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R&S ® ESU EMI Test Receiver

Accurate detection of impulsive 
 electromagnetic disturbance

FIG 1 The R&S ® ESU EMI test receiver in the APD mode.

The R&S ® ESU EMI test receiver 

(FIG 1) for detecting electromagnetic 

disturbance is recognized  globally 

as a benchmark for compliance 

 measurements. Using the currently 

available amplitude probability distri-

bution (APD) function, the R&S ® ESU 

accurately detects impulsive electro-

magnetic disturbance such as from 

 microwave ovens.

New weighting functions in 
CISPR 16-1

After the introduction of AM broadcast-
ing in the 1920s, the many radio lis-
tener reports on disturbance made dis-
turbance suppression necessary for the 
first time. However, because measure-
ment processes had yet to be developed, 
the initial standards were more akin to 
a how-to guide for noise suppression. 
It was not until later that actual distur-
bance voltage measurement processes 
were developed. 

With the foundation of the International 
Special Committee on Radio Interfer-
ence, CISPR, (Comité International Spé-
cial des Perturbations Radioélectriques) 
in 1933, systematic studies began with 

the goal of defining uniform weighting 
processes. It was recognized early on 
that the way broadcasting is affected 
depends both on the type of disturbance 
(broadband or narrowband) and on the 
radio service itself. It was dependence 
on the pulse frequency in particular that 
finally lead to the definition and intro-
duction of the quasi-peak detector.

During definition of the weighting func-
tion, the goal was to keep the effort 
for disturbance suppression at a mini-
mum, i. e. the suppression must be just 
good enough to provide adequate pro-
tection against radiated emission so that 
radio listeners are not bothered by dis-
turbance on a subjective scale. That is 
why quasi-peak weighting simulates the 
radio receiver including the listener.
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When receiving analog-modulated sig-
nals, the disturbance, i. e. the level of 
psycho-physical annoyance, is a sub-
jective value. Although it can be heard 
or seen, it usually cannot be measured 
in hard numbers. Today’s dominance of 
digital broadcasting and communica-
tions systems has caused a fundamen-
tal shift in this scenario. For receivers of 
digitally modulated signals, it is possible 
to determine the level of disturbance for 
which complete error correction is still 
possible, for example, using the critical 
bit error rate. This is why CISPR and ITU 
already started 15 years ago to study the 
effects of impulsive disturbance on digi-
tal radio services. 

As a result of these studies [1] [2], new 
weighting functions were introduced in 
the CISPR 16-1 basic standards [3]: the 
RMS average detector and the ampli-
tude probability distribution (APD).

The APD (FIGs 2 and 3) of a given distur-
bance is defined as the cumulative dis-
tribution of the “probability of time that 
the amplitude of disturbance exceeds a 
specified level” [3]. The APD measure-
ment can be used to determine a prod-
uct’s capability to generate disturbance 
signals in digital communications sys-
tems. For example, this could be used 
for microwave ovens, which frequently 
impair WLAN communications in the 
frequency range from 2400 MHz to 
2500 MHz. 

Description of APD function 
using microwave ovens as an 
example

In this example, the APD function is 
described based on the disturbance field 
strength measurement of microwave 
ovens in the frequency range from 1 GHz 
to 18 GHz. CISPR 11 [4], which is the 
current standard for microwave ovens, 
defines peak and average limits for this 
purpose. The weighted average value is 

determined by reducing the video band-
width to 10 Hz in the logarithmic mode. 
However, this cannot be used to deter-
mine the true average value, and the 
weighted average value is too imprecise, 
particularly for impulsive disturbance 
originating from microwave ovens. 

In such cases, the APD function can be 
used as an alternative method because 
it can also determine the true average 
value. As with the conventional method, 
the peak detector is first used to perform 
a preview measurement. If the result of 
the preview measurement exceeds an 
acceptance level as defined in relation 
to the limit line, the APD is measured at 
these identified frequencies. 

The APD must be measured using one of 
the following two methods:

Measurement of the disturbance field ◆◆

strength level Emeasured in dB(µV/m), 
with reference to the defined proba-
bility of occurrence over time plimit
Measurement of the probability of ◆◆

occurrence over time pmeasured dur-
ing which the envelope of the distur-
bance exceeds a defined level Elimit 
in dB(µV/m)

The R&S ® ESU divides its 80 dB display 
range for the disturbance field strength 
level into 625 subranges and, for every 
subrange, measures a disturbance 
field strength level Emeasured as well 
as the probability pmeasured with which 

FIG 2 APD function for a pulsed signal (pulse duration = 1 ms, pulse repetition frequency = 0.10 Hz).

