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Need for the project

• frequencies, complexity of systems and data rates are continuing to increase -> 
new challenges to the underpinning metrology

• progress in RF to THz metrology on the European level only achievable through 
effective cooperation between European NMIs, DIs and their stakeholders

• crucial fields - measurement of RF power + attenuation, elmag field intensity, 
antenna parameters

• emergence of 5G -> frequencies above 18 GHz used more widely, EMC testing will 
be needed at these frequencies

• from 35 members of the EURAMET TC-EM, only 16 countries have RF&MW 
measurement capabilities (2 in very early stage of laboratory building)



Consortium

• internal beneficiaries
• CMI, GUM, IMBiH, NSAI, RISE, SIQ, Trescal, TUBITAK

• external beneficiaries
• KORAL, LeftRight, METU, SPARK

• unfunded beneficiaries
• PTB

• stakeholders & collaborators
• Danish ministry of defence – Danish 

Defence Acquisition & Logistics Organization, 
IKM Instrument Rental, NETES, SMD, 
Nordic Service Group, RFSpin, SIMKAL, 
TECTRA, Fondazione Bruno Kessler, VESTEL



Scientific excellence



Impact



Key achievements in WP1

AutoRFPower software for measurement of RF power

RF Signal Source
Powermeter

Power Sensor

GPIB GPIB

Software Options:
• Calculable uncertainty with Bayesian (GUM)
• Calculable uncertainty with Monte Carlo Method
• Adaptable to your specific measuring devices
• Compatible with Keysight, R&S RF sources
• Compatible with Keysight, R&S Power meters

AutoRFPower is a software that can make automatic RF
power measurement, which can be used by
manufacturers producing based on RF power
measurement and calibration and test laboratories
accredited within the scope of RF power
measurement, saving time and minimizing operator
errors.

@ 0 dBm RF power with known vectorial reflection coefficient

@ 0 dBm RF power with known in vectorial reflection coefficient

Graphs of Uncertainties with Monte Carlo Simulation



Key achievements in WP1

Interlabortory comparisons

• automatic measurement of RF power up to 18 GHz 
frequency range including different uncertainty 
calculation methods

• RF power sensor calibration with vector network 
analysers

• High dynamic range attenuation measurement
• S-parameter measurement 

Report to be downloaded from 
https://rfmwii.cmi.gov.cz/ 

https://rfmwii.cmi.gov.cz/


Key achievements in WP1

Measurement method for the calibration factor of RF power sensors using a vector network 
analyser (VNA)

All instruments needed for the direct comparison method (traditional) are present in a VNA
→ faster calibration, better repeatability

Report to be downloaded from https://rfmwii.cmi.gov.cz/ 

https://rfmwii.cmi.gov.cz/


Key achievements in WP2

Improved calibration method for the calibration of monopole antennas 
• calibration by the Equivalent Capacitance Substitution Method (ECSM), which offers a practical alternative to plane-

wave calibration for selected antenna types operating in the low-frequency region (CISPR25, CISPR 16-1-6)

Report to be downloaded from https://rfmwii.cmi.gov.cz/ 

https://rfmwii.cmi.gov.cz/


Key achievements in WP2

Improved calibration method of loop antennas by three-antenna-method (TAM)
• determination of magnetic antenna factor using the (TAM), a method based on a reference loop antenna, and 

complementary calibration approaches using Helmholtz coils and TEM cells 
• method different from CISPR 16-2-3; requires 3 loop antennas taken in pairs and yields the factors of each antenna 

separately; requires a vector network analyzer (VNA)

Report to be downloaded from https://rfmwii.cmi.gov.cz/ 

https://rfmwii.cmi.gov.cz/


Key achievements in WP2

Improved calibration method for loop antennas
• calibration using Helmholtz coils

Report to be downloaded from https://rfmwii.cmi.gov.cz/ 

• calibration using a TEM cell

https://rfmwii.cmi.gov.cz/


Key achievements in WP2

Software for Site Insertion Loss (SIL) Calculation for Dipole Antennas as per CISPR 16-1-5
• software solution that can calculate theoretical SIL values by using three-port balun S parameters and entered 

parameters for any desired measurement geometry; comparison of the theoretical SIL results with a well-known 
software solution referenced in CISPR 16-1-5 in a variety of SIL geometries

Software to be downloaded from https://zenodo.org/records/15405932
Related conference paper https://zenodo.org/records/15240651 

https://zenodo.org/records/15405932
https://zenodo.org/records/15240651


Key achievements in WP2

Best practice guide on the calibration of antennas in different set ups 
• different types of calibration methods
• uncertainty budget and overall uncertainty calculations
• instrumentation and different calibration sites and their impact

Report to be downloaded from https://rfmwii.cmi.gov.cz/ 

https://rfmwii.cmi.gov.cz/


Key achievements in WP2

Final reports on the interlaboratory comparisons 
• Equivalent capacitance substitution method (ECSM) for monopole antennas
• Antennas in the frequency range 30 MHz – 1 GHz
• High-frequency calibration using a fully anechoic room (FAR)/ free space (FS) in the range 1 GHz – 40 GHz.

