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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SPE CA
AND IMMUNITY MEASURING APPARATUS AND METHODS -

Part 3: CISPR technical reports

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising

all national electrotechnical committees (IEC National Committees). The obj of IEC\iS)to promote
international co-operation on all questions concerning standardization in the elecifi alectroqic fields. To
this end and in addition to other activities, IEC publishes International Standarg Wi ecifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides e d “IEC
Publication(s)”). Their preparation is entrusted to technical committees; a nittee interested
in the subject dealt with may participate in this preparatory work. iQN € stal and non-
governmental organizations liaising with the IEC also participate in thi S E aborates closely
with the International Organization for Standardization (ISO) in &dccorda \with“condjtions determined by
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matte possible, an international

consensus of opinion on the relevant subjects since eac
interested IEC National Committees.

3)
4)
5) Independent certification bodies provide conformity
marks of conformity. IEC is not responsible for any
6)
7) employees, servants or agents including individual experts and
C National Committees for any personal injury, property damage or
v whether direct or indirect, or for costs (including legal fees) and
the publication, use of, or reliance upon, this IEC Publication or any other IEC
8) Attenti ormative references cited in this publication. Use of the referenced publications is
pplication of this publication
9) Attention is to Xhe possibility that some of the elements of this IEC Publication may be the subject of

patent rights. [E€_shall yot be held responsible for identifying any or all such patent rights.

This consolidated version of the official IEC Standard and its amendments has been prepared
for user‘convenience.

CISPR TR 16-3 edition 3.2 contains the third edition (2010-08) [documents CISPR/A/888/DTR
and CISPR/A/899/RVC], its amendment 1 (2012-07) [documents CISPR/A/975/DTR and CISPR/
A/996/RVC] and its amendment 2 (2015-09) [documents CISPR/A/1102/DTR and CISPR/A/1109/
RVC].

is modified by amendments 1 and 2. Additions are in green text, deletions are in
strikethrough red text. A separate Final version with all changes accepted is available
in this publication.
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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.

e Specification for

A list of all parts of the CISPR 16 series can be found, under the general tj

,}dments will
site under
At this date, the

The committee has decided that the contents of the base publi
remain unchanged until the stability date indicated
"http://webstore.iec.ch"” in the data related to the speéi
publication will be

e reconfirmed,
e withdrawn,
e replaced by a revised edition, or

e amended.

that it contains colous
understanding of its
colour printer.

Y
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SPECIFICATION FOR RADIO DISTURBANCE
AND IMMUNITY MEASURING APPARATUS AND METHODS -

Part 3 GISPR technicalreports

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 feports 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 from and similar
appliances in the VHF range (Clause 5).

nd\repqrts’ that have
and \recommendations

NOTE As a consolidated

have differing meanings fr@
possible at the timein

2 Normativer

t hnical reports, this document may contain symbols that
\Attempts have been made to minimize this to the extent

CISPR 11:2009/ndustrial, 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.

3.11
asymmetric voltage

terminals and earth. It is sometimes called the common-mode voltage
sum of V, and ¥V, i.e. (V, + V},)/2

NOTE 7, is the vector voltage between one of the mains terminals and
between the other mains terminal and earth.

3.1.2

bandwidth

Bl’l

width of the overall selectivity curve of the
attenuation, below the mid-band response
CISPR indicating range

range specified by the ufag hie ves the maximum and the minimum meter
indications within which the at&\the reqliifements of CISPR 16-1-1

3.1.3

3.14

electrical char

Tc

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

preceding the d idication oy 55 Of an instrument having no inertia (for example, a cathode-ray
oscilloscope) conne ted to\a terminal in the d.c. amplifier circuit so as not to affect the behaviour of the detector, is
noted. The levelof 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
rectangular envelope is gated such that the deflection registered is 0,63« . The duration of this signal is equal to
the charge time of the detector.

3.1.5

electrical discharge time constant

I'p

time needed after the instantaneous removal of 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
n Alt)max s
BTMp 2Go >< Aimp )
where
A(t) is the peak of the envelope at the IF output of the receiver with an impulsg
max area 4;.,, applied at the receiver input;
G, is the gain of the circuit at the centre frequency;

specifically, for two critically coupled tuned transformers,

Bimp = 1,05><B6 =1,31><B3 (2)
where Bg and B; are respectively the bandwidths at the —6d ats (see
CISPR 16-1-1 for further information)

3.1.7
impulse area (sometimes called impulse strength)
Aim ) . .
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 fopship D =2 x 108 /Aimp applies because D is
calibrated in rms values of a corresponding sine¢ wav
3.1.8
mechanical time constan
Tm

(4)
where T| is the pg
NOTE 1

(3)
where

a is the deflection;

i is the current through the instrument;

k is a constant.

It can be deduced from this relation that this time constant is also equal to the duration of a rectangular pulse (of
constant amplitude) that produces a deflection equal to 35 % of the steady deflection produced by a continuous
current 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 2n7,,, damping is added so that agy = 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

mstrument

NOTE The maximum level at which the steady-state response of a circuit (or group of circuits) does not depart by
more than 1 dB from ideal linearity defines the range of practical linear function of the circuit (or group of circuits).

3.1.10

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

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

Vy,and ¥, i.e. (V, — V). Refer to the NOTE in 3.1.1 for definition of V, and 7,.

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 ins Whetwork. Refer to the

NOTE in 3.1.1 for definition of Va and V-

3.1.12
weighting (of e.g. impulsive disturbance
pulse-repetition-frequency (PRF) depe
impulse voltage level to an indication
reception

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

bit error ratio (BER) gxbit &rror probability {B
objective and repro g
3.1.12.1

weighted disturb

system, i.e. thejdisturbance is weighted by the radiocommunication system itself

3.1.12.3
weighting detector
detector which provides an agreed weighting function

3.1.12.4
weighting factor
value of the weighting function relative to a reference PRF or relative to the peak value

NOTE. \I\Inighﬁng factoris ovprncend n-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 code ISM Industrial, scientific and
modulation medical
AGC Automatic gain control ITU International
AM Amplitude modulation Telecommunications Union
AMN Artificial mains network LAN Local area network
APD Amplitude probability distribution LCL Longitudinal conversion loss
BEP Bit error probability LISN Line-impedance stabilization
BER Bit error rate network
CDN Coupling decoupling network LW Long wave
CDNE CDN for emission measurement MPEG Moving picture expert group
CM Common mode MW Medium wave
CMAD Common mode absorption
device

