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Fart s CISPR technical reports

FOREWORD

this end and in addition to other activities, IEC publishes International
Technical Reports, Publicly Available Specifications (PAS) and Guides

governmental organizations liaising with the IEC also part|C|pate i
with the International Orgamzatlon for Standardization (ISO

interested IEC National Committees.

IEC Publications have the form of recom and are accepted by IEC National
Committees in that sense. While all reasonakb re that the technical content of IEC
Publications is accurate, IEC cannot be hetd™responsible fo the way in which they are used or for any
misinterpretation by any end user.

the latter.

IEC itself does nof_provide
assessment serw i
services carried out by i

AttentionN ¥ o ative references cited in this publication. Use of the referenced publications is
indispensabte_forthe sorreef application of this publication.

Attention is” draw possibility that some of the elements of this IEC Publication may be the subject of
patent rights”IEC shail not be held responsible for identifying any or all such patent rights.

This'consolidated version of CISPR 16-3 consists of the third edition (2010) [documents
CISPR/A/888/DTR and CISPR/A/899/RVC and its amendment1l (2012) [documents
CISPR/A/975/DTR and CISPR/A/996/RVC]. It bears the edition number 3.1.

The technical content is therefore identical to the base edition and its amendment and
has been prepared for user convenience. A vertical line in the margin shows where the
base publication has been modified by amendment 1. Additions and deletions are
displayed in red, with deletions being struck through.
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The main task of IEC technical committees is to prepare International Standards. However, a
technical committee may propose the publication of a technical report when it has collected
data of a different kind from that which is normally published as an International Standard, for
example "state of the art.”

CISPR 16-3, which is a technical report, has been prepared by CISPR subcommittee A:

Radio-interference measurements and statistical methods

The main technical change with respect to the previous edition consist of the addition of a
new clause to provide background information on FFT instrumentation.

A list of all parts of the CISPR 16 series can be found, under the general i pecification for

radio disturbance and immunity measuring apparatus and methods, on

remain unchanged until the stability date indicated C \web" site under
"http://webstore.iec.ch" in the data related to the sp i [ 3
publication will be

* reconfirmed,

* withdrawn,

» replaced by a revised edition, or
+ amended.

A bilingual version of this that a later date.

<

that it contai

understandin i
colour printgt.
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SPECIFICATION FOR RADIO DISTURBANCE
AND IMMUNITY MEASURING APPARATUS AND METHODS -

Part 3: CISPR technical reports

1 Scope

This part of CISPR 16 is a collection of technical reports (Clause 4) that serve as background
and supporting information for the various other standards and technical rts in CISPR 16
series. In addition, background information is provided on the history as well as a
historical reference on the measurement of interference power frg s|ldvand similar
appliances in the VHF range (Clause 5).

At its meeting in Campinas, Brazil, in 1988, CISPR s omm' tee™A_agreed on the table of
contents of Part 3, and to publish the reports fo etif i
place in Part 3.

NOTE As a consolidated

have differing meanings fr@
possible at the time'

CISPR 11:20@8yIndustrial, scientific and medical equipment — Radio-frequency disturbance
characteristics — Limits and methods of measurement

CISPR“16-1-1, Specification for radio disturbance and immunity measuring apparatus and
methods — Part 1-1: Radio disturbance and immunity measuring apparatus — Measuring
apparatus

IEC 60050-161:1990, International Electrotechnical Vocabulary (IEV) — Chapter 161:

Electromagnetic compatibility

IEC 60050-300:2001, International Electrotechnical Vocabulary (IEV) - Electrical and
electronic measurements and measuring instruments — Part 311: General terms relating to
measurements — Part 312: General terms relating to electrical measurements — Part 313:
Types of electrical measuring instruments — Part 314: Specific terms according to the type of
instrument

ISO/IEC Guide 99:2007, International vocabulary of metrology — Basic and general concepts
and associated terms (VIM)
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3 Terms, definitions and abbreviations

3.1 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60050-161,
IEC 60050-300, ISO/IEC Guide 99, as well as the following apply.

NOTE While the symbol U is commonly used in CISPR publications to represent uncertainty, in this technical
report the symbols U and V are used interchangeably to represent “voltage” in order to accommodate the legacy,
diagrams contained herein.

3.1.1
asymmetric voltage

sum of V, and Vy, i.e. (V4 + V)/2

NOTE V, is the vector voltage between one of the mains terminals and
between the other mains terminal and earth.

3.1.2
bandwidth
Bn

width of the overall selectivity curve of the
attenuation, below the mid-band respo

3.1.3
CISPR indicating range
range specified by the

h&ves

the maximum and the minimum meter

indications within which the atS¢he reqliifements of CISPR 16-1-1

3.1.4

electrical char

Te

time needed after application of a constant sine-wave voltage to the stage
immediately prec ¢ detector for the output voltage of the detector to reach

oscilloscope) connted to\a terminal in the d.c. amplifier circuit so as not to affect the behaviour of the detector is
noted. The level of thexsighal is chosen such that the response of the stages concerned remains within the linear
operating range. A sine—wave signal of this level, applied for a limited time only and having a wave train of
rectangularenvelope is gated such that the deflection registered is 0,63« . The duration of this signal is equal to
the chaige time of the detector.

35
electrical discharge time constant
Tp

time needed aiter the instantaneous removal o1 a constant sine-wave voltage applied to the
stage immediately preceding the input of the detector for the output of the detector to fall to
37 % of its initial value

NOTE The method of measurement is analogous to that for the charge time constant, but instead of a signal
being applied for a limited time, the signal is interrupted for a definite time. The time taken for the deflection to fall
to 0,37D is the discharge time constant of the detector.
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3.1.6
impulse bandwidth
Bimp
_ A(t) max
™ " 2Gg % Amp @)

where

A(t) is the peak of the envelope at the IF output of the receiver with an impulse

max area A, applied at the receiver input;
G, is the gain of the circuit at the centre frequency;

specifically, for two critically coupled tuned transformers,

Bimp =105xBg =131x By 2
where Bg and Bs; are respectively the bandwidths at the —6d Qts (see
CISPR 16-1-1 for further information)

3.1.7
impulse area (sometimes called impulse strength)
Aimp ] ) )
voltage-time area of a pulse defined by the integral:

(3)
NOTE Spectral density D is related to impulse atea ard 1s 0 Hz or dB(nV)/MHz. For rectangular
impulses of pulse duration T at frequencies lspship D =2 x 106/Aimp applies because D is
calibrated in rms values of a corresponding sine wav
3.1.8
mechanical time constan
Ty

(4)
where T is the pg
NOTE 1 For a

(5)
where

a is the deflection;

i is the current through the instrument;

k is a constant.

It ¢an‘be deduced from this relation that this time constant is also equal to the duration of a rectangular pulse (of
tonstant amplitude) that produces a deflection equal to 35 % of the steady deflection produced by a continuous
eurrent having the same amplitude as that of the rectangular pulse.

NOTE 2 The methods of measurement and adjustment are deduced from one of the following:
a) The period of free oscillation having been adjusted to 2nT,,, damping is added so that oy = 0,35 .

b) When the period of oscillation cannot be measured, the damping is adjusted to be just below critical such that
the over-swing is not greater than 5 % and the moment of inertia of the movement is such that ary = 0,35 a .-
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3.1.9

overload factor

ratio of the level that corresponds to the range of practical linear function of a circuit (or a
group of circuits) to the level that corresponds to full-scale deflection of the indicating
instrument

NOTE The maximum level at WhICh the steady-state response of a circuit (or group of cwcwts) does not depart by

1

o £ el [ dafi +lo £ A £ £l
Hore—mar—T—to—Trom—1tttn ||||\,u|||.y e eS—meTange—oT 'JIMUI.IUMI Hrear-fareton-of-the—eHettt \un gTrotpP—oT uuuuuo;

3.1.10

symmetric voltage
radio-frequency disturbance voltage appearing between the wires of a two-wire circuit, jsuch
as a single-phase mains supply

NOTE Symmetric voltage is sometimes called the differential mode voltage and is the ence between

V and V,, i.e. (V, - V,). Refer to the NOTE in 3.1.1 for definition of V_ and V.

3.1.11
unsymmetric voltage
amplitude of the vector voltage, V, or V,

NOTE Unsymmetric voltage is the voltage measured by the us€ of an_al ins Whetwork. Refer to the

NOTE in 3.1.1 for definition of vV, and V.

3.1.12
weighting (of e.g. impulsive disturbance

NOTE 2 For the digital re

bit error ratio (BER) grbit &rror pro'l|ty g
objective and repro .

31121

g an objective quantity that may be defined by the critical
which perfect error correction can still occur, or by another

3.1.12.3
weighting detector
detector which provides an agreed weighting function

-1

—
gl (¢
(9]
E

elghting function relative to a reference PRF or relative to the peak value

NOTE Weighting factor is expressed in dB.

3.1.12.5

weighting function

weighting curve

relationship between input peak voltage level and PRF for constant level indication of a
measuring receiver with a weighting detector, i.e. the curve of response of a measuring
receiver to repeated pulses
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3.2 Abbreviations

ADPCM Adaptive differential pulse cal
code modulation ITU International
AGC Automatic gain control Telecommunications Union
AM Amplitude modulation LAN Local area network
AMN Artificial mains network LCL Longitudinal conversion loss
APD Amplitude probability LISN Line-impedance stabilization
distribution network
BEP Bit error probability LW Long wave
BER Bit error rate MPEG Moving picture expert group
CMAD Common mode absorption MW Medium wave
device MWO Microwave oven
COFDM Coded orthogonal frequency OATS i

division multiplex OFDM
DAB Digital audio broadcasting

DDC Digital down-conversion PC

DECT Digitally enhanced cordless PHS
telephone PRBS

DIF Decimated in frequency

DIT Decimated in time PRF

DPCH Dedicated physical channel ‘

DPDCH Dedicated physical data
channel
DQPSK Digital QPSK

DRM Digital radio mondiale
DVB-T Digital video broadcasting
terrestrial Root-mean square
EMC Electromagnetic compatib Ring-shaped area
EMI Semi-anechoic chamber
ERP Short-open-load-through
EUT Short-time FFT
FER Short wave
FFT Transverse electromagnetic
FM TETRA Terrestrial trunked radio
GSM TRL Through-reflect-line
TTE Telephone terminal
GMSK equipment
VNA Vector network analyzer
GTEM W-CDMA Wideband code division
IF multiple access
ILS
ISM

4 Technical reports

4.1~ Correlation between measurements made with apparatus having characteristics
differing from CISPR characteristics and measurements made with CISPR
apparatus

44 4 P 1
.1.1 Sericral

CISPR standards for instrumentation and methods of measurement have been established to
provide a common basis for controlling radio interference from electrical and electronic
equipment in international trade.

The basis for establishing limits is that of providing a reasonably good correlation between
measured values of the interference and the degradation it produces in a given
communications system. The acceptable value of signal-to-noise ratio in any given communi-
cation system is a function of its parameters, including bandwidth, type of modulation, and
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other design factors. As a consequence, various types of measurements are used in the
laboratory in research and development work in order to carry out the required investigations.

The purpose of this subclause is to analyse the dependence of the measured values on the
parameters of the measuring equipment and on the waveform of the measured interference.

4.1.2 Critical interference-measuring instrument parameters

The most critical factors in determining the response of an instrument for measuring
interference are the following: the bandwidth, the detector, and the type of interference being
measured. Considered to be of secondary importance, but, nevertheless, quite significant in
correlating instruments under particular circumstances, are: overload factor, AGC design (if
used), image and other spurious responses, and meter time constant and damping.

For purposes of discussion, reference is made to three fundame
impulse, random and sine wave. The dependence of the respons

the pulse response for the quasi-peak detector, fPR is the
the spectral amplitude of the random noise. The relat

If a particular intetfere
then the correct@ 3
necessary to classify

can be establishedy'K
necessary to exami
are of impulsi
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Table 1 — Comparative response of slideback peak, quasi-peak and average detectors

to sine wave, periodic pulse and Gaussian waveform

Relative output (dB)

Detector type
Input waveform Slideback peak Quasi-peak:1/600 Field intensity Rms
(sb) (ap) (average)
CW sine wave e e e e
Periodic pulse (no 1,41 6Afimp 1,41 6Afimp P(a) 1,41 5fpg 1,415 [f_Af
overlap) PR imp
Random - 1,85 |[Af, e 0,88 4/Af & Af_E
Key
e is the rms value of the applied sine wave.
P(a) is given in Figure 2.
E’ is spectral strength in rms V/Hz bandwidth.
5 is impulse strength. It is assumed the instrument is calibrated in terms of the
assumed that characteristics of the envelope are measured by th

Afimp is the impulse bandwidth.
Af is the random noise bandwidth.
for is the pulse repetition frequency.

pd
//
/ Average value —40
’ T
p2 -50
P
r
P rd
-7 Indication of the interference indicator for
L - ” pulses with variable repetition frequency —60
v 7| 1
v
- —70
/’ ’
e 7
b
< -80

Pulse repetition frequency (Hz)

IEC 784/2000

Figure 1 — Relative response of various detectors to impulse interference
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4.1.3 Impulse interference — correlation factors

The quasi-peak detector response of any interference measuring set to regularly repeated
impulses of uniform amplitude can be determined by the use of the "pulse response curve"
which is shown in Figure 2. This figure shows the response of the detector in percentage of
peak response for any given bandwidth and value of charge resistance and discharge
resistance. Applying this curve, it should be noted that the peak itself is dependent upon the

h:\nrl\nllrlfh so-that as the handwidih |nnrnncnc the pnall value |nr\rnacnc but the nnrr‘nnfann

of peak, Whlch is read by the detector, decreases over a narrow range of bandW|dth these
effects tend to counteract each other. The bandwidth used in this curve is the 6 dB bandwidth,
which for the passband characteristics typical of most interference measuring equipment, is
about 5 % less than the so-called impulse bandwidth. A theoretical comparison of instruments
having various bandwidths and detector parameters with the CISPR instpument is shown in
Figure 3.

unless the noise meter bandwidth is exceedingly narroy
hundred hertz. For a repetition rate of 100 Hz and a

course, is one of the justifications for

Pla)
10
0,8
o,6<—$
0,4
1 1 1 1
107 107 10° 10" «
(xR AF)
a= ——
(Rq fpr )
Key
R haoroioo 4 HEWa
C """"3 h>) Feststafee+h
Ry discharging resistance, in Q
AF 6 dB bandwidth, in Hz
for pulse repetition frequency, in Hz

Figure 2 — Pulse rectification coefficient P(a)
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Figure 3 — Pulse repetition frequency
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4.1.4 Random noise

The response of a noise meter to random noise is proportional to the square root of the
bandwidth. This result is independent of the type of detector used. The ratio of the random
noise bandwidth to the 3-dB bandwidth is a function of the type of filter circuit. On the other
hand, it has been shown that for many circuits typical of those used in interference measuring
equipment, a value of about 1,04 for the ratio of effective random noise bandwidth to the 3 dB

bandwidth-is-a+easonablefigure

4.1.5 The root mean square (rms) detector

One of the advantages of the rms detector in correlation work is that for broadband nojse, the
output obtained from it will be proportional to the square root of the bandwidth, i.e. the-hoise

The rms values of noise often give a good assessment of4
to AM sound and television reception. However, the ye
using very wide-band instruments for measuring A
detectors to narrow-band instruments.

4.1.6 Discussion

The preceding paragraphs have indicated the\the i s for comparing measurements
obtained with different instruments. iously, the possibility of establishing

impulsive interference
interference is the pr
characteristic. A
Another importa

ost seriju
interference would be expected to be more

the switching action at the commutator bars. For optimum adjustment
pulse noise can be minimized. However, where variable loading is
possible, measurements have confirmed that for the peak and quasi-peak detectors, the
dominant noise is of impulse type and the random component may be neglected. While the
repetition rate may be of the order of 4 kHz, the effective rate is lower because the amplitude
of the\impulses is usually modulated at twice the line frequency. Hence, experimental results
have shown that quasi-peak readings are consistent with bandwidth variations if the repetition
rate of the impulse is assumed to be twice the line frequency.

Peak measurements show fluctuating levels on such noise because of the irregular nature of
the commutator switching action.

The quasi-peak to average ratio is lower than would be obtained for pure impulse noise for
two reasons:

1) the modulation of the commutator switching transients by line frequency produces many
pulses below the measured quasi-peak level. These pulses do not contribute to the quasi-
peak value but do contribute to the average.
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2) the relatively low level, but continuous, random noise can likewise contribute substantially
only to the average value. Experimental values of quasi-peak to average ratio ranged from
13 dB to 23 dB with the highest ratios for the widest bandwidths (120 kHz).

4.1.7.2 Impulsive sources

Tests on an ignition model, commutator motor appliances, and appliances using vibrating
regulators showed reasonable agreement on instruments with the same nominal bandwidth

but with time constant ratios of the order of 3:1 on restricted portions of the output indicator
scale. Deviations at higher scale values are without explanation. Relatively poor correlation
was obtained on sources producing very low repetition rate pulses.

4.1.7.3 Ignition interference

detectors can be established as a practical matter. The convex3o 0dB is
explained partly on the basis of theory for uniform repeated |mpuls
of the actual irregularity of the amplitude and wave shape of sug

NOTE “CISPR Recommendation 35", from CISPR 7:1969, Recommendatio
reference:

The C.I.S.P.R,,
CONSIDERING

measurements are, 9
for peak measur
measurements the spéegd

rev/min for single cylind

are present.

4.1.8 Conclusions

Analysis of data comparing the responses of various instruments shows that, in almost every
case, it is possible to explain the differences in measured values on the basis of theoretical

and practical considerations. In many instances, it is indicated that waveform characteristics
are known to prpdirt caorrelation factors adpqumply with an accuracy of 2 dB to 4 dB

Further studies are needed:

a) to characterize in some detail the waveforms of various sources of interference, and

b) to correlate these waveform characteristics with measured values and the instrument
parameters.
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4.2 Interference simulators
4.2.1 General

Interference simulators can be used for various applications, in particular to study signal
processing in systems and equipment in the presence of interference (for example,
overloading of receivers, synchronization of TV receivers, error rate of data signals, etc.) and

for assessment of the annoyance caused hy disturbances in broadcast and communication
services.

A simulator should produce a stable and reproducible output signal, which requirement is
normally not fulfiled by an actual interference source, and the simulator output wavéform
should show a good resemblance to the actual interference signal.

4.2.2 Types of interference signals

The following interference sources can be simulated.

oscillators and ISM equipment. An appropriate RF sta
to simulate these sources. ISM interference is often

signal.
b) Broadband interference sources producing

source (saturated vacuum tube dio i tube followed by a suitable
broadband amplifier) can be used. In ing-t this type, mains modulation is
present, but because of the non- linear eha o)} gaseous discharges the envelope of
the actual noise signal i i
waveform. In this case

the mains frequency can grrespomdence with the actual interference signal
c) Thyristor controlled reg ontrol generate narrow pulses of constant
amplitude in af\R : itioh frequency equal to twice the mains frequency.

Standard pufse gené ithparrew eutput pulses (10~7 s to 109 s width) of the same
repetition frequep S Q easily simulate these sources.

d) Ignition syste hanical contacts and commutator motors generate short periods
(bursts) of.quasi ; : This type of noise is caused by very short pulses of
regular af i \ at random time intervals; if the average interval between
adjacent pulses i h 'the reciprocal of the channel bandwidth under test (z,, < 1/B),
the , and because of the random phase conditions, a random fluctuating
output gsults. Therefore, bursts of quasi-impulsive interference of this type
can be sim a gated broadband noise signal.

The duration and the repetition frequency of the bursts depend on the type of interference
sources(see 4.2.3, Table 2).

Ignition interference is characterized by burst durations between 20 ps and 200 ps and
repetition frequencies between 30 bursts/s and 300 bursts/s depending on the number of
cylinders and revolutions/min of the engine.

Mechanical contacts produce bursts (clicks) which can vary between some milliseconds
(snap-off switches) and more than 200 ms. In the case of a contact device in a mains-fed
circuit, the noise during the burst is modulated with the full-wave rectified mains voltage.

Commutator motors produce much shorter bursts with durations between 20 pus and 200 us at
repetition frequencies between 103 bursts/s and 104 bursts/s, depending on the number of
commutator bars and revolutions per minute of the rotor. Also in this case, the mains supply
causes a similar envelope modulation of the noise bursts.
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4.2.3 Circuits for simulating broadband interference

Simulators of this type should generate gated noise bursts with or without mains modulation
according to the characteristics specified in Table 2. Figure 4 shows a straightforward design
with a noise source followed by an appropriate amplifier of 70 dB to 80 dB gain, a gating
circuit to simulate the bursts, a mains envelope modulator and an output attenuator to adjust
the required output level.

Table 2 — Characteristics of gate generator and modulator
to simulate various types of broadband interference

Simulator signal Burst duration Burst repetition frequency Mains modulation, @
Gaseous discharge Continuous mes/no b
Ignition 20 ps to 200 ps 30 bursts/s to 300 bursts/s
Switches 5 ms to 500 ms 0,2 bursts/min to g \\§>

30 bursts/min, or sing
Commutator motors 30 us to 300 us 103 bursts/s to 10<bu§sk /no
\

a8 Depending on a.c. or d.c. supply.

b In the case of mains modulation, gating at a repetition frequenc insand gate ms to 2 ms may be
more appropriate.
The dlsadvantage of th|s Iayout is that a wide range requires a broad

terminal. The most critical
part in this respect is the high-gain amplifi a wide frequency range (for
example, 0 MHz to 1 000 MHz) such g-+é8 can split up in several smaller ranges or a
tunable amplifier may be used. Such i ¢ i s the construction of the simulator
appreciably.

recovery d|ode
time intervals a
under test in order ¢

which narrow
multivibrator.

pulses at random distances are generated by the monostable

The advantage of this system over the circuit of Figure 4 is that the usable frequency range is
determined by the output pulses of the step-recovery diode only. An example of such a circuit
is‘given in Figure 6, in which circuit output pulses are generated by the step recovery diode
HP0102, the pulse width is determined by the length of a short-circuited coaxial cable L.
Ringing effects are suppressed by the fast switch diode HP2301, and mains modulation can

eyl Al th 1+ 1l

bc Cffcutcd Dllllply Uy IIIUUUIGLIIIy uare oupply VUILGHC Uf Lhc DLUP IC\JUVCIy dIUdC V\lllh A full
wave rectified mains voltage. Pulses of 1 ns duration and 5V amplitude are generated and
offer an output spectrum flat to about 500 MHz. Such a single pulse causes a 50 mV pulse in
a TV channel and a 1 mV pulse in an FM channel; overlapping pulses add up, and the peak
and quasi-peak value of the resulting signal is considerably higher.

The bandwidth of the preceding stages which generate the trigger signal (noise source,
amplifier and gating circuit) should be sufficient for the required pulse repetition rate, so for
measurements in a TV channel a bandwidth of 5 MHz to 10 MHz is quite satisfactory.
Moreover, the linearity of these stages is not critical because only the position of the zero
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crossings is important. The multivibrators have to generate steep pulses of short duration
(about 0,1 us) to drive the step-recovery diode.

In summary, the circuit according to Figure 4 is very useful for broadband interference
simulators to be operated in a limited frequency range, whereas the circuit of Figure 5 is more
suitable for simulators intended for wideband use.

@%
&
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Figure 4 — Block diagram and waveforms of a simulator generating noise bursts
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Figure 5 — Block diagram of a simulator generating noise bursts

according to the pulse principle
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specified in_several CISPR publications. For equipment that can be measured using the
reverberation_chambhetr method, a procedure is required to relate the limit to be used with that
of the open-area test site (OATS) limit. The procedure is described in this subclause.

4.3(2 Correlation between measurement results of the reverberation chamber and
OATS

The OATS measurement sets out to find the maximum level of radiation of an EUT (equipment

under test). wWhether the measurement Is of the field strengih or of power density at the
measurement antenna, or of the power into an antenna in substitution of an EUT, the
measured results can be expressed in terms of the equivalent radiated power from a half-
wave dipole. Let this equivalent radiated power be Pq in dB(pW).

The reverberation chamber measures the total radiated power of the EUT. Let the measured
power be P, in dB(pW).
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The two measurements are related to each other by the gain of the EUT as a radiator with
respect to an isotropic radiator. Let this EUT gain be G in dB. The relationship is given by
Equation (6). The equation is derived in Annex A.

R+G=PR+2 (6)

433 Limits for use with the reverberation chamber method

Consider the case of an EUT which is exactly on the limit, L,, when measured in the open
area test site, i.e. Py = L.

This EUT should also be exactly on the corresponding limit, L, when it js measured\.in the
reverberating chamber, i.e. P, = L,.

From Equation (6), we can relate the two limits as in Equation (7).

L =Lo+2-G @

the effect of L. If
say L, = L, then it is correct only for EUTs with G = ater than 2 will find it

easier to pass the reverberation chamber limit, apé

P.. Figure A.1 shows the curves of P, v Qri aldes of G. The shaded region is
for negative values of G. (Experimentalpoints a g.in this region are caused by failure to
locate the maximum open-site radiatio ‘ g he maximum radiation lying outside

An example is given in ki jicrowave ovens were measured for Pq and
P.. It can be seen fhat:
— for points lyin

— more points lyjn

egion as the frequency goes up, indicating that the
¢ directional in the vertical direction.

Based on tHs e erberation chamber results can be related to those of an
OATS. InAfa yeration chamber appears to be a more effective method in the
ability toNgpeas ; representative of the maximum radiation.

The procedure to determine the reverberation chamber limit is as follows.

i) (Measure a sample of equipment for the maximum radiation on an OATS. Convert the
Mmeasured quantities to the equivalent power from a half-wave dipole. Call this quantity Pg:
in dB(pW).

ii) Measure the same sample in the reverberating chamber for total radiated power. Call this

quantity Py, in dB(pW).

iii) The relationship between the reverberation chamber limit and the OATS limit can be found
by the graphical method of Figure A.1, or by calculating the gain of each equipment,
obtaining a representative value of G for the equivalent type using statistical methods, and
applying Equation (7).
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4.4  Characterization and classification of the asymmetrical disturbance source
induced in telephone subscriber lines by AM broadcasting transmitters
in the LW, MW and SW bands

4.4.1 General

The use of semiconductor devices in telephone terminal equipment (TTE) has created the

need to verify the immunity to RFE fields of this equipment as non-linear semiconductor
devices demodulate the induced RF signals [1], [17], [18], [19], [20].1 The latter effect gives
rise to a d.c. shift which may alter the operating point of such a device, thus, for example,
reducing the noise margin of digital devices. In the case of amplitude-modulated RF fields, the
non-linearity gives rise to a baseband signal that may become audible in the telephany
system. AM broadcasting transmitters in the LW, MW and SW bands form _an important'class
of RF-field sources.

Because of the relatively small dimensions of TTE (compared
disturbance signal) the asymmetrical (common-mode) source ind p
lines is expected to be the dominant disturbance source. The ed~ |mmun|ty
test (current-injection test) is relevant for this equipment. In thi '

will be met in practice. Moreover, it discusses th
specifying the disturbance source used in the in
be limited to parameters relevant at the

disturbances, i.e. 4.4.3, and wkl 19N itf\imits, i.e. 4.4.4. This subclause takes the
i i ity test is to be specified by an open-circuit
voltage and a source it

All mathematical ; N jated with the derivation of the models and those needed by
the user of this s QW g the models to the respective geographical area are

This subcla i gsults of experimental investigations carried out on buried
telepho SCril i in” Germany [21], [22] and in the Netherlands [23]. In these
investigatians ed-votage and current data and magnetic-field-strength data were

in the buildings and,”consequently, random orientation with respect to the RF field makes for
random_coupling with nearby metal objects, while the buildings cause a random scattering of
the RE-fields.

It;is to be expected that the contents of this subclause will also be applicable to other types of
lines running through buildings in a similar manner to telephone-subscriber lines, for example,

hnlo svstam linac and cianal and ~antral nac
A

tCT T e oo ooy oo o CoTtr o re o

4.4.2 Experimental characterization
4.4.2.1 General

A full description of the experimental characterization is presented in [22] and [23]. Therefore,
this subclause contains only a summary of this method with regard to the parameters needed.

