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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 NMls, DIs and their stakeholders

e 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
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Scientific excellence

WP1 Advanced measurement techniques for WP2 Traceability for antenna calibrations WP3 Traceability for electromagnetic field

power and power-related quantities intensity

* traceable RF power measurement * new calibration set ups for EMC (monopole, loop * new measurement set ups in emerging NMls

* measurement automation antennas) * extension of frequency range of existing set ups (TEM

* utilizing VNA for calibration of power sensors * comparison of different calibration methodologies cell, Helmholtz coil, horn antennas)

* traceable attenuation and reflection coefficient (OATS, FAR) * extrapolation code-selective method (elmag field
measurements * antenna gain using extrapolation gain chamber intensity of digitally modulated signals)

WP4 Creating impact
Dissemination and communication  Exploitation and uptake Individual strategies Trainings
* >3 journal papers, 2 3 conference * exploitation plan for disseminating * short-term strategies for utilization of ¢ 7 in-person trainings for project
papers developed customer calibration gained knowledge (<5 years) internal partners
* discussion groups (LinkedIn, services * strategies on how to offer extended or ¢ 1 online training for project partners
ResearchGate), social media (Twitter) ¢ > 6 new calibration services improved calibration capabilities in the * 2 trainings/workshops for stakeholders

* standardization bodies * >5improved calibration set ups long term (>10 years)



Impact

1

\ Project partners

new/improved calibration services

interlaboratory comparisons, new/improved CMCs

calibration guides, best practice guides

networking (cooperation in future research projects)
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Industrial end users/society

improved products via enhanced measurements
traceability for local accredited calibration/test

laboratories (no need to calibrate abroad)
more accurate in-house EMC testing for industry

S _ _ron s

Legal bodies/standardization

* sharing results with standardisation bodies
* staff training in view of technical expertise for

regulation and conformity assessment
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Key achievements in WP1

AutoRFPower software for measurement of RF power

RF Signal Source

= Generator

RF Sgnal Generator Ateruator Power Sensor
$GS | Aglert ESZ57D ) (5G55140004) - Emgty v PSI (RES NRPIST ) (101035) 7 2
SG59140004 101035 102444
Output 2. 4mm(M) with 2.4 1-{ N type(M) NRP18T verileri var All types of sensors compatible with

Nrp should be connected

Power Sensor

Please add your device(s) rom the “Device Managemert” page o be able 1o select them i ths page

AutoRFPower is a software that can make automatic RF

power measurement, which can be wused by
manufacturers producing based on RF power
measurement and calibration and test laboratories

accredited within the scope of RF power i | i
measurement, saving time and minimizing operator
errOrS. ;.. g. ,“.

@ 0 dBm RF power with known vectorial reflection coefficient

Graphs of Uncertainties with Monte Carlo Simulation

Software Options:

* Calculable uncertainty with Bayesian (GUM) 1 " H 5 | . iy
* Calculable uncertainty with Monte Carlo Method
* Adaptable to your specific measuring devices

* Compatible with KeySight' R&S RF sources @ 0 dBm RF power with .kn.own in ve‘ctorial‘reflection coéffibiént
* Compatible with Keysight, R&S Power meters




Key achievements in WP1 e

COMPARISON ON

Inte r|ab0rt0r com ariSOI‘IS USING ::T;(:nv:ﬁ:h:iﬁg:mig;mm ¥§77 El =20 TBEJEI“EJEQ @“@H
Y P

SOFTWARE

T e 00 e o mE
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calculation methods

« RF power sensor calibration with vector network
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A.1.2.6 RF Power Sensor Calibration with Vector Network Analyzer
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Key achievements in WP1

Measurement method for the calibration factor of RF power sensors using a vector network
analyser (VNA)
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I I Organisation name of the lead participant for the deliverable: Trescal

Due date of the deliverable: 31 October 2025

Actual submission date of the deliverable: 06 April 2026

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/
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Key achievements in WP2

Improved calibration method for the calibration of monopole antennas
e 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)

Matching unit VNA
under
characterization SOUING
AtEnmn
- ma
I
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matching unit

Report to be downloaded from https://rfmwii.cmi.gov.cz/
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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)
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Report to be downloaded from https://rfmwii.cmi.gov.cz/
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Key achievements in WP2

Improved calibration method for loop antennas
* calibration using Helmholtz coils
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Key achievements in WP2

Software for Site Insertion Loss (SIL) Calculation for Dipole Antennas as per CISPR 16-1-5

software solution referenced in CISPR 16-1-5 in a variety of SIL geometries

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
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Software to be downloaded from https://zenodo.org/records/15405932

Related conference paper https://zenodo.org/records/15240651
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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
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Report to be downloaded from https://rfmwii.cmi.gov.cz/ &3 vt -
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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.

Rod antenna Network analyzer

Port1 Portl

Input  Output o ?

[ |
10dB Att
‘ — 3301 |.
10 d3 Art. CAL
30 Ohm Terminztion [

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

éignal Generator

N
Em.

Power Ampliﬁel" EMI Receiver

Report to be downloaded from https://rfmwii.cmi.gov.cz/
Related conference paper https://zenodo.org/records/14020254
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Key aChIevementS In WP3 » Narda ELT-400, B-field 0.03 kHz to 400 kHz

» Narda HF-0191, H-field 30 MHz to 1000 MHz

Final reports on the interlaboratory comparisons » Wandel & Goltermann EFA-300, E-field 0.01 kHz to
* low-frequency electric field 30 kHz
* low-frequency magnetic field » ETS-Lindgren HI-6053, E-field 0.01 GHz to 40 GHz

high-frequency electric field in an anechoic chamber
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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

e Parallel-plate capacitors
* Helmholtz coils

* Rectangular waveguides
* TEM cells, uTEM cells

* Tapered cells
* Fully anechoic
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Report to be downloaded from https://rfmwii.cmi.gov.cz/
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Key achievements in WP3

Construction of new electromagnetic field realisations in several partner institutes

* Helmholtz coils

* TEM cell, puTEM cell

* pyramical (tapered) TEM cells
* small reference antenna

(transfer standard)
parallel plate S

capacitor
(IMBiH)

pyramidal cell

pyramidal &

i) & W  (TUBITAK UME)
Q‘xoltz coils - several institutes built new realizations of electromagnetic field from scratch

-‘?UBITAK_UME) - 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 NMls (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. Cetin, M. C. Kaya, H. Oguztlzun, "Interlaboratory Comparison on RF Power Measurements Using
Automatic Power Measurement Software", Metrology (submitted 2026)

E. Cetin, A. K. Dogan, 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/zenodo0.14021144)

R. Lapuh, C. Aslan, K. Stibernik and M. Hudli¢ka, "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/zenodo0.14020254)

S. Cakir, O. Sen, B. Tektas, S. Buyik and S. Cimen, "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. Keles, A. Cetinkaya, M. C. Kaya and H. Oguztiziin, "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.
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Conta Ct * 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/ m
* e-mail

martin.hudlicka@cmi.gov.cz
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