COFDM Coded orthogonal frequency
division multiplex

DAB Digital audio broadcasting

DDC Digital down-conversion

DECT Digitally enhanced cordless
telephone

DIF Decimated in frequency

DIT Decimated in time

DM Differential mode

DPCH Dedicated physical channe

DPDCH Dedicated physical data ¢
DQPSK Digital QPSK

Root-mean square

DRM Digital radio mondiale
DVB-T Digital video broadcasting Round robin test
terrestrial Ring-shaped area

EMC Electromagneti il Semi-anechoic chamber
EMI Electromagnetic e i s Short-open-load-through

ERP Equivalen Short-time FFT

EUT Equipment Short wave

FER Fra TEM Transverse electromagnetic

FFT Fast Rauri TETRA Terrestrial trunked radio

FM FrequeR TRL Through-reflect-line

GSM S TTE Telephone terminal equipment
VNA Vector network analyzer

GMSK W-CDMA Wideband code division multiple

GTEM access

IF

ILS

4 Technical repg

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

4.1.1 General

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
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.
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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 fundamental types of radio.noise:
impulse, random and sine wave. The dependence of the response to eg these»on the
bandwidth and the type of detector is given in Table 1. In Table 1, § isnthe magkitude of the
impulse strength, Afi,, is the impulse bandwidth, Af,, is the random i
the pulse response for the quasi-peak detector, fpR is the pulse rep
the spectral amplitude of the random noise. The relative resp

e, defined as being any
hat type of waveform,

necessary to ex
are of impulsive,
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Table 1 — Comparative response of slideback peak, quasi-peak and average detectors

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 6 Af; 1,41 S Af;  P(a) 1,41 5 fpr [
overlap) me ‘mp 1,416 prAfimp
Random - 1,85 JAf, £ 0,88 /A, £ VA 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

Afimp is the impulse bandwidth.
Afn is the random noise bandwidth.
Jer is the pulse repetition frequency.
L T T T T 7 T 1 11 T T T T
10 2 3 4 5678910° 2 3 4/%
i i 11
t-=10ms \
Peak { tg =10s
SN
a uasipea
>
,//
- NA
// AN
~
™N
NI RMS g
— TN //
l | / Average value
the i.f. 4
7 T
Cd
//

Indication of the interference indicator for
pulses with variable repetition frequency

—60

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"

o] Ny S Ftiefi I I ‘ l . ‘

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
bandwidth, so that as the bandwidth increases, the peak value increases, but the percentage
of peak, which is read by the detector, decreases; over a narrow range of bandwidth, 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 instrument is shown in

Figure 3.

The response of the average detector to impulsive noise is an interegst e reading of
an average detector for impulsive noise is independent of the bangwidth\of t e pre-detector
stages. It is, of course, directly proportional to the repetition rate. S ) the reading
obtained with an average detector for impulsive noise is so lo noprdctical value
unless the noise meter bandwidth is exceedingly narroy ¥ S e order of a few
hundred hertz. For a repetition rate of 100 Hz and a W ) arder of 10 kHz, the
average value would be approximately 1 % of the ue Such a value is too low to

annoyance effect may be well above the readi i th he average meter. ThIS of

Pla)
10 F
08 |
0,6<®

0,4

R

10 10 10 10 10 «
(xR, AF)
o =
(Rqfpr)
Key
R, charging resistance, in Q
R, discharging resistance, in Q
AF 6 dB bandwidth, in Hz
Jer pulse repetition frequency, in Hz

Figure 2 — Pulse rectification coefficient P(a)
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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

norse bamdwidthtothe—3=dBtandwidths=afunctiomof the—typeof fiter circuit— O theother
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 reasonable figure.

4.1.5 The root mean square (rms) detector

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

to AM sound and television reception. However, the
using very wide-band instruments for measuring A
detectors to narrow-band instruments.

4.1.6 Discussion

The preceding paragraphs have indicatet S i s for comparing measurements
obtained with different instruments. ioné iously, the possibility of establishing
significant correlation factors depends upo 60 which noise can be classified and
identified so that the pro Y In many frequency ranges

impulsive interference
interference is the pr
characteristic. A
Another importa

e switching action at the commutator bars. For optlmum adjustment
pulse noise can be minimized. However, where variable loading is
possible, measuremeénts 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 Jimpulses 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).

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 conver3jo 0dB is
explained partly on the basis of theory for uniform repeated |mpuls i
of the actual irregularity of the amplitude and wave shape of sug

NOTE “CISPR Recommendation 35”, from CISPR 7:1969, Recommendations
reference:

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

that for the measurement of interference from the i

general, be two types of detecto

RECOMMENDS

measurements aremade th
for peak measur
measurements the spéed

are present,

4.1.8 _Conclusions

Analysis of data comparing the responses of various instruments shows that, in almost every
Gase, 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 predict correlation factors adequately 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

lntarfarano ai-Hatara an—b meaod for oriolio oo liaotiona it nartionlaor o o

trterferenree—simutators—ean—be—used—for—rarious—appheations——partettar—te—study—sighreal
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 by 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 waveform
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 of

signal.
b) Broadband interference sources p oducm

source (saturated vacuum tube d|de \ i tube followed by a suitable
broadband amplifier) can be used. In ing-f this type, mains modulation is
present, but because of the non- -linea v gaseous discharges the envelope of
the actual noise signal
waveform. In this case

the mains frequency can Qrrespondence with the actual interference signal
c) Thyristor controlled reg ase—control generate narrow pulses of constant
amplitude in aM\R 3 itioh frequency equal to twice the mains frequency.

Standard pu genérators\withxpartew eutput pulses (10~7 s to 10-9 s width) of the same
repetition frequép § asily simulate these sources.

d) Ignition syste I co acts and commutator motors generate short periods
(bursts) of.guasi- . g This type of noise is caused by very short pulses of
regular qf irregylaiszheig at random time intervals; if the average interval between
adjacent pulses i ’'the reciprocal of the channel bandwidth under test (z,, < 1/B)
the , and because of the random phase conditions, a random fluctuating

gsults. Therefore, bursts of quasi-impulsive interference of this type
a gated broadband noise signal.