1 Figures in square brackets refer to the bibliography.
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The induced asymmetrical voltage was measured at the outlet of a telephone-subscriber line
using a modified T-network [24] and [25]. As a result of this modification, a voltage U}, could
be measured across a 10 kQ resistor and a voltage U, across a 150 Q resistor. The
investigations showed that U,, could be considered as the induced open-circuit voltage. In
practice, the reference for this voltage is generally unknown. During the measurements that
reference was a special metal measuring cart connected via a copper strap to the central
heating system. The equivalent resistance R, of the induced source is estimated from data

+ 11 .}
PamrsSOn O -

At each location two magnetic-field-strength data of the broadcasting transmitter wefre
measured using a loop antenna positioned in a vertical plane and rotated about its vertical
axis to find the maximum reading. One datum, H;, was measured near the outlet~under

value of the RF field strength. This is not expected to influence the
as the presence of a broadcasting transmitter is not taken into

the subscriber lines measured.

4.4.2.2 Field strength and building effect

mpared to the field strength H.
ave dipole (in its main direction):

(8)

o-between the transmitter and the point of observation.
In the Ca X alues of P as given in [28] are used.

NOTE Although)broasd transmitter antennas usually are monopoles (in the frequencies of interest), the half-
wave dipole(fosmula in E¢fuation (8) has been used for convenience.

b) Theseffect of the building on the field strength, which can be expressed in a building-effect
patameter A, defined by:

Ap =Ho — H; 9

wilbh-ax Ll a1l
A AARAA LA ]

T8t &
(0] |

This factor is often called the building attenuation. However, this factor not only depends
on the attenuation properties of the building material itself, but also on the re-radiation
properties of metallic structures in and near the building, and on the height above ground
at which H, and H;, were measured. Therefore the term building effect is used in this
subclause.

A consideration of these two aspects is needed in view of the antenna factors to be discussed
in 4.4.2.3 and in view of the prediction models to be discussed in 4.4.2.4.
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Figure 7 — Scatter plot of the meagured o etd strength Hy (dBpA/m)
versus the calculated outdQor™ s
The results of Hy(H.) given in Figurg arge deviations from H, = H. are
possible (solid line), but the (dashed line), hence the measured
value is at most a factor @f 3igher tha Iculated from Equation (8). The largest
deviations concern dat > understandable, because SW transmitters
normally have a beamed\antenna hereds the antenna patterns of the LW and MW

transmitters are ers 5 igure 7 b) gives the scatter plot H (H.) after
rejection of the an§mitterRdata
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the transmitter
Figure 8 Measured ou % gnetc versus distance
ili theMuilding-effect parameter
Figure 8 a) shows the frativ”b e distance between the point of observation and
the transmitter, % ' i indicates a slope —1. It can be concluded that, on
average, the data i opeNairlyy well. The associated intercept is higher than that

expected from Eq A vagreement with the (H. + 10) dBpuA/m limit observed

in Figure 7.

Figure 8 b) probability plot of all building-effect data. If these data were
normall ight line would have resulted. This is not the case, and the data
suggest S der approximation, two distributions are superimposed. The two
distributions N\ when distinguishing between data associated with buildings

and/or wood (B/W) and data associated with buildings constructed
from reinforeced concrete (C). The normal probability plots of these distributions are given in
Figure 9na) and 9 b). The negative values of A, predominantly stem from measurements
wher€ H; was measured on an upper floor of the building, whereas H, was already measured
at.about 1,5 m above ground level outside the building. Effects of re-radiation also influence
the*actual field-strength data.
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a) Buildings constructed from brick and/or wood

tru€ted from reinforced
crete

ing-effect, Ay, analysis

Building material

\'X}& Q stWiation Median
dB dB

Number of data

Brick and/or w&d}

4,0

1,0

138

Reinforced concret<
A\

TNV

8,7

20,1

84

The interface
connected~during

en-circuit voltage normalized to the field strength

the 'yoltage measurements was the outlet to which the telephone set was

measurements. The investigations showed that the influence on the
measured 'voltages of the telephone set and its standard lead (4 m long) could be neglected.

Theé measured voltage will be normalized to the measured magnetic field strength in 4.4.2.3.2,
and assuming far-field conditions, to the electric field strength in 4.4.2.3.3. After that,
4)4.2.3.4 deals with truncation of the distributions found in 4.4.2.3.2 and 4.4.2.3.3.
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A

actor G, dB(Q2m)
4.4.2.3.2 G factors
To obtain an antenn 3 sthscriber lines, the open-circuit voltage U, is
normalized to the field 8lding the antenna factors G; and G, defined by

(10)

where

Fyo IS in pA/m.

Figure 10 a) shows the scatter plot G;(G,) using all data. The plot suggests that there is one
dominant "cloud” of data with a limited scattering and a second "cloud" with much more

scattering. Further investigation revealed that the first cloud stems from data measured in
buildings constructed from brick and/or wood, see Figure 10 b), while the other cloud is
associated with buildings constructed (predominantly) from reinforced concrete.
Consequently, the building effect discussed in 4.4.2.2 is of importance.

The normal probability plots of G; dB(Qm) and G, dB(Q2m) associated with the two types of
building material considered, are given in Figure 11. It can be concluded that the data follow a
normal distribution, which means lognormal distributions of the G factors in Qm. The
numerical results have been summarized in Table 4, where G, and G| are the upper and
lower limit of the range of experimental G data (see 4.4.2.3.4). The differences between G;
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and G, of the two classes of building material considered are consistent with the building-
effect data for these buildings (see Table 3). No clear frequency dependence could be
observed (see 4.4.2.5).

a) G~ dB(2m) and c) G, dB(Q2m), associated with
buildings constructed from brick and/or wood
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b) G;dB(Qm) and d) G, dB(Qm), associated with
buildings constructed from reinforced concrete

Figure 11 — Normal probability plots of the antenna factors
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Table 4 — Summary of results of G-factor analysis

G factor Building Average Standard Median Number of data
material deviation points
dB(Qm) dB dB(Qm)
G; B/W 47,3 11,2 47,5 135
r‘l C /Il-'\’() 1{\’l-'\ /IR’I-'\ 9
Go B/W 45,8 10,6 46,4 134
G, C 26,5 10,9 26,0 90

4.4.2.3.3 L factors

In 4.4.2.3.2, U,, was normalized to the measured magnetic field stre wielding the
G factors. Assuming far-field conditions, the electric field strength
Zy= 377 Q. If the outdoor field strength is considered, thig
reasonable and the G, factor can be converted into an L factoy

(11)

N-0r e /e height of the subscriber line
umarized in Table 5, where L and L
L factors (see 4.4.2.3.4).

tors (far-field)

L factor BUI dm verage? Standard Ly L
ial deviation
dBr) dB dB(m) dB(m)

L (B/ NS 10,6 18,0 35,0

Lo ( \\\ —)5 0 10,9 3,0 -55,0

points = 10 rted [27] for a cable running 1 300 m underground and 1 000 m to
3 000 m overhead (agrial cable) towards the subscriber. Broadcasting frequencies were
594 kHz and.1 24 z. No details were given about the field-strength measurements, the
reference for the asymmetrical voltage and the properties of the building material. The results
reportedin [27] are in line with the results for L, (B/W), as given in Table 5. However, more
recent.investigations by the same team [29] indicate an average L-factor of 0 dB(m).

L; factors might be derived from the G; factors in a similar way as the L, factors. However, it is
to be expected that inside the buildings the far-field conditions are not satisfied and it has to

be decided which wave impedance has to be taken. Therefore, no L; data have been
presented in Table 5. See also NOTE 2 at the end of 4.4.4.2.

4.4.2.3.4 Truncation

In 4.4.2.3.2 it was concluded that the distribution f(G) of the G factors (antenna factors) is
lognormal or in mathematical form
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2
f(g)dG = ;\/_e('”G_”)/ 20" 4G (12)

o271

However, by adopting this lognormal distribution it is automatically assumed that a G factor
may range from zero to infinitely large. In practice, infinitely large will never occur as
wavelength effects and effects of coupling with nearby structures create an upper limit (G, or

Ly) of the antenna factors [28]. Consequently, Tor correct use In the prediction models (4.4.3
and 4.4.4) f(G) has to be truncated. Similarly, truncation has to be applied to the distribution
of the building-effect parameters.

Unfortunately, no theoretical study is known which predicts the upper limit of G (or\L) of
an actual telephone-subscriber line taking into account the length and the routing -of7a line
inside the building and, buried, outside the building. However, it has toH¢ expected that such

and 4.4.4, the influence of G| (or L) is negligible.

The truncated probability density function reads

£(G)dG

y -
jGL f(G)dG

f,(G)dG = 13)

-0 < Ay (dB) < « beca

the L factor ran are
in dB(QmM). @

<*\ le 6 .5 sy of truncation parameters of f(G)
G factor /\&{& F(Gy) F(GL) ate
or Ay matedial

QXN F(An) F(An) aty

G B/W\ 0,480 5 -0,499 3 1,021

G R 0,498 5 -0,492 2 1,009
Gs B/W 0,487 3 -0,497 1 1,016
G, c 0,495 0 -0,497 1 1,008
Ay B/W 0,495 3 -0,498 1 1,007
Ay C 0,490 5 -0,483 7 1,026

4.4.2.4 The equivalent asymmetrical-source resistance

The equivalent resistance of the induced asymmetrical source can be determined from data
pairs {U,,, U]}, where Uy, is the open-circuit voltage and U, the voltage measured across 150 Q,
using the simple relation:
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U, -U
R, = %150 Q) (14)

The normal probability plot of R, dB(Q) is given in Figure 12. It can be concluded that
R, in dB(Q) follows a normal distribution and, hence, R, in Q follows a lognormal distribution.
The numerical results have been summarized in Table 7. The average value found is close to

the value 150 Q used in existing immunity tests [24], [14]. In Table 7, R,, and R, are the
upper and lower limit of the range of experimental R, data. The relatively large and small
values of Ry, and R, compared to the average value of R, stem from resonances and anti-
resonances in the common mode circuit of the subscriber line. No clear frequéncy
dependence of R, could be observed (see 4.4.2.5), and no influence of the building niaterial
was observed.

Table 7 — Summary results of equivalent—resistange\ aly%

Ry Standard Median Ra Number Rau Ral Rau Ra
(average) | deviation (average) of data
dB(Q) dB dB(Q) Q points dB(gy\ dB@) Q

0
44,2 6,8 43,5 162 204 6 Ns\z\ } 531 18

O

99,9 5 \/)\ /

99 e <

i \/

25 35 45 55 65 75 85
R, (dBQ)

IEC 796/2000

Figure 12 — Normal probability plot of the equivalent asymmetrical
resistance R, dB(Q)

4.4.2’5 Frequency dependence of the parameters

In the frequency range determined by the measurements in the LW, MW and SW bands, no
elan fromuinnayy donoandonecean Af offoect A h C _fartnrc d_C PaY

Ulbur II\.oLiU\,IIUy u\,rlbllubllub T thC bui!dir‘lg A2 B A vy L) tIIC I IMUtUIJ C ar‘lu I und thC
equivalent resistance R, could be observed. This is illustrated in Figure 13a) and 13b) the A,
data for brick/wood buildings, the R, data, the G, data for brick/wood buildings, and for
reinforced concrete buildings.

Because no clear frequency dependence of the various quantities could be observed, it will be
assumed in 4.4.3 and 4.4.4 that the building effect, the G and the L factors and the equivalent
resistance are independent of the frequency in the frequency range of the LW, MW and SW
bands. A possible frequency dependence is then incorporated in the standard deviation of the
respective distributions.
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Figure 13 — Examples of the frequency dependence of some parameters
4.4.3 Prediction models and classification

4.4.3.1 General

This subclause presents some simple prediction models for fields and voltages needed in the
process of classification of the electromagnetic environment and when setting immunity limits

for the telephone sets to be connected to the subscriber lines.
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Because the measuring locations were not chosen randomly in order to obtain a sufficiently
high induced signal-to-ambient noise ratio, the basic data from which the parameters reported
in 4.4.2 were derived cannot be used directly because they form a non-random sample from
their actual distributions. The models to be discussed permit an estimate to be made of the
complete distributions of the field strength and induced voltage. In addition, the complete
distributions allow for a classification of these quantities. This subclause gives only the
procedure for this classification. The actual class limits are outside its scope.

4.4.3.2 Field-strength classification

As mentioned in 4.4.2.2, the field strength is not a property of the subscriber line. Newver-
theless, information about the field strength is needed in order to make a prediction.-ofithe
induced voltages.

strength, to be indicated by E, and H, for the electric and
respectively, is inversely proportional to the distance r betwee

where

the maximum field strength in the geographical region in
the probability has to be estimated.

Under fars gnditions both relations in Equation (15) are equivalent.

Considering\.aring>shdped area (RSA) around a transmitter having a circular antenna pattern,
it follows (see Annex B) that

2 2|2 2
(Emax _EL)Emin - E

min

N

pr{Eo > EL} = (16)

where
Emax  is the field strength at the inner boundary of the RSA and
Emin is the field strength at the outer boundary of the RSA.

A similar expression is valid for the magnetic field strength (see Annex B).
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The inner boundary of the RSA has to be specified, as the relation between E, and r derived
from the measuring data will not be valid arbitrarily close to the transmitter, i.e. in the near-
field region of the transmitter. A non-zero outer boundary field strength is needed, as E,;, = 0
would mean that pr{E, > E;} = O for all values of E;. Note that by definition pr{E, > E;} = 0 and
that pr{E, > E,;,} = 1 (= 100 %). The approximation given in Equation (16) is valid if
Emax >> {Emins EL}, Which is normally the case. Hence, it can be concluded that in the present
model the value of E,.;, to be specified is very important. The choice of E,.., and E,., will be

discussed further in 4.4.4.

As an example, Table 8 gives the values of E; for a number of probability values, assuming
Emax = 60 V/m, which is an example of a radiation-hazard limit in the MW band of frequencies,
and Ej, = 0,01 V/m [= 80 dB(uV/m)]. The latter value is of the order of magnitude\of the
minimum field strength in the service area of a broadcasting trans ote -that the
probability values are almost completely determined by E ;.

Table 8 — Example of field-strength classifi(@\

pr{E, > E,} E, Eoin P\SOO N N\

{ k =22
JpriEo 2 E0) Q}}\ -
% v/m / m

N

0 60 -\ K } N 80) (260)

100 0,01 % U ‘{93000 1 550 000

10-1 0,32 : \@Q\ \_/ 15 652 49 193

10-2 ( (-\1&\ 4 950 11 556

10-3 \ 3,16 > 1565 4919
AN

10-4 0,00 495 1 556

By expressing t
of the distance
applicable to any tra

\@ a field strength, and not, for example, in terms
itter Mand the point of observation, Equation (15) is

field strength which is inversely proportional to the

distance. Howeve sses khave been established, a certain transmitter will have a
certain value of t ortionality k. Then class boundaries can be associated
with distances xbetween transmitter and point of observation. In Table 8 examples
of R are give i (as in the case of a half-wave dipole) and k = 22 (the worst-
case valde 4 4.2R2), while the transmitter power P = 500 kW. The R values for E; =
60 V/Im hawe b etween brackets, because, in the considered frequency range, the

far-field condi 'n is ot valid at these distances.

The advantage of choosing the field-strength boundaries first is that the classes are the same
for all.kinds of transmitter, while the choice of a class is then determined by the probability
that-victim equipment will be at a certain distance from the chosen class of transmitters. In
general, an estimate of the latter probability is easier than an estimate of the field-strength
probability.

4.4.5.3 Asymmetrical-voltage classification

A classification of the induced open-circuit common-mode voltage U,, may be based on the
probability pr{U, > U} that U, is equal to or larger than a given limit value U . If f(G)
describes the truncated distribution of G factors (see 4.4.2.3.4), f (H,) the normalized field-
strength distribution and use is made of the relation U, = G, x H,, in Annex C it is shown that
this probability can formally be written as
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G Up 1
pr{Up >U, } = jdeo jduhe—f(

U—“J f1(Go) (17)
o G

o

where G4, G,, U; and U, are suitably chosen boundaries (see Annex C). In Equation (17) the
product of the two distributions, i.e. the joint distribution, is needed because pr{U, > U}

depends on simultaneously meeting a certain iield-strengin value H, = (U,/G,) and a certain
value of G,. In Equation (17) the factor 1/G, stems from the transformation of f(H,) into
f(U,/G,).

Note that Equation (17) is not an explicit function of the distance between the transmitter and
the point of observation as a consequence of the fact that the boundarié the RSA have
been defined by field-strength values. A similar remark was magde Rection with
Equation (15), and similar conclusions are possible here.

Considering again the ring-shaped area as introduced 4.
classification of U, i.e. U, values corresponding with chosen vg i },are given in

classification of Table 9 . The relations used can be found i .4.3.1, it was
assumed that the outdoor field strengths >0,16 A/m) and
Emin = 0,01 VIm (H,,;, = 27 pA/m) have been specifi€ and specifying the
outdoor field strength, the building effect has to be t t, as is explained in
Annex C.
Table 9 — Example of voltage classificatj i e outdoor field strength:
E =60 '

Go

Building material <3/\h\ /\ \ w N > C

Ay dB N 1\& N O 20,6) _ _

; DIN N : :

Gio dB(OQm ARg 45,9 45,8 26,5
s e\ \ W2 10,5 10,6 10,9
Gy dB\\Qm) N \703\/ 78,5 69,5 54,5
G, N&n@ }1,5 20,5 16,5 3,5
pr{Un = U} ) \> U U U U
dB(nVv) dB(nVv) dB(nVv) dB(nVv)
102 115 101 114 96
102 125 111 124 106
104 135 121 134 116
194 145 131 143 125
Key

B/W is brick and/or wood

C is concrete

4.4.4 Characterization of the immunity-test disturbance source
4.4.41 General

The results presented in 4.4.2 and 4.4.3 may be used to specify the open-circuit voltage and
the internal impedance of the disturbance source in a conducted-immunity test that would be
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needed to achieve a sufficiently high probability that TTE to be connected to the subscriber
lines will be electromagnetically compatible.

The specification of the open-circuit voltage U,, should be based on the distribution of the
voltages over all telephone outlets to be considered. Therefore, this distribution is calculated
first, using models and parameter values derived in the preceding subclauses. Once the
distribution is known it is possible to calculate N (U, > U,), i.e. the number of outlets in the

respective geographical region showing a voltage U,, > U, where U may be considered as
the open-circuit voltage in the immunity test. The internal impedance may be chosen directly
using the results given in Table 5. After that, the relevant parameters for the specification Of
the disturbance source in the immunity test will be summarized in 4.4.4.3.

This subclause gives only the procedures to arrive at a specificatio e parameters

outdoor magnetic field strength H,
considered, where the inner boundary of
strength H and the outer bounda

trength H

max min*
(Again, the magnetic field strength_is egause this field strength was
measured in the experimental characterizatio far- f|eld conditions are valid,

(2) Determine the joint pfobahili i = f(Hy) x f(G,) describing the density of

(3) Calculate the s N
geographical reg ; dary conditions are taken into account such that
No(Un2U)) = S it U } =1 (or = 0), then the number of outlets N (U, > U,)

It is the prerogative o )t committee to choose a value of N, (U, = U|) from which U
follows, @nd ™ -circuit voltage of the disturbance source in the immunity test.

Assuming thefield strangth to be inversely proportional to the distance between the outlet and
the transmitter, and-assuming constant densities of outlets around the transmitters, it is
shown in Arinex D that the field-strength distribution n(H,) can be written as

N
2
27[2/1ij P
n(H _ i=1 _ _CEO (18)
0) = -3 — 3
=o =o
where
4 is the outlet density,

ki is the constant of proportionality of the j-th transmitter and
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N is the total number of transmitters considered.

If the density u is the same around all transmitters and all transmitters have the same
constant of proportionality k, CH, is simply a constant times the sum over all transistor
powers.

o - ; TSt i SyTeads

N
n(E )_ j=1 _ _CEO (19)
ol 3 T 3
EO EO

so that Cg, =C,,Z2. In Annexes B and C it is explained how th

when the indoor field strength H, or E; is to be used.

‘. Y ——-
A 4 , NI L)
i

E (VIm)
IEC 798/2000
NOTE The variou A mdicate schgmatically the contributions from various transmitters and non-
homogeneous outlet densitjess 1§ ex the field-strength increment is AEj = 1 V/m.

ple of the frequency histogram AN(E_,AE,)

etal, will not be homogeneous around a transmitter. To derive n(H,)
e procedure is to determine a frequency histogram AN(H,,AH,) so that
d’by n(H,) = AN(H,,AHy) / AH,.

in that case, a0
n(H,) is approximate
In practice, the magnitude of the electric field strength is mostly considered, so n(E,) may be
determined first, after which n(H,) follows after assuming far-field conditions. An example of
AN(E,,AE;) is given in Figure 14, where the different shadings indicate the various
contributions resulting from various transmitters and non-homogeneous outlet densities
around these transmitters.

A drawback of the method leading to Figure 14 and a drawback of the model leading to
Equations (18) and (19), is that the fields of the various transmitters overlap, particularly in
the lower field strength regions. As a result, the same outlets in these regions are counted
more than once if no discrimination is made with respect to the broadcast frequency. In
4.4.2.5 it was explained that no real frequency dependence could be observed, so this
discrimination is not possible, which leads to an over-estimate of AN(E,,AE,) at the lower
field-strength values.
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A procedure which might be followed is then to determine n.,(E,), i.e. the distribution of the
maximum field strength in the respective geographical region resulting from the N relevant
transmitters in (and in the direct vicinity of) that region. An example of such a distribution is
given in Figure 15. This distribution is a result for a part of Germany (having an area of
2,5 x 10° km and 42 x 106 outlets) by calculating the maximum field strength in each node at
a 1l km by 1 km grid over this region as caused by one of the seventy-nine actual broadcasting
transmitters in the respective frequency range, with a total ERP of 12,2 MW. The resolution of

e AL, ; .
was a constant (42 x 10%/2,5 x 10° = 168 km=2) throughout the region. When performing
these calculations it was found that n,(E,) does not vary much beyond a certain number (fifty
in this case, with a total power of 7,5 MW) of transmitters taken into account.

- s .\ S—
EfaH“%S\
N < ""\x
1E7 it % )
X
NG
TE“ /_\\\\\\ 3§
S 1E6 ! b
:E " /\
NS
185 KR { \ wHnl
N 4
1E4
Iy
3 N\

axipum Eg  (V/m) IEC  799/2000

g with n(E, =1 V/m) =n_(E =1 V/m) x E_, chosen such that
and n(E,) both yield the total number of outlets in that region.

The solid Jine-in Figwe 15 represents n(E,) = _ch/Eg with Cg, taken such that n,(E,) = n(E)

when E\s-1 VIm. This value is somewhat smaller than Cg, calculated from Equation (19), due
to theZaforementioned fact that n, (E,) seems to "saturate" when the number of transmitters is
incteased.

When integrating the distributions over the entire respective region, the total number of
outlets I\II shall follow the nqnnfinn

E max
Ce 1 1
Nt = [ n(Ee)de, = 2°[ S
E min lEmin Emax

(20)
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where the right-hand side of Equation (20) follows when Equation (19) is used. Equation (20)
indicates that for a given or agreed maximum field strength E ,,, the value of E;, follows
when Cg, is given or that Cg, follows when E;, is given. The former approach was used to
calculate E.;;, = 008 V/m, as indicated in Figure 15, assuming

Nm(Eo = 1 V/Im) = Cgo/ES = Cg,) 5,4 x 105 V2/m2,

Tabhle 10 Qllmmar\][ of the paramnfnrc used in the numeoerical

examples presented in Figures 16 and 17

Figure 16 17 a) 17 b)

Curve - 1 3 4 2 3 4
L-factor L, L, L, L, L2 m L@
Building BIW BIW BIW BIW Bw N\ c
material @

M, dB(m)| -57 5,7 5,7 5,7 42\ N\ \280 Y\ 56
5, | 106 10,6 10,6 10,6 Q12 N10e 10,5
L, dB(m) 18,0 +oo 18,0 18,0 </&¥\>o 27,0
L, m 7,9 oo 7,9 7.9 8, : 22,4
L dB(m)| -350 o -35,0 36,0 —40\,6\ 55,0 -31,0
L, m| 002 o 0,02 miiz/(? Ao, 0,002 0,03
M, dB - - ( N N\ 6— ( ) ]Ni/ - 20,6
S, dB - - N NONL Ao - 8,7
Ay, dB - - - J 12,0 - 41,0
Ay, dB - - \ - | -100 - 0,0
N, millions 42 42 D) a2 42 42
Ceo VHM?| 54x10° [ ?,4 105( 4%&’\\5/‘:/5105 - 5,4 x 10° -
Cy  VZm? - \/\-\\ Q\\i\ 3,3 x 10 - -
Epee VM| 10007 ]S 1000 30 10,0 3,0 3,0 3,0
Eymax VM R NN - 9,5 - 2,4
Enn  Vim| 088 \'N__ 008\ 008 0,008 0,08 0,08 0,08
Emn VM | N \— N - - 0,02 - 0,000 7
Unee R\ 7K\ 2 24 79 85 42 53
a

1 and Figure17-a) curv

Key
B/Wris brick and/or wood

€ is concrete

This subclause is concluded by giving several numerical examples of N,(U,, > U|), i.e. of the
number of outlets in the respective geographical region showing an induced open-circuit
voltage U,, > U, where U, may be considered as the open-circuit voltage in the immunity test.
The region in these examples is the aforementioned part of Germany. The relations used in
the calculation of N (U, > U;) can be found in Annexes C and D. The values of the various
parameters used in these calculations are summarized in Table 10.

Figure 15 shows an example of Ny (U, > U,) in the voltage range U < U, = 79 V, based on
L, data for buildings constructed from brick and/or wood (B/W) and assuming that all
42 million outlets are in these types of building. U, (see also Table 10) is given by
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Umax = EmaxLys where Eg,,, is the maximum outdoor field strength in the respective
geographical region, and L, the upper limit of the range of L,(B/W) data (see 4.4.2.3.3). U2
is quite large in this case. The maximum value measured in the experimental investigations is
22 V.

(x 1E7)

5

No(Up2U))
N

To set the speci [
Therefore, the re S

ave been replotted as curve 2 in Figure 17a). Curve
e same situation as in Figure 16 but neglecting the

truncation of the In that case U,y is infinitely large, which is not very
realistic. Curv in Ki de€monstrates how the results represented by curve 2 are
modified wh X b from 10 V/m to 3 V/m; then U,,, = 24 V. Finally, curve 4 in
Figure 17a_d qtes e results represented by curve 2 are modified when E;, is
reduced m t0\0,008 V/m. The latter curve clearly demonstrates the importance of
the minim in the geographical region.

In Figure x7-b) the™wfluence of the building material (B/W or reinforced concrete, C) and the
choice of [~factor (L, or L;) on the results can be observed. Curve 1 in that figure is identical
to curver3 in Figure 17 a), so it concerns L, data for B/W-buildings. When using L; data the
building effect has to be taken into account because there is no direct model to predict the
indoor field-strength distribution. By doing so, the results represented by curve 2 are found.
As for curve 1 the maximum outdoor field-strength E,,,, = 3 V/m, but due to the building effect

the maximum indoor field strength E; ., = Eqax Api, Where Ay is the lowest building effect as

determined from the experimental data. In this case A, = —10 dB, SO that E; . = 9,5 V/m,
hence there is an amplification of the outdoor field strength.
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NOTE See Table 10 for the various parameter values used, and below for key. Total number of outlets 42 x 106,
homogeneous density of the outlets: xz = 168 km—2.

Figure 17 — Examples of number (left-hand scale) and relative number (right-hand scale)

of outlets with U < Up, < U4,
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Key to Figure 17 curves:

a) B/W buildings

Curve 1: nontruncated L, factor, Emay = 10 V/m, Emin = 0,08 V/m
Curve 2: truncated L, factor, Emay = 10 V/m, Emin = 0,08 V/m
Curve 3: truncated L, factor, Emay = 3V/m, Emin = 0,008 V/Im
Curve 4- truncated | . factor E =10 V/m E =008 VV/m

e Y

b) Truncated L factors, maximum outdoor field strength 3 V/m

Curve 1:  B/W buildings, L, factor
Curve 2:  B/W buildings, L; factor
Curve 1:  C buildings, L, factor
Curve 2:  C buildings, L; factor

One might argue that a negative value of A,; is not realistic.
negative values predominantly originated from measurements
was measured at an upper floor of the building, and the outdqQoifield Stkength a 1,5 m above
ground level. Furthermore, re-radiation effects also influes ' igld-strength data.
One may decide to truncate the building-effect distripution erend at 0 dB. In that

case, Ej max and Up,,, reduce from 85 V to L Ep oy =
Assuming that all 42 million outlets ayé\locates zrete buildings the results
represented by curve 1 in Figure 17 b S ified i epresented by curve 3, while

curve 4 follows if the L; data are used. ‘ ets will be distributed over the B/W
and C buildings. Then Nt in the calculati i

building, and the results for both types|of buildinghhawve toybe added.

calculation is made [fg exa ], care has to be taken that the accuracy of the numerical
calculations is suffigi i the relative number Ny(U,, > U )/N; form an indication of the
accuracy needed. The i > U, }in per cent.

