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За кога је решење рађено (правно лице или грана привреде): 

 
Техничко решење је урађено за потребе информационе мреже за континуални мониторинг нивоа 
електромагнетских поља – СЕМОНТ (Serbian Electromagnetic Field Monitoring Network), коју разви‐
ја истраживачки тим Факултета техничких наука, Универзитета у Новом Саду. 
 

Година када је решење комплетирано: 

 
Техничко решење је комплетирано у децембру 2016. године. 
 

Годинa када је почело да се примењује и од стране кога: 

 
Иницијална примена овог техничког решења је почела у јуну 2014. године, у оквиру СЕМОНТ ин‐
формационе мреже, на Факултету техничких наука, Универзитета у Новом Саду. 
 

Област и научна дисциплина на коју се техничко решење односи: 

 
Техничко решење представља програмско (software) решење, отвореног изворног кода, које пок‐
рива области информационих технологија и примењене електромагнетике, и које описује подрш‐
ку за прикупљање и складиштење резултата широкопојасних мерења нивоа електричног и маг‐
нетског поља, као и одређивањa потенцијалне изложености популације овим пољима. 
 

Како су резултати верификовани (од стране ког тела): 

 
Техничко решење је верификовано у оквиру Лабораторије за електромагнетску компатибилност, 
Факултета техничких наука, Универзитета у Новом Саду. 

 

                                                            
1 У складу са одредбама ”Правилника о поступку, начину вредновања и квантитативном исказивању научноистраживач‐

ких резултата истраживача”, бр. 110‐00‐29/2016‐04, који је Министарство просвете науке и технолошког развоја усвојило да‐
на 01. 03. 2016. године (“Службени гласник РС” бр. 24/2016). 
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Проблем који се техничким решењем решава: 
 

Реална су очекивања да ће технолошки развој, првенствено у телекомуникационом домену, проуз‐
роковати значајно повећање броја вештачких извора електромагнетског (ЕМ) поља, што ће за пос‐
ледицу имати и повећање потенцијалне изложености ЕМ пољима у окружењу. Због тога је заштита 
животне  средине,  а првенствено становништва,  услед могућег излагања нејонизујућим зрачењи‐
ма, постала област од посебног интереса. 
 
Тренд повећања броја извора ЕМ поља прати и забринутост јавности о могућим штетним здравст‐
веним ефектима услед излагања ЕМ зрачењу. Због тога се све више појављују захтеви за адекват‐
ним мерењима, праћењем (мониторингом) и контролом нивоа електричног, магнетског и ЕМ по‐
ља, како би се одредио постојећи ниво изложености на локацијама од интереса. 
 
У области мерења ЕМ поља најчешће су коришћени класични приступи широкопојасног и фреквен‐
цијски селективног мерења, употребом мерне опреме намењене ручном коришћењу, где обучени 
техничари носе мерну опрему са собом и врше одговарајућа мерења. У највећем броју случајева, 
ова мерења се обављају у кратком временском интервалу. 
 
Након завршеног мерења, резултати се обрађују и обавља се процена потенцијалне изложености, 
у складу са захтевима општеприхваћеног међународног стандарда “Basic standard on measurement 
and calculation procedures for human exposure to electric, magnetic and electromagnetic fields  (0 Hz ‐ 
300 GHz)” – EN 50413:2008 и његовим изменама датим у документу EN 50413:2008+A1:2013. 
 
У оквиру овог стандарда предвиђено је да се обавља процена такозване максимално могуће изло‐
жености, на основу максимално могуће снаге коју извор може да емитује. Међутим, проблем који 
је евидентант јесте чињеница да не постоји никаква потврда да ће се овај ниво изложености ствар‐
но и појавити на мерној локацији. Додатно, овај максимални ниво изложености се узима као стал‐
но присутан на локацији, чиме се ствара слика да је у дужем периоду изложеност константна. 
 
Нажалост, у многим случајевима овакав приступ може створити погрешну слику о реалној изложе‐
ности, поготово у ситуацијама када  је неопходно добити информацију о промени изложености у 
дужем временском периоду. Стога се у последње време све више развијају и користе системи за 
такозвани континуални мониторинг, који мерења обављају у дужем временском периоду, и чији је 
циљ да пруже информације о променама нивоа поља, односно његовој флуктуацији, као и флукту‐
ацији стварне изложености на испитној локацији, као што је приказано на слици 1. 
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Слика 1. Концепт континуалног мониторинга нивоа поља. 
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Један од последњих развијених система ове врсте је и СЕМОНТ (Serbian Electromagnetic Field Moni‐
toring Netwоrk) систем, који је базиран на бежичној мрежи аутономних мерних станица, предвиђе‐
них за обављање континуалног широкопојасног мониторинга нивоа ЕМ поља од свих околних из‐
вора. Мерне станице поседују напајање у виду пуњивих батерија и соларних панела, те су стога у 
стању да обављају мерења и до осамдесет дана, у случају недостатка сунчеве светлости. 
 
Поред самог поступка испитивања ЕМ поља, неоподно је обезбедити транспарентност и правовре‐
мену доступност свих резултата мерења и процене изложености крајњим корисницима. У ери Ин‐
тернет комуникација, уобичајено је да се омогући приказ резултата испитивања путем одговарају‐
ћег Интернет сајта, како би заинтересована јавност имала увид у исход процеса испитивања. 
 
Комплексност коју има модерни приступ континуалног мониторинга, у односу на класична испити‐
вања, долази до изражаја  управо  код приказа  резултата  испитивања.  Класична испитивања дају 
мали број резултата, представљајући неколико мерних вредности нивоа поља и неколико вредно‐
сти изложености. Међутим, код континуалног мониторинга, број података који се обрађују је зна‐
чајно већи, и у зависности од интервала у ком се мониторинг обавља, овај број може веома брзо 
да порасте. Стога, континуални мониторинг захтева одговарајућу централизовану базу података, у 
коју се смештају резултати испитивања ЕМ поља. 
 
