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Acronyms
EMI Electromagnetic Interference
EMC Electromagnetic Compatibility
ECG Electrocardiogram
RF Radio Frequency
DCS Digital Communication Systems
CISPR International Special Committee on Radio Interference

Beneficiaries’ short names

UPC Universitat Politécnica de Catalunya
TU/e Technische Universiteit Eindhoven

uT Universiteit Twente

PMS Philips Medical System Nederland B.V.
KU Leuven Katholieke Universiteit Leuven

IDNEO Idneo Technologies SAU

PLUX Plux -Wireless Biosignals S.A.

Partner Organizations’ short names

PMC Plasmacure

PMS Philips Medical Systems

UMCU Universitair Medisch Centrum Utrecht
BARCO Barco

FCT Faculdade de Ciéncias e Tecnologia
MST Medisch Spectrum Centrum

ASEPEYO ASEPEYO hospital
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1. Introduction

This report presents a case study where the radiated electromagnetic disturbances (EMD) have
been characterized in a specific area of a hospital. This empirical assessment of the EMD was
performed in ASEPEYO Hospital, located in Sant Cugat del Vallés — Barcelona (Spain). The specific area
where the activities were performed was the Rehabilitation Room. In such a room, multiple devices
are found to generate radiofrequency energy intentionally for therapeutic purposes. On a regular
basis, those devices could be active simultaneously during working hours as they are distributed in
different boxes to treat the different patients under the supervision of the specialized healthcare staff.

Regarding the room characteristics, it should be noted that it is not shielded to prevent the
radiofrequency emission of the therapeutic equipment from propagating beyond the rehabilitation
room. However, after a preliminary analysis of the specifications of the corresponding equipment, it
was expected that the emissions produced by them could interfere with broadcasting systems and
other wireless receivers operating in the proximity. The potential interfering effects were discussed
with the staff, who was somewhat aware of this and reported unspecific problems with radio
reception.

Based on this prior information, it was considered to focus on the 30 MHz — 1 GHz frequency range.
Then, an experiment was designed to measure the radiated emissions of independent sources at
different points inside the room. The measurement points at three different distances, which were
defined along the axis facing the source towards the inner part of the room. The combination of
sources, positions, and operating modes per equipment resulted in many iterations. Taking into
consideration the extensive nature of the test campaign, time-domain measurement was employed to
accelerate the process.

The ambient noise levels were also characterized as a preliminary step, and the ambient levels were
checked regularly so it was possible to distinguish the emissions produced by the radiofrequency
sources in the rehabilitation room. Time domain emission measurements provided some extra
advantages in that regard as it was easy to identify transient disturbances in the environment,
discarding corrupted acquisitions and facilitating the identification of the electromagnetic events that
correlated with the actual operation of the therapeutic equipment.

The content of this report is the outcome of collaborative work carried out by ESR2 and ESR10. The
activities were performed from June 10 to August 10, 2024.

The following sections of this report focus on the methodology and the results. As is explained in
the rest of the document, the risk of interferences in the local proximity of the rehabilitation room is
confirmed based on the absolute values of the field strength and because of actual situations where
EMC problems were observed while the said therapeutic equipment was active.

This project has received funding from the European Union’s EU Framework Programme for Research and
Innovation Horizon 2020 under Grant Agreement No. 955.816.
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2. Methodology

The layout of the rehabilitation room where the measurement campaign was carried out is shown
in Fig. 1. There, the approximated distribution of the sources can be observed. Also, the different
measurement points are depicted with its code.

Souce 1 || sourcea || sources [ sowcea || sources |

4A
4B
4C

Rehabilitation Area (Asepeyo GA BB 6C m
Hospital)
[ 7a787C

Figure 1 EMI Sources (See Fig 2-8) Locations (A, B, C) in ASEPEYO Hospital.