NOTE 2 In all calculg iy of thegutlets i was considered to be a constant over the entire respective
region. The results cq e | 2 example, when the calculations leading to n,(E,) (see Figure 15), take a
location-depender i

formally speaking ' 5 rived from G;. In addition, A, was determlned from magnetic field-strength data
and A, for the™e Y eed not be the same. In the calculations leading to curves 2 and 4, it was tacitly
assumed that LS = 377 Q). However, the same curves for Ny(U,, 2 U;) would have been found when

Hmax = Emfax/Zo €tc., and replacing Cg; by Cy; = Cgy/ Zg (see B.4).

4.443 Summary of disturbance source parameters

4)4.4.3.1 General

Assuning-thatthedisturbance—sourceintheconducted=immmumity-testis—sufficientty describetd
by an open-circuit voltage and internal impedance, the following parameters are of
importance.

4.4.4.3.2 The internal impedance

The internal impedance may be specified as a purely resistive quantity, for which the
magnitude is chosen on the basis of the results for the equivalent asymmetrical resistance R,
as given in 4.4.2.4. The choice depends on the reference for the asymmetrical disturbance
source considered to be relevant in the situations where interference problems have to be
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prevented. An often used value is R, = 150 Q [24], [25], [14] which is not in conflict with the R,
results presented in 4.4.2.4.

4.4.4.3.3 The open-circuit voltage

Because the induced asymmetrical voltage has been measured at non-random locations in
order to have a sufficiently large induced-signal-to-ambient-noise ratio, the raw U, data

cannot be used and the procedure described in 4.4.4.2Z has 1o be followed. From that
procedure, described in more detail in Annexes C and D, it can be concluded that the
following parameters have to be considered (see also Table 10).

a) Nt The total number of outlets in the geographical region (country) to'be
considered. Nt is either the grand total of outlets e totalnmumber
of outlets in a certain type of building (brickiwood™or keinforced
concrete).

b) Mgor M The average value of the G or L factor

S,: the standard deviation of Ay i
Ap,: the maximum building effg

c) Sgors

d Gy, G
Lll! I-I

e) Hmax

simultaneously) a complaint occurs.
f) Hmin inimum field strength determining the outer boundary of the

nis value needs to be chosen only when the field-strength
distribution n(H) or n(E) is unknown. If this distribution is known, H,;,
or E.,in is calculated from an equation like Equation (20).

g) n(H)arn(E) The field-strength distribution, as discussed in 4.4.4.2 and Annex B.

435" Predictability of radiation in vertical directions at frequencies above 30 MHz

451 Summary

CISPR 11 set limits for the electromagnetic disturbances emitted in situ near the ground from
industrial, scientific and medical (ISM) radio-frequency equipment. In CISPR 11:2003 with
Amendment 1 (2004) [5], referring to protection of safety of life services, it was stated, "Many
aeronautical communications require the limitation of vertically radiated electromagnetic
disturbances. Work is continuing to determine what provisions may be necessary to provide
protection for such systems."

This subclause considers the calculated vertical radiation patterns of the E-field which will be
emitted at frequencies above 30 MHz from electrically small sources physically located close
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to the surface of real homogeneous plane ground. Its purpose is the study of the predictability
of radiation in vertical directions based on in situ measurements of the strength of the E-field
near the ground. The sources considered are electrically small balanced electric and magnetic
dipoles excited in the frequency range from 30 MHz to 1 000 MHz.

The effects on the vertical radiation patterns caused by a wide range of the electrical
properties of the ground, varying from wet ground to very dry ground — and the special case of

a ground that behaves like a near-perfect conductor — have also been considered.

These studies show the limitations of the predictability of radiation at elevated angles when
based on measurements near the ground. The subclause identifies some of the factors t0 be
considered when developing and specifying limits of radiated electromagnetic disturbances
and methods of measurement which are intended to protect aeronautical/radio aV|gat|on and

vertical patterns of the fields over good conductors do not represey erns over
real grounds. Moreover, the subclause shows that for good predict ld styengths
at elevated angles, the in situ measurements near the groung\shs

heights but instead they shall use height scans and, in partlc at a known

distance from the equipment which is the source of the radia

4.5.2 Range of application

measurements of the strength of the
the ground. It is intended to give g
elevated angles by electrical equipmen
(ISM) radio-frequency equipment. For

electrically smal
way, a general aingd of the shapes of the vertical radiation patterns,
showing the magnit i “ngths near ground compared with the magnitudes of

the E-field compagne ated angles, and the ways in which the relative magnitudes can
be expected to va &r a plane ground.

The sour wereNefectrically small balanced electric and magnetic dipoles excited
in the om 30 MHz to 1 000 MHz. For the purposes of the study, an

is“defined as one whose largest linear dimension is one-tenth or less

of the free-spate wavglength at the frequency of interest.

Subclause.4.5 also considers the effects on the vertical radiation patterns caused by a range
of electrical properties of the ground, varying from electrical conductivities and dielectric
constants of wet ground to those of very dry ground [31], [32], and the special case of a
ground that behaves like a near-perfect conductor.

The effects on wave propagation near the ground of walls, buildings, terrain irreqularities

watercourses, vegetation cover, and so on, are not within the scope of this subclause. It is
important to note, therefore, that the additional uncertainties in wave propagation caused by
the presence of such discontinuities, and their effects on predictability based on
measurements in situ, have not been considered.

4.5.3 General

Table E.1 of CISPR 11:2009 provides radiation limits for the protection of specific safety-
related radio services. The limits apply to ground level measurements of the electromagnetic
disturbances emitted by ISM radio-frequency (RF) equipment in situ, not on a test site. Above



https://iecnorm.com/api/?name=9321337c94b45cbdbf1a3a009f64e45e

TR CISPR 16-3 © IEC:2010+A1:2012(E) -57-

30 MHz the five frequency bands listed in Table 9 are all used for aeronautical services,
including the instrument landing system (ILS) or instrument low-approach system marker
beacon, localizer, and glide path frequencies, as well as a survival frequency and other radio-
navigation and communication frequencies bands.

The in situ measuring distance specified in Table 9, for all five frequency bands above
30 MHz, is 10 m "from the outer face of the exterior wall outside the building in which the

equipment 1S situated.” It IS iImporiant to note that the precise measuring distance from the
ISM apparatus itself is not specified.

The heights at which measurements of horizontally and vertically polarized E-fields in‘the
frequency range from 30 MHz to 1 000 MHz are made using a balanced dipole, and ‘are
specified in 7.3.4 of CISPR 11:2009. “The nearest point of the antenna tg’grotvd shall.be not

CISPR 11:2009 specifies that “Class A equipment may be measured L itenef in situ,
as preferred by the manufacturer” and notes that “Due to \size ™ \Cx ' operating
conditions, some equipment may have to be measured in/situ\ compliance
with the radiation disturbance limits...” It goes on to sa S yipment shall be

a) How well do measurements of the vegti i y polarized E-fields, in a height
scan of 1 m to 4 m at a horizonts
predict the field strengths emitted

b) How predictable are thé

c) How is the predic!
measuring a

polar pat

badly, the calculated patterns show that ground-based measurements of the vertically and
horizontally y polarized E-fields emitted from the various sources will correlate with the
maximum. ‘strengths of either vertically or horizontally polarized E-fields (whichever are
greater)' at elevated angles. The patterns have been calculated for the simplest of sources
radiating into the half-space above ground. If these patterns identify problems of
predictability, it is unlikely that predictability will be improved when real ISM devices, like
plastics welders or RF diathermy machines, are the sources.

Vertical polar patterns and linear height scan patterns have also been calculated for the
E-field radiation emitted from the small sources over a copper ground plane. A copper ground
plane provides boundary conditions which distinguish, in effect, a perfect conductor from a
real ground, and allows identification of the differences between the vertical radiation patterns
that will exist close to the surface of a real ground when compared with those calculated close
to the surface of a perfect conductor. The differences determine how large the errors will be if
predictability is judged by considering vertical patterns calculated over a perfectly conducting
ground plane.
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The four kinds of sources considered were electrically small vertical and horizontal balanced
electric and magnetic dipoles. There is justification for the use of small dipole sources as
models in the study of the predictability of radiation at elevated angles from real ISM
equipment. Airborne measurements of the fourth harmonic field radiated from 27 MHz ISM
apparatus over real ground reported in [33] have been studied further in [34]. In [34] it is
shown that the vertical distribution of horizontally polarized fields at approximately 109 MHz,
encountered by an aircraft during any single flight pass over the ISM apparatus, can be well

talbadl H [ PX PSP ToH FT <l A + 1 +acl 1 I H 1 Ll 1 v
At Iicu vt a TTCTU - UTotnmuvutiviT PJruuuLTuU Al TICVALTU AllyiCo Yy A olllfTyIic olftalr TITUinicv Ut

magnetic dipole source. Some of the work in [34] is summarized in Annex F.

4.5.4 Method used to calculate field patterns in the vertical plane

4.5.4.1 General

Electromagnetics Code (NEC) [35]. NEC2 with the companion cqde
Sommerfeld integral evaluation of the field interactions at the gif-grQund i
includes the contribution of the Sommerfeld-Norton surfac 3

moment of 1 A-m2 for the loops]. All
ground of either 1 m or 2 m in order to

bands [38] listeg:in Table E.1 of CISPR 11:2009, are shown here in Table 11.

Table 11 — Frequencies of interest in ITU designated bands
from Table 9 of CISPR 11:2009

Excitation ITU designated bands
frequency
MHz
75 74,8 MHz to 75,2 MHz, Aeronautical Radionavigation (Instrument Landing System (ILS) marker
beacons, horizontal polarization)
110 108 MHz to 137 MHz, Aeronautical Radionavigation and Aeronautical Mobile (R) (including ILS
localizers (108 MHz to 112 MHz), horizontal polarization)
243 243 MHz is for use by survival craft stations and equipment used for survival purposes
330 328,6 MHz to 335,4 MHz, limited to ILS (glide path, horizontal polarization)
1 000 960 MHz to 1 215 MHz, reserved on a worldwide basis for the use and development of airborne

electronic aids to air navigation
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Most attention has been devoted to the small sources placed above a “medium dry ground”
[31] (CCIR: medium dry ground; rocks; sand; medium sized towns [32]). The electrical
constants, the relative permittivity ¢, and the conductivity o (mS/m), for “medium dry ground”
at 30 MHz and the other five frequencies of interest are listed in Table 12.

Table 12 — Electrical constants for “medium dry ground” [31]
(CCIR: medium dry ground; rocks; sand; medium sized towns[32])

Frequency & o
MHz mS/m
30 15 1
75 15 1,5 TN
110 15 2

e : AN

1000 15 AN

the ground constants on the vertical radiation pa
at 30

Table 13.

Table 13 — Electrical constants fo
cultivated land [24]) and “very

Frequency [\ We(@xqurl\d\\J Very dry ground

MHz
& o & o
S/m mS/m

30 ( \/3& \/\ ) 10 3 0,1

75 \ \SQ 13 3 0,1

1 000 \ 30 140 3 0,15
4.5.5 imitati of predictability of radiation at elevated angles

4.5.5.1 Influenge of the electrical constants of the ground

4.5.5.1.1 ‘General

It is_ Uuseful to observe the relatively small influence of widely differing values of the ground
constants on the predictability of the field strengths at elevated angles. A small vertical loop
(horizontal magnetic dipole) at a centre height of 2 m above ground was chosen as the source
model. The geometry of the model is shown in Figure 18. For this source, the best
predictability is obtained when the vertical E, field component is measured near the ground to

estimate the maximum strength of either the horizontally oriented E, field or the vertically
oriented E, field at elevated angles.

4.5.5.1.2 Influence of the ground constants at 75 MHz

In Figure 18, the vertical polar patterns at 75 MHz show the horizontally polarized E, field
strengths in the Y-Z plane at scan radii R of 10 m, 30 m, and 300 m, over real grounds having
the electrical constants in Tables 12 and 13. It can be seen that at each of the three scan
radii, the total spread in the maximum E, fields in the vertical direction is less than 3 dB.
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In Figure 19, the height scan patterns calculated up to a height of 6 m at 75 MHz show the E,
field strengths in the Z-X plane at the three corresponding horizontal distances over the same
three types of real ground. It can be seen that the spread in magnitudes of the E, field
strengths at ground level for the three ground types is much greater than 3 dB. However, if
measurements of E, are made at heights from 1 m to 4 m, then at a horizontal distance of
10 m the underestimates of the maximum E, field strengths in the vertical direction vary from
about 3, 9 dB to about 4,7 dB (a spread of onIy 0,8 dB), at a horizontal dlstance of 30 m, the

+ L 1 AD 4+ | + L 7 JdAD 2| £ faW~2P~ InAY

A [N l
UIIUUIUQLIIIIGLUD valy IIUIII avuul J,1L U U auvuul v, 1 up \(1 SHrvau Ul Ulll_y v,V uDjy, ariu (ZL

300 m, the underestimates vary from about 18,4 dB to about 22,1 dB (a spread of 3,7 dB).
Thus, for the range of values of the ground constants and measuring distances considered
here, the worst case spread or variation in the underestimates of maximum field strengths in
the vertical direction is only 3,7 dB, and this occurs at the largest measuring distanceof
300 m.

@C@
&
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4.5.5.1.3 Influence of the ground constants at 1 000 MHz

In Figure 20, the vertical polar patterns at 1 000 MHz show the horizontally polarized E, field
strength in the Y-Z plane at the same three scan radii R around the small vertical loop over
the same three types of real ground with the electrical constants at 1 000 MHz given in Tables
12 and 13. It can be seen that for a source height of 2 m at this frequency, multiple grating
lobes are established.

Figure 21 shows the vertical polar patterns of the vertically oriented E, field strengths in the Z-
X plane, and Figure 22 shows the height scan patterns of the E, field strengths calculated up
to a height of 6 m in the Z-X plane, at the three scan distances and over the three types|of
real ground.

Figure 20 shows that the maximum strength of the E, field g
angle between 77° and 78° at all three scan radii. A comparison of/F

reached at a height of about 1,1 m,
from 1 mto 4 m.

4,4 dB (“medlum
“very dry ground
field strength (ma
about 5,1 dB. The b\
only 0,8 dB.

1,5 dB in~the n\ e
estlmates arebased\on

4.5.5.1<4~Predictability estimated over a “medium dry ground”

The_foregoing shows that in the frequency range from 75 MHz to 1 000 MHz it is justifiable to
make general judgements of the predictability of the strength of radiation in vertical directions
above ground by considering the E-field patterns calculated over a real ground having the
electrical constants of a “medium dry ground.”
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z
d VERTICAL LOOP
SOURCE
HEIGHT
SCAN
PATH
GROUND

Scan distance =

6 T
5 U SUUUUPETUUUURUNTTUI- ATURIRRRRRRUPTIRPPPPP STSPIORITITISSTOTRR! SO0 PTRTRRL NYTERT DR RTEIT PR STEERER BV, DL KOt e S s -
4
(%]
g
@
1S
5 3
@
T
2
1 oo ol
0 i
120 130 140 150 160 170 180 190
E-field strength, dBuV/m
FREQUENCY =1 000 MHz
————— "wet ground"” €,=30, G =140 mS/m
"medium dry ground" g, =15, © =35 mS/m
""""""" "very dry ground"” € =3, 6 =0,15 mS/m
IEC 808/2000

NOTE Loop dimensions 0,02 m x 0,02 m. Loop centre height 2 m. Dipole moment 1 A-m2. (Reproduced from [39]).

Figure 22 — Height scan patterns of vertically oriented E, field strengths
emitted at 1 000 MHz from the small vertical loop (horizontal magnetic dipole),
at horizontal distance of 10 m, 30 m and 300 m in the Z-X plane
over three different types of real ground
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4.5.5.2 Predictability based on height scan measurements near real ground at 10 m
distance from the source

4.5.5.2.1 General

Here we can provide an answer to the first question raised in 4.5.3.

:II Oullllllal_y, thC AlTovvTl ;O that thC plCdlbtabl:lty Uf thC IIICI./\;IIIUIII E flc:d DtICIIUthO Clt C:cvatcd
angles by means of 1 m to 4 m height scan measurements at a horizontal distance of 10 m,
for all four types of sources placed either 1 m or 2 m above a “medium dry ground” is very
good. Underestimates at all five of the frequencies used for aeronautical services are less
than 6 dB.

At the two lower frequencies of 75 MHz and 110 MHz, the larger undegestimates occur when

above ground.

At 1 000 MHz, the larger underestimate occurs whe
centre height 2 m above ground.

4.5.5.2.2 Predictability at 75 MHz

Figure 23 shows polar plots of E, in the
the horizontal electric dipole placed 1

electric dipole over rea y
ground do not give the strength at high elevation angles. Therefore,
Figure 24 show of horizontally polarized E, in the Y-Z plane,
reaching an E, HU€ g 33 dB(uV/m) at a horizontal distance of 10 m and a
height of 4 m. In ca@ 3 X 104 m height scan measurements of E, at a distance

of 10 m will undeyeésti axi E, at 73° elevation by almost 5 dB.
The vertical oIar o 18 show that measurement of E, at a distance of 10 m near
the ground prediction of the maximum field strength emitted at 75 MHz by
a small ¥ at a height of 2 m above a “medium dry ground

E, field strength™~xeaches a maximum of over 142 dB(uV/m) in the vertical Y-Z plane. The
calculated_ h€ight scan patterns in Figure 19 show that a vertically polarized measurement of
E, at a‘horizontal distance of 10 m in the Z-X plane will reach a maximum of almost
138 dB{nV/m) at 1,2 m height. This underestimates by less than 5 dB the maximum strength
of.the radiation in the vertical direction.

Column (4) of TabIe 14 summarizes the estimated errors to be expected in the predictability of

iraotianec sl an haocad An s aaciiramante 1 hao ht ceana fron

adiat ol A 1 A
Fattato—h VCII.I\.:(AI tHeEeHORSWHREe R BaSeaoteaStements—h IIUIUIII. SEahRsSHoemMm—Tm I.U “4—h

at a horizontal distance of 10 m from each of the four sources operating at 75 MHz. Column
(1) lists the radiation sources and their heights. Column (2) lists the field components that
contribute the maximum field strengths in the vertical polar patterns, and the elevation angles
at which the maximum field strengths occur. Column (3) lists the field component that should
be measured in a linear height scan at a horizontal distance of 10 m to provide the best
estimates of the maximum field strengths.
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Table 14 — Estimates of the errors in prediction of radiation in vertical directions based
on a measurement height scan from 1 m to 4 m at known distances, d;
frequency = 75 MHz (adapted from [39])

(1) (2) (3) (4) (5) (6) (7) (8) 9) (10)
Source of Max. E, At hor. Estimated | Max. E, At hor. Estimated | Max. E, At hor. Estimated
radiation at angle, | d = 10 m, | prediction | at angle, | d = 30 m, | prediction | at angle, [ d = 300 m, | prediction
at height in 10 m measure | error, at in 30 m measure | error, at | in 300 m measure error, at

polar plot | this field | d =10 m | polar plot | this field | d =30 m | polar plot | this field | d =300 m
Vertical E, E,z 0 dB E, E, -2 dB E, E, -17,5dB
electric at 15,25° at 17,75° at 18°
dipole
atlm s
Vertical E, E, 0 dB E, E, -1dB E -16 dB
electric at 8° at 12,75° ay’13
dipole
at2m
Horizontal Ey Ey —5dB E, E, 12 E, \@ —31,5dB
electric at 72,5° inY-Z at 67,5° inY-Z 6° in 'y
dipole inY-z plane inY-Z plane iy ptane
atlm plane plane %@{e
Horizontal E, E, ~1,5dB E, E a8, E, 26,5 dB
electric at 30° inY-Z at 28,75° inY-z at 28)5° inY-Z
dipole inY-Z plane inY-Z lane 7 -Z plane
at2m plane plane (p\ /\ plane
Vertical loop | E, E, 0,5 dB N g Q&\_s)?\/ E, E, ~18 dB
(horizontal at 17,5° in Z-X t 19,%5° in ¥-X at 20° in Z-X
magnetic in Z-X plane M Z-X plan in Z-X plane
dipole) plane plane plane
atlm aN
Vertical loop | E, EX>< 45 E>\ -5,5dB E, E, 20,5 dB
(horizontal at 90° in Z- 902 at 90° in Z-X
magnetic plane plane
dipole
at2m
Horizontal E 2,5 ?/ E —9dB E E 28,5 dB
loop (vertical | at 3}/,5" - »K at 86,75° in Z—X at 33,5" in 2—X
magnetic in Z-X pla mn Z-X plane in Z-X plane
dipole plane plane plane
atlm
Horizontal -4 dB E E -6,5dB E E -25,5dB
loop (vertical at\27° \> at 2¥,5° in Z—X at ﬁl5° in 2—X
magnetic < i W \ptan in Z-X plane in Z-X plane
dipole) pla plane plane
at2m

N

4.5.5,273' Predictability at 110 MHz

Figure 25 shows vertical polar plots of E, in the Y-Z plane and E, in the Z-X plane, at
110 MHz, around a small horizontal electric dipole placed 1 m above the ground. At a scan
radius of 10 m, E, reaches a maximum field strength of over 141 dB(uV/m) at an elevation

angte—of 4t —The—potar ptots—of &, —n—the—Z=X—7ptane—show—that—verticatty potarized
measurements near the ground will not give good guidance to high-angle field strength.
Figure 26 shows height scan calculations of E, in the Y-Z plane. At a horizontal distance of
10 m the magnitude of E, reaches almost 139 dB(uV/m) at a height of 4 m, and a height scan
measurement of horizontally polarized E, therefore underestimates the maximum strength of
E, at 41° elevation by less than 3 dB.

Figure 27 shows vertical polar plots of E, in the Y-Z plane and E, in the Z-X plane, around a
small vertical loop (horizontal magnetic dipole) placed at a centre height of 2 m above ground
and excited at 110 MHz. The maximum field strength reached at a scan radius of 10 m is the
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vertical E, component, 146 dB(uV/m) at an elevation angle of 40°. The height scan plots of E,
in Figure 28 show that at a horizontal distance of 10 m the magnitude of E, is almost
144 dB(puV/m) at a height of 1 m, which underestimates the strength of E, at 40° elevation by
less than 2,5 dB.

Column (4) of Table 15 summarizes the errors expected in the predictability of radiation in
vertical directions based on measurements in height scans from 1 m to 4 m at a horizontal

distance of 10 m from each of the four sources operating at 110 MHz.

@%
&
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Table 15 — Estimates of the errors in prediction of radiation in vertical directions based
on a measurement height scan from 1 m to 4 m at known distances, d;
frequency = 110 MHz (adapted from [39])

(1) (2) (3) (4) (5) (6) (7) (8) 9 (10)
Source of Max. E, At hor. Estimated | Max. E, At hor. Estimated | Max. E, At hor. Estimated
radiation at angle, | d = 10 m, | prediction | at angle, | d = 30 m, | prediction | at angle, | d =300 m, | prediction
at hnighr mn-10.m measliro. SO+ at mn-2A0.m maoaaslira -YddaT at m-2300 . m maoaaslira -YidaT at

polar plot | this field | d = 10 m | polar plot | this field | d =30 m | polar plot | this field | d =300 m
Vertical E, E, 0 dB E, E, -1,5dB E, E, -17,5 dB
electric at 13,5° at 15,25° at 15,25°
dipole at 1 m
Vertical E, 1 -1dB E, E, -0,5dB E, E, <15,5dB
electric at 36,5° at 10,75° at 11°
dipole at 2 m /
Horizontal Ey Ey -2.5dB Ey Ey -9,5dB A K -29 dB
electric at 41° inY-zZ at 40° inY-z 75° Y-Z
dipole at 1 m inY-Z plane inY-Z plane in\Y- plane
plane plane lahe
Horizontal Ey Ey -0,5dB Ey Ey -4,5dB X EQ -23,5dB
electric at 20° inY-zZ at 19,25° inY-Z at 25 Z
dipole at 2 m inY-Z plane inY-Z plane iq Y-z plane
plane plane lane
Vertical loop Ey E, -2dB E E > 5\ue\ E, -19 dB
(horizontal at 90° in Z-X at 3/0" i at 9Q° in Z-X
magnetic plane plane
dipole)
atlm
Vertical loop E E, -2,5dB Ey E, -17,5dB
(horizontal at XO" in Z-X at 47,5° in Z-X
magnetic in Z-X plane inY-zZ plane
dipole) plane plane
at2m
Horizontal E E -1,5 E E -27 dB
loop (vertical | at 3175° | in 2’><\(&B\ at 410 i
magnetic in Z-X plane in Z-X plane
dipole) plane plane
atlm
Horizontal Ey E 0,5dB \sé(/ E -4 dB E E 23 dB
loop (vertical | at 19,2 i anl18,5° in il-x at 18},/25" in il-x
magnetic in Z-X plane iwrz-X plane in Z-X plane
dipole) plane plane plane
at2m
45524 sz
Figure 29\sho lar plots of E, and E, in the Z-X plane, at 243 MHz, around the

le placed at a centre height of 1 m above ground. At a scan radius

of 10 m the~maxi field strength of almost 144 dB(uV/m) is contributed by E, at an
elevation angle of 33,75°. Calculations of the vertical field component E, in a height scan from
1m to.4'm at a horizontal distance of 10 m produce a peak magnitude of almost
143 dB{pV/m) at a measuring height of 1,65 m, as shown in Figure 30. This underestimates
thelmaximum field strength by only 1 dB.

Figure 31 shows vertical polar plots of E, in the Y-Z plane and E, in the Z-X plane, around the

ho
1Sa~

cmaall unv-hrw-\l Innn nlacad A+ o centre hainht ~Af 1
SHaH—refrHea+—6 op—prTtteoatr— ettt ||\.|3||L Ot ove

seen that, at a scan radius of 10 m, the maximum field strength of more than 159 dB(uV/m) is
reached by E, at an elevation angle of 36,25° in the Z-X plane. The calculated E, height scan
patterns shown in Figure 32 produce a peak field strength of 157 dB(uV/m), at 10 m horizontal
distance and a height of 1,65 m. This underestimates the maximum E, by approximately
2,5 dB.

m- ahnova & “mnrl FaFavi nrnnnrl » Il- cah
eetHH—ed g1 cart

The vertical polar plots of horizontally polarized E-field emitted at 243 MHz by a small
horizontal loop placed at a height of 1 m above a “medium dry ground” are shown in
Figure 33. The peak of the major lobe, nearest the ground, occurs at an elevation angle of 17°
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and is therefore reached at a height of 2,9 m at a horizontal distance of 10 m. The height scan
plot at a horizontal distance of 10 m in Figure 34, which is of E, in the Z-X plane in
this example, underestimates the maximum field strength in a vertical polar scan by less
than 0,5 dB.