Додатно, обично се класична испитивања обављају помоћу једног мерног инструмента, док мони‐
торинг може да буде спроведен и помоћу низа мерних станица постављених на одређеном подру‐
чју, као што је приказано на слици 2. 
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Слика 2. Концепт СЕМОНТ система за континуални мониторинг. 

 
На овај начин је могуће добити и информацију о просторној расподели нивоа поља, као и о самој 
изложености, истовремено са временском флуктуацијом ових величина. Поред тога, мониторинг 
се може периодично понављати на датом подручју, користећи исте или неке друге мерне станице. 
 
Тренутно постоји више комерцијално доступних мерних станица које обављају континуални мони‐
торинг, а које су у могућности да мерне податке преносе до базе података бежичним путем, корис‐
тећи неку од мрежа мобилне телефоније. Овај вид преноса података поседује висок степен ауто‐
матизације и значајно умањује трошкове ангажовања особља и коришћења мерне опреме. 
 
Количина података коју мерне станице могу да генеришу и складиште у интерној меморији зависи 
од дужине периода у ком се мониторинг обавља, као и од учестаности којом се узастопна мерења 
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обављају. За очекивати  је да ће системи који користе овакве мерне станице генерисати значајну 
количину података, коју је неопходно сместити у одговарајућу базу података, за каснију обраду.  
 
Складиштење података је врло важан аспект јер треба имати у виду могућности и евентуалне зах‐
теве за увид у историјат промене нивоа поља и изложености на датој локацији. Овим приступом је 
могуће помирити, понекад и дијаметрално супротна виђења проблема; са једне стране опште јав‐
ности, која жели да добије информације о присутним нивоима поља, и чији је интерес да ови ни‐
вои буду што мањи, и са друге стране оператера, који имају комерцијалних интереса да поставе 
нове изворе ЕМ поља на појединим локацијама. 
 
Овим техничким решењем предлаже се један од могућих начина организације централизоване ба‐
зе података, која ће поред улоге складиштења и чувања мерних резултата, представљати уједно и 
регистар промене нивоа ЕМ поља на датој локацији. Помоћу таквог једног регистра биће омогућен 
увид у историјат промене поља и изложености у било ком периоду на одређеној локацији. 
 
Предложена база података је првенствено намењена СЕМОНТ систему и оријентисана је ка конти‐
нуалном мониторингу који се спроводи на одређеном подручју, уз помоћ више мерних станица за 
широкопојасна мерења нивоа ЕМ поља. 

 
Стање решености тог проблема у свету: 
 

У претходном периоду је било уобичајено да се резултати класичних испитивања ЕМ поља објав‐
љују кроз одговарајуће наменске студије о процени изложености изворима ЕМ поља. Студије  су 
намењене наручиоцу испитивања, и након евентуалног јавног увида постају практично недоступне 
или веома  тешко доступне  за накнадне анализе. Нажалост,  тиме  се  умањује  категорија  транспа‐
рентности и доступности података, што представља озбиљан проблем при каснијим или неким до‐
датним анализама изложености на одговарајућој локацији. 
 
С обзиром на убрзано повећање доступности и јавности Интернет сервиса, општа популација пос‐
таје све више навикнута на могућност да у било ком моменту приступи информацијама од посеб‐
ног значаја, међу којима су и информације о потенцијалној изложености ЕМ пољима. 
 
Иако приступ резултатима студија испитивања ЕМ поља путем Интернета постаје све неопходнији, 
локалне самоуправе и агенције за заштиту животне средине показују инертност и овакве податке 
не класификују као јавно доступне податке. Нажалост, последица оваквог односа јесте и чињеница 
да на националном нивоу тренутно не постоји ни један организован и јавно доступан извор пода‐
така из ових студија. 
 
Развојем модерних система за континуални мониторинг ЕМ поља (као што су грчки системи Pedi‐
on24 i Hermes, португалски monIT, египатски HORUS и други), централизоване базе података за ск‐
ладиштење мерних резултата постају све важније, пошто се функционисање читавог система бази‐
ра на њима. Међутим, код наведених система базе података су осмишљене тако да је мерна стани‐
ца у центру пажње, и мерни резултати се везују за мерну станицу употребљену за мерења, однос‐
но за прикупљање мерних резултата. 
 
Нажалост, уз овакав приступ пројектовању базе јавља се проблем при анализи нивоа поља који је 
на датој локацији постојао у прошлости,  јер  је неопходно знати која конкретна мерна станица  је 
била постављена на датој локацији. 
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Ипак, највећи проблем који постоји код активних система за континуални мониторинг јесте чиње‐
ница да они обављају само мерења тренутних нивоа ЕМ поља, али не врше процену изложености 
пољима. Стога их овај недостатак чини помало неприхватљивим у  смислу  захтева које поставља 
базични међународни стандард EN 50413:2008+A1:2013 за испитивање ЕМ поља, иако ови системи 
уносе значајну новину у поступак испитивања, кроз увид и историјат промена нивоа поља на датој 
локацији. 
 
Поред наведених проблема, код поменутих активних  система за мониторинг ЕМ поља,  технички 
детаљи о организацији базе података су недоступни стручној јавности. У овом моменту, не постоји 
ни један стручни рад у ком су објашњени сви детаљи базе било ког од поменутих система. 
 
У циљу превазилажења проблема које имају наменске студије о процени изложености, као и пос‐
тојећи системи за мониторинг, централизована база података националног СЕМОНТ система је ди‐
зајнирана да буде првенствено оријентисана ка самој локацији испитивања. Она је осмишљена та‐
ко да корисници у првом кораку одаберу локацију или подручје на ком је испитивање обављено, и 
тек након тога могу да анализирају промене нивоа поља, које су постојале у дужем интервалу вре‐
мена. 
 
