 1800 and UMTS 2100 services), leading to the selection of new
minimum and maximum reference levels: E,fmin = 16.728 V/m (for frequency f = 925 MHz) and
Eref max = 24.597V/m (for frequency f = 2200 MHz) [5]. Consequently, the relative difference
between the adapted GER boundaries is now 53.75% from the upper boundary, while the attained
reduction of the difference between the exposure boundaries is depicted in Fig. 4.

The performed analysis shows that, involving a frequency selective measurement, a reduction in
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boundaries difference of 36.25% is attained. However, the real exposure is again somewhere between
GER boundaries, though in this case the precision of assessment is improved, accomplishing a much
clearer insight of the human exposure to EMFs at a particular in-situ measurement location.

Generally, a combination of both measuring approaches at in-situ measurement locations could
help in advancing the efficiency of systems for the broadband EMF observation, such as the SE-
MONT system. The implementation of the suggested adaptive boundary approach into those sys-
tems could offer the improvement in the accuracy of the assessment of possible long-term exposure
of the public to non-ionizing radiation in the environment.

It is important to emphasize that the dominance of EMF sources varies with the measurement
location; thus, depending on active frequencies in the sensor node surroundings, the corresponding
narrowing of the spectrum could be performed, as well as the appropriate adaptation of exposure
boundaries.

4. CONCLUSION

In this paper, one of the possible solutions for the advancement of the proposed boundary exposure
assessment approach is presented. This approach is suitable for the purposes of the broadband
EMF monitoring in the environment, and is already implemented into the SEMONT monitoring
system.

Results of the performed test measurement showed that information on frequency spectrum in
the vicinity of the measurement location could enhance the proposed boundary approach through
the adaptation of calculated exposure boundaries and the reduction of difference between them.

The results also revealed that the adaptive boundary approach could offer a clearer overview
of human exposure to EMF in the environment and increase the precision of the daily exposure
assessment on a particular in-situ location. Moreover, performing the periodic EMF spectrum
scanning at the position of the SEMONT’s sensor nodes could help in the advancement of the
efficiency of such monitoring system regarding the precision of the exposure assessment of human
population, as well as the occupational one.
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