Column (4) of Table 16 summarizes the errors expected in the predictability of radiation in
vertical directions based on measurements in height scans from 1 m to 4 m at a horizontal

distance of 10 m from each ot the Tour sources operating at 24s MHz.
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Table 16 — Estimates of the errors in prediction of radiation in vertical directions based
on a measurement height scan from 1 m to 4 m at known distances, d;
frequency = 243 MHz (adapted from [39])

(1) (2) (3) (4) (5) (6) (7) (8) (9 (10)
Source of Max. E, At hor. Estimated | Max. E, At hor. Estimated | Max. E, At hor. Estimated
radiation at angle, | d =10 m, | prediction | at angle, | d = 30 m, | prediction | at angle, | d = 300 m, | prediction
at height in 10 m measure | error, at in 30 m measure | error, at | in 300 m measure error, at

polar plot | this field | d =10 m | polar plot | this field | d =30 m | polar plot | this field | d = 300 m
Vertical E, E, -1dB E, E, -0,5dB E, E, -16 dB
electric at 33,75° at 10,5° at 10,5°
dipoleat 1 m
Vertical E, E, -0,5dB E, E, -0,5dB 7 E, -13 dB
electric at 18,25° at 18,25° at R
dipole at2 m
Horizontal Ey Ey -0,5dB Ey Ey -4 dB -22,5dB
electric at 17,5° inY-zZ at 17,5° inY-zZ
dipoleat1 m inY-Z plane inY-Z plane

plane plane

Horizontal E, E, 0 dB E, E, —o,s\aK ~17 dB
electric at 9° inY-Z at 8,75° inY-Z
dipole inY-Z plane inY-zZ pla
at2m plane plane s
Vertical loop E, E, -2,5dB @B -17 dB
(horizontal at 36,25° in Z-X
magnetic in Z-X plane
dipole) plane \_)/
atlm
Vertical loop Ey E, -2,5dB -3dB Ey E, -15dB
(horizontal at 70,5° in Z-X at 69° in Z-X
magnetic inY-Z plane inY-Z plane
dipole plane \(\ plane
at2m N A~
Horizontal E E ~Q,5d -3,5dB E E -22,5dB
loop (vertical at ]Y7° in\g-X \Q at 16¥75° in il-x
magnetic in Z- plage in Z-X plane
dipole) plane <\ plane
atlm h
Horizontal E \D\Q/ 0dB E E ~17 dB
loop (vertical at B¢ inZ- at 8}95° in Z—X
magnetic iR‘Z- plane in Z-X plane
dipole) plane plane
at2m ( N

N XN

4.5.5.2.5 Pre abiljyy at 330 MHz

Figure 35'shows vertical polar plots of E, and E, in the Z-X plane, at 330 MHz, around the
small A7ettical electric dipole placed at a centre height of 1 m above ground. At a scan radius
of #@‘m the maximum field strength of almost 148 dB(uV/m) is contributed by E, at an
elevation angle of 26°. Calculations of the vertically oriented E, field in a height scan from 1 m
to'4 m at 10 m horizontal distance produce a peak magnitude of almost 146 dB(uV/m) at a
measuring height of 1,45 m, as shown in Figure 36. This underestimates the maximum field

strength by 1ess than 2 dB.

Figure 37 shows vertical polar plots of E, in the Y-Z plane and E, in the Z-X plane, around the
small vertical loop placed at a centre height of 1 m above a “medium dry ground.” It can be
seen that, at a scan radius of 10 m, the maximum field strength of almost 167 dB(uVv/m) is
reached by E, at an elevation angle of 69° in the Y-Z plane. The calculated E, height scan
patterns in the Z-X plane shown in Figure 38 produce a peak magnitude greater than
162 dB(pV/m) at 10 m horizontal distance, measured at a height of 1,45 m. A height scan
measurement of the vertical E, field therefore underestimates the maximum strength of the
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radiation in vertical directions, the horizontal polarized E, at an elevation angle of 69°, by
approximately 4,5 dB.

It is interesting to observe the vertical polar plots of horizontally polarized E-field emitted at
330 MHz by a small horizontal loop placed at a height of 1 m above a “medium dry ground,”
shown in Figure 39. The peak of the major lobe, nearest the ground, occurs at an elevation
angle of only 12,75°. It is therefore measured at a height of only 2,2 m at a horizontal distance

of 10 m, see Figure 40. Thus, there Is virtually no error in this example of the estimation of
maximum field strength at elevated angles.

Column (4) of Table 17 summarizes the estimated errors in the predictability of radiation in
vertical directions based on measurements in height scans from 1 m to 4 m at a horizontal
distance of 10 m from each of the four sources operating at 330 MHz.

@%
&
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Table 17 — Estimates of the errors in prediction of radiation in vertical directions based
on a measurement height scan from 1 m to 4 m at known distances, d;
frequency = 330 MHz (adapted from [39])

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
Source of Max. E, At hor. |Estimated | Max. E, At hor. |Estimated | Max. E, At hor. Estimated
radiation at angle, | d = 10 m, | prediction | at angle, | d = 30 m, | prediction | at angle, | d = 300 m, | prediction
at erght fmTom Teasure [ error, at 30 TEasure [ error, at_| 300 T [ Measure TITOT, at

polar plot | this field | d =10 m | polar plot | this field | d =30 m | polar plot | this field | d =300 m
Vertical E, E, -2 dB E, E, -0,5dB E, E, -15dB
electric at 26° at 26° at 9°
dipole
atlm
Vertical E, E, -0,5dB E, E, 0dB E, E, ~11,5dB
electric at 27,25° at 5,75° at &/
dipole
at2m
Horizontal Ey Ey 0dB -2 dB -20 dB
electric at 13° inY-Z
dipole inY-Z plane
atlm plane
Horizontal E, E, 0dB \@dB\ ~14,5 dB
electric at 6,5° inY-Z
dipole inY-z plane
at2m plane 7
Vertical loop Ey E, -4,5 dB — dB -17,5dB
(horizontal at 69° in Z-X
magnetic inY-Z plane
dipole) plane
atlm
Vertical loop Ey E, -2,5dB -2,5dB Ey E, -12,5dB
(horizontal at 66,75° in Z-X at 66° in Z-X
magnetic inY-Z plan inY-zZ plane
dipole) plane plane
at2m [\ ~
Horizontal E E dB -2 dB E E -20 dB
loop (vertical | at 12),/7 in " ¥-X at 1%,5° in il-x
magnetic in Z- plake in Z-X plane
dipole) plane plane
atlm h
Horizontal E \Od\B/ 0dB E E ~14,5 dB
loop (vertical | at ° iNZ- at 6>,/5° in il-x
magnetic iz- plane in Z-X plane
dipole) plane plane
at2m /] N

4.5.5.2.6 Predictability at 1 000 MHz

Figures 20.to 22 show vertical polar plots of E, and E,, at 1 000 MHz, around a small vertical
loop placed at a centre height of 2 m above ground. At a scan radius of 10 m over a “medium
dry-ground” the maximum field strength of 187 dB(uV/m) is contributed by the horizontally
polarized E, at an elevation angle of 77,5° in the Y-Z plane. Calculations of the vertically
oriented E, field in a height scan from 1 m to 4 m at 10 m horizontal distance in the Z-X plane
produce a peak field of almost 184 dB(uV/m) at a height of 3,2 m, as shown in Figure 22.

Averticatty potarized—height scam measurementtherefore underestimates the maximmomfietd

strength by approximately 3 dB.

It is interesting to observe the vertical polar plots of horizontally polarized E-field emitted at
1 000 MHz by a small horizontal loop placed at a height of 1 m above a “medium dry ground,”
shown in Figure 41. The peak of the major lobe, nearest the ground, occurs at an elevation
angle of only 4,25°. Shown again in Figure 42, it occurs at a height of 0,74 m at a horizontal
distance of 10 m, and therefore will not be measured in a 1m to 4 m height scan
measurement. The next grating lobe is encountered at a height of 2,3 m, and its measurement
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contributes to an underestimate of less than 0,5 dB to the prediction of maximum field
strength of the major (lower) lobe.

Column (4) of Table 18 summarizes the errors estimated for the predictability of radiation in
vertical directions based on measurements in height scans from 1 m to 4 m at a horizontal
distance of 10 m from each of the four sources operating at 1 000 MHz.

@%
&
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Table 18 — Estimates of the errors in prediction of radiation in vertical directions based
on a measurement height scan from 1 m to 4 m at known distances, d;
frequency = 1 000 MHz (adapted from [39])

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
Source of Max. E, At hor. |Estimated | Max. E, At hor. |Estimated | Max. E, At hor. Estimated
radiation at angle, | d = 10 m, | prediction | at angle, | d = 30 m, | prediction | at angle, | d = 300 m, | prediction
ar efghT fmTom Teasure [ error, at 30 TEasuUre [ error, at_| T 300 T [ Measure TITOT, at

polar plot | this field | d =10 m | polar plot | this field | d =30 m | polar plot | this field | d =300 m
Vertical E, E, -0,5dB E, E, 0dB E, E, -9,5dB
electric at 17,5° at 4° at 3,75°
dipole
atlm
Vertical E, E, -0,5dB E, E, 0dB E 2 -5dB
electric at 17,75° at 2° a
dipole
at2m
Horizontal Ey Ey -0,5dB 0dB -11 dB
electric at 4,25° inY-zZ
dipole inY-Z plane i
atlm plane <\
Horizontal Ey Ey 0dB hﬁ\ E -5,5dB
electric at 2,25° inY-Z at 2,25° inY-Z
dipole inY-Z plane nYy plane
at2m plane N plane
Vertical loop | E, E, —25dB kigs, V' E, —9.5dB
(horizontal at 64,5° in Z-X at 4° in Z-X
magnetic inY-Z plane \_)/ in Z-X plane
dipole) plane plane
atlm
Vertical loop Ey E, -3dB -1,5dB E, E, -5dB
(horizontal at 77,5° in Z- at 2° in Z-X
magnetic inY-Z plan(<\(\ in Z-X plane
dipole) plane plane
at2m Q
Horizontal Ey E 0 dB Ey E -11 dB
loop (vertical | at 4,25 i at 4,25° in il-x
magnetic in Z-X plane in Z-X plane
dipole) plane plane
atlm \
Horizontal 0 dB Ey E -5,5dB
loop (vertical (M2 X at 2,25° in 2—X
magnetic an in Z-X plane
dipole) plane
at2m

4.5.5.3 Predmbased on height scan measurements near real ground
at an unknown distance, greater than 10 m, from the radiation source

Hereywe can answer the second question posed in 4.5.3. This measurement situation is
analogous to making measurements in situ at a distance of 10 m from the wall outside a
building containing ISM equipment that is located at an unknown distance inside the building.
As mentioned earlier, we do not consider here the attenuation that may be introduced by

intervening building materials.

Calculations have been made of vertical polar patterns and linear height scan patterns at
distances of 30 m and 300 m. The reader will have already seen that patterns for those
distances have also been included in the figures.

The figures, together with the comprehensive summaries presented in columns (7) and (10) of
Tables 14 to 18, show that the predictability of fields at elevated angles based on height scan
measurements near real ground becomes more prone to underestimation as the horizontal
measuring distance increases beyond 10 m, especially at the Ilower frequencies.
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Underestimation can become very large at a distance of 300 m. At the lower frequencies
underestimates can reach more than 30 dB at that distance when the source behaves as a
small horizontal electric dipole. The underestimates for both horizontally and vertically
polarized fields occur in spite of the significant contributions that can be made by surface
waves at the lower frequencies near 30 MHz [40]. Predictability improves as the frequency
increases, primarily because at higher frequencies the surface wave contributions decrease
and the maximum field strength measured in the height scan is created by the sum of the

d;lcbt (J.IIC‘I ICf:C\ath opauc VWAVT \.’UIIIrJUIICIItO (thc SUTTT o OUIIIUt;IIICO \.:!J.”Cd, OUIIICVVhat
misleadingly, the “ground wave”). The contributions of the space wave signals increase at
lower elevation angles as more grating lobes form with increasing frequency.

It is particularly important to recognize that, at horizontal distances of 30 m and more, the
worst-case underestimations of the maximum levels of field strengths at glevated angles will
generally occur when the fields are horizontally polarized. This is very.ynfortunate, because
the signals for the ILS (marker beacons, localizer, and glide pat
horizontally polarized transmissions and therefore require the #
horizontally polarized disturbances.

vith distance.
Calculations and measurements made at a constant hei Qi s, show that the

to distance squared is
er, the space wave field

to be expected at a constant measuring heigh
in simple proportion with

strengths along radial paths at conStant elg

Therefore it is to be expected that the fields m the ground (the so-called “ground
creasing distance than do the fields

known, very large erragrs ari n~Underestimates — in the predictability of the

strength of radiaion i p all four types of source and at all frequencies
from 75 MHz to @9

The obvious risk with fixed height measurements is that a measurement will be made at a null
in thelfield strength pattern. The risk of this happening is increased if the electrical height
above ground of the radiation centre of the source increases — for example with increasing
frequency — which contributes to the formation of an increasing number of grating lobes, and
hence nulls. A few examples of the effects these nulls can have on a measurement made at a

hetghtear-3m(orany otherfixed-height) are shownmimseveratof the figures:

For example, Figure 22 shows that, depending on the type of ground over which the
measurements are made, at a horizontal distance of 10 m from a small vertical loop source
located at a height of 2 m, the measured vertically polarized field strength at 1 000 MHz might
vary by more than 6 dB for measurements made somewhere in the height tolerance range of
2,8 m to 3,2 m, and that at 30 m horizontal distance a measurement made at 3 m height is
also close to a null.
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Figure 40 shows that a horizontal distance of 10 m from a small horizontal loop source
located 1 m above ground with the measured horizontally polarized field strength at
1 000 MHz might vary by more than 12 dB in the CISPR measurement height tolerance range
from 2,8 m to 3,2m. It also shows how the field strength can vary with distance in an
apparently anomalous manner when measurements are made at a fixed height. Note that at a
height of 3 m, the field strength at 30 m distance is the same as the field strength at 10 m
distance. At other heights, the field strength at 30 m distance becomes greater than that at

1.0 et
TO T OrStar oty

Comparison of the height scan curves in Figure 43 with those in Figure 40, at 1 000 MHgZ,
shows that as the small horizontal loop source height varies between 1 m and 2 m, deep nulls
will pass through the measuring height of 3 m at horizontal measuring distance of 10 M“and
30 m. These effects can be encountered at greater horizontal measuring £ ces ahd-lower
frequencies if the height of the radiating source is increased.
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HORIZONTAL LOOP
SOURCE
HEIGHT
SCAN

PATH,
GROUND

Scan distance = 300 m 30m

| T 18X

Height, metres

)
|
0&

2
>
450,0 0,0 170,0 180,0 190,0
Esfield strength, dBuv/m

FREQWMENCY =1 000 MHz

IEC 830/2000
: loop height 2 m; dipole moment 1 A-m?; horizontal

Hz; ground constants: ¢ = 15, o = 35 mS/m; Z-X plane

patterns of horizontally polarized E-field strength
ted from small horizontal loop
(vertical magnetic dipole)

4.5.6 Differen between the fields over a real ground and the fields over a perfect

caonductor
4.5.6.1~'General

There are significant differences between the field distributions above a real earth plane and
over a perfect conductor. There are several reasons for the differences, not the least
being that the reflection factors for both polarizations over a perfect conductor always have

a magnitude of unity at all angles of incidence, whereas over real ground they have a
magnitude less than unity except at grazing incidence. In addition, for vertically polarized
waves over a perfect conductor there is no Brewster's angle, or expressed in another way, at
all reflection angles a vertically polarized image in a perfect conductor is always in phase with
the vertically polarized source above the conductor. This contrasts with the situation of
vertically polarized waves impinging upon a lossy dielectric such as real ground, where
reflections taking place below Brewster's angle experience a large phase change, and the
image can be visualized as being in approximate anti-phase with the source. It should also be
observed that the reflection factor for a vertically polarized wave reflecting at Brewster's angle
has a very small magnitude for most types of real ground encountered in practice.
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The behaviour of the fields above a metal ground plane compared with the fields over an
earthen ground plane is discussed at length in [40]. The brief discussion below, derived from
[40], serves to provide an answer to the fourth question posed in 4.5.3.

4.5.6.2 Vertically polarized fields over a perfect conductor

The contribution of the vertically polarized surface wave over real ground can be significant.

However, it canmot Inmcrease the totat fietdstrengtT created by a smatt verticaletectric dipote
over real ground to equal the strength of the fields created by the same vertical dipole
moment over a perfect conductor. Figure 44 displays the vertical components of the fields
emitted at 30 MHz from a small vertical electric dipole situated 1 m above a “mediumqdry
ground,” calculated using NEC and SOMNEC to include the surface wave, compared with.the
fields calculated over an almost perfect conductor (in this case annealed cepper).

sites may penalize the equipment under test (EUT). The ffe
plane can exceed the limits, even when the fields fro , an earthen ground
plane are comfortably below the limits. The compayiso S ¥ Ny calculations of the
vertically polarized fields created at 30 MHz over a erfc S a metal ground plane,
for a given dipole moment, are a bad [ I i achievable for the fields
created at elevated angles by that dipole gréund. If the fields over the
good conductor are mistakenly belie i those gver a real ground, they will
encourage a false sense of confidence 3 asurements over real ground will

the small vertical dipg
vertically polarized fi

stronger than th S
were reached a@
when the disturbafge

the vertical digolé | age in a lossy dielectric when reflection take place below Brewster's
angle. The dashed\hgrizontal line across the height scan pattern for 10 m distance shows the
height to the field point, approximately 1,6 m, which corresponds with a reflection taking place
at Brewster's angle when the source is 1 m above the “medium dry ground.”

InNFigure 45 it is quite clear that at 10 m distance the field nulls and maxima at heights
greater than 1,6 m above both the copper ground plane and the “medium dry ground” are in
phase, signifying that the images in the two kinds of ground planes have similar phases when

Icﬂcbtiull fIUIII thc ICCli gluund tcl:'\';‘b |J=abc Clt c=cvatiun a||g=co abuvc BICVVDtCIID allgh:.
However, it is also quite clear that vertically polarized waves reflected below Brewster's angle
over the “medium dry ground” are reversed in phase with respect to the corresponding
reflected waves over the copper ground plane. In other words, the vertical image in the lossy
dielectric is reversed, producing destructive interference (a null) at the surface of the “medium
dry ground” whereas constructive interference (a maximum) occurs at the surface of the
copper ground plane (the direct and reflected path lengths being the same in both cases).
With the vertical dipole source at a height of 1 m, a maximum occurs in the field at 10 m
distance at a height of 0,75 m above the “medium dry ground”, whereas a very deep null
occurs at that height over the copper ground plane (the direct and reflected path lengths differ
by 4/2 in both cases).
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The height scans at 30 m and 300 m, up to a height of 6 m, take place below Brewster's
angle. Maxima in the height-scanned fields over the metal ground plane therefore coincide
with minima in the fields over real ground in both those height scans. This is largely the
reason why it shall not be believed that the height scanned vertically polarized fields
calculated over a good conductor will resemble those over real ground, especially at the
larger horizontal distances. Such a belief will create false confidence that measurements
made near real ground, without regard for the horizontal distance from the source, can give

ol HPA + +la fiaoldl + +la + o taal + l taal l
Yyuuu yuiuditect tu Uurc TICTUu ofTiTytiio tTU UT TAPTLLITU At TiTvalttu daityito.
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4.5.6.3 Horizontally polarized fields over a perfect conductor

Although the contribution of the horizontally polarized surface wave over real ground at
30 MHz is small, nevertheless the height scan patterns in Figure 46 show that the horizontally
polarized fields near the “medium dry ground” are stronger in this case than
the corresponding fields near the copper ground plane.

In both cases a null is required in the vertical field pattern at the ground, to satisfy the
boundary conditions, and the null is deeper in the copper ground plane example. This
example shows, in contrast with vertically polarized measurements, that it is possible that
measurements of horizontally polarized fields made on a metal ground plane for comparison
with radiated disturbance limits developed for earth sites may slightly favour the EUT when
measuring for compliance with the limits.

In Figure 47, the height scan patterns of the horizontally polarig

earthen ground plane because the magnitude
becomes significantly less than unity :

created at shor
insignificant, bec
as the waves reflect
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4.5.6.4 Fields over a perfect conductor as guides to the fields over real ground

We can now answer the fourth question raised in 4.5.3.

In summary, the horizontal polarized field patterns created over real ground at frequencies of
30 MHz and above resemble the corresponding patterns over a metal ground plane. There are
some differences of a few decibels in field magnitudes. At the lower frequencies some small

differences are also created by the existence of the surface wave over a real ground. At the
higher frequencies the field strength differences at short measuring distances are caused by
the decrease below unity of the magnitude of the horizontal reflection factor for real ground
when reflection takes place at angles significantly above grazing incidence. Constructive
interference of direct and reflected waves over real ground then produces field strength

surface of the ground plane. This contrapositioning
why the height scanned vertically polarized fields

horizontal distance from the source,
expected at elevated angles.

magnitudes of the verfi
over a real ground,

4.5.7 Uncertal

predictigas O [ gths at elevated angles are based on E-field measurements in 1 m
to 4 m heigh NS ] izontal distances of 10 m, 30 m and 300 m.

Figure 48 illustrates”the uncertainties in predictability based on measurements made at a
horizontal distance of 10 m. The bar for the uncertainty range at 330 MHz shows that the best
predictability at 330 MHz is obtained when the source behaves as either a small horizontal
dipole* (dh) or as a small horizontal loop (lh). There is nominally zero error predicting the
maximum strength of the horizontally polarized E, fields. The poorest predictability at
380 MHz results in an underestimate of approximately 4,5 dB for the maximum horizontally
polarized field E,, emitted at elevated angles from a small vertical loop (lv).

When measurements are made in a height scan at a horizontal distance of 30 m, the bar for
the uncertainty range at 110 MHz in Figure 49 shows that the best predictability at 110 MHz
occurs when the source behaves as a small vertical dipole (dv). There is a negligible
underestimate, by 0,5 dB, predicting the E, vertical component of the vertically polarized field.
The poorest predictability at 110 MHz produces a greater underestimate, by 9,5 dB, of the
horizontally polarized E,, field emitted at elevated angles from a small horizontal dipole source
(dh).
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Figure 50 graphically illustrates the very large uncertainties in predictability that occur if the
horizontal measuring distance is as great as 300 m. At 243 MHz, the bar illustrating the
uncertainty range shows that the poorest predictability at 243 MHz introduces a very large
underestimate by 22,5 dB for the horizontally polarized E,, fields emitted at elevated angles
from a small horizontal dipole (dh) and from a small horizontal loop (lh). The best
predictability at 243 MHz also produces a large underestimate, by 13 dB, of the vertical E,
component of the vertically polarized field emitted at elevated angles from a small vertical

l

dIPU:C (dv). r;y\.uco 49 arryu 50, ;II pult;\,u:al, glaphlua”y |”uot|atc thC VCI_y :alyc
underestimates which can occur when attempts are made to predict the strength of radiation
in vertical directions based on measurements near the ground at unknown horizontal
distances greater than 10 m from the sources.

75 MHz 110 MHz 243 MHz 330 MHz

I

E, (dv) E, (dv) E, (dh) E, (dh)&(h)

Uncertainty, 0 0 ! Q
dB i
-2,5 -2,5
B I 5 En (V) &(dh) En & E, (IvV) .

5
Under- E, (dh)

Over-
estimate

estimate
-10 =

IEC 835/2000
NOTE The predictability is based on measurements of the ally and vertically polarized E-fields in a height
scan from 1 m to 4 m at a horizontal distance af 10 s . The following example shows how the bar
chart can be interpreted. At 243 MHz, the bak sh ‘ predictability, with nominally zero error, is
obtained when estimating the prfaxiv um gtk i tally polarized Ey, field emitted at elevated angles
from a source behaving as a s 2 8 —Thé\pgorest predlctablllty at 243 MHz, an underestimate
by as much as 2,5 dB, can ¢¢ icti i strengths of the horizontally polarized Ey, fields and
the E, vertical component of the yert i { Aitted at elevated angles from a source behaving as a
small vertical loop (

Figure 48 —@ 3 bal s in the predictability of radiation in vertical

direct readly small sources located at a height
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o 75 MHz 110 MHz 243 MHz 330 MHz 1000 MHz
ver- | | |
estimate Ey, (@v) E, (@)
E, (h) E, (h) En (dh) & (Ih).
Uncertainty, o L 0 Q
dB -1 -O 5 15
E, (dv) §E, (dv) 4 -3,5 '
5 - En ()
Ey (dh) E, (v)
| -9,5
Under- 10 E. (dh
estimate -12 n (dh)
1-4 m height scan at 30 m horizontal dista
15 L En (dh)

836/2000

¥s how the bar
zero error, is
obtained when estlmatlng the maX|mum strength of either the horizorft
angles from a small horizontal loop (Ih) or the E, vertical compopen
elevated angles from a small vertical dipole (dv). But at 330 M
underestimate by as much as 3,5 dB when predicting the strengf
maximum field emitted at elevated angles from a
(Reproduced from [39])

small vertical loop (lv)

of 1
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75 MHz 110 MHz 243 MHz 330 MHz 1000 MHz
Over-
estimate S |-
Uncertainty,
dB — log frpqllpnr‘\/
E, (dv)& (lv)
5+ -5
E, (dv)
-10 v
E, (dv) 115 -11
& (Ih
LB @) E @) 13 &
.16 -15,5
-20 |- -20
Under- 225 En (dh) & (Ih)
estimate
-25 - E,, (dh) & (Ih)
-29
30~ Q315 E, (dh) 1-4 m height scan at-2

IEC 837/2000

ability at that frequency, which is an
¢ling the maximum strength of the E, vertical

he'predictability of radiation in vertical
all sources located at a height
above ground

The largest underestjmates of the fields at elevated angles will generally occur for horizontally
polarized fields. This is a cause for concern, because the aeronautical safety of life services
requirings'greatest protection from disturbances originating at the ground are those provided
by the “horizontally polarized marker beacon, localizer, and glide path signals of the aero-
nautical ILS.

Under some conditions, measurements are specified in CISPR 11 at a fixed height of 2,0 m.

Measurements at a fixed hnighf should not he epnr\ifinr‘l if fhn\}/ are hning made to determine

protection for specific safety services. There is a risk that fixed height measurements will be
made in, or close to, a null. The risk increases at the higher frequencies and when the height
to the radiation centre of the source is unknown. Fixed height measurements can seriously
underestimate the true field strength near the ground and, in consequence, the maximum field
strength at elevated angles.

Calculations or measurements of the field strength patterns of vertically polarized fields over a
perfect conductor or metal ground plane do not provide good guidance to the fields to be
expected over a real ground. At reflection angles below Brewster's angle over real ground the
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field minima and maxima are contraposed with those created by the same source over a metal
ground plane.

To provide protection for aeronautical safety of life services, and other communication
systems, height scan measurements and limits for radiated disturbances from in situ ISM
equipment located near the ground shall be specified at a known horizontal distance from the
equipment. Height scan measurements at a horizontal distance of 10 m from an ISM

equipment In Situ allow accuraie estimaies to be made of the fields emiited at elevated
angles. If for practical reasons the in situ measurements shall be made at a distance greater
than 10 m from the equipment which is the source of the radiation then the limits at the larger
distance, particularly if it is more than 30 m, shall be derived from the 10 m limits by adjusting
them in inverse proportion with increasing distance squared. This shall be so in order to
prevent relaxation of the protection when limits are intended to provide fof munication or
radionavigation systems that are operated high above ground.

4.6 The predictability of radiation in vertical directions at freq
4.6.1 Range of application

This subclause considers the vertical radiation patterns of
(E) fields emitted at frequencies up to 30 MHz from eleetri
the surface of real homogeneous plane ground, for
of radiation in vertical directions based on measure
the ground.

The vertical radiation patterns of the fie
various electrically small sources, and
been calculated so that the field vari

s of the fields at greater distances have
se can be quantified. In this way, a

the magnitudes of the fied d._compared with the magnitudes of the field
components at elevated '
expected to vary with dist

The sources considg gll balanced electric and magnetic dipoles excited
in the frequency range 1 . For the purposes of the subclause, an electrically
small source is def rgest linear dimension is one-tenth or less of the free
space wavelengtf | ‘ of/interest.

conductivityxand\diele
behaves as a<perfect

ictonstants [43], [44], and includes the special case of a ground that
onductor.

The possibte effects on the vertical radiation patterns produced by walls, buildings, reinforced
concrete* structures, and the like, in the vicinity of the sources, and the effects on wave
propagation near the ground that could be produced by changes with distance of the electrical
constants of the ground, caused by intervening roads, watercourses, buried metallic pipes,
and so on, are not within the scope of this subclause. It is important to note, therefore, that
the errors in predictability that may be produced by such effects have not been considered.

4.6.2 General

CISPR 11 sets limits for the electromagnetic disturbances emitted near the ground from
industrial, scientific and medical (ISM) radio-frequency equipment. The limits are intended to
provide protection of the reception of radio services. At frequencies below 30 MHz the limits
apply to the horizontally oriented components of the H-fields emitted by the ISM apparatus.
For measurements on a test site, the limits apply at a distance of 30 m from the source. When
measurements are made in situ the distance to the measurement point is defined as 30 m
from the exterior wall outside the building in which the ISM equipment is situated; the distance
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from the source is not defined. Measurements are to be made with a vertically oriented loop,
the base of which shall be 1 m above the ground.