Додатно, у СЕМОНТ систем су имплементирана и два одговарајућа метода за процену изложенос‐
ти ЕМ пољима,  један базиран на границама изложености2 и други који те границе прилагођава у 
складу са спектралним садржајем саме локације, такозвани метод са адаптивним границама изло‐
жености3. Оба метода се ослањају на мерне резултате широкопојасног мониторинга. 
 
На овај начин, СЕМОНТ систем на основу мерних вредности постојећих нивоа ЕМ поља, омогућава 
и адекватну процену изложености ЕМ пољима, првенствено општег становништва, с тим да се сис‐
тем може прилагодити да обавља и процену потенцијалне изложености и професионалног особ‐
ља. Свака процена изложености се обавља у складу са законски прописаним референтним грани‐
чним нивоима поља4. 
 
Колико је познато ауторима овог техничког решења, од актуелних система за континуални монито‐
ринг ЕМ поља, једино је СЕМОНТ систем у могућности да, поред мерења и пружања информација 
о флуктуацији нивоа поља, обавља и процену изложености, али и да омогући увид у флуктуацију 
потенцијалне изложености. На  тај начин, СЕМОНТ систем задовољава све захтеве међународних 
стандарда за широкопојасно испитивање ЕМ поља. 

 
Опис техничког решења са карактеристикама, укључујући пратеће илустрације и техничке цртеже: 
 

Централизована база података СЕМОНТ система је оријентисана ка испитној локацији или подручју 
где се мониторинг поља обавља. При њеном осмишљавању пошло се од претпоставке да је могуће 
обавити више различитих кампања мониторинга на једној локацији, користећи исте или различите 
мерне станице. 
 

                                                            
2 Техничко решење “Mетод процене изложености електричним пољима високих фреквенција базиран на границама изло‐

жености” (М82), аутора: Н. Ђурић, Д. Кљајић, К. Касаш‐Лажетић и В. Бајовић, усвојен одлуком наставно‐научног већа Факултета 
техничких наука, Универзитета у Новом Саду, на 16. редовној седници, одржаној дана 25. 05. 2016. године. 
3 Техничко решење “Метод процене изложености електричним пољима високих фреквенција базиран на адаптивним гра‐

ницама изложености” (М82), аутора: Д. Кљајић и Н. Ђурић, усвојен одлуком наставно‐научног већа Факултета техничких наука, 
Универзитета у Новом Саду, на 23. редовној седници, одржаној дана 28. 09. 2016. године 
4 “Правилник о границама излагања нејонизујућим зрачењима”, Службени гласник РС, бр. 104/2009. 



Техничко решење: “База података СЕМОНТ  система  за  континуални мониторинг и процену изложености електромаг‐
нетским пољима” 

 

6 

У свакој од кампања мониторинга, могуће је мерне станице поставити са различитим индивидуал‐
ним параметрима, неопходним за сама мерења, а касније и за одговарајућу процену изложености.  
 
Основни концепт базе података СЕМОНТ система је приказан на слици 3. 
 

Интернет 
портал

Интернет

Корисник

Локација 1
Локација 2
…

Мерење 1
Мерење 2
...

Мерна станица 1
Мерна станица 2
…

Основни подаци 
о конкретној 
мерној станици

Локације

Мерења

Мерне станице

1:n

1:n

1:n

 
Слика 3. Концепт централизоване базе података СЕМОНТ система. 

 
Поједине категорије, као што су Локације, Мерења, Мерне станице и основни подаци о мерној ста‐
ници, ослањају се на одговарајуће табеле у бази, које су међусобно повезане везама типа “1:n”. 
 
Везе овог типа указују да једна мерна Локација може имати већи број Мерења, која су активна или 
су у прошлости обављена на овој локацији. Додатно, свако Мерење може бити спроведено са ви‐
ше Мерних станица, при чему не морају увек исте мерне станице да се користе за мерења. 
 
На сличан начин, Мерна станица може да има већи број карактеристичних техничких података, од 
чега само група података може да буде од значаја за конкретно мерење, на конкретној локацији. 
 
На основу веза типа “1:n”, СЕМОНТ база података поседује висок степен флексибилности за разли‐
чите случајеве и сценарије мерења, односно мониторинга. Додатно, база података осмишљена на 
овај начин је у могућности да истовремено чува и мерне резултате, али и веома важне податке о 
самом поступку мониторинга, што је од изузетне важности за поновљивост мерења, које се захтева 
у складу са међународно општеприхваћеним стандардом “General requirements for the competence 
of testing and calibration laboratories” – EN ISO/IEC 17025:2005. 
 
Све ове функционалности чине базу СЕМОНТ система веома погодном и за формирање такозваног 
регистра ЕМ поља за локације, односно подручја од интереса. Један такав регистар омогућује да, у 
сваком моменту, заинтересовани клијенти имају увид у тренутно стање нивоа поља и изложенос‐
ти, као и у нивое коју су раније постојали на датој локацији.  
 
Додатно, регистар ЕМ поља омогућује и увид у промене, односно флуктуације нивоа поља и саме 
изложености, што може бити основа за предикцију за неки будући период. 
 
А) Модел базе података 
 
Сви подаци у бази података се чувају у одговарајућим табелама, при чему је сама база организова‐
на у три велике целине, означене са Целина А, Б и В, као што је приказано на слици 4. 
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 Measurements_Sensors
 id_measurings_sensors
 id_measurings
 id_sensors
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 gps_height
 e_or_b_probe
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 id_measuring_results
 id_measurings
 id_parsed_files
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 e_rms_avg_w
 e_rms_avg_900
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1

∞ ∞ 

1

Целина А

Целина Б Целина В

 
Слика 4. Поједине целине базе података СЕМОНТ система. 