Report to be downloaded from https://rfmwii.cmi.gov.cz/ 

https://rfmwii.cmi.gov.cz/


Key achievements in WP3

Improved calibration method for Helmholtz coils
• design, fabrication and characterisation of the Helmholtz coils setup up to 10 MHz using various methods
• magnetic antenna factors obtained by different calibration methods of loop antennas are compared by including the 

uncertainty budget of each method

Report to be downloaded from https://rfmwii.cmi.gov.cz/ 
Related conference paper https://zenodo.org/records/14020254 

https://rfmwii.cmi.gov.cz/
https://zenodo.org/records/14020254


Key achievements in WP3

Final reports on the interlaboratory comparisons 
• low-frequency electric field
• low-frequency magnetic field 
• high-frequency electric field in an anechoic chamber

Report to be downloaded from https://rfmwii.cmi.gov.cz/ 

➢ Narda ELT-400, B-field 0.03 kHz to 400 kHz
➢ Narda HF-0191, H-field 30 MHz to 1000 MHz
➢ Wandel & Goltermann EFA-300, E-field 0.01 kHz to 

30 kHz
➢ ETS-Lindgren HI-6053, E-field 0.01 GHz to 40 GHz 

https://rfmwii.cmi.gov.cz/


Key achievements in WP3

Best practice guide on how to build calibration capability for electric and magnetic fields 
in frequency range 10 Hz to 40 GHz

• Parallel-plate capacitors
• Helmholtz coils
• Rectangular waveguides
• TEM cells, μTEM cells
• Tapered cells
• Fully anechoic room

Report to be downloaded from https://rfmwii.cmi.gov.cz/ 

https://rfmwii.cmi.gov.cz/


Key achievements in WP3

Construction of new electromagnetic field realisations in several partner institutes
• Helmholtz coils
• TEM cell, μTEM cell
• pyramical (tapered) TEM cells
• small reference antenna 

(transfer standard)

Helmholtz coils

(TÜBITAK UME)

parallel plate 

capacitor

(IMBiH)

pyramidal cell

(SIQ)

uTEM cell

(TÜBITAK UME)

pyramidal cell

(TÜBITAK UME)

- several institutes built new realizations of electromagnetic field from scratch
- new measurement services expected in SIQ, TUBITAK, IMBiH aimed to be accredited 

within several years after the project end
- very nice progress thanks to cooperation with more experienced NMIs (CMI, PTB, RISE) 

where similar services already exist



Publications
Journal papers
A. Cetinkaya, M. C. Kaya, E. Danaci and H. Oguztuzun, "Uncertainty Calculation as a Service: Integrating Cloud-Based 
Microservices for Enhanced Calibration and DCC Generation," Sensors, Vol. 24, pp. 5651(1-24). 
https://doi.org/10.3390/s24175651

A. Cetinkaya, A. K. Dogan, E. Danaci, M. Hudlicka, J. Grajciar, O. Sibonjic, T. Lippert, S. Mortensen, S. Prendergast, L. Usydus, 
M. Berginc, E. Çetin, M. C. Kaya, H. Oğuztüzün, "Interlaboratory Comparison on RF Power Measurements Using 
Automatic Power Measurement Software", Metrology (submitted 2026)

E. Cetin, A. K. Doğan, A. Cetinkaya, E. Danaci, "VNA-Based Vector Reflection Coefficient Measurement Technique for 
Powered RF Signal Generators", Sensors (submitted 2026)

https://doi.org/10.3390/s24175651


Publications
Conference papers
A. Cetinkaya, M. C. Kaya, T. B. Bzuneh and H. Oguztuzun, "Uncertainty Calculation-as-a-Service: Microservice-Based 
Metrology Applications, "M. Galster, P. Scandurra, T. Mikkonen, P. Oliveira Antonino, E. Y. Nakagawa (eds) Software 
Architecture. ECSA 2024. Lecture Notes in Computer Science, Springer, vol. 14889, 2024. DOI: 10.1007/978-3-031-70797-1_12
(Freely downloadable PDF: see https://doi.org/10.5281/zenodo.14021144)

R. Lapuh, Ç. Aslan, K. Štibernik and M. Hudlička, "Uniform magnetic field coils construction optimization," 2024 International 
Symposium on Electromagnetic Compatibility – EMC Europe, Bruges, Belgium, 2024, pp. 214-219. DOI: 
10.1109/EMCEurope59828.2024.10722607
(Freely downloadable PDF: see https://doi.org/10.5281/zenodo.14020254)

S. Çakır, O. Şen, B. Tektaş, S. Büyük and S. Çimen, "New SIL Calculation Software as per CISPR 16-1-5," 2024 International 
Symposium
on Electromagnetic Compatibility – EMC Europe, Brugge, Belgium, 2024, pp. 479-482, DOI: 
10.1109/EMCEurope59828.2024.10722221
(Freely downloadable PDF: see https://zenodo.org/records/15240651)

Y. E. Keleş, A. Cetinkaya, M. C. Kaya and H. Oğuztüzün, "Flexible and Reproducible RF Calibration using Google Cloud 
Workflows," 2025 10th International Conference on Computer Science and Engineering (UBMK), Istanbul, Turkiye, 2025, pp. 
1199-1204, doi: 10.1109/UBMK67458.2025.11207021.

https://doi.org/10.1007/978-3-031-70797-1_12
https://doi.org/10.1007/978-3-031-70797-1_12
https://doi.org/10.1007/978-3-031-70797-1_12
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https://doi.org/10.5281/zenodo.14021144
https://dx.doi.org/10.1109/EMCEurope59828.2024.10722607
https://doi.org/10.5281/zenodo.14020254
https://doi.org/10.1109/EMCEurope59828.2024.10722221
https://zenodo.org/records/15240651)
https://doi.org/10.1109/UBMK67458.2025.11207021


Contact • web page 

https://rfmwii.cmi.gov.cz/ 

• social media platforms (X, formerly Twitter)

https://x.com/rfmw_project 

• LinkedIn on-line discussion group

https://www.linkedin.com/groups/12857408/ 

• e-mail

martin.hudlicka@cmi.gov.cz 
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