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

lgnition interference is characterized by burst durations between 20 ps and 200 us 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 ps 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—aToise—source fottowed—by amappropriate—amptifier of 70dB—to86—dB—gaim,—=agating
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§tsk /no
2 Depending on a.c. or d.c. supply. N

b In the case of mains modulation, gating at a repetition frequeng insand gate ms to 2 ms may be
more appropriate.

N

The disadvantage of this layout is that a wjde range requires a broad

8 i 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 a-ra cal split up in several smaller ranges or a
tunable amplifier may be used. Such i S i s the construction of the simulator
appreciably.

Another way to produck
this design, nanosecg
recovery diode
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
be effected simply by modulating the supply voltage of the step recovery diode with 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.

@C@
&
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Figure 4 — Block diagram and waveforms of a simulator generating noise bursts
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bet 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). Whether the measurement is of the field strength 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-

AL\

A H ] 1 + o H 1 % diatacdl L. D H AR L
wave UlTpyuiT. LUTLU UTo TUUTVAITTIU TAUTAdITU PUWTT UG 1 q nmryupo\pyvv ).

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.

Pt+G:Pq+2 (6)

4.3.3 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. Pq = Ly,

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

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

L =Ly+2-G (7)

say L, = L, then it is correct only for EUTs with G = 2. ' ater than 2 will find it
easier to pass the reverberation chamber limit, apd W

P,. Figure A.1 shows the curves of P, v Qi aldes of G. The shaded region is
for negative values of G. (Experimental/points app&aring.in this region are caused by failure to
locate the maximum open-site radiatio r S he maximum radiation lying outside

An example is given in Kigut of plicrowave ovens were measured for P, 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 3 yération chamber appears to be a more effective method in the
ability toNpeas ; representative of the maximum radiation.

4.3.4 Procedure-for fthe determination of the reverberation chamber limit

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

i) ~Measure a sample of equipment for the maximum radiation on an OATS. Convert the
measured quantities to the equivalent power from a half-wave dipole. Call this quantity Py,
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

I‘\\l +ha granhurﬂ:l mni-hnri nF Eugnrn A 1 OF h\][ r-alr-ulahnn +ha gv:nn n'F csar-h nquupmanf

obtammg 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

— 44 +—General

The use of semiconductor devices in telephone terminal equipment (TTE) has created the
need to verify the immunity to RF 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 telephony
system. AM broadcasting transmitters in the LW, MW and SW bands form _an important-class
of RF-field sources.

will be met in practice. Moreover, it discusses th
speC|fy|ng the disturbance source used in the in

voltage and a source it

All mathematical ;

the user of this sub

in the buildings and,”consequently, random orientation with respect to the RF field makes for
randomycoupling 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,
bus-system lines and signal and control lines.

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
pairs {U,,, U}

At each location two magnetic-field-strength data of the broadcasting transmitter were
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
investigation inside the building, and one datum, H,, was measured outside the building at a

the subscriber lines measured.

4.4.2.2 Field strength and building effect

pared to the field strength H_
ave dipole (in its main direction):

(8)

NOTE Although.broas transmitter antennas usually are monopoles (in the frequencies of interest), the half-
wave dipole formula in Equation (8) has been used for convenience.

b) The\effect of the building on the field strength, which can be expressed in a building-effect
parameter 4, defined by:

Ay = Hy — Hj (9)

where H, and H; are in dB(uA/m).

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 metalllc structures In and near the bullding, and on the helght 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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the reported power [26] versus the dista
the transmitter
Figure 8 ~Measured ou c versus distance
and ili the b effect parameter
Figure 8 a) shows the ratioF S e distance between the point of observation and
the transmﬂter,’ < icates a slope —1. It can be concluded that, on
average, the datavfo i opeNairlyy well. The associated intercept is higher than that
expected from Equa whi vagreement with the (H, + 10) dBuA/m limit observed
in Figure 7.
Figure 8 b) \ probability plot of all building-effect data. If these data were
normall ibuted,\a straight line would have resulted. This is not the case, and the data
suggest der approximation, two distributions are superimposed. The two

distributions ™2 when distinguishing between data associated with buildings
ick and/or wood (B/W) and data associated with buildings constructed
from reinforced concrete (C). The normal probability plots of these distributions are given in
Figure @ a) and 9 b). The negative values of 4, predominantly stem from measurements
where H; was measured on an upper floor of the building, whereas H, was already measured
atcabout 1,5 m above ground level outside the building. Effects of re-radiation also influence
theactual field-strength data.
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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.

The'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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4.4.2.3.2 G factors

To obtain an antenn

normalized to the field

Gi,O =

F jpber lines, the open-circuit voltage U, is
slding the antenna factors G; and G, defined by

(10)

where

o 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).
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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
G C 45,9 10,5 46,5 88
Gy B/W 45,8 10,6 46,4 134
Gy 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 f
Zy= 377 Q. If the outdoor field strength is considered, this

reasonable and the G, factor can be converted into an L factoy’def

(11)

OT € e height of the subscriber line
umarized in Table 5, where Ly and L
factors (see 4.4.2.3.4).

tors (far-field)

L factor BU| d|n verage? Standard Ly L,
ial deviation
dBln) dB dB(m) dB(m)

Lo 43/ %7 10,6 18,0 35,0

( \\@\ 7)5 0 10,9 3.0 55,0

points = 1 rted [27] for a cable running 1 300 m underground and 1 000 m to
3 000 m overhead (aerial 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
reportedrin [27] are in line with the results for L, (B/W), as given in Table 5. However, more
recentinvestigations 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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1 V202
()G = ——=—e{nT1/2" 4G (12)

GO'\/Z

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
L) of the antenna factors [28]. Consequently, for 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_of-a line
inside the building and, buried, outside the building. However, it has tobg expect€d that such
a limit exists and the best approach is to use the experimental upper it (