 
Табеле из прве целине базе, означене са А, осликавају концепт приказан на слици 3. У овим табе‐
лама се чувају подаци о мерној Локацији (Locations), Мерењима (Measurements) и Мерним стани‐
цама (Sensors). Додатно, целина означена са Б представља централно место складиштења мерних 
резултата, при чему се свакој мерној станици додељује одговарајућа табела, како би се поједнос‐
тавила процедура смештања података. 
 
Коначно, целина означена са В представља део којим се омогућава процена изложености, корис‐
тећи СЕМОНТ методе процене базиране на границама изложености и на резултатима широкопо‐
јасног континуалног мониторинга. 
 
У појединим целинама, табеле су међусобно повезане везама типа “1:n”, чиме се омогућава да се 
више нижих подкатегорија везује за вишу категорију. На овај начин омогућено је чување историја‐
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та  свих  обављених  испитивања,  неопходних  за  формирање  регистра  поља  на  датој  испитној  ло‐
кацији. 
 
Додатно, целине А и Б су међусобно такође повезане, преко резултата мерења, док је целина В не‐
зависна, јер се процена изложености обавља накнадно, у фази обраде резултата мерења, односно 
пре самог приказивања мерних резултата путем Интернет портала СЕМОНТ система. 
 
Б) Модел базе података – Целина А 
 
Одређени број параметара мора бити познат како би се у потпуности описало мерење на одређе‐
ној локацији. У оквиру ове целине, у центру пажње је однос између табела намењених Локација‐
ма, Мерењима и Мерним станицама, као што је приказано на слици 5. 
 

 Measurements_Sensors
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1 ∞ 1 ∞ ∞ 1

Целина А

 
Слика 5. Целина А базе података. 

 
Сваку Локацију  је неопходно описати именом и додати  јој кратак опис, како би се заинтересова‐
ним корисницима олакшало налажење локације. 
 
Додатно, већи број Мерења може бити придружен једној мерној локацији, имајући у виду да на‐
ционални законодавни акти појединих земаља захтевају периодично тестирање ЕМ поља. Стога је 
модел базе података СЕМОНТ система осмишљен управо таквом приступу мониторинга и у потпу‐
ности га подржава. 
 
Појединачна мерења се додатно описују и параметрима као што су датум почетка и завршетка мо‐
ниторинга, потом број активних дана мерења, као и ознака да ли су поједина мерења тренутно ак‐
тивна или не. 
 
Поред имена и кратког описа коришћене Мерне станице, у бази података се чувају и подаци о ње‐
ном серијском броју, датуму последњег калибрисања, технички подаци о мерној сонди за мерење 
електричног поља, као и о сонди за мерење магнетског поља. Додатно, чувају се и подаци о дату‐
мима калибрисања обе сонде, информације о SIM картици за мобилну телефонију, преко које се 
остварује бежична комуникација мерне станице и Интернет портала СЕМОНТ система. 
 
Одговарајућа Мерна станица се са конкретним Мерењем повезују преко помоћне табеле Measure‐
ments_Sensors, у оквиру које се чувају подаци о GPS координатама поставке мерне станице, висини 
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на коју је станица постављена, као и информација која од две мерне сонде се користи (електрична 
или магнетска). 
 
Додатно, у оквиру ове табеле чувају се и подаци о учестаности мерења (одабирања) саме станице, 
као и одговарајући подаци о индивидуалном подешавању коришћене мерне сонде. Коначно, чува 
се и кратак опис места где је мерна станица постављена. 
 
В) Модел базе података – Целина Б 
 
СЕМОНТ систем обавља континуални мониторинг, користећи шесто‐минутно усредњавање, у скла‐
ду са захтевима стандарда EN 50413:2008+A1:2013. Због тога је за очекивати да се огромна количи‐
на мерних резултата мора складиштити у бази података. 
 
Како би се олакшала евиденција о томе који мерни резултати припадају којој мерној станици, мо‐
дел базе  је дизајнирана  тако да се  свакој мерној  станици придружује  једна  табела за смештање 
мерних резултата, као што је приказано на слици 6. 
 

 Measurements
 id_measurings
 name
 date_started
 date_finished
 description
 days_active
 active_measurings
 id_locations

∞ ∞ 

1

 Parsed_files
 id_parsed_files
 file_name
 date
 full_file

 Measurement_Results_Sen_02
 id_measuring_results
 id_measurings
 id_parsed_files
 measuring_date
 e_rms_avg_w
 e_rms_avg_900
 e_rms_avg_1800
 e_rms_avg_2100
 e_peak_w
 e_peak_900
 e_peak_1800
 e_peak_2100
 b_rms
 b_peak
 battery
 temperature

 Measurement_Results_Sen_01
 id_measuring_results
 id_measurings
 id_parsed_files
 measuring_date
 e_rms_avg_w
 e_rms_avg_900
 e_rms_avg_1800
 e_rms_avg_2100
 e_peak_w
 e_peak_900
 e_peak_1800
 e_peak_2100
 b_rms
 b_peak
 battery
 temperature

1

∞ ∞ 

1

Целина Б

1

 
Слика 6. Целина Б базе података. 

 
Појединачном Мерењу се придружују подаци о одговарајућим Мерним станицама, које физички 
спроводе само мерење, при чему се, у циљу ефикасног складиштења података, идентификатор са‐
мог мерења уписује у табелу са мерним резултатима одговарајуће мерне станице. Поред тога, чува 
се и податак о датуму када је тај мерни резултат добијен. 
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Важан детаљ у овој целини јесте и чињеница да СЕМОНТ систем користи Narda AMB 8057/03 мер‐
не станице, које су у стању да истовремено обављају мерења електричног поља у четири фреквен‐
цијска подопсега: широкопојасном (100 kHz – 7 GHz), GSM 900, GSM 1800 и UMTS 2100 подопсегу, 
као и мерења магнетског поља у опегу од 10 Hz do 5 kHz. За поједине мерне подопсеге, мерна ста‐
ница доставља податке о максималној измереној вредности, као и о усредњеној вредности. 
 