CISPR16-1-1 R&S ® ESU

Dynamic range of amplitude >60 dB >70 dB

Amplitude accuracy better than ±2.7 dB typically <0.2 dB

Maximum measurable time 
period

≥2 min 1) 2 min (no dead time)

Minimum measurable 
probability

10–7 10–7

Amplitude level assignment at least two amplitude levels 
with a resolution of 0.25 dB

625 levels with a resolution 
of 0.128 dB

Sampling rate ≥10 Msamples/s for  
Bres = 1 MHz

10.2 Msamples/s for Bres = 
1 MHz, 4.0 Msamples/s for 
Bres = 200 Hz, 9 kHz, 120 kHz

Amplitude resolution of APD 
display

≤0.25 dB 0.128 dB

FIG 3 Specification of the APD function and comparison with the R&S ® ESU EMI test receiver.

1) An intermittent measurement is possible if the dead time (during which no values are measured) is less 
than 1 % of the total measurement time.
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this level is attained. This means that 
both APD measurement methods are 
applicable.

Because peak limits and average limits 
are already specified in CISPR 11, it is 
recommended that these limits be used 
together with an APD limit plimit. The 
EUT is considered to have passed the 
test when both values fall below the lim-
its. The APD limits are currently under 
discussion in the responsible commit-
tees. Alternatively, the APD data can 
be used to calculate the linear aver-
age value, which can then be compared 
directly against the average limit. The 
peak limit is compared against the mea-
sured disturbance field strength level 
Emeasured at a probability of occurrence 
over time of 10 –7, for example.

More information and data sheet at  
www.rohde-schwarz.com  

(search term: ESU)

REFERENCES
[1] Amendment 1:2005 to CISPR 16-3:2003 

(2nd Ed.) Specification for radio distur-
bance and immunity measuring appara-
tus and methods – Part 3: CISPR technical 
reports

[2] Amendment 2:2006 to CISPR 16-3:2003 
(2nd Ed.) Specification for radio distur-
bance and immunity measuring appara-
tus and methods – Part 3: CISPR technical 
reports

[3] CISPR 16-1-1:2006 (2nd Ed.) Specifica-
tion for radio disturbance and immunity 
measuring apparatus and methods – 
Part 1-1: Radio disturbance and immunity 
measuring apparatus – Measuring 
apparatus

[4] CISPR 11:2003 (4th Ed.) Industrial, 
scientific and medical (ISM) radio-
frequency equipment – Electromagnetic 
disturbance characteristics – Limits and 
methods of measurement

Despite the availability of software for 

fully automatic EMI measurements, 

manual EMI measurements still have a 

place in test laboratories when it comes 

to handling tricky measurement tasks. 

State-of-the-art EMI test receivers offer 

special functions for this purpose – and 

help to reduce measurement time.

Valuable functions in state-of-
the-art test receivers

There are quite a number of tools that 
support you in handling tricky manual 
EMI measurement tasks. The following 
three functions have proved to be partic-
ularly helpful and effective:

IF (spectrum) analysis –  
an efficient tool
The purpose of IF analysis is to provide 
a continuous spectral display of the RF 
input signal around the receiver fre-
quency over a definable range. Ideally, 

Summary

With the APD function currently avail-
able in the R&S ® ESU EMI test receiver, 
electromagnetic disturbance emitted by 
microwave ovens can now be detected 
very accurately. This is a particular 
advantage when performing very time-
consuming measurements with high 
redundancy in type approval and qual-
ity acceptance testing. Users of the APD 
function have the following advantages:

Wide dynamic range◆◆

Improved detection of pulsed signals ◆◆

as compared to weighting involving 
the reduction of the video bandwidth
Higher accuracy and reproducibility ◆◆

as compared to peak value measure-
ments using a spectrum analyzer
Alternative method for disturbance ◆◆

field strength measurements on 
microwave ovens in accordance with 
CISPR 11.

Jens Medler; Matthias Keller

this display is shown at the same time 
as the numeric measurement at the cur-
rent receive frequency (FIG 1).

Because the center frequency of the 
spectrum always corresponds to this 
receive frequency, the test receiver can 
be tuned to the signal to be analyzed 
very reliably and – most importantly – 
very quickly. In addition, the user has a 
very accurate overview of the spectrum 
occupancy around the measurement 
channel and, with a sufficiently large IF 
bandwidth, of the spectral distribution of 
a modulated signal in the measurement 

Convenient manual solutions for 
tricky measurement tasks
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