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Summary
The Novelda XeThru sensor measures distance to
objects with high sensitivity and accuracy. This is
done by emitting very low energy impulses and
measuring the time of flight. The amount of energy
allowed to send is defined by regulatory agencies
around the world. This application note explores the
regulatory safety limits and compares the XeThru
technology with other technologies. The evaluated
XeThru sensor is found to emit 486 times less
energy than the regulations allow and a sensor at 0.4
meters corresponds to a 5 GHz WIFI transmitter at
44 meters.
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1 Introduction
The heart and soul of the XeThru technology is the Ultra Wide Band (UWB) radar SoC. Unlike
traditional radars, the energy level transmitted from the XeThru sensor is less than any electronic
device is allowed to transmit unintentionally. This application note explores electromagnetic
safety regulations and guidelines, and compares the XeThru technology to other more
recognized electromagnetic transmitters such as WIFI and Bluetooth.
The International Commission on Non-Ionizing Radiation Protection (ICNIRP) released guidelines
on electromagnetic safety in 1998 [1] and reconfirmed the document in 2012. The European
Council Recommendation 1999/519/EC acknowledges the guidelines, which specify the SAR
limits in Europe. ICNIRP's guidelines are used to evaluate the electromagnetic safety of the
XeThru technology.

2 Transmission Power Regulations
The Federal Communications Commission (FCC) in USA and the European Telecommunications
Standards Institute (ETSI) in Europe regulate the use of UWB devices. The maximum allowed
mean equivalent isotropically radiated power (EIRP) spectral density is -41.3 dBm/MHz in the
range of 6.0-8.5 GHz for ETSI [3] and 3.1 – 10.6 for FCC [4].

2.1 UWB Masks
The ETSI and FCC spectrum boundary masks regulates the maximum transmitted power from a
UWB device. The maximum total transmitted power for a theoretical device utilizing the FCC
mask is given by
(1)

where BW denotes the spectrum mask bandwidth. Similar calculation for the ETSI mask gives:
(2)

2.2 XeThru Sensor, X2M03
Measurements on the XeThru X2M03 sensor show ETSI compliance for Pulse Repetition
Frequencies (PRF) up to 30 MHz. Fig. 1 shows the preliminary ETSI EIRP measurements of the
X2M03 sensor. The sensor transmits short pulses and the measured power is averaged over 1 ms.
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Fig. 1. X2M03 EIRP measurement.
The pulse duration is needed to calculate the peak power during pulse transmission. A pulse and
the corresponding pulse width are plotted in Fig. 2. The envelope of the pulse was calculated to
determine the half power points.

Fig. 2. The X2M03 impulse.
The Full Duration at Half Maximum (FDHM) pulse width is
used to calculate peak power during pulse transmission.

= 640.2 ps and will later on be

The PRF restrictions of maximum 30 MHz applies to all further XeThru X2M03 sensor references.
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2.2.1 Transmission Power List
The transmission power of different technologies are used to compare XeThru technology with
other, more recognized, electromagnetic sources. The listed non UWB power levels are taken
from [2].
Table 1. Transmission power list.
Technology

Transmitted power EIRP
(Watt)

5 GHz WIFI

1.0 W

UMTS/3G mobile phone (Power class 2
mobiles)

0.5 W

2.4GHz WiFi

0.1 W

Typical laptop WLAN

32 mW

Bluetooth Class 2 10m range

2.5 mW

Theoretical UWB FCC mask device

556.0

Theoretical UWB ETSI mask device

185.3

W

XeThru sensor, X2M03

84.0

W

W

2.3 Safety Regulations
The International Commission on Non-Ionizing Radiation Protection (ICNIRP) released guidelines
on electromagnetic safety in 1998 [1] and reconfirmed the document in 2012. The European
Council Recommendation 1999/519/EC acknowledges the guidelines, which specifies the Specific
Absorption Rate (SAR) limits in Europe.

2.3.1 Basic Restrictions
ICNIRP defines SAR limits for electromagnetic fields, to prevent whole-body heat stress and
excessive localized tissue heating. SAR is defined as the power absorbed per mass of tissue, with
the units of watts per kilogram (W/kg). ICNIRP states that the reference levels were developed
with the safety of extra sensitive population groups, such as elderly, infants and younger children,
in mind. The following basic restrictions apply in the frequency range from 100 kHz to 10 GHz.
Table 2. SAR basic restrictions.

SAR limit,
general public
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Whole-body average
SAR (W/kg)

Localized SAR (Head and
trunk) (W/kg)

Localized SAR
(Limbs) (W/kg)

0.08

2

4
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2.3.2 Reference Levels
ICNIRP has defined reference levels for comparison with measured values of physical quantities.
Compliance with all reference levels given in these guidelines will ensure compliance with the
basic restrictions given in Table 2. The relevant reference levels are:
Table 3. ICNIRP reference levels for public exposure.
Frequency
range

2-300 GHz

E-field
strength
(V/m)

H-field
strength
(A/m)

Bfield
(µT)

Equivelant plane wave power
density Seq

61

0.16

0.20

10

(w/m2)

A note for pulsed systems, such as XeThru devices, suggests that "Seq (power density) as

averaged over the pulse width should not exceed 1,000 times the reference levels or that field
strengths should not exceed 32 times the field strength reference levels". The reference levels are
given for the condition of maximum coupling of the electrical field to the exposed individual and
therefore provides maximum protection.
The electrical and magnetic fields, E and H fields, can be calculated from the power density.
Power density at a given distance R, can be calculated by using the following formula:
(3)

where EIRP is the transmitted power. ICNIRP defines the far field as the region where the
distance from a radiating antenna exceeds the wavelength of the radiated electric, magnetic and
electromagnetic fields. For objects in far field, the electrical field strength is then given by
(4)
where Z0 is the characteristic impedance of vacuum,

.