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

The truncated probability density function reads

G)dG =
J+(G) (13)
The mathematical form of Gy) and F(G|) is given in Annex E.
Table 6 summarizes the yunta t factors and the building-effect parameter A4,
Note that at differs v e value of at if —0o < G dB(Q2m) < o or
-0 < 4, (dB) < « beca 3 ; —0,5. The upper and lower limit in dB(m) of
the L factor ran are [ 51,5 dB(Q) from the corresponding G factors
in dB(Qm). {>
<‘\ le 6 - sy of truncation parameters of f{G)
G factor /\BQ}& GL F(Gy) F(Gy) atg
or o mately! dB(em) F(dpy) F(Ap) at,
A Ap
Q N (dB) (dB)
G B/W\ 70,5 11,5 0,480 5 -0,499 3 1,021
G, R 78,5 20,5 0,498 5 0,492 2 1,009
G, B/W 69,5 16,5 0,487 3 -0,497 1 1,016
Gl C 54,5 -3,5 0,495 0 -0,497 1 1,008
Ay, B/W 12,0 -10,0 0,495 3 -0,498 1 1,007
Ap C 41,0 2,0 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 daia
pairs {U,,, U}, where U, is the open-circuit voltage and U, the voltage measured across 150 Q,
using the simple relation:
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*a UhU|UI150(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 R,, and R, compared to the average value of R, stem from resonances and apti-
resonances in the common mode circuit of the subscriber line. No clear frequéency
dependence of R, could be observed (see 4.4.2.5), and no influence of the building material

was observed.
Table 7 — Summary results of equivalent-resistanzé\ aly%

R, Standard Median R, Number R,, al R,y R,
(average) | deviation (average) of data
dB(Q) dB dB(Q) Q points dB(gX\ dB,@) Q Q

44,2 6,8 43,5 162 204 Nsﬁ\ }531 18

99,9 [-mus -
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a 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
clear frequency dependence of the building effect 4,, the G factors G, and G;, and the
equivalent resistance R, could be observed. This is illustrated in Figure 13a) and 13b) the 4,
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 iield strengih 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. Never-
theless, information about the field strength is needed in order to make a prediction of\the
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 far~ gnditions both relations in Equation (15) are equivalent.

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

( Emax )Emln - m|n

pr{Es EL}—( )E ~ (16)
max m|n L

where

L ic
~max ™~
Enin 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 p{E, > E } = 0 and

that pr{Ey; 2 Einr = 1 (= 100 %). The approximation given In Equation (16) Is valid It

Emax >> {Eminy EL}, Which is normally the case. Hence, it can be concluded that in the present
model the value of £, to be specified is very important. The choice of E;, and E,, will be
discussed further in 4.4.4.

min max

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 E,, = 0,01 V/m [= 80 dB(uV/m)]. The latter value is of the order of magnitudetef the
minimum field strength in the service area of a broadcasting trans ote that the
probability values are almost completely determined by E,;,,.

pr{E, 2 E} E_ Emln P§\500 kW\ \/

% Vim / 3 n:-

0 60 F\K}} R, (@) (260)

100 0,01 {\\ % Q ‘@?ooo 1550 000

10-1 0,32 N\ \{\.N\ \_/ 15 652 49 193

10-2 1,0 4 950 11 556
10-3 316 1565 4919
N0, >
10-4 0,00 495 1556
By expressing t i %} a field strength, and not, for example, in terms
of the distance i nd the point of observation, Equation (15) is

applicable to any tra field strength which is inversely proportional to the

distance. Howeve sses Kave been established, a certain transmitter will have a
certain value of t ' ortionality . Then class boundaries can be associated
with distances RIEXbetween transmitter and point of observation. In Table 8 examples
of R, are given, i (as in the case of a half-wave dipole) and k£ = 22 (the worst-
case valde fe 4.2\), while the transmitter power P = 500 kW. The R| values for E| =
60 V/m ha =Y i tween brackets, because, in the considered frequency range, the

far-field conditign is not 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.

4.4.3.3 Asymmetrical-voltage classification

A classification of the induced open-circuit common-mode voltage U,, may be based on the

S H 4 1 o H IH H'S 1 LL LE _C LN

plubab;:;ty IJI{LTJTh - LYJTL} thal Uh o U\.'ual U Ul IOIHUI uarailtT da HIVGII mrrmt varuatc UL LIl Jt\U}
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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Gy Uy 1 U
priUn 2UL} = IdGo IdUh G—f(G—h]ft(Go) (17)
& Uy o o

where G4, G5, Uy 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 field-strength 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

AULG).

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 made Rection with
Equation (15), and similar conclusions are possible here.

Considering again the ring-shaped area as introduced 4.
classification of Uy, i.e. U values corresponding with chosen veg 2 },/are given in

and specifying the
, as is explained in

——

outdoor field strength, the building effect has to
Annex C.

Go

Building material <Bl\h\ /\ \ \\C> N > B/W (o

Ap dB [\1\8\“ s \QG) - _

Sy .l [ ¥ 8.7 - -

Gio dB(Qm 4RG3 45,9 45,8 26,5
S e\ O\ W2 10,5 10,6 10,9
Gy dEﬁQm) ¢ \70}\/ 78,5 69,5 54,5
G, N&n@ }1,5 20,5 16,5 3,5
pr{Uy 2 U} ‘ \> U U, U, U
dB(nV) dB(nV) dB(nV) dB(nV)
10-1 115 101 114 96
102 125 111 124 106
1073 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, in ring-shapg
considered, where the inner boundary of the

strength H,,, and the outer boundg

joint probabilipynde
(3) Calculate the

geographical red

)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 the figld strength to be inversely proportional to the distance between the outlet and
the transmjitier, and~ assuming constant densities of outlets around the transmitters, it is
shown in‘Annex D that the field-strength distribution n(H,) can be written as

N
2
n(HO): j:1 3 = fo
EO EO
where
K is the outlet density,

kj 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

4 4 £ i Lt 7 L H H 1 4 PR +lo Lt H Y
vuliolarit Ul propuirtiulriarlity A, \_/llo To ollfTpTy a Lullolallt Ui o 1T outrit  UVTI dil urdirtorotul

powers.
When considering the electric field strength £, = (k/P)/r, the distribution n(E,) reads

N
2

=1 —
n(EO ) = ! 3 = 3Eo
EO EO

(19)

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

Ho™ o °
when the indoor field strength H, or E; is to be used.