Electromagnetic field measurements were performed at designated distances of 1 m, 3 m, and 10
m. The frequency range evaluated was from 30 MHz to 1 GHz. The measurements are of the electric
field, and they are expressed in decibel units, particularly decibels of microvolt per meter (dBuVv/m),
as it is the common practice for radiated emissions tests. Both vertical and horizontal polarizations are
considered. For frequencies from 30 MHz to 200 MHz, a biconical antenna was used, and a log periodic
antenna was employed from 200 MHz up to 1 GHz. In a preliminary step, the magnetic field strength
in the 150 kHz — 30 MHz range was also measured using a 60 cm loop antenna, but due to the low
levels detected, it was considered not relevant in this environment. Regarding the instrumentation, a
Tektronix DPO5104B, a real-time sampling oscilloscope (BW=1 GHz, Max. sampling rate = 10 GSa/s),
was utilized during the experiments, and all captured data was processed and analyzed using TEMPS
software [1], by UPC, a software that processed time-domain acquisitions to present spectral
estimations according to CISPR standards. In some instances, due to the high impulsivity of the
emissions, an external pre-selector filter bank was used.

Table 1 details the measurement schedule, including further details on the sources, measurement
points, frequency ranges, polarizations, antenna orientations, and antenna type.

This project has received funding from the European Union’s EU Framework Programme for Research and 5
Innovation Horizon 2020 under Grant Agreement No. 955.816.
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Date Range

10/06 - 12/06
13/06 - 15/06
20/06 - 22/06
24/06 - 26/06
27/06 - 29/06
01/07 - 03/07
04/07 - 06/07
08/07 - 10/07
11/07 - 13/07
15/07 - 17/07
18/07 - 20/07
22/07 - 24/07
25/07 - 27/07
29/07 - 31/07
01/08 - 03/08
05/08 - 07/08
08/08 -10/08

Source

Ambient, Source 1, 2, 3

Source 3, Source 1, 2,3,4

Source1,2,3,4,5,6,7
Ambient
Source 3

Source 1, 2,3
Source 3, 4
Source 4,5
Source 6, 7

Source 1, 2,3,4,5,6

Sourcel,2,3,4,5,6,7
Ambient
Source 3

Source 1, 2,3
Source 3, 4
Source 4,5
Source 6, 7
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Table 1 Measurement schedule.

Meas. Point.

1A, 18, 1C
2A, 2B, 2C, 3A, 38, 3C

7A, 7B, 7C

1A, 1B, 1C

2A, 2B, 2C

2A, 28, 2C

3A, 3B, 3C

4A, 4B, AC

5A, 5B, 5C

6A, 6B, 6C

7A, 7B, 7C

1A, 1B, 1C

2A, 28, 2C

2A, 2B, 2C

3A, 3B, 3C

4A, 4B, 4C

5A, 5B, 5C

Frequency range

30 MHz - 200 MHz
30 MHz - 200 MHz
200 MHz - 1 GHz
30 MHz - 200 MHz
30 MHz - 200 MHz
30 MHz - 200 MHz
30 MHz - 200 MHz
30 MHz - 200 MHz
30 MHz - 200 MHz
30 MHz - 200 MHz
200 MHz - 1 GHz
30 MHz - 200 MHz
30 MHz - 200 MHz
30 MHz - 200 MHz
30 MHz - 200 MHz
30 MHz - 200 MHz
30 MHz - 200 MHz

2.1. Source identification and description

A. Source 1 and Source 2: ASA - PMT Qs Magnetotherapy

Polarization
H, V
H, V
H, V
H, V
H,V
H, V
H, V
H,V
H,V
H, V
H, V
H, V
H, V
H, V
H, V
H, V
H, V
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Angle Antenna