It is acknowledged in CISPR 11 that many aeronautical communications require the limitation
of vertically radiated electromagnetic disturbances, and that work is necessary to determine
what provisions may be required to provide protection of such systems.

The aeronautical radio services to be protected may be either horizontally or vertically
polarized transmissions. Thus, the field components at elevated angles, emitted from potential
interference sources located near the ground, that are of interest in a study of field strength
predictability include the vertically and horizontally oriented H- and E-field components.

In this subclause the judgements of predictability of radiation in vertical directiens jare’based

conditions as the wayelen ied,\d requency range 100 kHz to 30 MHz the
electrical behaviour of|real g ies. genefal, real ground has the characteristics of a

lossy conductor gilo i and thecharacteristics of a lossy dielectric at the higher
frequencies. M ] ple€trical constants of real ground can vary widely;
they may range Joz: g ductivity of 10~4 S/m and relative permittivity of 3 to a
conductivity of 10— and rel| e \permittivity of 30 [43], [44]. Even this wide range of
values of the grotinad ot encompass all of the values that may be encountered

ite t| ies. the)critical importance of a knowledge of the precise measurement
distance — thelactus distance between the source and the field measuring point near the

angles with a’known™margin of error.

Subclause 4.6 indicates the ranges of magnitude of the significant errors in predictability that
can.still occur when the precise measurement distance over real ground is 30 m from the
sources, and the large errors that can arise from the approximation that the influence of real
ground can be determined by assuming it behaves like a perfect conductor. It also shows how

mngnifndnc of the errors in prorlir‘fnhilih]/ ahove real grnunrl may he rnrhmnrly nlthnugh fhoy
remain significant, by supplementing measurements of horizontally oriented H-fields near
ground with height scan measurements of vertically oriented H-fields at heights up to 6 m,
when the measurements are made at a distance of 30 m from the sources.

4.6.3 Method of calculation of the vertical radiation patterns

The H- and E-field vertical radiation patterns in this subclause were calculated using a Method
of Moments computer code known as the Numerical Electromagnetics Code (NEC) [35]. A
double precision version, NEC2D, with the companion code SOMNEC2D, was used. NEC with
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SOMNEC allows the Sommerfeld integral evaluation of the field interactions at the air-ground
interface [36] to be included in the determination of the E-fields above real grounds.

In the version of the NEC codes that were first released for public use, a section of code for
calculation of the near H-field in the presence of real ground was omitted, which can lead to
large errors in the H-field calculations [45], [46]. In the version of NEC2D used to calculate
the radiation patterns in this subclause the missing code has been restored, allowing

calculation of all the H-fiel[d components close to the surface of a real ground. The resiored
section of code calculates the H-field components by using a six-point finite-difference
approximation of the curl of the E-field obtained by the Sommerfeld method.

The spatial sampling interval used in the finite-difference calculation of H-field in NEC is

Some remaining problems of numerical stability, arising
approximation of the H-fields from E-fields, which in some case®
is mathematically zero but which have become numerica
inaccuracies [48], have required smoothing of some
patterns.

4.6.4 The source models

The electrically small sources that for ( . is ause consist of small vertical

and horizontal balanced electric dipol (i d—-horizontal balanced magnetic
dipoles (horizontally and vertically orfented loog ectlvely) each having a unit dipole
moment [i.e. a dipole (current) moment of lectric dipoles and a dipole moment
of 1 A-m2 for the magnetjc : ated\very close electrically to the air-ground

interface (within a small ’
sensitivity of the hae ofthe
patterns COnSId thi

with height.

the ver|f|ed a |mu 3 of the fields around the vertical magnetic and vertical electric
e radial scans around those sources in only the Z-X plane.

\_patterns to changes in the source height. The
ySe that exhibited the greatest variation in shape

) nd 54 that two generators drive each loop. Although the loops used
in the modelsywere electrically small, it was found that when driven by one generator only,
each displayed sufficient current asymmetry to produce a significant electric dipole
contribution to the electromagnetic fields — because of their finite size the small loops did not
behave-ras electrically infinitesimal magnetic dipole sources. In the models used here,
therefore, each loop was driven by two identical aiding generators located as shown, and the
electric dipole contribution produced by current asymmetry arising from the use of a single
generator was reduced to insignificance. Of course, in the case of the horizontal magnetic
dipole (vertical loop), there is always a loop current asymmetry (and a resultant electric dipole

moment) caused by proximity to the ground and this effect also occurs in the models used in
this subclause.
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Figure 53 — Figure 54 — Geometry of the small vertical

horizont \ i K magnetic dipole model
: (small horizontal loop)

Most attention>in this\subclause has been devoted to radiation sources located close to a
ground having a corductivity, o = 10~3 S/m and a relative dielectric constant, & of 15; these
electrical coenstants are in the CCIR category of a medium dry ground [43], [44].

At the*upper and lower extremes of the frequency range, i.e. 30 MHz and 100 kHz, examples
of-two other sets of values of ground constants were used with the small horizontal electric
dipole model to illustrate the influence of differing values of the ground constants on the
vertical radiation patterns. The electrical constants mentioned in 4.6.2, with the numerical

values of o = 102 S/m and & = 30 (ITU-R — cultivated land and fresh water marshes) and
o=10"%S/m and & =3 (ITU-R — very dry ground and granite mountains in cold regions),
were chosen as the examples [43], [44].

For each type of source, the field patterns above a perfectly conducting ground were also
been compared with the patterns generated above real grounds, to identify the errors that can
arise from the approximation which is sometimes made so that the influence of real ground
can be determined by assuming it behaves as a perfect conductor.
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In general, it is necessary to recall that specific boundary conditions apply to the fields at the
surface of a perfect conductor that do not necessarily apply at the surface of a real ground. In
particular, the H-field component normal to the surface of a perfect conductor shall go to zero
at the surface, as shall the tangential E-field component at the surface, and it will be recalled
that this is why a horizontally polarized surface wave cannot exist at the surface of a perfect
conductor. Further, a vertically polarized surface wave travelling on a perfectly conducting
ground plane experiences no ohmic loss — it merely attenuates with distance at the free space

+ Tl k. Al alits L rre | 2l + 1 + o £ £ 1
TaLlc., LILLAYA=A>3 uuulluouy CUTTUItivlIo, Mnmouvw=everT, bCIlaIIII_y uvu 11Ut (J.'Jpl_y Al Uuic ourracvT Ul a 1Al
ground; thus the boundary conditions identify the most general set of differences between the
vertical radiation patterns that will exist close to the surface of a real ground when compared
with those calculated close to the surface of a perfectly conducting ground.

4.6.6 Predictability of radiation in vertical directions

4.6.6.1 Tabular summaries of predictability

Predictability based on
vertical radiation patterns

calculated at a known
distance from the source,
assuming the ground behaves

Type of source Predictability based on
measurements near real

ground at 30 m distance

from~the source
N

as a perfect conductor

Electrically small
vertical electric

\/éxcellent

ee Figures 57 to 60)

Excellent
(see Figure 57)

loop)

dipole

Electrically small Very good Poor
horizontal electric (see Figures 49, 63 to 65) (see Figure 61)
dipole Note 3
Electrically sma Excellent Very good Very good
horizontal magQetic (see uresy66, 68) (see Figures 66, 68 to 70) (see Figures 66, 67)
dipole (Ver op) N 4 Note 5
Electrica Poor Impossible Impossible
vertical magnetic (s igures 71, 81) (see Figures 71, 73 to 76) (see Figures 71, 72)
dipole (horizonta: Note 6 Note 7 Note 8
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NOTE 1 The measurement of the horizontally oriented H-field emitted by the small horizontal electric dipole near
the ground can overestimate the maximum vertically oriented H-field strength emitted at an elevated angle by
approximately 1 dB (see Figure 61). Note, however, that the measurement overestimates the strength of the
horizontally oriented H-field emitted in the vertical direction by 5 dB.

NOTE 2 The small influence exerted on the small horizontal electric dipole vertical radiation patterns at 100 kHz
by a wide range of the electrical constants of the ground is shown in Figure 62.

NOTE 2 __Thao haorizanital glgetric dingla's Hofigld nattgrn caleylatad accuminag o narfacthy candiicting araund chaowe
™ ™ I ™ p4 g9

that such an assumption causes an underestimate of more than 20 dB in the absolute field strength, and falsely
indicates that the ground-based measurement underestimates the maximum field strength by 6 dB (refer to NOTE
1) (see Figure 61).

NOTE 4 The measurement of horizontally oriented H-field emitted by the small horizontal magnetic dipeole
(vertical loop) near the ground can overestimate the maximum vertically oriented H-field strength at_-gleyvated
angles by less than 1 dB (see Figure 66). Note, however, that the measurement overestiry he strength of the
horizontally oriented H-field emitted in the vertical direction by more than 3 dB.

NOTE 5 Vertical patterns of the horizontally oriented H-fields emitted by the spfa etic dipole
(vertical loop), calculated assuming a perfectly conducting ground, can overe Iues of field
strength over real ground by 6 dB, but the shapes of the patterns are a gogthguigde ty the v edl ground
However, boundary conditions are such that the vertically oriented H-field surface of the

perfectly conducting ground which is not the case at the surface of a real,gro

NOTE 7 The relative magnitudes of the H-fiel
dependent on the actual distance from the small

ground have no resemblance,we and ab

ground. See Figures 71 and 7 /'\
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Table 20 — Predictability of radiation in vertical directions at 1 MHz, using ground-based
measurements of horizontally oriented H-field at distances up to
300 m from the source (figures are located in 4.6.8)

Type of source Predictability based on | Predictability based on in Predictability based on
measurements near real situ measurements near vertical radiation patterns
ground at 30 m distance real ground when the calculated at a known

from tho salirco measureomaont dictancao distance from tho SOLH-CO
from the source is not assuming the ground behaves
precisely known as a perfect conductor
Electrically small Excellent Excellent Excellent
vertical electric (see Figures 77, 78) (see Figures 77 to 79) (see Figure 77)
dipole
Electrically small Very good Good or
horizontal electric (see Figures 80, 82) (see Figures 80 to 83) (see Figuxe\80)
dipole Note 1 te 2
Electrically small Excellent Good w
horizontal magnetic (see Figures 82, 87) (see Figures 82, 86 to 88 lgu s
dipole (vertical loop) Note 3
Electrically small Excellent Impossible
vertical magnetic (see Figures 89, 92) (see Flgures 89, (se Flgure 90)
dipole (horizontal Note 5 \ Note 7
loop)

NOTE 3 The measureme
can overestimate the maxi

NOTE 4 The patte Qf
perfectly conducting™grou

NOTE 5 The measyre
ground at 30 m di
vertical direction thah h€ maximum horizontally oriented H-field emitted at elevated angles by
less than 1 dB \ sasurement of the vertically oriented H-field, Hz, near ground reduces the

underestimate of the sl rtically oriented H-field emitted in the vertical direction to about 1 dB, and
overestimates th izontally oriented H-field strength by more than 1 dB

NOTE 6 The des of the H-field components near the ground and at elevated angles are strongly
dependent on th actual distance from the horizontal loop source. The horlzontally orlented H-field near the

horizontally(oriented H-fifeld at elevated angles. The vertically oriented H-field near the ground is a component of
the horizentally polarized ground wave launched by the horizontal loop and attenuates very rapidly with
increasing distance from the source at 1 MHz. See Figures 89 and 91.

NOTE 7 At 1 MHz, the vertical radiation pattern of the horizontally oriented H-field emitted by the small
horizontal loop above a perfectly conducting ground has an absolute value more than 15 dB less than the field
strength calculated above a real ground. The shape of the vertical pattern of the vertically oriented H-field

calculated close to a perfectly conducting ground bears no resemblance to the vertical pattern calculated close to
the real grmmr{ Compare I:igurpc 89 and 90 _In gpnprnly the hmmdnry condition which n:\nluirp: the \/prrir‘nlly

oriented H-field strength to be zero at the surface of a perfectly conducting ground means that the pattern of
vertically oriented H-field at the real ground, which is non-zero, does not resemble the corresponding pattern at
the perfect ground.
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Table 21 — Predictability of radiation in vertical directions at 10 MHz, using ground-
based measurements of horizontally oriented H-field at distances up to 300 m
from the source (figures are located in 4.6.8)

Type of source Predictability based on | Predictability based on in Predictability based on
measurements near real situ measurements near vertical radiation patterns
ground at 30 m distance real ground when the calculated at a known

from thao saolirco measureomaont dictancao distance fram the SOLH-CB
from the source is not assuming the ground behaves
precisely known as a perfect conductor
Electrically small Excellent Excellent Impossible
vertical electric (see Figures 93, 94) (see Figures 93 to 95) (see Figure 93)
dipole Note 1 Note 2
Electrically small Poor Good
horizontal electric (see Figures 96, 97) (see Figures 96 to 98)
dipole Note 3 Note 4
Electrically small Very good Impossible oégl\-:—zg}
horizontal magnetic (see Figures 99, 100) (see Figures 99, 100) ee Figur
dipole (vertical loop) Note 6 Note 7
Electrically small Poor Impossibl
vertical magnetic (see Figures 101, 102) (see Flgures 10 (se Flgures 101)
dipole (horizontal Note 9 Note 11
loop)

to heMlly polarized ground wave
emitted from the vertical electric dipole. At } ve near the ground attenuates

rapidly with increasing distance, such that

grounds therefore differsignificantly in that range of measuring distances. See Figure 96.

NOTE.62The measurement of the horizontally oriented H-field near the real ground at 30 m distance from the
smallertical loop can underestimate the horizontally oriented H-field strength emitted in the vertical direction by
less than 3 dB, but it overestimates the strength of the vertically oriented H-field emitted at elevated angles by
approximately 3 dB. See Figure 99.

NOTE 7 The horizontally oriented H- field components near real ground attenuate much more rapidly with

10-M L Th
Te—eXCESS

P H £ o Il 1 o | +ho A
|||\.|cua|||3 eHstarece—fHom—the—smealH—vrerteat TOOP—ah—Go the qr\y Wave \.unnpuncnuq, -at—3-0-HHZ-

attenuation is approximately 8 dB over the distance from 30 m to 300 m. See Figure 99.

NOTE 8 At a distance of 30 m from the small vertical loop over a perfectly conducting ground the vertical
radiation pattern of the horizontally oriented H-field is within about 4 dB of the pattern of the H-field over a real
ground. However, the vertically polarized wave near a perfectly conducting ground attenuates with increasing
distance at the free space rate, unlike a vertically polarized wave over a real ground which attenuates more
rapidly with distance at 10 MHz — see NOTE 22 and Figures 99 and 100. Vertical radiation patterns calculated
over a perfectly conducting ground can therefore be very misleading as guidance to the patterns to be expected
over real ground at distances much beyond 30 m at 10 MHz.
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Table 21 (continued)

NOTE 9 The measurement of the horizontally oriented H-field components near the real ground at 30 m distance
from the small horizontal loop can underestimate the maximum horizontally and vertically oriented H-field
strengths at elevated angles by more than 6 dB. Note, however, that a measurement of the vertically oriented H-
field, Hz, at a height of 6 m underestimates the maximum H-field, the vertically oriented H-field, at elevated
angles by approximately 5 dB at 10 MHz. See Figure 101.

NOTE 10 The relative magnitudes of the H-field components near the ground and at elevated angles are
strongly dependent on the actual distance from the horizontal loop source at 10 MHz. The horizontally oriented H-
field near the ground is a radially directed component which attenuates more rapidly with increasing distance than
does the horizontally oriented H-field at elevated angles. The vertically oriented H-field near the ground_.is ‘&
component of the horizontally polarized ground wave launched by the horizontal loop and attenuates very rapidly
with increasing distance from the source. See Figure 101.

NOTE 11 The shape of the vertical radiation pattern of the horizontally oriented H-field calcula
of 30 m from the small horizontal loop over perfectly conducting ground is very simitarto

ed at a“distance
at calculated over a

at elevated angles. See Figure 101. It must also be recalled that,
requires the vertically oriented H-field strength to be zero at the
that at all frequencies up to 30 MHz the patterns of verticall

based measurements of horizontally
source (fi

ances up to 300 m from the
in 4.6.8)

Type of source based onin Predictability based on
ements near vertical radiation patterns
real ground when the calculated at a known

ement distance distance from the source,

om the source is not assuming the ground behaves

precisely known as a perfect conductor
Electrically small ry good Impossible Impossible
vertical electric seeXigures-1 (see Figures 103,104) (see Figure 103)
dipole /\ otell Note 2 Note 3
Electrically smal Impossible Impossible
horizontal elec{fic (s Figures 05 106, (see Figures 105, 106, 108) (see Figures 105, 106)
dipole Note 6 Note 7

(\ \ otes 4, 5

Electrically s II\ \/ Good Impossible Impossible

horizontal magnetio ee Figures 109, 110) (see Figures 109, 110) (see Figure 109)

dipole (vertical Toop Note 8 Note 9 Note 10
Electrically small Poor Impossible Good
verticalqmaghetic (see Figures 111, 112) (see Figures 111, 112) (see Figure 111)
dipol€ (horizontal Note 11 Note 12 Note 13

loop)

NOTE 1 The measurement of the horizontally oriented H-field near the real ground at 30 m distance from the
small vertical electric dipole underestimates the maximum field strength at elevated angles by about 3 dB at
30 MHz.

NOTE 2 The horizontally oriented H-field near ground is a component of the vertically polarized ground wave
emitted from the vertical electric dipole. At 30 MHz the vertically polarized wave attenuates rapidly with increasing
distance near ground, such that there is an excess 13 dB attenuation of the ground wave in addition to the 20 dB
sky-wave attenuation over the distance from 30 m to 300 m. See Figures 103 and 105.
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Table 22 (continued)

NOTE 3 At a distance of 30 m from the small vertical electric dipole over a perfectly conducting ground, the
vertical radiation pattern of the horizontally oriented H-field is within about 8 dB of the pattern of the H-field over
real ground. However, the very high rate of attenuation with a distance of a vertically polarized ground wave over
real ground at 30 MHz is apparent even at the short range of 30 m (see Figure 103). Moreover, at 30 MHz there is
an excess 13 dB attenuation of the ground wave in addition to the 20 dB sky-wave attenuation over the distance
from 30 m to 300 m. Over a perfectly conducting ground the excess ground-wave attenuation does not occur, so

that the vertical radiation patterns over perfectly conducting ground cannot give guidance to the patterns over real
ground at the distances from the small vertical electric dipole that are considered in this subclause.

NOTE 4 The measurement of horizontally oriented H-field emitted by the small horizontal electric dipole near the
ground can underestimate the maximum horizontally oriented H-field strength in the vertical direction by more
than 16 dB at 30 MHz (see Figure 105). Note, however, that a measurement of the vertically oriented H-fieldy Hz,
at a height of 6 m improves predictability and underestimates the magnitude of the horizo oriented/Hfield in
the vertical direction by approximately 12 dB. The height scan measurement of Hz under s the magnitude
of the vertically oriented H-field at elevated angles by approximately 7 dB.

wave emitted by the small horizontal electric dipole at the real ground As\almpst anh the sky-wave
attenuation over the distance from 30 m to 300 m from the source. If thé_trueNudas\y istance is not known,
the amount of excess attenuation suffered by the ground wave capneo en making predictions of the

NOTE 7 The horizontally oriented H-field near a perfectly\conductingg enuates by 40 dB as the
distance from the small horizontal electric dipole mcreas 3 an excess attenuation of 20 dB
more than the sky-wave attenuation, as the fg es e ablished over that distance. On
the other hand, the excess attenuation of the y polarized ground wave is about

12 dB near a real ground over the 30 m to 300 istance _radigtion patterns over real and perfectly

conducting grounds therefore differ significantly, Nz I thatNange of measuring distances. See Figures 105
and 106.

NOTE 8 Measurement of the fwgi g eal ground at 30 m distance from the small
vertical loop can underestimaté 301 iented H-field strength emitted in the vertical direction

by less than 6 dB. It gives
angles. See Figure 109.

n exa

NOTE 9 The horizgnta i P -fie p nentg near real ground attenuate more rapidly with mcreasmg
distance from the i
approximately 13 dB ist 30 m Po 300 m. See Figure 109

NOTE 10 At a dist ) all vertical loop over a perfectly conducting ground the vertical
radiation pattern of the hari iented’H-field is within about 8 dB of the pattern of the H-field over a real
ground. Howevget, i zed wave near a perfectly conducting ground attenuates with distance at the
free space rat®, unlik polarized wave over a real ground which attenuates more rapidly with
distance a3 i and 110). Vertical radiation patterns calculated over a perfectly conducting
ground cé isleading as guidance to the patterns over real ground at a distance of 30 m and
beyond.

NOTE 11 Measuren the horizontally oriented H-field components near the real ground at 30 m distance
from the small~Horizontat” loop can underestimate the H-field strengths emitted at elevated angles by more than
16 dB. Note;y” however, that a measurement of the vertically oriented H-field, in Hz, at a height of 6 m
underestimates the maximum H-field strengths at elevated angles by less than 6 dB. See Figure 111.

NOTE 12 The relative magnitudes of the H-field components near the ground and at elevated angles are
strongly dependent on the actual distance from the horizontal loop source. The horizontally oriented H-field near
the ground is a radially directed component which attenuates more rapidly with increasing distance than does the

horizontally oriented H-field at elevated angles. The vertically oriented H-field near the ground is a component of
the hnri7nnfn|l\1/ pnlnriﬂ:\d grnlmr‘l wave launched h\]/ the horizontal Innp and at 30 MHz it attenuates very rnpit‘ll\]/

with increasing distance from the source. See Figures 111 and 112.
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Table 22 (continued)

NOTE 13 The shape and magnitude of the vertical radiation pattern of the horizontally oriented H-field
calculated at a distance of 30 m from the small horizontal loop over perfectly conducting ground at 30 MHz are
very similar to the shape and magnitude of the pattern calculated over real ground. Both the calculated patterns
indicate that ground-based measurement of horizontally oriented H-field will underestimate the maximum field
strength at elevated angles by 16 dB or 17 dB. However, the measurable horizontally oriented H-field components
near the ground in both cases are the remnants of radially directed near-field components, not a part of

propagating waves, and they attenuate more rapidly with increasing distance from the small horizontal loop than
do the fields at elevated angles. See Figure 100. It must also be recalled that, in general, the boundary condition
which requires the vertically oriented H-field strength to be zero at the surface of a perfectly conducting ground
means that at all frequencies up to 30 MHz the patterns of vertically oriented H-field which are non-zero at the
real ground do not resemble the corresponding vertically oriented H-field patterns which go to zero at' the
perfectly conducting ground.

4.6.6.2 Error ranges

The error range bar charts summarizg infeoxmati h the various notes to the
tables and in the radiation pattern dia NS» i amples serve to illustrate the

only on measurements ng ly oriented H-field components at 30 m
horizontal distance from t ~ ' aghow that at 100 kHz the largest over-
estimation of the stre iafi i ical/directions occurs in the case of a source

behaving as a small horizonta il and the error is an overestimate by 5 dB of the
maximum stren%@ iented H-field. The largest error in overestimating the
maximum verticaly /oyien i at 100 kHz is an overestimate of only 1 dB, as
indicated in the chg again for the case of a source behaving as a small
horizontal electrig” dipo AL 180 kHz Figure 55 shows that the largest error in prediction of

the strength of_radiation i directions occurs in the case of a source behaving as a

small verticad atic\di yorizontal loop) and the error is an underestimate by 16 dB of
the maximu 3 d H-field. The largest error at 100 kHz in predicting the
maximug nted H-field strength emitted in vertical directions is an under-
estimate b the case of a source behaving as a small vertical magnetic dipole

(horizontal logp

In Figure 56, which is used when predictability of radiation in vertical directions is to be based
on measurements near ground of the horizontally oriented H-field components supplemented
with™6-m height-scan measurements of the vertically oriented H-field components at 30 m
distance, the charts show that at 100 kHz the worst error in the prediction of the strength of
radiation in vertical directions still occurs for the vertically oriented H-field components
emitted from a source behaving as a small vertical magnetic dipole (horizontal loop), but that

the magnitude of the error has been reduced to an underestimaie by 6 dB (solid bar). The
magnitude of the largest underestimate at 100 kHz of the maximum strength of the
horizontally oriented H-field emitted in vertical directions has been reduced to 3 dB, and this
also occurs for the case of a source behaving as a small vertical magnetic dipole (horizontal

loop).
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= = error range of predictability of horizontally oriented

+10 r dhr 9 H-field strength at elevated angles
Overestimate ] mmm= = error range of predictability of vertically oriented
+5 - dh - 5 : H-field strength at elevated angles
‘ Iv 3
1 I v 0 log frequency
Erfror, 0B 0 -
-5 F
Underestimate
- 10 -
.15 L ¥-15
-16
| |
100 kHz 1 MHz

Electrical constants of the ground: o =1 mS/m, ¢ = 15.

Source identification:
dh = horizontal electric dipole

dv = vertical electric dipole

Ih = vertical magnetic dipole (horizontal loop)

Iv = horizontal magnetic dipol

Figure 55 — Ranges of

electrically small source

horizontally orie

9,

IEC 846/2000

e (vertical loop)

erro

d
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—— = error range of predictability of horizontally oriented

+10 r dhi o H-field strength at elevated angles
Overestimate mmm= = error range of predictability of vertically oriented
+5 L dh 5 H-field strength at elevated angles
i dhyg 3 v
L | log frequency
‘ | I 0
Error, dB 0 | dVI 0 ‘ v -
[ | h % -1 dv i
: dv g -3
-5 h |
Underestimate
-10 r
-15 -
| |
100 kHz 1 MHz IEC 847/2000
Electrical constants of the ground: o= 1 mS/m, g = 15.
Source identification:
dh = horizontal electric dipole
dv = vertical electric dipole
Ih = vertical magnetic dipole (horjzontal loop)
Iv = horizontal magnetic dipole
Figure 56 — Ranges qf ¢ S i ictability of radiation in vertical directions from

the ground, based on measurements of the
d supplemented with measurements of the

b a height scan up to 6 m at a distance

from the sources

electrically smal s
horizontally a@;

verticall

4.6.7

Vertical fns\have been calculated for electrically small sources located close to
real homogeneqQus-gplane ground, ignoring the possible contributions to pattern distortion that
might arise ence of nearby buildings or other field disturbing objects, or from

discontinuities~in~the >electrical constants of the ground. Nevertheless, even with such a
simplificatiofr;” the studies still show that in the case of solitary electrically small sources
located ‘close to a plane homogeneous ground the predictability of radiation in vertical
directions can be subject to large errors, when the predictions are to be based on
measurements of the strength of the horizontally oriented H-field at the ground in the manner
presently described in CISPR 11.

predictions of field strength at elevated angles with a known margin of error, using ground-
based measurements, when the measuring distances from the sources are not precisely
known. The limits and methods of measurement of radiation in situ for which the precise
measurement distance from the ISM equipment is not defined in CISPR 11 cannot provide a
known level of protection of aeronautical communication services. For example, this limitation
applies over the entire frequency range from 100 kHz to 30 MHz if the radiation source
behaves like an electrically small vertical magnetic dipole (horizontal loop).

In pnrfir\nl::r this subeclause has identified many nvnmplnc of the impnccihilify of m::lzing
afHetHal—HH Hoeiad Aas—gehHHeag—mahn AP+ A el

The large errors in calculation of the vertical radiation patterns that can arise from the
approximation, which is sometimes made, that the influence of real ground can be determined
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by assuming it behaves like a perfect conductor have also been indicated. Apart from the
more complex interaction between the source and its image in a real ground, two more
obvious reasons for the errors are: that the boundary condition that requires the vertically
oriented H-field strength and the horizontally oriented E-field strength to be zero at the
surface of a perfectly conducting ground does not apply at the surface of a real ground, and
the vertically polarized ground wave attenuation with distance over real ground is greater than
the attenuation with distance over a perfectly conducting ground, especially at the higher

£ .
IMMTYUTIIVITO.

Subclause 4.6 has also shown, even when the measurement distance over real ground (s
precisely known, that predictability of the strength of radiation in vertical directions basedjon
measurements near the ground at a distance of 30 m remains subject to significant errors.

Figure 55 depicts the error ranges that can apply when predictability) is_based, solely on
measurement of the horizontally oriented H-field near ground at 30 o

that over the frequency range from 100 kHz to 30 MHz the margm fQ
+9 dB (overestimate) at 1 MHz, or as much as —16 dB (undere at t x{remeés of the

frequency range, i.e. 100 kHz and 30 MHz.