AN

2\ —
///,-7 T

XA 47/4 SI IS

E (Vim)
IEC 798/2000

The outlet densit egral, will not be homogeneous around a transmitter. To derive n(H,)
in that case,. a po e procedure is to determine a frequency histogram AN(H,,AH,) so that

In pragtice, 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 10° oufleis) by calculaling the maximum field sfrength in each node at
a 1 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
the field strength, i.e. AE, was taken to be 0,1 dB(uV/m). It was assumed that the density u
was a constant (42 x 108/2,5 x 10% = 168 km=2) throughout the region. When performing
these calculations it was found that »,(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.

1E9

1E8 il E§

"

b ]
i 3\ G
1E7 : < e
5 — I
> 1E6 .
X
£ — 3
< 1 NG 5|
1E5 3 \ )
1= \'f nE NS
N A % A
1E4 & :
¥ Iy

aximpum E, (V/im) IEC  799/2000

3 3 with n(E, =1 VIim) =n_(E =1V/m)x E_, chosen such that
ahd n(E,) both yield the total number of outlets in that region.

The solid line*in Figure 15 represents n(E,) = —CRo/ES with Cro taken such that n (E,) = n(E,)

when E, =1 V/m. This value is somewhat smaller than Cy, calculated from Equation (19), due
to thelaforementioned fact that n,,(E,) seems to "saturate" when the number of transmitters is
ingreased.

When integrating the distributions over the entire respective region, the total number of
outlets N1 shall follow the equation

E max

f Crol 1 1]

AL r
LA J "(‘-'o MEC — 2
E min 2 1Emln Emax J
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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 Cp, is given or that C., follows when E_;, is given. The former approach was used to

calculate E,;, = 008 V/m, as indicated in Figure 15,  assuming

nm(Eq = 1VIm) = CpolEg = Cg,) 5,4 x 105 V2/m2,

Table 10 — Summary of the parameters used in the numerical
examples presented in Figures 16 and 17

Figure 16 17 a) 17 b)

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

M, dB(m) 5,7 5,7 5,7 5,7 -4,2\ \\255\ )-5,6
s, | 106 10,6 10,6 10,6 Q1.2 \oe 10,5
L, dBm)| 180 oo 18,0 180 4 \IR0 \\\>o 27,0
L, m 7.9 oo 7,9 7,9 8, 2! 22,4
L, dBm)| -350 - _35,0 ~36,0 —40\,8\ 55,0 -31,0
L, m| 002 e 0,02 f\)gz/(? R0, 0,002 0,03
M, dB - - ( N N\ 6— ( ) W - 20,6
s, dB - - N XN Ao - 8,7
Ay, dB - - (- O 12,0 - 41,0
A, dB - - \ - N | -100 - 0,0
Ny millions 42 42 D \4 42 42 42
Cpo VEmZ| 5410 [ ?,4 105( 41&85\‘5/,‘:/?105 - 5,4 x 10° -
C,  V2m? - \/\-\\ Q\\\ - 3,3 x 104 - -
Epae  VIm| 1007 IS 100 3,0 10,0 3,0 3,0 3,0
Eymax VIM ~ AN NN NA - 9,5 - 2,4
Enn  Vim| 088 \ N .08\ | /008 0,008 0,08 0,08 0,08
PRI DY - - 0,02 - 0,000 7
U~ R\ 7R N\ 24 79 85 42 53

isSubclause.

NOTE Some curves~have the same parameter values: Figure 17 a) curve 2 and Figure 16, and Figure 17 b) curve
1 and Figure(17ya) curv

Key
B/W._is brick and/or wood

(63 Is concrete

This subclause is concluded by giving several numerical examples of Ny,(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| < U5 = 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



https://iecnorm.com/api/?name=7ac57228b1aefa9e851ce072a81b062d

-52 - CISPR TR 16-3:2010+AMD1:2012
+AMD2:2015 CSV © IEC 2015

Umax = EmaxLy, Where E. ., 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). Uy ax
is quite large in this case. The maximum value measured in the experimental investigations is

22 V.

(x 1E7)

Figure 16 — Examg with an induced asymmetrical

=79 V (see Table 10)
To set the speci
Therefore, the results

1 in Figure 17 a) e same situation as in Figure 16 but neglecting the
truncation of the ;) In that case U, , is infinitely large, which is not very
realistic. Curv in Ki de€monstrates how the results represented by curve 2 are
modified whe X\ b rom 10 V/m to 3 V/m; then U, = 24 V. Finally, curve 4 in
Figure 17a_demonstrytes e results represented by curve 2 are modified when Epin 18

ave been replotted as curve 2 in Figure 17a). Curve

In Figure 17,b) the™wfluence of the building material (B/W or reinforced concrete, C) and the
choice of'L factor (L, or L;) on the results can be observed. Curve 1 in that figure is identical
to curve3 in Figure 17 a), so it concerns L, data for B/W-buildings. When using L; data the
bujlding 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 £, = 3 V/m, but due to the building effect
the maximum indoor field strength E; ., = Epax 4pi, Where 4 is the lowest building effect as
determined from the experimental data. In this case Api = =10 dB, so that E; =9,5 Vim,
hence there is an amplification of the outdoor field strength.

I,max
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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: 4z = 168 km ~.

Figure 17 — Examples of number (left-hand scale) and relative number (right-hand scale)
of outlets with U < U, < U4
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Key to Figure 17 curves:

a) B/W buildings

Copevad: nanterneatadL foctar =10\l

N I I o0
uUurve L) LBAARAIEARAIe Ry vaw | ‘_40 Tavivr, L/max TUVITTTT, s v,
Curve 2: truncated L, factor, Emax = 10 V/im, Emin =0,0
Curve 3: truncated L, factor, Emax 3 Vim, Ein = 0,008 V/m
Curve 4: truncated L, factor, Enax =10 V/im, E 0,0

mi

I
5 5 35

min

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 4,; is not realistic.
negative values predominantly originated from measurements

Id-strength data.
erend at 0 dB. In that

ground level. Furthermore, re-radiation effects also influen
One may decide to truncate the building-effect d|str| iOR
case, Ej max and Uy oy reduce from 85 Vto L,y =

represented by curve 1 in Figure 17 b > 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 calcula i ¢ al number of outlets in a given type of
building, and the results for both types|of building have toybe added.