0°, 90°, 180° Biconical
0°, 90°, 180° Biconical
0°,90° 180° | Log-periodic
0°,90° 180° Biconical
0°,90° 180° Biconical
0°, 90°, 180° Biconical
0°,90° 180° Biconical
0°,90° 180° Biconical
0°,90° 180° Biconical
0°,90° 180° Biconical
0°,90°, 180° | Log-periodic
0°, 90°, 180° Biconical
0°, 90°, 180° Biconical
0°,90°, 180° Biconical
0°, 90°, 180° Biconical
0°, 90°, 180° Biconical
0°,90°, 180° Biconical

The PMT QS devices, as shown in Figure 2, generate pulsed magnetic fields at low frequencies (<100
Hz) compared to other medical devices, such as S6, which operate at higher frequencies. Table 2
outlines the technical characteristics of the ASA-PMT QS device, including its resonance frequency
range, magnetic power, pulse energy, interface type, dimensions, and weight.

Figure 2 ASA - PMT Qs Magnetotherapy, [2].

This project has received funding from the European Union’s EU Framework Programme for Research and
Innovation Horizon 2020 under Grant Agreement No. 955.816.
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Table 2 ASA-PMT QS Technical Characteristics.

Relevant Technical Characteristics

Resonance Frequency 0.5 Hz- 100 Hz

Magnetic Power 0.5 Gauss — 500 Gauss

Pulse Max. Energy (generator) 28 cmx38cmx13cm (Lx P x H)
Interface LCD screen

Dimensions (Generator) 28 cmx38cmx 13 cm

Weight (Generator) 3 kg

B. Source 3: REMED - Salus Talent Pro, operating at 1 Hz - 100 Hz.

This device shown in Figure 3, is commonly used for therapeutic applications, including pain relief,
tissue regeneration, and improving blood circulation. Table 3 describes the technical characteristics of
the REMED device, including its resonance frequency range, magnetic power, usage time, interface

type, and dimensions.

A

=

,”

P ——— ~:b

Figure 3 REMED - Salus Talent Pro. Extracted from, [3].

Table 3 REMED-Technical characteristics.

Relevant Technical Characteristics

Resonance Frequency 1Hz-100 Hz

Magnetic Power 3T

Usage Time 1 min—60 min

Interface 8"LCD Touch Screen, Jog Shuttle
Dimensions 45 cm x 60 cm x 110 cm

C. Source 4: LASER HIRO 3.0

This device shown in Figure 4 is known for its high-intensity laser therapy capabilities, is used for
treating musculoskeletal conditions, reducing inflammation, and accelerating tissue healing. Table 4
describes the technical characteristics of the LASER HIRO device, including its peak power, average
power, pulse energy, pulse duration, usage time, interface type, dimensions, and weight.

This project has received funding from the European Union’s EU Framework Programme for Research and
Innovation Horizon 2020 under Grant Agreement No. 955.816.
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Figure 4 LASER HIRO, [4].

Table 4 LASER HIRO technical characteristics.

Relevant Technical Characteristics
Resonance Frequency -
Peak Power 3 kw
Average Power 10.5W
Pulse Max. Energy 350 mJ
Pulse Duration <120 us
Usage Time 1 min —60 min
Interface Touch screen
Dimensions 30cmx70cmx 78 cm
Weight 40 kg

D. Source 5: EMS - Swiss PiezoClast (DolorClast), operating at 1-8 Hz.

This device shown in Figure 5 is utilized in Extracorporeal Shock Wave Therapy (ESWT) for the
treatment of chronic tendinopathies, myofascial pain, and calcifications in soft tissues. Table 5
describes the technical characteristics of the EMS-Swiss device, including its resonance frequency
range, positive energy density, and total energy density.

a7 T‘ @3 o-~—
d. c)'-
L o oo P

Figure 5 EMS - Swiss Piezoclast (DolorClast), [5].