The magnetic field strength is given by
(5)

The magnetic flux density and the magnetic field strength are proportionally dependent when
propagating in air. Thus, in describing a magnetic field for protection purposes, only one of the
quantities H or B needs to be specified.

3 Compliance Evaluation
A device emitting energy in the 2-300 GHz range complies to the SAR limits if the field strengths
are less than listed in Table 3. The electrical field is calculated from Eq. (4) and listed in Table 4.
All of the listed technologies are well below ICNIRP's reference levels and the XeThru sensor
X2M03 is 486 times below.
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Table 4. ICNIRP compliance.
Technology

Transmitted
power EIRP
(Watt)

E-field strength
@ 0.4 meter
(V/m)

Times less than ICNIRP
reference level

5 GHz WIFI

1.0 W

13.69

4.5

UMTS/3G mobile phone
(Power class 2 mobiles)

0.5 W

9.68

6.3

2.4GHz WiFi

0.1 W

4.33

14.1

Typical laptop WLAN

32 mW

2.45

24.9

Bluetooth Class 2 10m range

2.5 mW

0.68

89.1

Theoretical UWB FCC mask
device

556.0

0.32

189.0

Theoretical UWB ETSI mask
device

185.3

W

0.19

327.2

XeThru sensor, X2M03

84.0

W

0.126

486.0

W

The XeThru technology is a pulsed system and there is one additional recommendation to follow;
the field strength as averaged over the pulse width should not exceed 32 times the field strength
reference levels. The given transmitted power from a UWB device is averaged over time, with
higher peak power during pulse transmission. The peak power, Ppeak can be estimated by
(6)

where
is the transmitted pulse length and PRF is the system's Pulse Repetition Frequency. The
X2M03 sensor transmits 84.0
W at a PRF = 30 MHz and a pulse length of
= 640.2 ps.
This gives a peak power of Ppeak = 4.4 mW and an E-field strength of 0.91 V/m. This is 2155 times
less than the reference level of 61 V/m x 3 2.
The XeThru sensor is well below all regulations and transmits less energy than other
technologies. The following figure shows the electrical field strength as a function of distance.
The dashed line shows the field strength of the X2M03 device at 0.4 meters and the intersecting
points show which distance that corresponds to the same field strength for the other
technologies.

Novelda AS
www.xethru.com

Copyright © 2016 Novelda AS

v.1.0 - XeThru Sensor Emissions
Page 7

Fig. 3. Electrical field strength at different distances.
The corresponding differences are given in Table 5.
Table 5. Corresponding distance.
Technology

Distance that corresponds to a XeThru X2M03 device
at 0.4 meters (m)

5 GHz WIFI

43.6

UMTS/3G mobile phone (Power
class 2 mobiles)

30.9

2.4GHz WiFi

13.8

Typical laptop WLAN

7.8

Bluetooth Class 2 10m range

2.2

Theoretical UWB FCC mask device

1.0

Theoretical UWB ETSI mask device

0.6

XeThru sensor, X2M03

0.4

4 Conclusion
The XeThru technology and sensors are completely harmless according to ICNIRP's research on
electromagnetic radiation. The ICNIRP guidelines are based on consensus of all the existing
scientific results and provide protection against all established health effects of non-ionizing
radiation exposure. The XeThru devices transmit less power than other devices are allowed to
unintentionally send; the energy is regarded as noise. Placing the XeThru X2M03 sensor on your
nightstand has the same effect as having a 5 GHz router at a distance of 44 meters or your
phone at 31 meters.
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7 Disclaimer
The information in this document is provided in connection with Novelda products. No license,
express or implied, by estoppel or otherwise, to any intellectual property right is granted by this
document or in connection with the sale of Novelda products. EXCEPT AS SET FORTH IN THE
NOVELDA TERMS AND CONDITIONS OF SALES LOCATED ON THE NOVELDA WEBSITE,
NOVELDA ASSUMES NO LIABILITY WHATSOEVER AND DISCLAIMS ANY EXPRESS, IMPLIED
OR STATUTORY WARRANTY RELATING TO ITS PRODUCTS INCLUDING, BUT NOT LIMITED TO,
THE IMPLIED WARRANTY OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, OR
NON-INFRINGEMENT. IN NO EVENT SHALL NOVELDA BE LIABLE FOR ANY DIRECT, INDIRECT,
CONSEQUENTIAL, PUNITIVE, SPECIAL OR INCIDENTAL DAMAGES (INCLUDING, WITHOUT
LIMITATION, DAMAGES FOR LOSS AND PROFITS, BUSINESS INTERRUPTION, OR LOSS OF
INFORMATION) ARISING OUT OF THE USE OR INABILITY TO USE THIS DOCUMENT, EVEN IF
NOVELDA HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES. Novelda makes no
representations or warranties with respect to the accuracy or completeness of the contents of
this document and reserves the right to make changes to specifications and products
descriptions at any time without notice. Novelda does not make any commitment to update the
information contained herein. Unless specifically provided otherwise, Novelda products are not
suitable for, and shall not be used in, automotive applications. Novelda products are not
intended, authorized, or warranted for use as components in applications intended to support or
sustain life.
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