NOTE 1 Although the number\of o ‘ iven ih Figure 17 may have non-negligible values, the
relat|ve number is very Iow i es the impQrtance of the "tails" of the various distributions used and of the

calculation is made [for exal F;Ie
calculations is suffici igh.
accuracy needed. The i

NOTE 2 In all calculz S Ny of the gutlets i was considered to be a constant over the entire respective
region. The results can be i S example, when the calculations leading to n,(E,) (see Figure 15), take a
location-depender i

)], care has to be taken that the accuracy of the numerical
the relative number Ny(U,, 2 U )/N7 form an indication of the
> U, }in per cent.

formally speaking ' rived from G;. In addition, 4, was determlned from magnetic field-strength data
and 4, for the>electite figld heed not be the same. In the calculations leading to curves 2 and 4, it was tacitly
= 377 Q). However, the same curves for Ny(U,, 2 U, ) would have been found when

correctly using\the , but quoting rows 15 and 16 of Table 10 means the magnetic field quantities

Hpax = Enax/Zp etc., and replacing Cg; by Cy; = Cri/ Zg (see B.4).
4.4.4.3 Summary of disturbance source parameters

4.4.4.3.1 General

Assuming that the disturbance source in the conducted-immunity test is sufficiently described
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 4.4.4.2 has to 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)ite/be
considered. Ny is either the grand total of outlets erthe total-number
of outlets in a certain type of building (brickiwood™or. reinforced

concrete).

b) MgorM; The average value of the G or L factor ) (see
Table 4 and Table 5). If the G; or L; facto llowing
building effect parameters shall be kng 3 ard Table 6)

S ,: the standard deviation of 4 i
Ay, the maximum building effg

o or M,

c) SporS; ,
torxange or the L-factor range

d Gy G
Ly, Ly
e) Hpax ) ield strength, in A/m or V/m,

3 (simultaneously) a complaint occurs.
inimum field strength determining the outer boundary of the

his 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 Ein is calculated from an equation like Equation (20).

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

4.5 Predictability of radiation in vertical directions at frequencies above 30 MHz
4.5.1 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

Amermdment—t< 2004 ) 5], Teferrmyto protectiomrof safety of fife—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 to\be
considered when developing and specifying limits of radiated electromagnetic disturbances
and methods of measurement which are intended to protect aeronautical/radiogavigation and

heights but instead they shall use height scans and, in partic
distance from the equipment which is the source of the radiati

4.5.2 Range of application

electrically small /50
way, a general KRow

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

of the free-spat€ wavelength at the frequency of interest.

Subclause, 4.5 also considers the effects on the vertical radiation patterns caused by a range
of elegetrical 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 irregularities,
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
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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 is situated." It is important 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 inthe
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 to’grotmd shall"be not

CISPR 11:2009 specifies that “Class A equipment may be measured { iteNef in situ,
as preferred by the manufacturer” and notes that “Due toSsize, ™ Qx i operating
conditions, some equipment may have to be measured in/SituN compliance
with the radiation disturbance limits...” It goes on to sa IR yipment shall be

a) How well do measurements of the v polarized E-fields, in a height
scan of 1 m to 4 m at a horizonta O\m from the source over real ground,
predict the field strengths emitted

b) How predictable are th€ d angles when the horizontal measuring
distance is greater than 10N but, act, the actual distance is not known (not

c) How is the predictabi f ¢y WwhenNyhe height above ground to the centre of the
measuring aa is fixed, forexample.dt a nominal 3 m? (See 4.5.5.4.)
d) What errors in udyge gredictability of the vertical patterns may arise if

ground can be\si eplacing it with a perfect conductor? (See 4.5.6.)
To provide so the frequency range 30 MHz to 1 000 MHz a number of vertical
polar patte eight scan patterns have been calculated for the E-field radiation
emitted of Yelectrically small sources located close to the surface of real
homogeneou ground. Predictability has been assessed by judging how well, or how

badly, the caleulated patterns show that ground-based measurements of the vertically and
horizontally_Jpolarized 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 pravides 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 reporied in [33] have been studied tarther in [34]. In [34] 1t 1S
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
matched with a field distribution produced at elevated angles by a simple small electric or
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

The E-field vertical polar patterns and linear height scan patterns havg beep alc ated using
Electromagnetics Code (NEC) [35]. NEC2 with the compamon cqde ows the
Sommerfeld integral evaluation of the field interactions at the a B], and so

includes the contribution of the Sommerfeld-Norton surfac

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

about each sourge fo the Ve
corner of each pa tern pfat.

bands [38] listed:in Table E.1 of CISPR 11:2009, are shown here ir’1 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 RadlonaVlgatlon and Aeronautical Mobile (R) (including ILS
IU\;GIILUID \I\JU IV‘II Ly l\J I I2 IIV‘I: :L) IIUIILUIII.GI 'JUIGIIL(JI.IUII}
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 N

110 15 2A

e : EAS

1000 15 ¢ % S

the ground constants on the vertical radiation p
for “wet ground” and “very dry grouwdX at
Table 13.

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

=B

Frequency [\ We@uw Very dry ground

MHz
o & o
S/m mS/m

30 NI N 3 0,1

75 \ \&Q 13 3 0.1

1000 \ 30 140 3 0,15

4.5.5.1 e of the electrical constants of the ground

4.5.5.1.1_General

It is,useful 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 £, 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 heignts from 1 m to 4 m, then at a norizontal 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 only 0,8 dB), at a horizontal distance of 30 m, the
underestimates vary from about 5,1 dB to about 5,7 dB (a spread of only 0,6 dB), and at
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 distance/ of
300 m.

@%
&
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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 yp
to a height of 6 m in the Z-X plane, at the three scan distances and over the three typ€s)of
real ground.

Figure 20 shows that the maximum strength of the E_ field o
angle between 77° and 78° at all three scan radii. A comparison of/F
also shows, in the case of a “very dry ground”, that the maximum

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

field strength (m
about 5,1 dB. The Qv
only 0,8 dB.

1,5 dB in~the dene
estlmates aresbased\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
fmake 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

SUURNCE
HEIGHT
SCAN aS{”’I
PATH
GROUND
X

Scan distance =

metres

Height,

i IR
140 150 160
E-field strength, dBuV/im

190

FREQUENCY =1 000 MHz

————— "wet ground” g =30, G =140 mS/m
"medium dry ground" g =15, O =35mS/m
""""""" "very dry ground” g =3, G =0,15mS/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]).

emitted at 1 000 MHz from the small vertical loop (horizontazl 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.