Figure 56 illustrates the reduced error ranges obtained for pre G diation in vertical
I the ground are

ground. It can be seen that the potential overesti
but the potential underestimate of 16dB at

perfectly condu

In addition, the coi pakisors © adiation patterns over real ground with those over
assessments of n

4.6.8
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4.7 Correlation between amplitude probability distribution (APD) characteristics of
disturbance and performance of digital communication systems

4.7.1 General

The relationship between the degradation in quality of digital communication systems and
APD of disturbance is shown in the following experimental results. Actual microwave ovens

(MWO),Suchas the transformer and the mveTter types, and a 1Moise Simutator, Were usSedas a
noise source in the following experiment. Bit Error Rate without error correction was basically
used as a parameter of communication system performance (e.g. W-CDMA and PHS):
Throughput is used if error correction could not be removed (e.g. W-LAN, Bluetooth @and
PHS).

Quantitative correlation between noise parameters and system perform pWn in 4.7.6

and 4.7.7 by using measured and simulated results.

\

These results show that APD measurement of disturbance i ' svalvating its
interference potential on digital communication systems. There D rent may be
applicable to the compliance test of some products or praduct\famili \ as microwave

ovens.

4.7.2 Influence on a wireless LAN system

The set-up for measuring communica
measurement conditions are shown
communication quality evaluation. It wa
to receive data of a fixed size.

as chosen as a measure for
e taken to transmit and time

Access point
PC
(FTP server)

Carrier power
APD measuring point

B Co-axial cable

Wireless | terminal
LAN PC
card
Noise
; <4“—>
simulator / MWO
Double ridged
guide horn antenna IEC 1008/05

Eigure 113 _ Set-un for measurina communication aualitv dearadation
~J L ~J hat } 7J -

of a wireless LAN
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Table 23 — Conditions for measuring communication quality degradation

Frequency (channel number) 2 462 MHz (channel 11)
Wireless Transmission data 20 MB
LAN Protocol FTP (GET command from terminal PC)
Transmission mode Packet transmission
Others Noise power density (dBm/Hz) | 15, ym/Hz (set by ATT4)

and root-mean-square (rms) values of the noise level normalized b
the MWO noise and noise simulator noise are shown in Table 24

APD of the noise simulator at ATT2 = 0 dB was in good & RD of the inverter

type MWO at ATT2 = 10 dB.

&
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igure 114 — APD characteristics of disturbance

Table 24 — Average and rms values of noise level normalized by N,

ATT2 White noise
0 dB 10 dB 20 dB 30 dB

Transformer Average (dR) 111 2 101 0 92 6 77 6
type MWO

Rms (dB) 117,1 107,0 98,8 78,7

Inverter type Average (dB) 100,6 91,4 83,4 77,6

MWO

Rms (dB) 104,4 94,8 86,2 78,7

Noise Average (dB) 100,6 91,9 83,8 77,5
simulator

Rms (dB) 105,1 96,2 87,6 78,6

The measured communication quality degradation for various amounts of attenuation of

injected noise is shown in Figure 115. The horizontal axis shows C/Ng, where C is the sub-
carrier power and N is the noise power density.
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by a transformer type MWO is 400 kbytes/s or more when C/N; is
es rapidly when C/Ng is below 90 dB. This tendency is almost the
same irrespe
inverter type
influenced by a nois
inverter type MWO.

decreases almost in proportion to the noise level. The throughput
simulator has almost the same degradation characteristics as that for an

4.7:3 Influence on a Bluetooth system

The set-up for measuring communication quality degradation is shown in Figure 116, and
measurement conditions are shown in Table 25

Throughput was chosen as the measure for communication quality evaluation.
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Carrier power
APD measuring point
Co-axial cable

Terminal PC Bluetooth Bluetooth Terminal
(FTP server) card card PpC
(client)
ISO: Isolator ATT4
ATT: Attenuator 7
WNG: White-noise generator ATT2 WNG Fully anechoic
chamber

Noise < ¢ ilm >
simulator > ¢ /V MWO

Double ridged e
guide horn antenna

Figure 116 — Set-up for measuring the communication qualj

Table 25 — Conditions for measuring communication guahg adat

n of Bluetooth

Frequency 2 400 MHZ/{Z 483;

M
Transmission data 2,5 MB ( §7 \ \/
Bluetooth N\ A

Protocol FT%E\BMm’{ané}}?m t\evninal PC)
N

Transmission mode \ \Eé\ket ek&hang\e\data transmission mode

Noise power density
Others (dBm/Hz) -14 [Hz Xset by ATT4)
The APDs at a frequencyof 41 M re in Figure 117, and the average and rms
values of noise level nptmalized by a own in Table 26.
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Figure 117 — APD of disturbance of actual MWO (2 441MHZz)
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Table 26 — Average and rms values of noise level normalized by N

ATT2 White noise
0dB 10 dB 20 dB 30 dB
Transformer type Average (dB) 89,8 80,8 73,7 67,1
MWO Rms (dB) 99,2 90,2 82,5 68,3
Inverter type Average (dB) 70,7 65,4 63,5 67,1
MWO Rms (dB) 80,6 73,3 66,0 68,3

The APDs measured at 2 460 MHz, where the noise level of an MWO |

at maximum, are

MHz. The

APD of the noise simulator at ATT2 = 0 dB is in good agreement wij
MWO at ATT2 = 10 dB.

grter type

Figure 118 — APD characteristics of disturbance (2 460 MHz)
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Table 27 — Average and rms values of noise level normalized by N,

ATT2 White noise
0dB 10 dB 20 dB 30 dB

Transformer Average (dB) 87,8 78,4 71,4 67,1
type MWO

Rms (dB) 94,9 85,4 78,0 68,3

Inverter type Average (dB) 70,7 65,4 63,5 67,1

MWO

Rms (dB) 80,6 73,3 66,0 68,3

Noise Average (dB) 77,6 69,8 67,1
simulator

Rms (dB) 84,1 75,5 ™ 683

The measured communication quality degradation for various am uation of

injected noise is shown in Figure 119.

hopping, and is hard to be influenced by noise continuous
difference in communication quality degradation for a poi
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According to ecifications, Bluetooth controls the transmission power automatically
depending o0n)  the munication situation. The sub-carrier power at the reception point
cannot bel obtained uniquely since transmission power may change when ATT1 is changed.
The horizontal axis in this figure shows the attenuation of signal power.

4. 7.4 Influence on a W-CDMA system

The set-up for measuring communication quality degradation is shown in Figure 120, and

antcanditianc arn ch m-—Tahla 20
Tt ToTC——=0

maackiram. 1O chown
oo oUT T TeT T CoOTTOTtroTTS TC—oTToOVWT T

Bit error rate (BER) was chosen as the measure for communication quality evaluation.
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Base station simulator
Data BER
measuring
> L en
1
diffusion search
Diffusion —
: Signar Receive
W-CDMA
terminal

Carrier power
APD measuring poin

ISO: Isolator
ATT: Attenuator
AMP: Amplifier
AMP Fully anechome\r
7; O N
Noise
simulator <l ?/(NC<\

Double ridged
guide horn antenn IEC 1015/05

I&gquenc} 2;237,6 MHz (downlink)

/&Me 3,84 Mc/s
spréad g~ \ | Uplink: DPDCH 64 / downlink: DPCH 128

Baseban .
simulator DE&Q re}e\ N 12,2 kb/s (acoustic)
‘I\Qns}\kssio data 6 Mb

N

RMC communication test (UE turn)
Transynission mode
3GPP TS34.121 [84]

The measgred APDS of the noise are shown in Figure 121, and the average and rms values of
the noise, level normalized by Ny are shown in Table 29. The APD of the noise simulator at
ATT2 =0 dB is in good agreement with the APD of the inverter type MWO at ATT2 = 10 dB.
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igure 121 — APD characteristics of disturbance
Table 29 — Average and rms values of noise level normalized by N,
ATT2 Receiver noise
0dB 10 dB 20 dB 30 dB
Transformer Average (dB) 71,1 67,7 67,2
A Rms (dB) 75,1 69,4 68,6
Inverter type Average (dB) 71,6 68,0 67,2
MWO
Rms (dB) 74,7 69,4 68,6
Noise Average (dB) 77,1 70,4 67,7 67,2
simulator
Rms (dB) 83,3 74,7 69,3 68,6

The measured communication quality degradation for various amounts of attenuation of
injected noise is shown in Figure 122.
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For both types of MWO, the BER was degraded by several dB after a 10 dB change in noise
level. Moreover, BER characteristics influenced by the noise simulator are in good agreement
in these measurement results.
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4.7.5 Personal Handy Phone System (PHS)

The set-ups) for measuring communication quality degradation are shown in Figures 123 and
124, and\conditions for measuring throughput and BER are shown in Tables 30 and 31.

Throughput and BER were chosen as measures for evaluating the communication quality of
PHS.

The measured APDs are shown in Figure 125, and the average and rms values of noise
normalized by Ny are shown in Table 32.
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Carrier power

ISDN APD measuring point

simulator

Transmitting PHS | Receiving
PC card PC
Serial cable
10U, IDUidlUI AT-P“I'
ATT: Attenuator ATT2
WNG: White-noise generator Fully anechoic
TA: Terminal adapter AMP chamber
_ Noise ? ‘1¢> MWO
simulator
Double ridged
guide horn antenna 1EC \ 1015405

Figure 123 — Set-up for measuring the PH

Signal Terminal
generator pPC
ISO: Isolator

ATT: Attenuator
WNG: White-noise gg .
Fully anechoic
chamber

MWO

IEC 1019/05

T%Qle\f:’o Conditions for measuring the PHS throughput

Transmission data

About 376 kB data

PHS Transmission system Non protocol
Transmission mode 32 kb/s real time data transmission
Others Noise power density N

(dBm/Hz) ~160 dBm/Hz (set by ATT4)

Table 31 — Conditions for measuring the BER of PHS

Frequency (channel number)

1 907,15 MHz (channel 41)

(dBm/Hz)

PHS Transmission data 5 Mb PN9
Data rate 32 kb/s
Others Noise power density

—160 /Hz (set by ATT4)
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igure 125 — APD characteristics of disturbance

Table 32 — Average and rms values of noise level normalized by N,

ATT2 White noise
0 dB 10 dB 20 dB 30 dB

Transfarmer type Average (dB) 606 581 61.2
MwWo Rms (dB) 64,9 59,4 62,4
Inverter type MWO Average (dB) 72,6 64,9 59,9 58,0 61,2
Rms (dB) 76,7 68,9 62,5 59,3 62,4
Noise simulator Average (dB) 72,3 64,2 59,1 57,8 61,2
Rms (dB) 77,0 68,2 61,1 59,0 62,4

NOTE The values of ATT2 are 22 dB, 32 dB, 42 dB and 52 dB, respectively for the noise simulator.
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The measured throughput for various amounts of attenuation of injected noise is shown in
Figure 126.
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e 126 — PHS throughput caused by radiation

Similarly, the'measufed BER is shown in Figure 127. The BER characteristics caused by the
noise simulator were in good agreement in the measurement results of the inverter-
type MWO.
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BER of PHS caused by radiation noise

4.7.6 elation between noise parameters and system performance

4.7.6.1 Genera

Correlations between the noise parameter of the disturbance (levels of disturbance
correspond to certain probability that is derived from APD) and degradation of system
performance (throughput and/or bit error rate) are evaluated for the communication systems
described in 4.7.2 to 4.7.5.

4762 Wireless | AN (thrmlghpuf)

From Figures 114 a) and 114 b), the disturbance voltage for each probability, e.g. 10-1, 10-2,
1073, 104, was read. C/Ng values that are necessary to assure the throughput of 500 kByte/s
under microwave oven disturbance were obtained from Figures 115 a) and 115b). The
correlation between the disturbance voltages and the C/Nj values is plotted in Figures 128 a)
and 128 b) for a transformer type oven and inverter type oven, respectively.



https://iecnorm.com/api/?name=9321337c94b45cbdbf1a3a009f64e45e

— 154 - TR CISPR 16-3 © IEC:2010+A1:2012(E)
130 . . . . . — 130 . . . .
----- Regression line ( >107%) ‘,Q ----- Regression line (>10™)
¢ Prob. (>107% ¢ Prob. (>107)
> 120 } ) R > 120 2
i O Prob. (>107) . i O  Prob. (>107) A
5 A Prob. (>107) //' 8 . S A Pprob. (>107) R
g 110 | O Prob.(>10™) Q el g 110 f O Prob.(>107) ,—‘8'
c 4 c ~
@ Jx] @ ot *
2 2 L
2 100 | e . 2 100 | L
= pr e e \ 4
© /’ ‘5 ) .-
T o  Z T It 8
> 90 g > 90 L .
3 ,Q’ y =1,338x — 29,46 9 Q,/ y =0,947x — 4,298
O R? = 0,9939 0 R®=0,999
80| ¢ 80 ¢
85 90 95 100 105 110 115 120 120
C/No dB:x

a) Transformer type microwave oven
1023/05

From Figures 118 a)
shown in Figure 116,

communication lip 3
exceeds the wh'
10-2, 10-3 and 10™%4 x

gssary to assure the throughput of 40 kByte/s under
ere obtained from Figures 119 a) and 119 b) (relative
= 43 dB). The correlation between the disturbance voltages



https://iecnorm.com/api/?name=9321337c94b45cbdbf1a3a009f64e45e

TR CISPR 16-3 © IEC:2010+A1:2012(E) - 155 -
120 T T T T T T T T T T T T T
----- Regression line (>107%) , 120 . Regression line (>107%)

_ M58 prob. (5107 2 1 - 15[ 3 Prob. (107 1
- A prob. (>107) - A prop. (107
% 110 e} P _4 /’ g Fg Ne) 4, 4

rob. (>107) L 110 Prob. (>107") -
D pd (9] pe
S 105 | Q- ] 2 I R
8 A o g 105 -
5 5 o
5 100 f . E 3 L e i
3 9 2 100 e
5 g5 | o |l s
T o [
> Lo >
3 90 } e y =-4,5x + 93 | 9

P 2 _
O R®=0,982
85 |
1 0 -1 -2 -3 -4 -5

Relative C/Np, dB : x

a) Transformer type microwave oven

4.7.6.4 W-CDMA (BER)

From Figures 121 a) an
10-4 were read. C/N, val
oven disturbance wer

88 E 88 ]
O Prob. (>1079) ©
86 . 86 A Prob. (>107) ]
- O Prob. (>10™

o 84 E o 84 A i
© el
o 82 E o 82 ]
(5] (8]
G ]
S 80 . 2 80 o ]
2 3 (e}
(72 2]
S 78 - S 78 ]
5 5 A
o 76 . S 76 ]
[} [}
| |

2t m] E 74 o ]

48 49 50 51 52 53 48 49 50 51 52 53
C/N, dB CIN, dB
AW of £ e Ll =t
ey Frans 7 Owere-ov by-Hvereryp B
IEC 1025/05

Figure 130 — Correlation of the disturbance voltages with the system performance

4.7.6.5 PHS (BER and throughput)

Same analyses were performed on PHS data. C/N, values correspond to the signal input that
is necessary to assure the BER of 10~ under microwave oven disturbance. The correlation
between the disturbance level and the C/Ng values is plotted in Figures 131 a) and 131 b) for
a transformer type oven and inverter type oven, respectively.
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Because only one set of data was usable in the APD and BER for the transformer type oven,
regression analysis was not performed. On the other hand, excellent correlation was
confirmed in the case of inverter type oven.
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performance (C/Ng)
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4.7.7 Quantitative correlation between noise parameters of repetition pulse and
system performance of PHS and W-CDMA (BER)

Correlations between APD of repetition pulse noise and communication quality degradation of
PHS and W-CDMA are obtained by the following additional experiment and simulation. The
experimental set-up for measuring communication quality degradation of the PHS or W-CDMA
is shown in Figure 133. Repetition pulses combined with Gaussian noise are used as a

disturbhance  The Gaussian naoise level is adiusted to the same noise floor level of vector
T

signal analyzer for BER measurement and spectrum analyzer for APD measurement.
Concerning repetition pulses, the pulse width is constant (100 us) and the repetition
frequency is variable. Figure 134 shows a block-diagram of numerical simulation -for
estimating communication quality degradation. In this simulation, the same noise parametets
are used as for the experiment.

SG1 .
W-CDMA downlink Vector signal an zél\
(BER
or PHS \

SG2 Spe N
Pulsed RF disturbance alyzer

<
Tl
&

| 1028/05

ng communication quality
W-CDMA

W-C w Demodulation
0 (BER)
P\@F disturbance APD

WNG

Figure 133 — Exp

IEC 1029/05

Figure 134 — Simulation set-up for estimating communication
quality degradation of a PHS or W-CDMA

Measured APD are shown in Figure 135. Marker type represents the duty cycle of the pulse
disturbance, i.e. circle, inverted triangle, triangle, diamond, square and star indicate 40 %,

10 %, 4 %, 1 %, 0,4 %, respectively. The dashed line shows the APD of Gaussian noise
without repetition pulse.
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Probability
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----- WGN
10°° —

30 35 40 45 50 55 60 65 70 75

Level of disturbance dB(uV)
IEC 1030/05

Measured BER and estimated BER by numerica i T\ a shown in
Figures 136 a) and 136 b) for PHS system and W-CDMA . Measured BER
can be verified by the numerical simulation results. s
results do not show full agreement at high signal le i simulation model of receiver

is simplified as 7/4 QPSK with a synchronized detector (that is rom the experimental
setup.
10° pr— . . .
107 § 3
Wp =100 ps Wp =100 ps
-2
107 ¢ Black : Measured F Black : Measured 3
% White : Simulated White : Simulated
om

10° E 3L
—— Duty ofcle =48 % 10 —
Duty MW \ —— Duty cycle =40 %

—aA— Duty cycle™ 4 % —W%— Duty cycle =10 %
4 —— =19 —&— Duty cycle =4 %

07 B e A 4 E| —— Duty cycle =1 %

—&— Duty cyclg’=9,4\% 10 y cycle =1 %

”e _ —&— Duty cycle =0,4 %
-0~ @uct;chy O —k— Duty cycle =0,1 %
-5 -@- WGN
10 ! ! h ! hN L L L L 10°° ] 4 ; :
35 40\ 45 W GOWO 75 80 85 35 40 45 50 75
PNSSignal level  dB(uV) CDMA signal level dB(uV)
of PHS system b) BER degradations of W-CDMA system

Figure 136 — BER degradation of PHS and W-CDMA caused by repetition pulse
(Carrier power, —35 dBm)

Figure 137 explains the evaluation method for quantitative correlation between BER and APD.

l':UI thC :CVC: bUIII'JaI;DUII, I:\LBER (1II\’:|l LA\LAPD varl bC dCf;IICd Ao d;otU|bcu|\.,c Cffcbtb UTl BER
and APD. They are measured by the difference of level between Gaussian noise (without
repetition pulse) and disturbance (with repetition pulse) at a certain rate of BER and at a
certain probability of APD, respectively. Similarly, pgggr and pppp are defined as the
probabilities caused by disturbance on BER and APD, respectively.

IEC 1031/05
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c) Evaluation at 10™

IEC 1033

8 — Correlation between measured A Lggg and A Lpp

Correlatign between measured pggr and papp for several duty cycles of the pulse disturbance
are also shown in Figure 139, where the disturbance has constant carrier power (-35 dBm).
Thé duty cycle is changed as 40 %, 10 %, 4 %, 1 %, 0,4 % and 0,1 %. Black mark and white
mark show the characteristics of W-CDMA and PHS respectively. Diamond, circle, triangle
and square marks indicate the results for the pulse width 1 000 ps, 100 ps, 10 us and 1 ps
respectively. BER and probability values (BER,, APD,) selected for these evaluations are (a)

=2, (b) 10=3 and (c) 104
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respectively. It
disturbance is one of the most effective methods for eva

digital communication systems.

4.8

for measuring receivers
4.8.1 General — purpose of weights
Generally,

broadband o
pulse rate

“Subsequent ‘€

mainly f@r eontinuity.

a weighted measuremen
minimizing the cost of disturbance s

Background material on the definition of

services depends on the type of interference (e.g.
& rate etc.) and on the type of service itself. The effect of the

pnerience has shown that the rms voltmeter might give a more accurate
assessmept’_but the/quasi-peak type of voltmeter has been retained for certain reasons —

4/05
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Figure 140 — Weighting curves o cak measuring receivers
for the different frequ

% as.defined in CISPR 16-1-1
4.8.3 Other detectors defi i RR\6-1-

4.8.3.1 Peak detecto

The peak detect output of the IF envelope detector and holds the
maximum value dur ¢ time (also called dwell time) until its discharge is
forced. This indicafix endentf the pulse repetition frequency (PRF).

envelope detectqy. howd be kept in mind that for low PRFs, CISPR 16-1-1 specifies the
average detector measurement result as the maximum scale deflection of a meter with a time
constant specifiethfor the quasi-peak detector. This is necessary to avoid reduced level
indication‘for a pulse modulated disturbance by using long measurement times. The weighting
function.varies with 20 dB per decade of the PRF (see Figure 141).

4.8.3.3 Rms detector

The rms detector determines the rms value of the signal at the output of the IF envelope

1.1

tdetector—bespitebetngmentionetrendbetngdescribetHrEStSPRI6-1+1—at-the—time—of
writing of this subclause it has not been put to practical use in CISPR product standards. The
weighting function varies with 10 dB per decade of the PRF (see Figure 141). Up to now, no
meter time constant applies for the rms detector for intermittent, unsteady and drifting
narrowband disturbances.
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Comparison of detector weighting functions
(example for bands C and D with 120 kHz bandwidth)
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Figure 141 — Weighti
and linear average

4.8.4

signals (voice aRf
Usually, up tp

Whereas ystems require signal-to-noise ratios of as much as 50 dB for
, general, digital radio communication systems allow error-free
operation down to~sigpal-to-noise ratios of approximately 10 dB. However the transition region
from errof-free operation to malfunction is small. Therefore planning guidelines for digital
radio are\based on almost 100 % coverage. When a digital radio receiver operates at low
inputdlevels, the susceptibility to radio disturbance is important. In mobile radio reception, the

susceptibility to radio disturbance is combined with the problem of multi-path propagation.

4.8.4.2 Principles of measurement

The significance of the weighting curve for band B is as follows: to a listener the degradation
of reception quality, caused by a 100-Hz pulse, is equivalent to the degradation from a 10-Hz
pulse, if the pulse level is increased by an amount of 10 dB. In analogy to the above, an
interference source with certain characteristics will produce a certain BER, e.g. 103 in a
digital radiocommunication system, when the interfering signal is received in addition to the
radio signhal. The BER will depend e.g. on the pulse repetition frequency (PRF) and the level
of the interfering signal. In order to keep the BER constant, the level of the interfering signal
will have to be readjusted while the PRF is varied. This level variation versus PRF determines
the weighting characteristics. Measurement systems with BER indication are needed to
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determine the required level of the interfering signal for a constant BER as e.g. shown in
Figure 142.

Radio signal

generator

Radio
receiver

Interference /

source

Figure 142 — Test setup for the measurement of the pulsg’wei i acteristics

has to know the original bit sequence for comparison i ed bit sequence or the
[ ison with the original. Both

A signal generator with pdls i i an be used to generate the interference

S gtor requires a high ON/OFF ratio of more
than 60 dB. Using the appropw ~ p >interference spectrum can be broadband or
narrowband, whete t iPNti brdband and narrowband is relative to the
communication WidthwFi 43 gives an example of an interference spectrum

used for the determ
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*RBW 9 kHz Marker 1 [T1]
VBW 30 kHz 61,89 dBuVvV
Ref. 90 dBuV *Att. 0 dB SWT 3,1s 128 000 000 000 MHz
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80 LEI
1 PK*

. /
AN
; /\\

PRN

) \”\\
. 4
N

[
4N
N

<

N
e ¢

\) Spams0 MHz
O IEC 2013/06

0
Center 128 MHz

m: pulse modulated carrier

with a d’a PRF < 10 kHz

spectrum becomes narrower. This is also
sulsés on radiocommunication systems. The
trum instead of a broadband pulse generator is
. Otherwise non-linearity effects could cause

2 In addition to pulse-modulated carriers,
g determine the sensitivity of different systems to

used to study the

advantage of using. a
to avoid overIo
deterioration of s

unmodulated carris
narrowband (CW<si

with longe
described in
was regardedyas~distarted when more than one visible erroneous block was shown on the
screen within” an obServation period of 20 s. Alternatively, any picture-freeze, also for short
periods,'\was regarded as a failure. For DRM, the reception was considered as distorted when
the system showed more than one dropout in a 20 s observation time.

Further measurements have been made with spread-spectrum modulated carriers in order to
study the effect of spread spectrum clock interference on wideband radiocommunication

P e | Raoforita-Tabla 29

O
SeHEES \\J\.\., Luv] 2anye) L"J']l MN\CTCT O |uu|\., I

Table 33 — Overview of types of interference used in the experimental study
of weighting characteristics

Interference signals

Pulse-modulated

On/Off-keyed QPSK-
modulated

Spread-spectrum
modulated

Pulse width in relation
to signal bandwidth

T < 1/B to 100/B

T < 1/B to 100/B

Continuous

T = pulse width, B = radio signal bandwidth
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4.8.4.4 Other principles of measurement

The receiver under test should receive a signal that is just sufficient to give quasi error-free
reception (e.g. a BER = 1077 or a factor of 10-3 lower than the critical BER). Thus the receiver
operates like a receiver at the edge of a coverage area, where a disturbance above the
emission limit can easily cause interference.

to base station) frequencies are in different bands, the use of a pulse modulated carrier helps
to concentrate the interference on the mobile receiver and thus avoids interference with the
loop-back connection.

4.8.5 Theoretical studies

disturbance victim, is a very complex problem because there are.
and coding schemes to consider as digital communication s

transmitted.

Results for some selected convolutio
[52].

A convolutional code is generate i ihKdrmation sequence through a linear finite-
state shift register. In ge i i Jnsists of K stages and n algebraic function

generators. The inp i anne oder is shifted into and along the shift register k
bits at a time. T ¢ ' ts for gach k-input sequence is n bits. The rate R of the
code is defined as ) is called the constraint length of the convolutional
code. In Figures ¥ DY as\ell as 145 a) and b) the rms and peak values
corresponding to(a ER of/10~3 are shown for different convolutional codes and
binary phase 3PSK)”modulation. These results have been simulated with
ACOLADE®K (Adwa unication Link Analysis and Design Environment). In the
graphs, thep gtithon frequency of the disturbance is presented as related (normalized)
to the gfass-bi : bol rate) Rg of the communication system. The simulation is done

in the bandt~pass.domain/ This means that the results can be transformed to an arbitrary
carrier frequeney, Theydisturbance pulse width is 10 % of the bit duration time. For the lowest
rate R = Y, the rmg value is approximately constant down to the critical point where it
increases “rapidly. Thus, for a well-protected system, the rms value corresponding to a
constant* BER is constant with respect to the pulse repetition frequency of the repetitive
pulsed disturbance.

NOTE ACOLADE® is an example of a suitable product available commercially. This information is given for the
convenience of users of this Technical Report and does not constitute an endorsement by IEC of this product.
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The results in Figure 144 show the following: above the symbol rate Ry, the weighting
characteristic follows the rms value of the impulsive signal that causes the interference.
Below Rg, the weighting characteristic depends on the amount of coding; for the uncoded
signal, the peak value increases with less than 10 dB per decade as the PRF decreases. With
better coding, the part of the weighting characteristic with flat response becomes shorter.

Therefaore it is imnartant to charactariza real radiccommunication -svstams-in order tao aobtain
—ee+oe—HIs—HpeHaR— HafacteHze—+eatta6d AAHAHHHGaHO-R—SY-SHems—H—oBae+—+ e

meaningful results.

4.8.6 Experimental results
4.8.6.1 General

The methods described in 4.8.4 have been used for the measurement results in this part. The
test signals are described where necessary.
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4.8.6.2 Weighting in band A

For band A, i.e. below 150 kHz, no measurement results of digital radiocommunication
systems are available.

NOTE Weighting of radio disturbance generally requires a consideration of intermittent, unsteady and drifting
narrowband disturbances. Therefore the concept of defining a corner frequency, below which the average detector
becomes effective has been applied to band A as well, using the corner frequency proposed for band B, because

the original CISPR specification of the rms detector does not apply a meter time constant.

