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Let me introduce myself

•

• Research team oriented to EMF investigation:
• provide scientific expertise to Government agencies for non-ionizing radiation, as well as 
• Serbian Regulatory Agency for Electronic Communications and Postal Services – RATEL.

• Experimental Serbian Electromagnetic Field Monitoring Network – SEMONT:
• development of SEMONT start in 2010,
• the EMF RATEL is successor of experimental SEMONT system.

• Deeply involved in development of EMF RATEL network:
• in charge for improvement and maintenance of EMF RATEL software-information logistic.
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Outline

• Introduction
• A – EMF RATEL network:

• concept,
• continuous monitoring.

• B – EMF RATEL sensors:
• broadband monitoring,
• service-based monitoring ,
• data acquisition,
• sensor installation and locations.

• C – Monitoring results dissemination:
• public Internet portal,
• administrative part,
• open data portal.

• Continuous monitoring features

• Conclusion
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Introduction (1/2)

• The Serbian EMF legislation, related to the general public: 
• was systemized in 2009, relaying on the ICNIRP 1998 guidelines,
• a set of documents is defined by the “Law on non-ionizing radiation protection”,
• ICNIRP 1998 reference levels are additionally lowered by factor of 2.5.

• Regarding occupational exposure: 
• the “Law on safety and health at work” is in charge,  
• ICNIRP 1998 limits are maintained, without any additional safety factor.

• The Serbian EMF legislation is focused only on whole-body exposure:
• the ISO/IEC 17025 accredited laboratories perform appropriate EMF investigations, 
• measurements are mostly oriented to specific EMF source, during a short-time and in a 

spot.

• Implementation of ICNIRP 2020 is under the way:
• through the project “Analysis of measures for harmonization of national legislation with 

ICNIRP 2020 international recommendations for limiting exposure to electromagnetic fields”,
• my research team leads this project.
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Introduction (2/2)

• Summary overview of Serbian limits versus ICNIRP recommendation:

• the ICNIRP basic limits are maintained in both cases.
• reference levels are lowered by 2.5 factor, regarding concerns of the general public. 
• the Serbian legislation does not deal with local exposure.
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A – EMF RATEL network (1/2)

• The concept of EMF RATEL network:
• the network is established on spatially distributed wireless monitoring sensors.

• EMF RATEL was launched by RATEL in 2017:
• RATEL is responsible for running this network,
• currently, 88 sensors are installed over the country. 
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A – EMF RATEL network (2/2)

• EMF RATEL network performs continuous EMF monitoring (24/365):
• daily EMF fluctuation is in a focus.

• Classical measurements require extrapolation for exposure assessment:
• those measurements are performed in a moment and have no detailed insight in behavior 

of EMF,
• also, it can be questionable does and when the EMF source radiate with maximal power.
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B – EMF RATEL sensors (1/4)

• The EMF RATEL broadband monitoring is performed by two type of sensors:

• International Telecommunication Union (ITU)-T recommendation: 
• K.83 – “Monitoring of electromagnetic field levels” (06/2020 – page 26 with EMF RATEL).

• ITU-T K.83 gives guidance on: 
• how to make long-term measurements for the monitoring of EMFs in the selected areas that are 

under the public concern, in order to show that EMFs are under control and under the limits. 

• The purpose of this Recommendation is to provide clear approach and easily available 
data, concerning EMF levels, particularly in form of results of continuous measurement. 

• Narda AMB 8059,
• E field probe EP-1B-03,
• 100 kHz to 7 GHz,
• currently 65 sensors,

• Wavecontrol MonitEM,
• E field probe WPF8,
• 100 kHz to 8 GHz,
• currently 21 sensors.
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B – EMF RATEL sensors (2/4)

• The EMF RATEL service-based EMF monitoring is performed by:
• Narda AMS 8061 monitoring station + EHA-2B-01 electric field probe (100 kHz – 6 GHz), 
• simultaneous EMF monitoring in up to 20 independent, programable, frequency sub-bands, 
• broadband monitoring in service-frequency sub-band (service-based monitoring).