In summary, the answer is that the predictability of the maximum E-field strengths at elevated
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 léss
than 6 dB.

At the two lower frequencies of 75 MHz and 110 MHz, the larger undepestimates oceur when

At the frequencies of 243 MHz and 330 MHz, the larger ufideres ¢ when the
source is either a small vertical electric dipole or a small verticalNoop w '
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

ground do not give the¢ bes icti i strength at high elevation angles. Therefore,
Figure 24 show can i of horizontally polarized E in the Y-Z plane,
reaching an £,

height of 4 m. In ca
of 10 m will unde

04 m height scan measurements of £, at a distance
E  at 73° elevation by almost 5 dB.

calculated‘héight 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
ofthe“radiation in the vertical direction.

Column (4) of Table 14 summarizes the estimated errors to be expected in the predictability of
radiation in vertical directions when 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 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 verfical 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) (3) (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 | 4 =30 m | polar plot | this field | d =300 m
Vertical E, E,z 0dB E, E, -2 dB E, E, -17,5,dB
electric at 15,25° at 17,75° at 18°
dipole
at1m s
Vertical E, E, 0dB E, E, -1dB E -16 dB
electric at 8° at 12,75° ay13
dipole
at2m
Horizontal E, E, -5 dB 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 inY3Z ptane
at1m plane plane W
Horizontal E, E, ~1,5dB E, E B 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 H\ /\ plane
Vertical loop E, E, -0,5dB A Z Q&ts)ﬁ\/ E, E, -18 dB
(horizontal at 17,5° in Z-X t 19,%5° in X-X at 20° in Z-X
magnetic in Z-X plane mZ-X plan in Z-X plane
dipole) plane plane plane
at1m N\
Vertical loop E, Ex< -4,5 E)\ -5,5dB E, E, -20,5dB
(horizontal at 90° in Z- 90° at 90° in Z-X
magnetic plane plane
dipole
at2m
Horizontal E B 2,5 ?/ E _9dB E E _28,5dB
loop (vertical | at 37,5°\}/; XK at'36,75° | in Z-X at38,5° | inZ-x
magnetic in Z-X p in Z-X plane in Z-X plane
dipole plane plane plane
at1m
Horizontal - dB E E -6,5dB E E -25,5dB
loop (vertical at\27° \> at 2g,5° in i)-X at {5° in i}-X
magnetic < i Nrptan in Z-X plane in Z-X plane
dipole) pla plane plane
at2m

N

4.5.5.2.3- Predictability at 110 MHz

Figure 25 shows vertical polar plots of £, in the Y-Z plane and E, in the Z-X plane, at
140 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
angle of 41°. The polar plots of E, in the Z-X plane show that vertically polarized
measurements near the ground will not give good guidance to high-angle field strength.
Figure 26 shows height scan calculations of £ in the Y-Z plane. At a horizontal distance of

O_m ha m an. de—o L e ha mo Q_dBR m haiah - 4 _m nd hatiah a
measurement of horizonftcally polarized E, therefore underestimates the maximum strength o
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


https://iecnorm.com/api/?name=7ac57228b1aefa9e851ce072a81b062d

- 68 - CISPR TR 16-3:2010+AMD1:2012
+AMD2:2015 CSV © IEC 2015

vertical £, 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(pV/m) at a height of 1 m, which underestimates the strength of £, 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.

@C@
&
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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 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 | 4 = 30 m | polar plot | this field | d =300 m
Vertical E, E, 0 dB E, E, -1,5dB E, E, -17,5dB
electric at 13,5° at 15,25° at 15,25°
dipole at 1 m
Vertical E, 1 -1dB E, E, -0,5dB E, E, -15/5 dB
electric at 36,5° at 10,75° at 11°
dipole at2 m (
Horizontal E, E, -2.5dB E, E, -9,5dB -29 dB
electric at 41° inY-Z at 40° inY-Z
dipole at 1 m inY-Z plane inY-Z plane
plane plane
Horizontal E, E, -0,5 dB E, E, -4,5{dB - ED -23,5dB
electric at 20° inY-Z at 19,25° inY-Z at 25 A
dipole at2 m inY-Z plane inY-Z plane i Y~z plane
plane plane lane
Vertical loop E, E, -2 dB E E, > 5\de\ E, -19 dB
(horizontal at 90° in Z-X at 9VO° in Z-X at 99° in Z-X
magnetic plane lane plane
dipole)
at1m
Vertical loop E E, -2,5dB : -2)5d E, E, -17,5 dB
(horizontal at 4VO° in Z-X t 48 in 2xX at 47,5° in Z-X
magnetic in Z-X plane Y-Z lan inY-Z plane
dipole) plane plane plane
at2m
Horizontal E E -1,5 E -8 dB E E -27 dB
loop (vertical | at 31,75° | in zv><\(dﬁ\ 34° at 31° in Z-X
magnetic in Z-X plane in Z-X plane
dipole) plane plane plane
at1m
Horizontal E 0,548 \%/ E -4 dB E E 23 dB
loop (vertical | at 19,2 i b}\{/\ g\,\ 8% | inZx at 18.25° | in 2-X
magnetic in Z-X plane iprz-X plane in Z-X plane
dipole) plane plane plane
at2m
4.5.5.2.4 MHZ
Figure 2%<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 thel\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 £, in a height scan from
1m tow4m at a horizontal distance of 10 m produce a peak magnitude of almost
143 dB(1V/m) at a measuring height of 1,65 m, as shown in Figure 30. This underestimates
the"maximum field strength by only 1 dB.

Figure 31 shows vertical polar plots of £, 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 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

paﬂ-ornc shown in Fignrn 32 lr_\rnrlnhn a lr_\nnl( field efrongfh of 157 HR(p\l/m), at 10 m horizontal

distance and a height of 1,65 m. This underestimates the maximum E_ by approximately
2,5 dB.

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 of the four sources operating at 243 MHz.