4.8.6.3 Weighting in band B

Weighting of interference to the Digital Radio Mondiale (DRM) Broadcast System

diale was
special
results

officially started. During the four-week duration of the conference,
DRM transmissions became available from many radio stations.
reported below were acquired on 8 July 2003, when a great nu
available.

be used to downconvert the signal to
signal processor and a special DRM

Frequency Average Program Transmit site
kHz DRM power
kW
5975 40 T-Systems Jilich
Media Broadcast
6 095 ND Europe 35 RTL/music and Junglinster,
short Luxembourg
announcements
N . .
6 140 \ND W and C Europe 40 DW English Jilich
7 320 \/{05 W and C Europe 33 BBCWS Rampisham
13 605 037 C Europe 6 IBB/R. Sawa Morocco
15440 040 W and C Europe 80 DW English Sines
a8 _D is non-directional (omnidirectional).
b

“Beam” indicates antenna beam direction in terms of angle measured clockwise from 0° = north. For example
090 is east, 180 is south, 270 is west. Thus, 105 is approximately east-south-east.

W is west and C is central.

The various transmissions were available for 1 h or 2 h. The measurement results (weighting
characteristics) were essentially the same for all frequencies, even if the amount of data
transmitted in addition to the audio signal was not the same. Time-dependent fading of the
input signal had to be manually compensated using a step attenuator that was inserted in the
antenna connection (see Figure 146).
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Principally the same type of interference signal was generated as in Figure 132. However, for
a signal with an occupied bandwidth of 10 kHz, it is possible to use a longer pulse duration

(10 pus or more).

Step Attenuator
Antenna for manual
fading compensation

P

IF Out
+ AM Rec. PC

Sig. Gen. |

With pulse
modulation

Because no indication of BER was ayailable i svindication on the PC (DRM
software radio display) was used as acrite 3 the interference becomes too

As explained earlier, the si i at the reception quality is to be the
minimum sufficient. The i hahe e Figure 147) shows a 10 dB/decade
increase of the interfene i S

mainly due to uncomp
for a pulse width
three (respectiv
the weighting curvé
the pulse width
dropouts, which i
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DRM at 5,975 MHz; 6,095 MHz; 6,140 MHz; 7,320 MHz; 13,605 MHz;
data rate 20,9 kBit/s; signal level kept at constant SNR

70 [ [ T TT]
Q —>—width 1E-05s
60 \ a width 5E-05s [ [
dB(uv) \\>%& —a—width 1E-04s
50 —o—width 5E-04s [T
X\$<\
20 \ PYH N
~-L_| x / \\\
T R T
30
T~ ~—L
el A

10 000

IEC 2019/06

measurements:
e Mode B, Modulatio
e Mode B, Moduytatio
The interference

QPSK modulation,ir
explained in 4.8.
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Figure 149 — Weighting characteristics for DRM protection level 1:
average of results for two receivers

The weighting characteristics in Figures 148 and 149 show a 10 dB/decade slope down to
approximately 100 Hz. Because there is no other digital radio system in band B, the corner
frequency of the proposed rms/AV detector between rms and linear average detection for this
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frequency band can only be based on the results of DRM (see 4.8.7). A corner frequency of
10 Hz is therefore proposed for band B as a compromise between the two results.

4.8.6.4 Weighting in bands C/D

4.8.6.4.1 Weighting of impulsive interference to Digital Video Broadcast Terrestrial
(DVB-T)

4.8.6.4.1.1 Test setup

One test setup for DVB-T consists of a DVB-T signal generator and a DVB-T measuring
receiver. The components are connected via coaxial cables. The interference signal (a pulse-
modulated carrier, see Figure 132 for an example of the spectrum) is fed-into the signalling
connection via a combiner.

The parameters used are detailed in the following paragraphs.

y 16 QAM. QAM
ission code rate

. Different coders and decoders are
used in the system. The an be taken before the Viterbi decoder
as well as before ang k decoder of the measuring receiver. A
comparison is given in| Table 35. TR issten! level is set so that the BER after the Reed
Solomon decodepwjthout inte SQEN below 10°8. This produces different signal levels
depending on the ihterference levels have then been adjusted to a
critical value of B he Reed Solomon decoder.

be false.

The relationship in Table 35 was found experimentally between the bit error ratios before and
after the-Viterbi and Reed Solomon decoders for two pulse rates.

Table 35 — Comparison of BER values for the same interference level

Pulse rate 10 k 500 k
Hz
BER before Viterbi decoder 1,5 x 102 4,4 x 10-3
BER before Reed Solomon 2,0 x 104 2,0 x 104
BER after Reed Solomon 1,0 x 10-6 1,0 x 10-8

So, the results with BER measured before Reed Solomon (with 2,0 x 10~4) and after Reed
Solomon (with 1,0 x 10-%) are roughly comparable.
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Table 36 — Transmission parameters of DVB-T systems used in various countries

-173 -

Country Modulation Code rate Guard interval Transfer rate

France/UK 64 QAM 2k 3/4 1/8 24,88 Mb/s
Spain 64 QAM 8k 3/4 1/8 24,88 Mb/s

Germany 16 QAM 8k 2/3 1/8 14,745 Mb/s

The measurement results are presented in Figures 150, 151 and 152. In all tests, the
interference signal leading to these results are pulse-modulated carriers.

DVB-T f=500 MHz, 64 QAM 2k, CR 3/4, GI 1/8, BER before RS £ 2\ 30,
-61,5 dBm, 24,88 Mbit/s (FR, UK)

140
dB(uv)
120 fl NI
TN
100 il
IQ il \/ width 10E-06
80 - s
N ~_) v
"\ik__,,___ %k\\k I\ )\
60 NN N >
&= Héqp_:_”_ﬁr\sssg; T\"&\‘“\
; SR L
i, ah b
a ™~ R
20
Q L
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fp/Hz IEC 2022/06

g characteristics for DVB-T with 64 QAM 2k, CR 3/4
(as used in France and UK)
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DVB-T f=500 MHz, 64 QAM 8k, CR 3/4, GI 1/8, BER before RS = 2 x 10 ",
-61,7 dBm, 24,88 Mbit/s (ES)
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Figure 151 — Weighting charagteristig WM 64 QAM 8k, CR 3/4
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Figure 152 — WeIghtng characleristcs for DVB-T Wit 16 JAM 8K, TR 273
(as used in Germany)

Six different receiver types were tested in report [49] for DVB-T with 16QAM 8k, CR 2/3 and
for DVB-T with 64QAM 8k, CR 2/3. To get receiver independent results, the individual
characteristics were combined using average values inside the range where all receivers
offered a result. Excluded were two receivers in PRF ranges, where they showed a non-
typical behavior. These combined results are shown in the “trend” characteristics in
Figures 153 and 154. The interference signal for both figures is a pulse-modulated carrier with
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additional QPSK modulation in order to generate bandwidth of the interference spectrum at
least as wide as the DVB-T signal spectrum as explained in 4.8.4.2.

DVB-T 8k 16QAM 2/3: Trend
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—&__500ns
—=— 200 ns
120 dBpV —4—05ps | |
—>—1us
< —%—5us
100 dBpv ~ R 100
= \
S
— 80dBpv
v
0
g 60dBuv
40 dBpVv
20 dBpVv ( }7
a A
10 Hz 100 Hz 0/Hz 10 000 Hz 100 000 Hz
%re titiog freuency IEC 2025/06



https://iecnorm.com/api/?name=9321337c94b45cbdbf1a3a009f64e45e

- 176 — TR CISPR 16-3 © IEC:2010+A1:2012(E)

DVB-T 8k 64QAM 2/3: Trend
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th€ corner frequencies can clearly be seen. They however
e W|dth as in Flgures 150 and 152. Since all weighting curves

4.8.6.4.2 Weighting/of impulsive interference to other digital radiocommunication
systems _operating in CISPR bands C and D

4.86:42.1 Digital audio broadcasting (DAB)

DAB operates in the VHF (174 MHz to 230 MHz) and the L (1 452 MHz to 1 492 MHz) bands
with a bandwidth of 1,5 MHz per channel using Coded Orthogonal Frequency Division

MultiplexH{(COFBM)—to—minimise—multipathfading—he—audio—sighal-data—rateis+educed by
MUSICAM (a masking pattern adapted for Universal Coding and Multiplexing), which is a part
of the MPEG-2 (Moving Picture Expert Group) standard. The total transmitted bit rate is 2,4
Mb/s. The 1 500 subcarriers are modulated using Differential QPSK (DQPSK). The weighting
characteristics in Figure 144 were measured using a test version of a DAB receiver.
Weighting characteristics of commercial DAB receivers have been presented in report [49].
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DAB DQPSK BER=1,0x 10"
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average of two different commercial receiver type

The differences between the results in Figures 155 and 156 are possibly due to the different
types of the impulsive signal: for Figure 155 a simple pulse-modulated carrier was used,
whereas for Figure 156 an on/off-keyed QPSK-modulated signal was used.
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4.8.6.4.2.2 Terrestrial trunked radio (TETRA) system

TETRA is used in workshops, the building and construction industries, airports,
transportation/trucking and safety services. It operates in the frequency range 380 MHz to
520 MHz (in some areas also in 870 MHz to 990 MHz) with a data rate of 36 kb/s per carrier,
an occupied bandwidth of ~ 25 kHz and channel separations of 12,5 kHz, 20 kHz or 25 kHz.
Speech data reductlon is done usmg Algebralc Code Excited Linear Predlct|on (ACELP) to

The error protectlon may be hlgh or Iow dependmg on the code rate. The modulatlon
procedure is 7/4-DQPSK. Figure 157 shows the measured weighting characteristics for a high
code rate = 1 (low error protection).

TETRA downlink f=394,0 MHz, BER =2 %
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acteristics for TETRA (signal level — 80 dBm)
for a code rate of 1

\( Y
K

e
]
7

N

1 /7.

is much wider than the channel bandwidth, all weighting
G wated by the PRF ratio in dB. Above a PRF of 10 kHz, the slope of
curves is 20.dBfidecade, corresponding to the increase of the voltage of the centreline of the
interference\spectruwn. Therefore the weighting characteristics below 10 kHz PRF should be
regarded as'relevant.

4.8(6y4.2.3 Global system for mobile communication (GSM)

This digital cellular telecommunication system operates in the 900 MHz (GSM 900) and
1 800 MHz (GSM 1800) frequency bands (outside the US). The offset between uplink (mobile

To base station) and downlnk 1s 45 MHZ (GSM 900) and 95 MHZ (GSM 1800) respectively.
The occupied bandwidth is 300 kHz and channel spacing is 200 kHz. Modulation for constant
spectrum envelope is achieved with Gaussian Minimum Shift Keying (GMSK). The error
correction mechanisms applied are different for traffic channels (1b bit) and other bits (Class
2 bits). Therefore different bit error rates apply: BER, RBER 1b and 2 (residual BER) and FER
(Frame error rates). The test set-up and signals of Figures 129 and 130 have been used, with
a mobile communication tester as a signal source.
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GSM 900 Type 1 downlink f = 947,4 MHz RBER 1b =0,4 % 400 frames -90 dBm
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Figure 158 — Weighting characteristics for
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Figure 159 — Weighting characteristics for RBER 2 of GSM

The characteristics typically rise at 10 dB/decade between 100 kHz and 2 kHz with a steeper

slope below about 2 kHz PRF. Unfortunately measurements below a PRF of 1 kHz were not
possible due to instability of the test system. The results shown in Figures 158 and 159 are
very similar to the BER and RBER 1b curves of Figure 160 similar to those published in [54]
and [55] using the simulation software COSSAP. The values obtained in Figure 160 have
been calculated assuming a pulse-modulated carrier with a pulse duration of 2 us as the

interference signal
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C/I Improvement for 7= 10 ps
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Figure 160 — Carrier-to- mterfe ence/imp s
with decreasing PRF in g COSSAP
4.8.6.4.2.4 Frequency modulatio
Based on the assumption that FM br ) e past the transition from analog to
digital radio systems for some time, m ents\havebeen made based on the methods of
report [49] resulting in Figure gnal cowtained a pilot carrier only; the increase
of noise due to the interfexenc e demodulated signal. The interference

signal is a pulse-mod

bandwidth of theninte
explained in 4.8

itiomal QPSK modulation in order to generate
least as wide as the FM signal spectrum as

2 ps pulses
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Figure 161 — Rms and quasi-peak values of pulse level
for constant effect on FM radio reception
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Figure 161 is not a weighting characteristic! It shows that the rms value of the pulse level with
2 us width is closer to being constant than the quasi-peak value. This has been shown for
other pulse widths as well but is not presented here for reasons of space.

4.8.6.5 Weighting for band E (1 GHz through 18 GHz)

4.8.6.5.1 GSM system

The weighting characteristics found for a mobile operating in the 1 800 MHz (GSM 1 800)
frequency band is very similar to the system operating in the 900 MHz (GSM 900) frequency
band (compare Figure 162 with Figures 158 through 160). The offset between uplink (maobile
to base station) and downlink is 95 MHz for GSM 1 800. As in Figures 158 through 160y the
curves are rising below 2 kHz PRF with a slope of more than 20 dB/decade—See Figure 162.

GSM 1800 Type 2 downlink f=1850,8 MHz RBER 1b =0,4 % 4008r
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ighting characteristics for RBER 1b of GSM
(signal level —90 dBm)

DECT is uséd in homes and offices for distances up to 300 m (in picocells). It provides 10
channels*spaced 1,728 MHz apart in the frequency range 1,88 to 1,90 GHz. The occupied
bandwidth is ~ 1,5 MHz. For speech data reduction Adaptive Differential Pulse Code
Modulation (ADPCM) is used. Modulation is done with Gaussian Mean Shift Keying (GMSK).
The data stream for testing is Pseudo Random Binary Sequence (PRBS). See Figure 163.
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DECT FP f=1897,344 MHz, BER =2 %, Evaluationtime =5,0s
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Figure 163 — Weighting characteristics for DE( el —-83 dBm)
The weighting characteristics for DECT ‘shof 0 dB/decade in the range
between 50 kHz and 500 kHz PRF in ¢ eas fgr narrow pulses and a steep
slope below about 10 kHz PRF. Only fe ; e\widths, the weighting characteristic is
flat.
4.8.6.5.3 Code Division"ul stems 1S-95 and J-STD 008
IS-95/3-STD 008 have| bs ifi 3 Telecommunications Industry Association)

and are used in S z to 900 MHz (1S-95) and 1,8 GHz to 2,0 GHz.
The occupied Szn}/ 3 dB: 1,23 MHz). The modulation is done with
Quadrature Phase y . JFor the uplink (mobile to base station) the optimum
setting of the recéive wersat theNbase station is controlled via power control bits. See
Figures 164 and 1
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1S-95 forward f=878,49 MHz, FER =2 %, -83 dBm, full rate
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Figure 165 — Weighting characteristics for J-STD 008 (signal level —97 dBm)

4.8.6.5.4 Third generation digital radiocommunication systems
Two different systems have been investigated:

— wideband CDMA (W-CDMA), which is going to be deployed in Europe, and
— CDMA2000, which is mainly going to be applied in North America and some other areas.
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Tests have been made on both systems. However at the time of testing, available mobile
phones for W-CDMA did not give stable BER results in the test setup (loop back) with the
mobile testers. So, only results for CDMA2000 are available now. Results for W-CDMA will
certainly become available at a later date. They have been used later with success for
evaluating the interference effect to spread-spectrum clock signals (see [50] and [51]).

CDMAZ2000 as described by Third Generation Partnership 2 (3GPP2) is an access method

Intended for use In the IMT-2000 proposal for Third Generation (3G) cellular telephone
systems. The system is based on spread-spectrum codes and provides high and variable data
rates. It is an evolutionary development of 1S-95 (cdmaOne) which is also based on Codé
Domain Multiple Access (CDMA) to the air interface. This means that the individual channels
are separated from each other by individual codes. The basic chip rate is 1,228 8 MHz: "All
IMT-2000 compatible systems feature transmitted bit rates of up to 384 p to a‘cruising
speed of 500 km/h, in urban areas up to 120 km/h. See Figures 166 and

CDMA2000 forward f= 1955 MHz; FER = 0,5 %; data rate 9,6 kBit/s;sig
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eristics for the Frame Error Ratio (FER) of CDMA2000
ignhal level of —112 dBm) for a low data rate of 9,6 kb/s
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CDMA2000 forward f=1955,0 MHz; FER = 0,5 %; different data rates;
signal level -106 dBm; pulse width 0,1 us
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For higher data rates (e.g. 384 kb/s, i lable for the test), the system would
still be more susceptlble to |mpuIS|ve i . e higher data rates, the faster rising

ive (i.e. broadband) and unmodulated or pulse-
may not completely reflect today’s sources of

systems’) Spread-spectrum clock mterference was expected to
have an especially severe effect on wideband radiocommunication services. Therefore DVB-T

The application of frequency modulation or other spread spectrum modulation to the clock
signal/distributes the clock power over a frequency band wider than the EMI measurement
bandwidth and thus reduces the emission level, when measured with a bandwidth as narrow
as.e.g. 120 kHz. In Table 37 measurements are shown for a frequency-modulated clock signal
spectrum and of the corresponding unmodulated clock signal with foopie = 500 MHz, f 09 =
30 kHz (sinewave), spread amount § = 3.5 MHz (i.e. the spectrum width due to modulation)

and a peak level reduction A = 5,0 dB.
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Table 37 — Example of measurement results in dB(uV) of unmodulated
and FM modulated carriers for various detectors (bandwidth 120 kHz)

Detector Unmodulated carrier FMfczr:ohc:;Lzsgggpceaarl:ier i’grrzgg:'rlg}?gq%aer;if;
Pk in dB(uV) 55,6 50,39 44,3
Qp M aB{(nv) 554 79730 43,10
Av in dB(nV) 55,38 38,38 37,12
Rms in dB(uV) 55,38 42,50 38,87

Using the measurement bandwidth of 1 MHz at 2 GHz (with a proportigrtatty_highef)spread
amount) reduces the differences between unmodulated and FM modulated carriersto 1,2 dB

The measurement results in [50] and [51] show that the high ipnqu and W-
CDMA systems to unmodulated carriers (i.e. clock signals) is | odulation.
Considering

— that due to a lower measured emission level, the ji

the system to clock signals,

frequency modulation causes a tota
25dB + 6 dB = 31 dB.

It is agreed that some digjta ati N been especially designed to suppress
unmodulated interference it shall be pointed out that the EMI
measurement bandwidth sh atch theMandwidth of possible victim radiocommunication
receivers. It might thegref [ fage 10 describe the detector function for various
measurement bandwidtks. ) etestor s used for the measurement of spread-spectrum
modulated emis g will be proportional to the square-root of the

. 5 dguency range of CISPR bands C and D, the
radiocommunicatie dwi ave always had a wide range of values. Narrowband
FM with as few as 7,5 > hand and the amplitude-modulated TV signal spectrum

including the ' ith as much as 6 MHz on the other were in use until recently
and the 120 AS U : e measurement bandwidth. This situation has not changed
very m i oduction of TETRA (bandwidth approximately 25 kHz) and DVB-T
[bandwidt and 7,6 MHz (UHF)]

4.8.8 i e various weighting characteristics and proposal of a weighting
detector

Looking at various results of weighting characteristics in the subclauses above, we can see
that.above a certain corner frequency, the weighting function decreases with approximately
10 dB per decade of pulse repetition frequency. A decrease of 10 dB per decade corresponds
to the welghtlng functlon of an rms detector (see F|gure 130). Below this corner frequency,

can be achleved using the Ilnear average detector functlon ThIS behaviour can be
approximated by a combination of two detectors, the rms and the linear average detector. The
average detector applies the meter time constant as described in CISPR 16-1-1 for
intermittent, unsteady and drifting narrowband disturbances. Figure 168 serves to understand
the meaning of the corner frequency. It is not possible to satisfy the protection requirements
of all services with the same perfection, therefore the selection of the various corner
frequencies between the proposed average and rms weighting functions in each band can be
regarded as a compromise. Where corner frequencies for different pulse widths are different,
the corner frequency for the shorter pulse widths apply, as the detector weighting always
applies to the shortest possible pulse width, which is determined by the measurement
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bandwidth. It is proposed to keep the measurement bandwidths specified in CISPR 16-1-1 for
CISPR bands A through E.

Table 38 — Survey of the corner frequencies found
in the various measurement results

Syetem Bibliographic f @ Camment
Teferences KHZ

DRM 49, 57 0,1/0,005 |10 Hz chosen for feasibility
DVB-T 49, 58 0,1-10 fo depending on wpb, modulation and coding
DAB 49, 56 5 f. partially depending on w,
TETRA 56 0,5 narrowband system, mainly used belo@ 1 &R
GSM 900 52, 55, 56 1,5 above f.:very close to rms
FM 49 <0,5 weighting characteristics follon N\@w\\k%
GSM 1800 52, 55, 56 1,5 above f.:very close to r
DECT 57 50 above f;: flatter tham\ \
1S-95 57 2 very similar to J-ST 8\@-1%%\{\31{%)0 rms
J-STD 008 57 5 very smﬂarﬁlS-%}t&k\t\closﬁo rms
CDMA2000 57 50 data ra},e—\g,‘Q k&s/abm/e\fc\\cur%“s/are very close to rms

CDMA2000 57 10/\ datgrate 7>,8 kt(s; @e‘f\c}urves are very close to rms

a f, is the corner frequency.

b W is the pulse width.

As a result of the values found in Tabl 38,%0” Worner frequencies were selected:

Band A:
Band B:
Band C/D:

Band E:

NOTE The cokfer fre 1 as selected for Band A, in order to give the rms detector a function similar
to the one of band B andy iti allow the use of the meter time constant in order to provide an asymptote
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RMS+Average weighting detector compared to existing detectors
(example as proposed for bands C and D)
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In Figure 169 a digital rms detector with rms computing times of 10 ms, followed by a digital
linear average detector results in the rms-average weighting curve of Figure 168 for the
shortést pulse width allowed by the measurement bandwidth of 120 kHz. Rms computing
times of 10 ms will give rms values of the disturbance signal within 10 ms. The 10-ms packets
are"then weighted using a linear average function. The peak reading function after a meter
time constant of 100 ms is effective then for low repetition pulses (f, below 10 Hz), which
causes the weighting curve to approximate the asymptote of 58.7 dB.

Conclusion: it has been shown experimentally and partly numerically that some detector
functions that are currently in use in CISPR product standards

— either indicate a higher interference potential of impulsive disturbance than the interferer
actually represents (i.e. they overweigh the disturbance) if “peak” and “quasi-peak”
detectors are used, or

— indicate a lower interference potential of impulsive disturbance than the interferer really
represents (i.e. underweigh or de-emphasize the disturbance) for the “average” detector
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with respect to the possible interference effect on digital radiocommunication systems,
whereas using the rms-average detector represents the interference effect rather well.

4.8.9 Properties of the rms-average weighting detector

For CISPR weighting functions, the pulse width is always assumed to be defined as the
inverse of the measurement bandwidth, corresponding to the response to the Dirac pulse.

Therefore the weighting functions of the rms-average detecior are shown in Figure 170 for the
shortest pulse widths allowed by the bandwidths specified.

RMS+ average weighting functions for bands A, B, C/D and E

| [ 1 LT i\
= RMS-AV Bands C/D
70 RMS-AV Band E
= RMS-AV Band A

60 — = RMS-AV Band
m \\\\ N
g N \\\
% 50 Vi

N

ug \\ — \\\ x \\\
g 40 \\ \\\ \\
5 N \\ /7 N
2 30 N — N
= — NG \\\ /{ \A

20 ™ \\\ ~~~"\ /1 5

N NN
\‘ \\\\ \\\\.. \\\,/
10 - N
™ N
0 T (n NN \\L ‘ | T
1 0000 100 000 1 000 000
IEC 2042/06
Figure 170 s ) ighti nctions for CISPR Bands A, B, C/D and E
for the sHortest B WWH

If the rms-average weighting detector is used with a wider measurement bandwidth than the
one specified, then the weighting curve will be shifted due to the shorter pulse width as shown
in Eigure 171.
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RMS+average weighting detector for bands C/D used
with 120 kHz and 1 MHz bandwidths

7 ~ [ LI 1T

= RMS-AV 120 k

60 g RMS-AV 1 MHz  [TT1T]]
™~ = Peak

/'

40

30 ~

Weighting factor/dH

10

1 10 100 1000

fp/Hz

Measurement speeds: Measurement
receiver can be made similar to those
CISPR 16-2-1, CISPR
substantially faster tha
measurement times wi

The process of'
ects’o

account the eff

vers using the average detector (see
), i.e. measurements can be made
i The definition of

Table 39 shows examples of measurement results for some broadband disturbance sources,
measured with the average, rms-average and quasi-peak detectors at frequencies in bands B
and C.The measurements were taken in a small round-robin test, conducted in Germany in
2004)
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Table 39 — Measurement results for broadband disturbance sources (measurements
with rms-average and quasi-peak detectors are normalized to average

detector values)

EUT f Average value Rms-average Quasi-peak
minus average minus average
MHz dB(nV) dB dB

Hairdryer 1,0 32,75 +3,39 +11,81

Hairdryer 35 33,80 +8,49 +26,84

Washing machine 1 0,768 20,67 +4,74 +21,79

Washing machine 1 124 13,68 +3,80 +19,01

Washing machine 2 0,71 26,98 +1,71 ( +9,22

Washing machine 2 116 18,90 +3,9< N C +22,04

A\

Taking into account that the rms-average measuring receiver addres es x\;‘ects of
all types of continuous emissions, it is possible to define one li i limit could
be used and the limits for average and quasi-peak (or pe merged into

isturbances like
ade by product
mission limits. The

one single limit, except for cases of discontinuous
microwave oven emissions However, this decision S
committees i.e.

: pplied on cables leaving the test volume
during radiated disturhancé ite. The purpose of this part of CISPR 16 is to
define the com@ at the point where the cable leaves the test

volume.

table-top eq
external co

depends on the™HdF source (at the EUT connection of the cable), on the current distribution
(CM current-on theable), and length of this unintended antenna. The current distribution
dependsiupon the CM impedance at both ends of the antenna.
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EUT
‘ ———1
l| External Point A Top loaded

cable monopole
antenna

1
/ Point B

— —
Ground plane Ground plane

IEC 2044/0)

Figure 172 — Example of a simple EUT mode

the value is fixed whenever the test is performed
impedance at point B (Zgpparent) May vary at eac
because actual test procedures give noxequire
actual value depends on the constructi g
volume. Examples are given in [60].

It has been shown [60] [61] that the variat \ efined CM impedance at point B can
lead to variations as show i issions measured from small EUTSs.
The sizes of these small E 0 ayby 10 cm by 10 cm and 50 cm by 30 cm
by 30 cm.

Table 40 @ iati tween different laboratories for small EUTs

W Possible maximum deviations of the
radiated emission results between
/\ different laboratories

\30\4Hz\5/o MHz 10 dB to 25 dB
< \ \\5\Ml->to 120 MHz 5 dB to 15 dB
) \\go MHZ to 200 MHz 2 dB to 7 dB

NOTE The variations of the cable layout in the test volume are not considered in this context. Table 40 does not
include~the*variations of the radiation emission results due to variations in the cable layout.

The-purpose of a CMAD is to reduce the influence of the CM impedance at point B upon the
compliance uncertainty to a negligible amount.

Z9.T.7Z Important properties of CMADS

The main purpose of a CMAD is to ensure that the CM impedance Z,,,,.en at the point B of
Figure 172 is always the same, independent of the undefined |mpedance at the cable
entrance to the test volume in the different laboratories. Therefore the following two properties
are important:

e the cable including the CMAD should have a CM impedance Z,, ,rent (O Sqqapparent)
within a specified tolerance;
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e the CMAD impedance Zj,,aent (OF Syiapparent) Should be independent of the CM
impedance at the other end of the CMAD.

An additional purpose of a CMAD can be to attenuate disturbance signals not produced by the
EUT, in order to distinguish between the EUT as a disturbance source and other disturbance
sources. For this purpose, the insertion loss A, of the CMAD can be used as a figure-of-
merit.

NOTE 1 The insertion loss A is comprised of two components:
a) loss due to dissipation inside the device, and

b) loss due to mismatch between CMAD and line.

If two CMADSs are used in cascade, the resulting insertion loss in generg the sum of the

individual insertion losses.

NOTE 2 The primary function of the absorbing clamp described in Clause 4 a
for the measurement of interference power. Depending on the ferrite matéri ad, $ P of absorbing
clamps are suitable as CMAD.