•

No. Frequency sub-band Telecommunication service

1. 87 MHz – 108 MHz FM radio
2. 430 MHz – 470 MHz Functional radio links
3. 470 MHz – 790 MHz Digital TV (DVB-T2)
4. 790 MHz – 821 MHz Mobile 4G download (DL)
5. 832 MHz – 862 MHz Mobile 4G upload (UL)
6. 880 MHz – 915 MHz Mobile 2G/3G UL
7. 925 MHz – 960 MHz Mobile 2G/3G DL
8. 1710 MHz – 1780 MHz Mobile 2G/4G UL
9. 1800 MHz – 1880 MHz Mobile 2G/3G DL

10. 2110 MHz – 2170 MHz Mobile 3G DL

11. 2400 MHz – 2500 MHz Wi-Fi

12. 2520 MHz – 2660 MHz Mobile 4G – NSA 5G UL/DL

13. 3400 MHz – 3800 MHz Mobile 5G DL/UL

14. 5200 MHz – 5800 MHz Wi-Fi

RATEL – “Decree on determining the allocation plan of radio frequency bands”, Official gazette of RS, no. 89, 2020, 
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B – EMF RATEL sensors (3/4)

• Data acquisition – Narda sensors:
• measurement results are daily transferred to the centralized database, 

• GSM modem allows Internet access over the existing mobile telephony network,
• the measurement results are packed into specially formatted “.D59” and “.D61” files,
• dedicated parser function is required for processing of these “.D59” and “.D61” files. 
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B – EMF RATEL sensors (4/4)

• Sensor installation and locations:
• sensitive zones of special interest: schools, kindergartens, hospitals and public institutions,
• sensor installation is based on a goodwill of the site owner.

•

• AC supply + solar panel,
• solar panel – primary,
• battery below threshold

• switch to AC.

• mini construction project
• concrete plinth,
• plastic mast.
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C – Monitoring results dissemination (1/3 - a)

• Public Internet portal of EMF RATEL is available on: https://emf.ratel.rs

•

Menu: 
Measurement results
EMF fields
EMF investigation
Regulation
Open data
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C – Monitoring results dissemination (1/3 - b)

• Internet portal – measurement locations: 

•

Introduction

EMF RATEL network

EMF RATEL sensors

Dissemination (2/12)

Features

Conclusion



15/35

C – Monitoring results dissemination (1/3 - c)

• Internet portal – measurement results – broadband monitoring:

•

• Three clicks to get results,

• field limits,
• measurement uncertainty
• exposure levels,
• search function,
• export data,
• sensor info,
• location info.

• Measurements are 
performed every 6 
minutes – SRPS EN 
50413:2010/A1:2014.

• Uncertainty in 
measurement - JCGM 
100:2008.
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C – Monitoring results dissemination (1/3 - d)

• Exposure assessment:
• Adaptive Boundary approach* is used, calculating upper and lower Global Exposure Ratio 

(GER) boundaries.

• The method of assessment is conditioned by the fact that broadband monitoring is 
performed – unknown frequencies in present EMF spectrum. 
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GER boundaries are calculated as:

Application of boundary approach leads to 
the assessment of the range where the 
real exposure can be found, since:

.low real upGER GER GER≤ ≤

*D. Kljajic, N. Djuric, “The adaptive boundary approach for exposure assessment in a broad-band EMF monitoring”, Measurement, vol. 93, pp. 515–523, Nov. 2016, doi: 10.1016/j.measurement.20¬16.07.055.
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C – Monitoring results dissemination (1/3 - e)

• Internet portal – measurement results – service-based monitoring:

•
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C – Monitoring results dissemination (1/3 - f)

• Initial results of 5G EMF monitoring:
• from November 1th, 2019 till March 19th 2020, in which 5G network was tested is Serbia.

• EMF values are acquired in testing period:
• it can be presumed that levels will be the same during the full utilization of 5G technology. 