Додатно, мерна станица обезбеђује и податке о температури и напонском нивоу унутрашње бате‐
рије, којом се мерна станица напаја. 
 
Приликом комуникације мерне станице са Интернет порталом СЕМОНТ система, сви мерни пода‐
ци се достављају у виду текстуалних фајлова, који се на одређени начин обрађују, а сами подаци 
уписују у одговарајуће табеле. Поред података и сами текстуални фајлови се чувају у бази, обезбе‐
ђујући на тај начин сигурност података услед евентуалне грешке приликом парсирања. Поред на‐
зива фајлова чува се и датум када је сваки од њих уписан у базу. 
 
Г) Модел базе података – Целина В 
 
Примена СЕМОНТ система подразумева обављање мониторинга у дужем временском периоду, у 
оквиру ког се врши и процена изложености, коришћењем метода базираних на границама изложе‐
ности. У оквиру оба метода, одређују се доња и горња граница глобалне изложености (GER), при 
чему је основна идеја да се одреди одговарајући опсег у оквиру ког се налази реална изложеност. 
Додатно, у току времена се промене ових граница прате, као што је приказано на слици 7. 
 

GSM мрежа

Мерна 
станица

Извор ЕМ 
поља

Корисник

Интернет 
портал

Интернет

Дневне границе GERа

24h

GER

0

GERgornje

GERdonje

 
Слика 7. Дневне границе изложености. 

 
У случају да се ради о мерењу/мониторингу електричног поља у опсегу високих фреквенција, GER 
границе се одређују на основу израза: 

 

2 2

max min

и ,m m
donje gornje

ref ref

E E
GER GER

E E

   
       
   

  (1) 

где је Еm измерена вредност укупног вектора јачине електричног поља, добијена широкопојасним 
мерењем, док су Eref min и Eref max минимални и максимални законски прописани референтни гранич‐
ни нивои електричног поља, у одговарајућем фреквенцијском опсегу. 
 
У случају да се обавља мерење/мониторинг магнетског поља у опсегу ниских фреквенција, проце‐
на изложености се базира на GER границама, које се одређују на основу израза: 
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max min

и ,m m
donje gornje

ref ref

B B
GER GER

B B
    (2) 

где је Bm измерена вредност укупног вектора магнетске индукције, добијена широкопојасним ме‐
рењем, док су Bref min и Bref max минимални и максимални законски прописани референтни гранични 
нивои магнетско поља, у одговарајућем фреквенцијском опсегу. 
 
Поједине референтне граничне нивое је неопходно чувати у бази података и томе је намењена це‐
лина В, односно одговарајућа табела, приказана на слици 8. 
 

 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

Целина В

 
Слика 8. Целина В базе података. 

 
Поред референтних нивоа прописаних националним правилником, придружених појединим мер‐
ним подопсезима електричног и магнетског поља, предвиђено је да се у оквиру ове табеле чувају 
и референтни нивои који су прописани међународним ICNIRP препорукама5. На овим препорукама 
се базирају законодавства већине земаља чланица Европске уније, као и неких других земаља, те 
стога дизајн СЕМОНТ система пружа могућност примене и на међународном нивоу. 
 
Због могуће промене референтних граничних нивоа, у годинама које долазе, у оквиру базе је пред‐
виђено да се вредностима референтних нивоа придружује и датум њиховог уписа у базу. 

 
Како је реализовано и где се примењује, односно које су могућности примене (техничке могућности): 
 

Предложено техничко решење, са детаљима базе података намењене системима за континуални 
мониторинг ЕМ поља, представља програмско (software) решење отвореног изворног кода, у скла‐
ду  са  документом  ”Правилник  о  поступку,  начину  вредновања и  квантитативном исказивању 
научноистраживачких резултата истраживача” – Прилог 2 – Техничко решење, бр. 110‐00‐29/‐
2016‐04, који је Министарство просвете науке и технолошког развоја усвојило дана 01. 03. 2016. го‐
дине (“Службени гласник РС” бр. 24/2016). 

                                                            
5  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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Предложена  база  података  је  пројектована  у  сладу  са  захтевима  националног  СЕМОНТ  система, 
као подршка раду и централизованом складиштењу мерних резултата и резултата процене потен‐
цијалне изложености. Додатно, база података  је осмишљена и као регистар ЕМ поља на мерним 
локацијама, односно подручју од интереса, помоћу које се може пратити историјат промене нивоа 
присутног ЕМ поља, као и изложености популације.  
 
Тренутно је база података активна на платформи MySQL сервера, али је пројектована да поседује 
флексибилност имплементације и на неким другим серверским платформама. 
 
Сама база података је помоћу PHP и CakePHP програмског језика/окружења уклопљена у Интернет 
портал СЕМОНТ система. Додатно, административни део овог портала је реализован помоћу Web 
Content Management System (WCMS) платформе, која омогућава ауторизацију корисника и адми‐
нистрацију система, на основу информација из базе података. 
 
Испитне локације се приказују на Интернет порталу користећи Google maps технологију, као и GPS 
координате из базе података. Додатно, како би се омогућила глатка промена садржаја на страници 
портала, искоришћене су jQuery и AJAX технологије, којима се прикупљају одговарајући подаци из 
базе и приказују на страници. 
 
AJAX технологија омогућава да Интернет портал шаље и прима податке у асинхроном режиму, у 
позадини, без нежељеног утицаја на приказ и понашање активне стране портала. Ово је од значаја 
у ситуацијама када је присутан велики број корисника на Интернет порталу СЕМОНТ система, и ка‐
да је интензивирана интеракција страница портала са базом података, како током приказа мерних 
резултата, тако и података о изложености популације. 
 