This project has received funding from the European Union’s EU Framework Programme for Research and
Innovation Horizon 2020 under Grant Agreement No. 955.816.
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Table 5 EMS-Swiss Technical Characteristics

Relevant Technical Characteristics
Resonance Frequency 1Hz-8Hz
Positive Energy Density Up to 0.42mJ/mm2
Total Energy Density Up to 0.82mJ/mm2

E. Source 6: Enraf - Nonius Curapuls 970, operating at 27.12 MHz * 0.6%.

The device shown in Figure 6, is primarily used for diathermy treatments, delivering therapeutic
deep heat to tissues to promote healing, reduce pain, and improve mobility. Table 6 describes the
technical characteristics of the Enraf-Nonius device, including its resonance frequency, output power,
current consumption, pulse duration, pulse repetition frequency, usage time, dimensions, and weight.

Figure 6 Enraf — Nonius Curapuls 970, [6].

Table 6 Enraf-Nonius Technical Characteristics.

Relevant Technical Characteristics
Resonance Frequency 27.12 MHz + 0.6%
Output Power Continuous HF max. 400 W Pulsed HF max. 1000 W (peak)
Current Consumption 6 A (at230V)
Pulse Duration Ca. 400 us
Pulse Repetition Freq. 15 Hz - 200 Hz
Usage Time 1 min—30 min
Dimensions 56 cm x 43 cm x 92.5 cm
Weight c.a 80 kg

F. Source 7: Grecos — Microondas 242

As shown in Figure 7, this device is used for thermotherapy by emitting microwaves in continuous
and pulse mode. Table 7 describes the technical characteristics of the Grecos device, including its
resonance frequency, output power, consumed power, dimensions, and weight.

This project has received funding from the European Union’s EU Framework Programme for Research and
Innovation Horizon 2020 under Grant Agreement No. 955.816.
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Figure 7 Grecos — Microondas 242, [7].

Table 7 Grecos Technical Characteristics.

Relevant Technical Characteristics

Resonance Frequency 2.460 1+ 0.020 GHz
Output Power 250 W

Consumed Power 600 W max
Dimensions 89 cmx 36 cmx50cm
Weight c.a 65 kg

G. Source 8: Fysiomed - Fysiopuls automatic

The Fysiopuls Automatic, shown in Figure 8, is a versatile shortwave unit with an automatic tuning
device suitable for “continuous” and “pulsed” therapy. Table 8 describes the technical characteristics
of the Fysimoed device, including its resonance frequency, output power, consumed power, pulse
duration, pulse repetition frequency, usage time, dimensions, and weight.

- —
Figure 8 Fysiomed — Fysiopuls automatic, [8].
Table 8 Fysimoed Technical Characteristics.
Relevant Technical Characteristics

Resonance Frequency 27.12 MHz £+ 0.6%
Output Power Continuous HF max. 400 W, Pulsed HF max. 1000 W (peak)
Consumed Power 700 VA max
Pulse Duration Ca. 400 us
Pulse Repetition Frequency 100 Hz - 300 Hz
Usage Time 1 min—30 min
Dimensions 50cmx 31 cmx 87 cm
Weight c.a48kg

This project has received funding from the European Union’s EU Framework Programme for Research and
Innovation Horizon 2020 under Grant Agreement No. 955.816.
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3. Results

The measurements were conducted in a rehabilitation area of the hospital, with the assistance of
hospital staff, who ensured all unrelated devices were turned off. Specific devices were turned on and
operated as needed to analyze their individual and combined contributions to the electromagnetic
emissions. A preliminary characterization of the ambient noise was conducted, and its results are
described below.