• The 5G is to be implemented in Serbia during 2022: 
• additional EMF monitoring campaign, in order to obtain EMF levels of fully functional 5G. 
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C – Monitoring results dissemination (2/3 - a)

• Information logistic for system – admin part: 

•
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C – Monitoring results dissemination (2/3 - b)

• Field values overview: 

•
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C – Monitoring results dissemination (2/3 - c)

• Alarms and batteries overview: 
• Comprehensive overview for last 14 days:

•
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C – Monitoring results dissemination (2/3 - d)

• Statistics - example: 
• electric field values vs arbitral threshold:

•
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C – Monitoring results dissemination (2/3 - e)

• Regarding specific location: 
• several elements can be observed (field level, exposure, alarms, PERTs, battery).

•
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C – Monitoring results dissemination (3/3)

• Open data features: 
• measurement results are linked with Governmental Open Data portal and publicly available.

•
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Continuous monitoring features

• Long-term monitoring is able to provide information on EMF fluctuation:

EMF history overview Installation of a new EMF source on location

• 24/365 monitoring,
• past + present + predicted field levels for location,
• EMF register for locations of interest, 
• better control of EMF,
• better control where and when new EMF source can be installed,
• etc…
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Conclusion

• EMF RATEL monitoring network offers: 
• continuous EMF monitoring (broadband + broadband per telecommunication services), 
• service-based approach can provide comparison between EMF levels of 5G and 2G/3G/4G networks. 

• Systems intends to improve the quality of human life: 
• in approaching intensive EMF radiated environment, 
• particularly for regions, where social awareness on EMF and environment could be additionally increased, 
• demanding feature to timely inform the public on existing EMF levels and their influence on health.

• EMF RATEL become a useful and user-friendly tool for: 
• the general population, interested on daily EMF fluctuation, as well as for 
• regulatory agencies, which are in charge for regulation and protection of environment from possible 

harmful level of non-ionizing radiation.

• Finally, this system and its features can serve as an appropriate mediator: 
• between normal requests of the general population for the EMF safe living environment and 
• commercial operators that require additional EMF sources, in order to improve their telecommunication 

infrastructure.

Introduction

EMF RATEL network

EMF RATEL sensors

Dissemination

Features

Conclusion



"Monitoring of immissions and actual exposures of the general population to anthropogenic low 
and high frequency electromagnetic fields (EMF)“, November 25-26, 2021, Munich/Bavaria

Thank you for your attention.

Nikola Djuric 
Faculty of Technical Sciences, University of Novi Sad

ndjuric@uns.ac.rs


	EMF RF level monitoring in the Republic of Serbia – the EMF RATEL network
	Let me introduce myself
	Outline
	Introduction (1/2)
	Introduction (2/2)
	A – EMF RATEL network (1/2)
	A – EMF RATEL network (2/2)
	B – EMF RATEL sensors (1/4)
	B – EMF RATEL sensors (2/4)
	B – EMF RATEL sensors (3/4)
	B – EMF RATEL sensors (3/4)
	B – EMF RATEL sensors (4/4)
	C – Monitoring results dissemination (1/3 - a)
	C – Monitoring results dissemination (1/3 - b)
	C – Monitoring results dissemination (1/3 - c)
	C – Monitoring results dissemination (1/3 - c)
	C – Monitoring results dissemination (1/3 - d)
	C – Monitoring results dissemination (1/3 - e)
	C – Monitoring results dissemination (1/3 - e)
	C – Monitoring results dissemination (1/3 - f)
	C – Monitoring results dissemination (2/3 - a)
	C – Monitoring results dissemination (2/3 - b)
	C – Monitoring results dissemination (2/3 - c)
	C – Monitoring results dissemination (2/3 - c)
	C – Monitoring results dissemination (2/3 - d)
	C – Monitoring results dissemination (2/3 - e)
	C – Monitoring results dissemination (2/3 - e)
	C – Monitoring results dissemination (2/3 - e)
	C – Monitoring results dissemination (2/3 - e)
	C – Monitoring results dissemination (2/3 - e)
	C – Monitoring results dissemination (3/3)
	C – Monitoring results dissemination (3/3)
	Continuous monitoring features
	Conclusion
	Thank you for your attention.