NOTE 3 The EM clamp defined in IEC 61000-4-6 for RF-injection imm
CMAD as described herein.

4.9.2 CMAD as a two-port device

4.9.2.1 Simple model of a CMAD

Usually CMADs are constructed usi te clamps. Ferrite clamps have the
advantage of being applicable to any type oR.ca within a range of diameters. For
measurements of the CMAR character'stlc test sable is replaced by a well-defined test
conductor. In Clause 9 @ test ponductor of 4 mm diameter is defined,
located above a groung » deflne py the dimensions of the CMAD (typically
30 mm). The CMAD (fe

e test conductor above the ground plane is
regarded as a IV@I‘
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Reference planes
close to the mechanical end
of the CMAD under test

CMAD under test
% e

Ground plane

Reference
plane

A two-port devi
The S-parameters™are refe ed toNthe sharacteristic impedance, Z,, of the test conductor

above the ground

(21)
where
is the free-space impedance (1207) in Q;
d is the test conductor diameter (defined to be 4 mm);
h is the height of the centre of the test conductor above the ground
plane.
EXAMPLE Typical values of Z . for various heights h:
h erf
30 mm 204 Q
65 mm 248 Q
90 mm 270 Q

Any two-port network may be represented using various sets of parameters; each of these
gives a complete characterisation of the two-port device. Examples of two-port parameter sets
are:

® Sq1, So1, Sqp and S,, — S-parameters: four complex numbers, related to a reference
impedance Z,q;

e A, B, C, D (ABCD matrix: 4 complex numbers);
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Other types of two-port parameter representations are described in the literature, but do not
offer any advantages in the present context.

4.9.2.2 Parameters of a CMAD represented as a two-port device

The performance of a CMAD can basically be defined by the four complex S-parameters when
measured as a two-port device in a test jig. The test conductor in the test jig has a diameter of

AT, T he teigitabove the ground plane, 1T, s defimed— by thedimensions of the CMAD:
These two parameters define the reference impedance, Z. for the S-parameter
measurements. If the CMAD is symmetrical, S;; and S,, have the same value. If the device js
not symmetrical, the test report shall describe which port was used for the S;; test (the &end
closed to the EUT to be used for radiated emissions measurements), or the results shall ‘be
reported for both ports of the CMAD.

4.9.2.3 Conversion between S-parameters and ABCD-parametersf
element

The conversion from S-parameters to ABCD-matrix representa
equations (Z,¢ is the reference impedance to which the S-paxamy

A (L+ 513 )2 -Spp)+ 512521
255

(14811 )1+ S2p) - S48
B= 2321 ref (23)
[(L-S11)1-Sp0)-S12520/2
C= 24
ZrefC ( )
D= (L-S3a )L+ Sp0)+ Slzszg % (25

(22)

(26)
(27)
(28)
(29)

where
B' = Zif (30)
C'=CZyes (31)

NOTE All operations in the preceding equations are for complex numbers. All parameters are functions of
frequency. The equations are valid at each frequency point.

4.9.2.4 Range of variations for S;; due to undefined impedance at the far end of a
CMAD

The apparent impedance of a two-port network element characterized by its ABCD-parameters
is given by:

AZong + B

Zapparent = CZgng + D (32)
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From this equation the S;; parameter can be calculated using:

s _ Zapparent -2y _ (A_CZO)Zend +(B_ DZO)
1lapparent Z apparent + Zo (A+cCz, )Zend +(B+DZg)

(33)

Zapparent @Nd Sy1apparent @re the values seen at port 1 if port 2 is connected to an impedance
of Zopg-

Both quantities Z,,5arent @Nd Syiapparent are a conformal mapping of Z,,4, expressed as:

along +b
f(z _ end
( end) Czend +d (34)
The general form of the equation for this type of conformal mapping is:
az+b
f(z)= 35
( ) cz+d (35)
This type of function has the property that it transforms straigh and cirgles in the z-plane
into either straight lines or circles in the f-plane. In partic of z are restricted
to positive real values, the transformation of this half { o in a sjrcle in the f-plane, as

shown in Figure 174.

A
fo 4
>
fplane
JEC 2046006
Conformal mapping between z-plane and f-plane
The centre ofdhi
bc—ad a
0T T3t (complex value) (36)
2c*Re(d/c) ¢
The-radius of this circle is:
!/\f!: bc —ad (scalar value) (37)
2c“Re(d /c)
The maximum value of |f| is then:
|f|max =|fo| +|Af| (scalar value) (38)
The minimum value of |f| is then:
i =0l = IA1] 1 [fo]>[af] else ], =0 (39)
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Using these relations for Z,, ;.0 gives the following parameters:

Position of the centre of the circle:

z __BC-AD A complex value
apparent centre = W(D/C) + < ( p ) (40)

Radius ofr the circle:

BC — AD
AZ apparent| = ————— (scalar value)
[\Zapparent 2c2Re(D/C) (#1)
Maximum value of Z,, ;5 ent:
|Zapparent |max = |Zapparent centre| + |Azapparent| (42)
Minimum value of Z,,,,rent:
Zapparent min = apparent/center _‘Azapparent if
|Zapparent centre| > |Azapparent| 1S (43)
|Zapparent|min =0
For S;; the relevant parameters are giv .
Position of the centre of the circle:
S11(:entre =
(44)
Radius of the ci
(45)
Maximum
|Sllapparent|max = |Sllcentre|+|Asll| (46)
Mininum value of |811apparem|:
|Sllapparent|min = |Sllcentre|_|Asll| if |Sllcentre| > |A511| else |Sllapparent|min =0 (47)

4.9.3 Measurement of CMAD
4.9.3.1 General

The CMAD parameters are defined as parameters of the two-port network measured at the
reference planes with the reference impedance Z, given by the dimensions of the test jig
cross section at the reference plane. Vector network analysers (VNA) used to measure the S-
parameters operate with coaxial connectors having a characteristic impedance of 50 Q.
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Between this 50 Q coaxial connection and the non-coaxial configuration of the two-port device
to be measured, an adaptor is needed to convert the 50 QO coaxial connector to the geometry
of the two-port device to be measured. Figure 175 illustrates the relevant set-up.

Reference Reference
plane plane

2-port device

Reference

Reference plane 1
plane 2 I

Reference

50 Q 2-port device

1 e / ~_ %} }\2:
A\ a/(? /\E .

Adapter
>

IEC 2047/06

at reference plane i 5 VThe measurement result is directly referred to the
connections of th
include the agdaptoxs. 3 ents based on TRL callbratlons are therefore recommended
for accurate meas CMAD characteristics. The details of the TRL calibration

The classica hort-open-load-through) calibration method for a VNA is made at the
reference plane igure 175 for which the necessary calibration kits are commercially
available.(If)this calibration at reference plane 2 is used, the properties of the adaptors are
included\in the measurement result.

The-effect of the adaptors can be compensated partially using other “simplified” methods —
two alternative methods are described in 4.9.3.3 and 4.9.3.4:

9) measurement with SOLT calibhration and pneifir\n chiffing (mahﬁhing nrlnpfnre)'
t E t T

b) measurement with SOLT calibration and transformation to Z,. (lossless 50 Q adaptors).
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4.9.3.2 Measurement with TRL calibration method
4.9.3.2.1 General

The TRL calibration method is based on the model shown in Figure 176 [62] [63].

Reference Reference
plane plane
1

50 Q

2-port device 50

AN

N

€10

2 Sa1 (&x\ X > b3
N AN

€01

1

]

1

]

T

1

:

' Error due to

) adapter B including
1 cables

H (Port 2)
E

1

1

1

|

1

1

1

Error due to
adapter A including
cables
(Port 1)

IEC 2048/06

6 —Basic model for the TRL calibration

true values of the measured two-port device. The parameters
B are unknown and need to be derived from the calibration

Four calibration configurations are necessary for the TRL calibration:
e) “reflect” (port 1): measuring the complex value S;; of the adaptor section and adapter at
port 1 without any other connection (simulating an open) — see Figure 177 a);

)" “reflect” (port 2): measuring the complex value S,, of the adapter section and adapter at
port 2 without any other connection (simulating an open) — see Figure 177 b);

g) “through”: measuring the complex values S;q, S5, S,1, Sy, With the two adapter sections
directly connected together (without the transmission line section in between) — see Figure
177 c);

h) “line”: measuring the complex values S;;, S15, S»1, Sy, With the transmission line section
introduced — see Figure 177 d).

The results of these calibration measurements are 10 complex numbers for each frequency.
Many VNAs have firmware for the TRL calibration included. If the VNA includes firmware for
TRL calibration, it will use these reference measurements to calculate the proper corrections
for the TRL measurement. If the VNA does not support the TRL calibration, the necessary
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corrections can be made externally according to the procedure described below (4.9.3.2.2 to

4.9.3.2.5).

The characteristic impedance of the “line” section has to be known exactly and is introduced
into the calibration data used by the firmware of the VNA. Some firmware also asks for the
electrical length of the “line” section, but theoretically only the impedance is needed. The
properties of the adaptor section and adaptors outside the calibration plane do not need to be

kKnown tor the [RL calibration. Ihese properties are measured In the calibration procedure

and are compensated directly by the TRL calibration. Any type of adaptors may be used.

Reference
plane

1
1
]
|
50 Q |
L | '
|
|
a) Configurationffor the ca:libration measurement “reflect port 1” \ 2Eoig/oe
1
50 Q
i
b) Configuration for the calibra rt 2" ! o0
1
1
1
|
50 O (\ | 50 Q
. \ \ : . IEC
c) Configlrati the calibjakjon me]surement “through” 2051/06
1
eference Reference
lane plane
| |
1 1
> Line R
500 : | 50 Q
1 |
! ! IEC
| 2052/06
1

d) Configuration forthe calibrption measurement “line”
NOTE The length L of the reference line for the calibration needs not to be the same as the length
used for the measurement of the CMAD. The length of the reference line for the calibration
procedure has to be selected according to the frequency range needed.

Figure 177 — The four calibration configurations necessary for the TRL calibration
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The length of the “line” section during the TRL calibration establishes the frequency range for
which the TRL calibration may be used. This limitation results from the mathematical
procedure used in the TRL calibration, where for some frequencies a divide-by-zero (or very
small values) is possible and shall be avoided.

If the length of the “line” reference is L, the frequency range shall be limited to between low
and high frequencies f, and f,, as follows:

f, = 0,05% and (48)
c
fia = 045" (49)
where ¢ is 3 x 108 m/s. A “line” length of 0,6 m is appropriate for calibra in the\frequency
range 30 MHz to 200 MHz. If the measurement has to be extended equencies, a

Table 41 - Calib@@%me t v@.ll sformat
PN ~

Reflect port 1 Siim

Reflect port 2 Soo.m ( [N \

S -S S S
Through e : 2MmS21m—S1amtS 22Mt - S1amt
=Soo Mt 1
(AN

T oowi
MM 12Md 1 | S12MdS21Md—S11MdS22Md  S11Md
Delay Md = T = _s 1
Ry Md | S2mmd 22,Md
\j
\aﬁstgand S-parameters is given by:

The conversion between\J-
1

p
S51-514S S
12521-5115 2 11} and (50)
21 -S2 1
1 [Ty Tl oo-TooT
_ 12 T1l 22 T12 21} (51
T 1 -T2

4.9.3.2.3 Calculation of the conversion parameters

From the calibration measurements, the conversion parameters are derived according to the

FuT : !
TUNMOWITIY Pprotecuurc.

Define the Matrix M as:

m m _
M= ( H 12J =TTt (52)
Mp1 Moo

Define the Matrix N as:

N1 N2 -1
N = ( J =Tut Tmd (53)
Np1 N22
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Solve the preceding equations with respect to x:

Mp1x? + (Mg —Myq x—myp =0 (54)
This gives two solutions. Give the two solutions the names x; and x, such that |x;| > |x,|.

Solve the equations with respect to y:

NioV2 + (oo —Nyg )y —Noy =0 (55)

NOTE Take note of the indices — not the same as the previous equation

This gives two solutions. Give the two solutions the names y; and y, such that |y;|>|y,|.

Define a, b, ¢, and d as follows:
a=Xg
b=x,
=W

d=y;
Define also the following variables:

(56)

€00 = b
€33 = —d

fo= Sll,l\/l -b
=M 7
S1um 2 (57)
£ SZZ,M +C
2 Spom+d
g = —imt 7D

(59)

Perform the further computations:

€2 = f3/e1
€23832 = €22(c—d) (60)
e10832 = Sarmi(L-€12822)

Determine the forward conversion parameters egq, €11, €55, €33, as well as:

Ay =€0n€11 —€10€01

A, =€55633 —€35€
y 2233 32%23 (61)

€10€32
€23€32

k=eyg/e23 =
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Determine the inverse conversion parameters:
inv
€00 = €oo/Ax
inv
ey = e11/Ay

inv
e =€x/Ay

62
el = eon /A, (62)
T b
AIQV =1/Ay
inv _
Ay =1A,
(v _ G018y legoeyi—Ay Ay 1 egoen/Ay-1 (63)
eAy kK Ay €833 —Ay K exesz/Ay -1
4.9.3.2.4 Forward conversion (from Sg¢fective 1O Smeasured)
If S;; are the effective S-parameters of a network, then the me : ers, Mj;, are
computed using:
N = (1— S11611 1- S22€22 )~ 21512011822 (64)
11=[(e00 — S11Ax N1~ S22€22)— S21512
12 = (S12/k egoers — A )/ (65)
21=(8 21k)(ezze33 —Ay)/N
Moo = [(933 - SZZAyX]-_ S11€14
4.9.3.2.5 Inverse co effective)
ed from measured S-parameters M:; using
— My Myeil ey (66)
inv ,inv inv
— MgelY ) M21Myoe35 Ay J/N
OO e:|lr11v _Amv )/Nlnv
(67)

nv |nV inv nv
22 €33 —Ay )N

- M22Ay Xl— Mllell )— M12M21evamvl/Ninv

These)yfaur S-parameters are the result of measurements using the TRL calibration method.

4.9.3.3 Measurement with SOLT calibration and position shifting — simplified method

4.9.3.3.1 General

The SOLT (Short-Open-Load-Through) calibration method is only possible at the reference
planes 1 and 6 shown in Figure 178. The influence of the adaptor section (between reference
planes 1 and 2, and between reference planes 5 and 6, of Figure 178 and the open length of
the test conductor (between reference planes 2 and 3, and between reference planes 4 and 5,
of Figure 178 upon the final result may be partially compensated by making two
measurements with the CMAD at two different positions inside the jig, then combining results
from these two measurements. This compensation is optimal if matching adaptors are used
(to match the impedance of the 50 Q coaxial connection to the reference impedance Z,y of
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the test jig). The following simplified method may be applied in the frequency range from
30 MHz to 1 000 MHz.

4.9.3.3.2 Scattering parameter representation

Figure 178 shows a scattering parameter representation of the CMAD measurement. A
network analyzer is connected to the reference planes 1 and 6. Hence the measurement can

yietd—onty the—S-parameters, S5 1, of the totatsystenT, wite—theS-parameters of a CMAD;
S;i ¢, are to be determined. The total S-parameters are express in terms of the S-parameters
of the various sections as:

511_ce(712/}LA)(1* Y)+S21 ¢S12 ¢ Sll_be[ijzﬂ(LA o))

(Sll_T)CMAD =511 a+521 2512 a

1-X)a-Y)-z
(-j2/Lp) (68)
xS S21 aS12_aS11 c®
~ 911 a 1-X
(501 1) S21_aS21_cS21 | pel tarto)
21_Tiemap ~ a-X)1-Y)-z
[iB(La+Lp)] (69)
. S21 2521 ¢S21 b€
1-X)2-Y)
where
_'2
X = SZZ_aSll_ce( 12/)
,'2
Y= 522_c511_be( 12/i8) (70)

Z =35 aS21 ¢S12_¢S11 b€

The approximate expressions in the above equatio derived assuming that the insertion

, because usually the insertion loss

1
|
1
L1 :
> '
L b :
- pe——>p
l ' 500
]
e o :I:|
1
. —
5 D! | 51 : i R
" ' [ ) 1 ”
Vo Saa ‘: exp(-jBLa) 1 S21_¢ ! exp(jBLe) 1 S21b g
: 5 ; ! ; g
5311 a) (S22_al 1S11_¢ S22 q S11_b S22 1
. 1 . I
| &K'S12 a Lexp(-/BLA) ! S12.¢ 1 exp(-JBLe) | &~ S12 b :
< <« r— g |
Reference ' ' ' e
alan 1 a 2 A 5 6
prarTe < =
Adapter A P CMAD o Adapter B
—> < > «—>
IEC

2082/0A

Figure 178 — Measurement of CMAD characteristics
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4.9.3.3.3 Estimation of |S,; |

The |S,4 .| of a CMAD under test is approximately given by

‘SZl—T‘CMAD

‘521 c‘ =
- ‘521 T‘

simple
empty
2 280 aalpl cpnn (71)

|
‘J-—\°22_a) < i

F T =[S
_i2 —i2 ‘ 21_6‘
“1—522@5114:9( 124 A)]_l_5227asllice( ! ﬁLB)J
where
‘321 T‘ J 521_a521_be(7j’gXL) ‘:‘ S21 2521 b ‘ 02)
- lemply ‘1*522_a311_b9(712ﬂxu ‘1*322_a511_be(7jzﬂ XL)‘
This equation apparently demonstrates that if the adapters have a0« th_the line

4.9.3.3.4 Estimation of T (=[Sq;1 ¢l

The |S;;1 .| of a CMAD under test is approximately given

[(511_ T )lr_ (Sll_T )2 }9(— ipL)

Tsimple = (SZI_T)emptyl.e(_ AT g 'Z/ile)] (73)
where (S;; 1); and (Sq; 1), denote Siq t neasured with Lp= Ly and Lp,,
respectively. Both adapters are assume 3 i.e. |321_b|:|312_a|-

4.9.3.3.5 Uncertainty of

Since the adapters < - IS G spme extent, uncertainty in the estimated

insertion loss A g;

m
derived from Eq

1_2‘8 ax 1+2822 al % Sll c

‘ 22X AL_simple < ‘ - ‘ ‘2 - ‘ (74)
1—‘522_a‘

Equation (74) can i ood estimate for a test set-up having matching adapters.

the uncertainty in the case of simple adapters without matching
circuit. He expression should apply to a set-up that does not have matching

adapters:

(1+ ‘SZZ_a‘ x ‘Sll_c‘)z
‘2

- ]
L ‘SZZ_a‘X‘Sﬂ—C‘ < error in Ay gimple <

2 (75)
1+‘822_a‘ 17‘822_61

The following preliminary check of the test set-up shall be made with the SOLT calibration
before the CMAD measurement:

a) |S,; tlempty is the magnitude of S,; + measured in the test set-up without a CMAD
introduced, as shown in Figure 179 a);

b) [ S,; 1 |open is the magnitude of S,;  measured in the test set-up with truncated metal
rods as shown in Figure 179 b). The lengths of the rods, L; and L,, are determined
according to Figure 178. The | S,; 1 |open data provides information about possible
adverse effects of direct coupling between the adapters.

During the above measurements, the distance between the flanges, L, is the same as in the
CMAD measurement.
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a) Fmpty jig

b) Open jig

Figure 179 — Preliminary measurements

4.9.3.3.6 Uncertainty of T (= |Sll_c|)

Equation (74) provides approximations for the Al i imated |I'| caused by
mismatch. Theoretical and experimental analysis Vi ame expressions for the

R i wation of the uncertainty in
|Fsimp|e| caused by mismatch is done bsing Fquation (75), assuming a U-
shaped probability distribution.

The ratio 0

) 2
|( 21T mpty|max _ 1+|322_a|

i 77
|(521_T)empty|mm 1—|822_a|2 "

in‘which the adapters A and B are assumed to be identical. Thus, variations in [Sy; 1lempty
versus frequency gives information about the reflection coefficients of the adapters.

4.9.3.4 Measurement with SOLT calibration and ABCD transtormation to Zref level

The SOLT calibration is only possible at the reference planes 1 and 6 shown in Figure 178
and in Figure 180. If lossless 50 2 adaptors are used, it is possible to measure the two-port
parameters at the 50 Q level then convert the results to the Z . level by applying the ABCD
matrix method described in 4.9.2.3. The reference planes in Figure 180 have slightly different
positions to those shown in Figure 178.
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1
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Reference '
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Adapter A P CMAD
<+ < >
Lemab

The VNA is calibrated at reference planes 1 and 6. T
S-parameters at reference planes 3 and 4. The error g
be kept as small as possible, considering the folloyi
and if the construction of the adapter is such tha ¢
' nsate the electrical delay
g pensation for an electrical
delay. The length may be determined b ioh asurement of the S;; with the
open adaptor and adjusting the delay by wing thexSmithchart until the result approaches

and Lg, between the reference planes 2 and 3 and
all (for example less than 30 mm for typical CMAD

e tolerance efithe calibration kit used for the calibration at the reference plane 1 and 6;

e tolerance-of the mechanical dimensions of the test jig;
e impedance value of the adapter section between reference plane 1 and 2 or 5 and 6;
e (electrical length of the adapter section between reference plane 1 and 2 or 5 and 6;

o tolerance of the delay compensation for the adapter section between reference
plane 1 and 2 or 5 and 6;

e distance between adaptor and CMAD (L, and Lg).

4.10 Background on the definition of the FFT-based receiver
4.10.1 General
In this subclause the following nomenclature is used:

a) upper case letters such as X are used to describe signals in the frequency domain;
b) lower case letters such as x are used for signals in the time domain;
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c) gapless non-sampled signals are written with round brackets x(t);

d) square brackets such as x[n] describe sampled signals;

e) two dimensional signals (arrays) are described with two indices e.g. Z[n,m] and in upper
case letters.

4.10.2 Tuned selective voltmeters and spectrum analyzers

Initially, tunable selective voltmeters were used to carry out emission measurements. This
type of instrument routes the received signal through a preselector using a band-pass filter,
then downconverts and weights it with a detector, e.g. a quasi-peak detector. Technical
improvements to instrumentation then offered the possibility of performing stepped scans.
Such instruments are referred to as EMI receivers.

For pre-compliance and compliance measurements, spectrum analyz
usually perform a swept scan. The disadvantage of tuned selective

C and D). Such scans can take considerable time, especially
be measured or when the quasi-peak detector is used. Sp
. instruments may
have a lower dynamic range than EMI Receivers. Spectrum™s q 1| receivers have

essing @t ods offered the possibility to
ant equipment. Modern EMI receivers

he spectrum at several thousand frequencies.
merical mathematical method that calculates the

The discrete Fourjer trg
spectrum for a ic 4 s With“a reduced number of multiplications are applied
by the fast Fourl ranst ses decimation in frequency (DIF) and decimation in

time (DIT) [68].

However, a G : ation will not yield the same result as measurements with a
tuned selective g . ds FFT analyzers are not suitable for use in emission
measuren gl » can be obtained only if the IF filters and the detectors are
modelled hey o meet the requirements in CISPR 16-1-1. Research has been
performed o d it has been proven theoretically and through experiments that an

FFT-based measuremgnt system can be implemented that will provide the same result within
the given(measurement uncertainty as a tuned selective voltmeter. Its advantage is the
significantly reduced scan time that is achieved by the parallel calculation at several
frequéncies [69]. Such instruments are called FFT-based receivers.

4:10.3 General principle of a tuned selective voltmeter

EMI receivers measure emissions in the frequency domain. The measurement for a given set

of frequencies is performed sequentially. Modern EMI receivers are based on the
superheterodyne principle. The block diagram of a conventional superheterodyne receiver is
shown in Figure 181.
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k
TR
nES

Key

1 Preselector 5 IF filter
2 Attenuator 6 Detector
3 Mixer 7 Metey

4 Local oscillator

The preselecno,r ‘ i

This filtering procEsg mprovesithe dynamic range of the instrument for measurements of
impulsive signals, i afténuator allows the control of the amplitude level at the
mixer to avoid overiload and"th hsure linear operation. A mixer and a local oscillator

The analogue)output signal S, is described in the frequency domain by:

Sip(f)=S(f - fser + fig )HIE(T) (78)
where

fsel is the selected frequency,

fir is the intermediate frequency, and

H,e(f) is the amplitude response of the IF filter.

The measured signal is shifted to the intermediate frequency f and multiplied by the
frequency response of the IF filter. The output signal is weighted with the peak, average, rms-
average or quasi-peak detectors for the selected dwell time.
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4.10.4 FFT-based receivers — digital signal processing
4.10.4.1 Fast Fourier transform

Digital spectral estimation is achieved by the discrete Fourier transform (DFT). Algorithms for
DFT computations that exploit symmetry and repetition properties of the DFT are defined as
FFT. The DFT formulation that considers periodic repetition of the signal in the time-domain is
defined as follows:

N-1
X[k]= > x[n]x e’ J2#mN (79)
n=0

where

x[n] is the sampled signal in the time domain; and

X[k] is the discretized amplitude spectrum;

the frequency domain;

k is an integer ranging from 0 to (N-1) th
the frequency domain.

In general, EMI signal

behavior of an E
window functio @
and the filter masks 2

STFFT [70]. This spg ¢
The resolution in 4 is described by the bin width, Af; the resolution in the
time domain js Noep e step, Tgy,. The inverse of the time-step is called the
baseband sa

Z[mKl= > X x @~ 127KN (80)

where
Xx[n-m] is the sampled signal in the time domain;

w[n] is the discretized window function in the time domain, which is real, positive and
symmetrical;

N is the length of a single DFT calculation;

n is an integer ranging from 0 to (N-1);

k is an integer ranging from O to (N-1) that stores the element number of the

spectrogram Z[m,k] in the frequency domain;
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m is an integer ranging from 0 to (N-1) that stores the element number of the
spectrogram Z[m,k] in the time-domain

and where w[n] is the Gaussian window function that models the IF filter of an EMI receiver
[71]. The result is a spectrogram at discrete points in both the time and frequency domains
illustrated in Figure 182. Further, m is the integer index for the discrete steps in the time-
domain and k is the integer index for the discrete steps in the frequency domain of the
spectrogram

|Z[m.k]|

dwell time
much s

pectrogram Z[m,k]. The time interval of N samples is typically
e. The index m is shifted by a number which is a fraction of N.

(81)

T-Fy  Af

4.10.4:3>* Window function

The-window function determines the IF filter response of an FFT-based measuring receiver.
The multiplication in the time-domain is described according to:

Zi=—xfr=wimi (82)
where
w[n] is the sampled window function; and

x[n] is the sampled input signal;
n is an integer ranging from 0 to (N-1).

In the frequency domain, the multiplication presented in Equation (82) becomes a convolution
according to:

Z[K] = X[K]xWK] (83)
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where WI[k] is the IF filter response discretized in the frequency domain. A Gaussian window
function is preferable, because this will yield a Gaussian IF filter in the frequency domain. In
order to obtain the same result as with a tuned voltmeter, its equivalent noise bandwidth as
well as impulse bandwidth shall be same as the IF filter bandwidth of the FFT-based
measuring receiver. The filter shall also meet the selectivity criteria called out in CISPR 16-1-
1. Derivation of the Gaussian window from the 6-dB bandwidth specification in CISPR 16-1-1
is outlined with the following equations.

For a continuous (non-sampled) signal, the window function is used to create an IF filter
bandwidth B (6 dB). It is calculated according to:

2 n 2.2
W‘t)':[é\/ﬁJBlFe(” ranze (84)

In the frequency domain, the following transfer function is obtained:

W(f),:e—fz(ZBI%IBInZ) (85)
Sampling the input signal with sampling intervals of T, th
derived:

qw function w[n] is

w[n] 1 v 2z 1v2in2 JBeTen

= (86)
9c(NTg)N
where g, is called coherent gain. The
1 N1
gc =— > wn] (87)
N n=0

(88)

(89)

where fg is
according to:

rate. The impulse bandwidth Bj,p of the filter is determined

(90)

4,2074.4 Comparison to EMI receiver — mathematical equivalence

The mathematical equivalence between a superheterodyne receiver and an STFFT-based

receiver-is—shownmbetow—Acomparisonof-the—virtvattF—signatatasmgtefrequency g that
can be extracted from the output of the STFFT and the analogue output signal of an EMI
receiver is used for this determination.

At a single frequency, Equation (80) is taken and fge =kn/Nfg. The output of the STFFT at a
single frequency is obtained as follows:
N-1

Sob, ,selM] = D _X[n—m]xwn]x e~ 1278sel — x[m]x w[m] x
n=0

e—jZﬂfselt (91)
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