In the 30 MHz — 200 MHz frequency range (Figure 9), the ambient noise is displayed. The detected
levels start at approximately 48 dBuV/m near 30 MHz and gradually decrease to around 40 dBuV/m at
40 MHz. Between 40 MHz and 80 MHz, the noise fluctuates within a range of 35-40 dBuV/m. Typical
broadcasting signals from the FM radio stations are observed between 88 MHz and 108 MHz, and they
exhibit strong and consistent levels, with notable peaks near 100 MHz reaching amplitudes of 75-80
dB, as shown in Table 9. Above 120 MHz, ambient noise levels return to the 35 dBuV/m — 38 dBuV/m
range. In the 200-1000 MHz frequency range, as shown in Figure 10, the baseline noise fluctuates
between 30-40 dBuV/m at locations 3 and 3B. Prominent peaks are observed in the 500-700 MHz
range, reaching 70-75 dBuV/m. Those peaks are at the frequencies of digital video broadcasting
systems. As expected, at the higher end of the measured spectrum, the signals from mobile operators
are identified in their allocated frequency bands. A significant spike near 850 MHz reaches
approximately 80 dBuV/m, and increased activity is observed in the 900-950 MHz range, with peaks
around 70-75 dBuV/m.

Table 9 Peak amplitude ranges across frequency bands (Ambient noise).

Frequency Range Peak Amplitude Range (dBuV /m)

30-40 MHz 70-72
65-70 MHz 65-68
88-108 MHz 80 -82
200-500 MHz 35-55
500-700 MHz 70-75
800-1000 MHz 65-80

80 -

MaxHold: Line 1

75
70 -

65 -

h
- | MMWM

30 1 1
40 60 80 100 120 140 160 180 200

Frequency (MHz)

Amplitude (dB)
a 3
T T

o
o

Figure 9 Frequency range 30-200 MHz, showing notable peaks near 100 MHz with maximum amplitudes around
75 dB—-80 dB at location 3B, when all sources are turned off.

This project has received funding from the European Union’s EU Framework Programme for Research and
Innovation Horizon 2020 under Grant Agreement No. 955.816.
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———— ASEPEY0,40627 ,RESELECTOR ,mbient, 3,00MHz, 000MHz, . 1
ASEPEYO,40627 ,RESELECTOR ,mbient, 38,00MHz, 000MHz, .1

80 -

70

Amplitude (dB)
[=2]
o

o
o

40

T W

30

20 = 1 1 1 ! 1 Il 1 1
300 400 500 600 700 800 900 1000
Frequency (MHz)

Figure 10 Frequency range of 200—1000 MHz, highlighting significant peaks between 500—700 MHz and near 850 MIHz at
location 3B where all sources are turned off.

Then, let us present the emissions detected when the listed sources were active. Only the most
representative results are included to clarify the report. However, all the data is available for further
analysis. Between 65 MHz and 70 MHz, both S3-only and S3, S5, and S6 combined show peaks of 65—
68 dBuV/m at location S3 and 3b. The strongest interference occurs between 90 MHz and 100 MHz,
with all sources combined reaching 80 dBuV/m — 82 dBuV/m. Beyond 120 MHz, the interference pats
become more stable, as shown in Figure 11.

55 Comparison for 30-200 MHz
T T T T T T

T T
Ambient Noise
— — 83 Only
===+ 83, S5, and S6 On
80 -
70
£
=
=
o
=
o 60 -
©
2
£
50
40
30
20 40 60 80 100 120 140 160 180 200

Frequency (MH2)

Figure 11 Comparison of EMI amplitudes (30-200 MHz) for case S3 and case S3, S5, and S6 are on at location 3B.

This project has received funding from the European Union’s EU Framework Programme for Research and

Innovation Horizon 2020 under Grant Agreement No. 955.816. 12
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As shown in Figure 12, in the 200 MHz — 250 MHz frequency band, ambient noise maintains a
consistent baseline of 35 dBuV/m — 37 dBuV/m. Two significant peaks of broadband emissions are
evident. A primary peak at 220 MHz, reaching 65 dBuV/m, and a secondary peak at 225 MHz, reaching
52 dBuV/m. Between these peaks, the ambient noise remains stable at 36 dBuV/m — 38 dBuV/m.
Under S3-only operation, interference levels are consistently observed between 55 dBuV/m —
60 dBuV/m, particularly around 230 MHz — 235 MHz. When S3 and S6 operate together, the
interference becomes more variable but remains in the 50 dBuV/m — 60 dBuV/m range.