Предложена  база  података  је  првенствено  намењена  националном  СЕМОНТ  систему,  али њена 
примена је могућа и у оквиру неких других система за континуални мониторинг, при чему би кон‐
кретна примена захтевала мање програмско прилагођавање окружења у ком је планиран приказ 
података, односно у ком је реализован Интернет портал тог система за мониторинг. 
 
Додатно, база података је предвиђена за комерцијалне мерне станице произвођача Narda STS6, ко‐
је могу да обављају мониторинг електричног поља у четири мерна подопсега. При томе, за мерне 
станице неког другог произвођача могуће је користи само неке од тих подопсега, у складу са мо‐
гућностима и карактеристикама конкретне мерне станице. 
 
У погледу изложености, предложена база података  је  заснована на процени изложености опште 
популације. Међутим, могуће је базу података прилагодити применама у којима се захтева проце‐
на изложености професионалног  особља,  уносом нових,  одговарајућих  прописаних  референтних 
граничних нивоа. 
 
Коначно, предложена база података тренутно користи националне прописане референтне нивое, 
који су два и по пута мањи од међународно прихваћених ICNIRP референтних нивоа. Поред тога, у 
СЕМОНТ методама за процену изложености се на исти начин могу користити и ICNIRP референтни 
нивои, што омогућава примену овог модела базе података на међународном нивоу, у оквиру про‐
цену изложености становништва. 
 
 

                                                            
6 https://www.narda‐sts.com/en/ 
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Имајући у виду да је техничко решење са предложеним моделим базе података настало на основу 
научних радова, који су објављени у еминентном међународном научном часопису и конференци‐
јама, отворени изворни код и сви технички детаљи овог модела базе су доступни свим заинтересо‐
ваним корисницима. 

 
Прилози: 
 

Предложени модел базе података је детаљно изложен у поглављу “The SEMONT Internet portal and 
EMF register”, научноg радa: 
 
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, 
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Peueasaja TeXHM"IKOr peureiea
OCHOBHH nOAa14H °TeXHHI.4KOMpeWetby:

Ha3HB
Basa nenaraxa CEMOHT CHCTeMa sa KOHTHHyanHH MOHHTOpHHr H np04eHY H3nO>KeHOCTH
eneKTpOMarHeTCKHM nOIbHMa

AyrOPH HHKOna bYPHfI, AaHKa AHTHfI H AparaH KlbajHfI
KaTeropHja HOBO TeXHHI.4KOpeureiee npHMetbeHO Ha Ha14HoHanHoM HHBOY (M82)
PeanH3aTOp CS>aKynTeTTeXHHI.4KHXHaYKa, YHHBep3HTeT y HOBOM CaAY

OCHOBHH nOAa14H 0 pe14e3eHTY
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Y>Ka ofinacr sa H360p Y 3Batbe, AaTYM H360pa Teopajcxa enexrporexaaaa, 27.10.2016.
YCTaHoBa rAe je sanocnea EneKTpoHcKH cj>aKynTeT, YHHBep3HTeT Y HHWY

npeAllO>KeHO TeXHI-14KOpeure+se npencrasrsa 3Ha4ajaH 1-1HOB AOnpl-1HOCY AOMeHY nOApWKe KOHTI-1HY-
anaor urapoxcnojacaor MOHHTOpl-1Hra el1eKTpOMarHeTCKI-1X (EM) norsa 1-1paasoia peracrpa EM norsa aa
I-1Cnl-1THel1oKa4Hje 1-1111-1nOAPYI.4jaOA I-1HTepeca.

OBO TeXHH"IKO peure-se AeTalbHo onacvje MOAel1 4eHTpal1H30BaHe 6a3e noaaraxa Ha4HOHal1He HHcj>OP-
Ma4HoHe Mpe>Ke aa HcnHTHBal-be EM norsa - CEMOHT (Serbian Electromagnetic Field Monitoring Net-
work), ca acneura CKl1aAHWTel-ba MepHHX pe3YI1TaTa, npa "IeMY je caM MOAel1 fiase npojexrosaa ca Har-
l1aCKOMHa HcnHTHY 110Ka41-1jy,Ha KOjOj je Moryne 06aBHTI-1 BenH 6poj KaMnal-ba MOHHTopHHra y3 nOMon
pa3I1HI.4HTHXMepHI-1X craaaua.

,lJ,oAaTHo, MOAel1 6a3e noaaraxa, no npBH nyr, npencraersa H peuieiee xoje oMorynaBa CEMOHT CI-1CTe-
MY 06aBlbal-be npoueae nOTeH4Hjal1He H3110>KeHocrH EM nOIbY, Y CKl1aAY ca MeToAaMa 6a3HpaHHM Ha
rpaHH4aMa H3110>KeHOCTH,Onl-1CaHI-1MY TeXHI-11.4KI-1MpeWel-bl-1Ma: "Memoo ttpouene U3110)l(eHOCmUel1eK-
mpulfHuM nOlbUMa SUCOKUXc/JpeKseHu,uja 603upaH Ha zpaHuu,aMa U3110)l(eHOCmU" (M82), 41-1jl-1cyayro-
pH HHKOl1a 1>YPl-1n,,lJ,paraH Klbajl-1n, KapOI1HHa Kacaw-lla>KeTHn, Bepa oajoBHn, xao H "Memoo npouene
U3110)l(eHOCmUenesmpuunuw nOlbUMa SUCOKUXc/JpeKseHu,ujo tiasupan na oaOnmUSHUM zpoHuu,aMa
U3110)l(eHOCmU" (M82), I.4HjHcy avropa ,lJ,paraH Klbajl-1n 1-1HHKOl1a 1>ypHn.

npeAllO>KeHH MOAel1 fiaae noaaraxa oMorynaBa np04eHY H3110>KeHocrH onurre nonvnauaje H npooeca-
OHal1HOr ocotirsa, y CKl1aAY ca npOnl-1CaHI-1MHa41-10Hal1HHM pe<t>epeHTHHM rpaHH"IHHM HHBOHMa, xao
npHMeHY Ha Me1)YHapOAHOM HHBOY, KOpHWnel-beM aAeKBaTHHX pe<t>epeHTHHX rpaHI-1"1HHXHHBoa.

TeXHH"IKO peurejee je A06HI10 nOTBPAY BaI1HAHOCTH,06jaBlbl-1Bal-beM Y HaY"IHOM paAY, Y -raconacv Me-
1)YHapOAHor xapaxrepa - xareropaje M21. Crora, CMaTpaM Aa npeAllO>KeHO TeXHI-14KOpeureiee Hcny-
l-baBa CBe YCI10Be sa "HOBO meXHUIiKO pewelbe npUMeibeHO HO HOqUOHQI1HOMHUBOY (M82)", npea-
BH1)eHo OApeA6aMa "npaSUI1HUKa 0 nocmvnxy, HalfUHY epeonoeaieo U «eoumumomuenom uckasuea-
fby HaYlfHoucmpa)l(USOlfKUX pesynmamo ucmpancueauo", 6p. 110-00-29/2016-04, KOjH je MI-1HHcTap-
CTBOnpocsere HaYKe H TeXH0l10WKOr passoja YCBOjHI10 01. 03. 2016. rOAHHe ("CnY>K6eHH rl1aCHHK PC"
6p. 24/2016).
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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
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].
Regarding the dangerous health effects, the International Com-
mission on Non-Ionizing 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

http://crossmark.crossref.org/dialog/?doi=10.1016/j.measurement.2016.12.019&domain=pdf
http://dx.doi.org/10.1016/j.measurement.2016.12.019
mailto:ndjuric@uns.ac.rs
mailto:danka.antic@uns.ac.rs
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http://www.sciencedirect.com/science/journal/02632241
http://www.elsevier.com/locate/measurement


N. Djuric et al. /Measurement 99 (2017) 78–89 79
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.
Table 2
The magnetic field probe (HP-1B-01) characteristics [15].

Frequency range Level range Resolution Rejection of the
electric field

10 Hz–5 kHz 50 nT–200 lT 1 nT >20 dB
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 most appropriate for the implementation into the SEMONT sys-
tem. This sensor is powered by the high capacity internal batteries
and a solar panel, ensuring virtually unlimited autonomy under
conditions of the normal sunlight.
GSM base sUser
Sensor

Power
lines

Internet
portal

Internet

GSM network

Fig. 1. The SEMONT

Table 1
The quad-band electric field probe (EP-4B-01) characteristics [15].

Wideband EGSM 900

Frequency range 0.1–3000 MHz 925–960 M
Level range 0.2–200 V/m 0.03–30 V/
Dynamic range >60 dB >60 dB
Resolution 0.01 V/m
Sensitivity 0.2 V/m 0.03 V/m
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.
Urban areata�on

Radio and TV
broadcas�ng

Source of EMF

system design.

EGSM 1800 UMTS 2100
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Fig. 2. Isotropic field strength measurement.
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Fig. 3. The history overview of EMF level in an area of interest.
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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
Internet
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Internet

User

Loca�on 1
Loca�on 2
…

Measu
Measu
...

Loca�ons

Meas

1:

Fig. 4. Categories of
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.
rement 1
rement 2
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…

Basic data for
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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.
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3.2.1. Database model – Part A
A certain number of data parameters have to be provided to fully

describe themeasurementonaparticular location. Thus, the focusof
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.
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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:

GERlower ¼ Em

Erefmax

� �2

and GERupper ¼ Em

Erefmin

� �2

; ð1Þ

where Em is the averaged measured value of the electric field
strength, while Erefmin and Erefmax 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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Table 3
The Serbian and ICNIRP prescribed reference levels.

Reference level [V/m]

Serbian ICNIRP

Band Frequency range Emin Emax Emin 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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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

EA ¼ 1
N

XN
i¼1

Ei ð2Þ

where EA is the averaged electric field strength, N is the number of
samples in a window, and Ei 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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Table 5
Characteristics of the base stations antenna RBS NSH 69 NS Liman II (Bajic dormitory)
[30].

RBS 2216 indoor 1800 MHz

Antenna (GSM 900) 1st
sector

2nd
sector

3rd
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

Table 4
Characteristics of the base stations antenna RBS NS Liman 2 [29].

RBS 2206 indoor 900 MHz

Antenna (GSM 900) 1st
sector

2nd
sector

3rd
sector

Antenna type (Kathrein) K739495 K739495 K739495
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�
Antenna center from the ground level [m] 39.5 37.5 37.5
Number of channels per sector 4 4 4

Table 6
The main beam over the measurement location [27].

GSM service GSM 900 GSM 1800

Azimuth 45� 105�
Passing at the height of 19.85 m 4.18 m
Reach the ground at 375.82 m 320.73 m
Behind the location 188.82 m 119.73 m
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Regarding the measurement results and the basic statistical
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
expected, ranging from 0 to 0.897 V/m.

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,
Engmean, 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

dðA� BÞ ¼ A� B
A

� 100½%� ð3Þ

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
Engmean and Egmean, 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
during a longer time period, the period of modem activities for
GSM/GPRS transfer will be negligible, as well as the change of
the Emean 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. GERupper and GERlower, 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
GERmean

upper and GERmean
lower, 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 GERallowed = 1 [9–11], resulting that this partic-
ular location can be considered as a zone with the considerable low
EMF exposure.



Table 7
Statistical analysis of the measurement data (with the gap).