Comparison for 200-250 MHz

70 T T T T T T
Ambient Noise
- = S3 Only
65 - * == ====-83and S6 On | _|
{ w‘\' '
. "
60 |- By % o
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Figure 12 — Electric field strength for case S3 and cases S3, S5, and S6 are on at location 3B.

Figure 13 focuses on the 250-500 MHz range where the ambient noise demonstrates significant
stability, maintaining a baseline between 32 dBuV/m — 35 dBuV/m. Notable spikes are observed at 425
MHz and 490 MHz, where the amplitude reaches 57 dBuV/m and 70 dBuV/m. This range exhibits
improved stability compared to lower frequencies, with minimal variation except for occasional
spikes—emissions peak near 500 MHz, reaching a maximum amplitude of 70 dBuV/m. At 400 MHz,
another significant peak is observed at 63 dBuV/m. S3-only operation shows elevated interference
levels, particularly around 450 MHz, where the amplitude reaches 52 dBuV/m. In contrast, combined
S3 and S6 operation results in slightly lower interference levels, indicating a possible reduction in EMI.

This project has received funding from the European Union’s EU Framework Programme for Research and
Innovation Horizon 2020 under Grant Agreement No. 955.816.
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Comparison for 250-500 MHz
T T

Ambient Noise
=— = 83 Only
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Figure 13 Electric field strength for case S3 and cases S3, S5, and S6 are turned on at location 3B.

Figure 14 presents the 500 MHz —1000 MHz frequency range, ambient noise starts at approximately
35 dBuV/m and gradually increases to 40 dBuV/m — 45 dBuV/m. The highest variability in ambient
noise occurs between 700 MHz and 850 MHz, with multiple peaks reaching around 45 dBuV/m. The
highest peak is observed at 850 MHz, reaching 85 dBuV/m, and the ambient noise stabilizes in the
higher part of the frequency range. EMI interference is strongest in this band, with S3-only operation
producing the highest peak of 95 dBuV/m at 725 MHz. Another peak is observed at 850 MHz, reaching
91 dBuV/m, while a smaller peak is present at 550 MHz, reaching 78 dBuV/m.

This project has received funding from the European Union’s EU Framework Programme for Research and

Innovation Horizon 2020 under Grant Agreement No. 955.816. 14
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Comparison for 500-1000 MHz
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Figure 14 Electric field strength for the cases S3, S5, and S6 are on at location 3B.

Overall, it was found that source 3 exhibits significant emissions levels in the frequency range
studied. This equipment produces intended magnetic fields up to 3 T. Operating in fast pulsed mode
across a frequency range of 1 Hz — 100 Hz, S3 generates harmonics that span a broad spectrum.
Additionally, the device is capable of continuous operation for up to 60 minutes, sustaining
electromagnetic emissions for extended periods. When compared to other sources, S3 produces
higher levels of EMI. S3 exhibits strong emissions in the 500 MHz — 1000 MHz range, with peak levels
reaching 95 dBuV/m. Conversely, sources like S5 are considered to have minimal impact as they
operate at lower frequencies and energy levels, therefore being less likely to produce interference.
Among the affected electronic systems, it was possible to correlate the emissions of the sources in the
room with the disruption of “Golmar—Sistema Vigilancia” and Sensor Network MOCAP, both
significantly affected by active electromagnetic disturbance sources, particularly around 100 MHz in
the 30-200 MHz range and between 700-850 MHz in the 500-1000 MHz range. Observations revealed
disruptions, such as flickering in light sources and interference in sensors monitoring limbs and joints,
underscoring the vulnerability of medical devices in complex electromagnetic environments with
overlapping frequencies, as shown in the visual representation mentioned in the repository [29].

This project has received funding from the European Union’s EU Framework Programme for Research and
Innovation Horizon 2020 under Grant Agreement No. 955.816.
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