Wideband GSM 900 GSM 1800 UMTS 2100

Egmax [V/m] 0.897357 0.607270 0.624462 0.483519
Egmean [V/m] 0.728418 0.491285 0.508556 0.394216
Egmin [V/m] 0.000000 0.000000 0.000000 0.000000
STDEVg 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

Engmax [V/m] 0.897357 0.607270 0.624462 0.483107
Engmean [V/m] 0.843432 0.568856 0.588855 0.456461
Engmin [V/m] 0.757446 0.518250 0.537411 0.437036
STDEVng 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 (%)

d(Egmean � Engmean) �15.79 �15.79 �15.79 �15.79
d(STDEVg � STDEVng) 88.44 85.55 89.72 90.60
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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

GERmean
upper 0.005085 0.001001 0.000549 0.000303

GERmean
lower 0.000508 0.000965 0.000527 0.000303

d(GERmean
upper � GERmean

lower) 90% 3.61% 3.98% 0

Table 11
Standard deviation of the calculated GER (with the gap).

Wideband GSM 900 GSM 1800 UMTS 2100

GERupper 0.002114 0.000422 0.000227 0.000125
GERlower 0.000211 0.000406 0.000218 0.000125
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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.  

I. INTRODUCTION 
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-

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. 

)()()()( 222 tEtEtEtE zyx ++=

 
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

min

2

max ⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
=⎟

⎟
⎠

⎞
⎜
⎜
⎝

⎛
=

ref

m
up

ref

m
low E

E
GERand

E
E

GER  (1) 

where Em is the broadband measured value, while Eref min 
and Eref max 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. 

 
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 Bm is the broadband measured value, while Bref min 
and Bref max 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 
 ,upreallow GERGERGER ≤≤  (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 GERup ≤ 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]. 

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]. 

 
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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B. Exposure assessment procedure 
The Field_Limits table is a central part of the exposure 

assessment procedure. After the measurement results are 
collected and stored into the database, the specially devel-
oped web application calculates daily limits and presents 
them over the SEMONT Internet portal [6].  

This application performs several steps, depicted in Fig. 
4. 

Start

Electric or 
magnetic 

field?

Select particular sensor

Select data from 
Measurement_Results 

table (b_rms)

Select data from 
Field_Limits table 

(natio_limit_value_b_min
natio_limit_value_b_max
icnirp_limit_value_b_min

icnirp_limit_value_b_max)

Calculate two pairs of 
lower and upper limits 

according to (1) and (2)

End

GSM and 
UMTS band

Select data from 
Measurement_Results table 

(e_rms_avg_GSM)

Select data from 
Field_Limits table 

(natio_limit_value_e_GSM_min
natio_limit_value_e_GSM_max
icnirp_limit_value_e_GSM_min

icnirp_limit_value_e_GSM_max)

Wideband?

Select data from 
Measurement_Results table 

(e_rms_avg_w)

Select data from 
Field_Limits table 

(natio_limit_value_e_w_min
natio_limit_value_e_w_max
icnirp_limit_value_e_w_min

icnirp_limit_value_e_w_max)

Electric field

Magnetic field

 
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.  

 
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. 

 
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 
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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 I. 

TABLE I.  PRESCRIBED REFERENCE LEVELS [7], [8] 

Frequency range Serbian legislation ICNIRP
 

Reference levels for the magnetic field [μT]
fmin[Hz] fmax[Hz] Bmin Bmax Bmin Bmax

5 32 k 2.5 640 6.25 1600
 

Reference levels for the electric field [V/m]
fmin[Hz] fmax[Hz] Emin Emax Emin Emax

100 k 7 G 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. 

 
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 GERmax = 
1, prescribed for the general population [7]. 

V. CONCLUSION  
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. 
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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. 

I. INTRODUCTION 
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. 

 
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 

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. 

 
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. 

II. THE EM FIELD REGISTER DATABASE MODEL 
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: 

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

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-

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 I. 

TABLE I.  ELECTRIC FIELD PROBE EF 0691 [15]. 

Parameter Value 
Frequency range 100 kHz to 6 GHz 

Measurement range 0.35 V/m to 650 V/m 
Linearity ±0.5 dB (2 to 400 V/m) 

Frequency sensitivity ±1.5 dB (1 MHz to 4 GHz) 
 
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. 

Incorporation of the results 
memorized in the instrument

Upload to Internet portal

Publicly available website 

Database of Internet portal of the system

User
Internet

Using GSM network

Method of 
incorporation?

Connection with a laptop Download to the PC

NBM 550

Automatic approach Manual approach

Presentation of the results

Use software interface

 
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]. 

 Measurements
 id_measurings
 name
 date_started
 date_finished
 description
 days_active
 active_measurings
 id_locations

 Locations
 id_locations
 name
 description

 Measurements_Sensors
 id_measurings_sensors
 id_measurings
 id_sensors
 gps_longitude
 gps_latitude
 gps_height
 e_or_b_probe
 storing_rate
 stored_field_values
 settings_data
 area_description

∞

1

 Measurement_Results_Sen_01
 id_measuring_results
 id_measurings
 id_paresed_files
 measuring_date
 e_rms_avg_w
 e_rms_avg_900
 e_rms_avg_1800
 e_rms_avg_2100
 e_peak_w
 e_peak_900
 e_peak_1800
 e_peak_2100
 b_rms
 b_peak
 battery
 temperature

∞

1

∞

 Sensors
 id_sensors
 name
 serial_number
 description
 last_calibrated
 e_probe
 e_probe_range
 e_probe_description
 e_last_calibrated
 b_probe
 b_probe_range
 b_probe_description
 b_last_calibrated
 SIM_number

1

∞

1

 Parsed_Files
 id_parsed_files
 date
 full_name

1

∞

 
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:∞” 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-

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. 

 
Figure 6. NBM-500 XLS file. 

 
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. 

 
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. 
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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.  

 
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-

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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