@C@
&
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Table 16 — Estimates of the errors in prediction of radiation in vertical directions based

frequency = 243 MHz (adapted from [39])

on a measurement height scan from 1 m to 4 m at known distances, d;

(1) (2) (3) 4) () (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 | 4 = 300m
Vertical E, E, -1dB E, E, -0,5dB E, E, -16 dB
electric at 33,75° at 10,5° at 10,5°
dipole at 1 m
Vertical E, E, -0,5dB E, E, -0,5dB E -13 dB
electric at 18,25° at 18,25°
dipole at2 m
Horizontal E, E, -0,5dB -4 dB -22,5dB
electric at 17,5° inY-Z
dipole at 1 m inY-Z plane

plane

Horizontal E, E, 0 dB 5 B 17 dB
electric at 9° inY-Z
dipole inY-Z plane
at2m plane 7
Vertical loop E, E, -2,5dB @B E, E, -17 dB
(horizontal at 36,25° in Z-X at 36 5° in Z-X
magnetic in Z-X plane \_)/ in Z-X plane
dipole) plane plane
at1m
Vertical loop E, E, -2,5dB -3 dB E, E, -15 dB
(horizontal at 70,5° in Z-X at 69° in Z-X
magnetic inY-Z plan \(\ inY-Z plane
dipole plane plane
at2m [\ (\
Horizontal E 035 dB E E -3,5dB E E -22,5dB
loop (vertical at f}7° >n =X t 16,78° in i—X at 16}j75° in i—X
magnetic in Z-X M Z-X plane in Z-X plane
dipole) plane ane plane
at1m '\
Horizontal 0 Ey E 0dB Ey E -17 dB
loop (vertical at 8;75° in i)-X at 8,75° in i}-X
magnetic in Z-X plane in Z-X plane
dipole) plane plane
at2m <

AS
4.5.5.2.5 PMy at 330 MHz

Figure 85 ‘shows vertical polar plots of E_, and E_ in the Z-X plane, at 330 MHz, around the
smal~vertical electric dipole placed at a centre height of 1 m above ground. At a scan radius
of(10°m the maximum field strength of almost 148 dB(uV/m) is contributed by E_ at an
élevation 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 less than 2 dB.

in-the—Y-Z r\lono and 17' in-the-Z-X r\lono QF!\IIHH the

orrrer

small vertical loop placed at a centre helght of 1m above a medlum dry ground ” It can be
seen that, at a scan radius of 10 m, the maximum field strength of almost 167 dB(uV/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(uV/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

Eigure-37-shows \/nrhr\ol nnlor nlnfe of E‘
I Lid
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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 radiationin
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) (3) (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 | 4 =30 m | polar plot | this field | d =300 m
Vertical E, E, -2 dB E, E, -0,5dB E, E, -15 dB
electric at 26° at 26° at 9°
dipole
at1m
Vertical E, E, -0,5dB E, E, 0dB E, E, =-11,5dB
electric at 27,25° at 5,75° at 5
dipole
at2m
Horizontal E, E, 0 dB -2 dB - -20 dB
electric at 13° inY-Z in Xz
dipole inY-Z plane la
at1m plane
Horizontal E, E, 0dB \e%\ N E, -14,5 dB
electric at 6,5° inY-Z at §,5° inY-Z
dipole inY-Z plane in plane
at2m plane 7 e
Vertical loop | E, E, —4,5 dB —@dB > L E, -17,5dB
(horizontal at 69° in Z-X at 68° in Z-X
magnetic inY-Z plane inY-Z plane
dipole) plane plane
at1m
Vertical loop E, E, -2,5dB -2,5dB E, E, -12,5dB
(horizontal at 66,75° in Z-X at 66° in Z-X
magnetic inY-Z plan inY-Z plane
dipole) plane plane
at2m [\ ~
Horizontal E E dB -2 dB E E -20 dB
loop (vertical | at 12’,}7 in &-X at 15,5° in ZV-X
magnetic in Z- plae in Z-X plane
dipole) plane <\ plane
at1m h
Horizontal E ‘DQ/ 0dB E E —14,5 dB
loop (vertical | at ° iNZ- at 6),)5° in 2-X
magnetic izZ- plane in Z-X plane in Z-X plane
dipole) plane plane plane
at2m /] N\

4.5.5.2.6 Predictability at 1 000 MHz

Figures 20*t0 22 show vertical polar plots of £, 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.
A vertically polarized height scan measurement therefore underestimates the maximum field
strength by approximately 3 dB.

Hs—imterestingtoobserve theverticatpotar ptots—of horizontatty potarized £ -fietd—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.

@C@
&
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Table 18 — Estimates of the errors in prediction of radiation in vertical directions based

frequency =1 000 MHz (adapted from [39])

on a measurement height scan from 1 m to 4 m at known distances, d;

(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 | 4 =30 m | polar plot | this field | d =300 m
Vertical E, E, -0,5dB E, E, 0dB E, E, -9,5 dB
electric at 17,5° at 4° at 3,75°
dipole
at1m
Vertical E, E, -0,5dB E, E, 0dB E -5dB
electric at 17,75° at 2° a
dipole
at2m (\
Horizontal E, E, -0,5dB E, E, 0dB E, -11 dB
electric at 4,25° inY-Z at 4,25° inY-Z ,26% inYs
dipole inY-Z plane inY-Z plane in Yz e
at1m plane plane <\ ane
Horizontal E, E, 0 dB E, E, o\ﬂa\ E, 5,5 dB
electric at 2,25° inY-Z at 2,25° in YAZ at 2,25° inY-Z
dipole inY-Z plane inY-Z plane ny plane
at2m plane plane F\ RS plane
Vertical loop | £, E, —2,5dB ) 5<\ y kigs V' E E, —9.5dB
(horizontal at 64,5° in Z-X at 64 in\Z-% at 4° in Z-X
magnetic inY-Z plane iQ Y- plahe \_)/ in Z-X plane
dipole) plane ne plane
at1m

N

Vertical loop E, E, -3 dB E&\ -1,5dB E, E, -5dB
(horizontal at 77,5° in Z- al\77,252 at 2° in Z-X
magnetic inY-Z plané<\(\ N ~Z in Z-X plane
dipole) plane ptan plane
at2m Q
Horizontal E, \Ig/ E 0dB E, E 11 dB
loop (vertical | at 4,25 at4,25° in i/-X at 4;25° in ZV-X
magnetic in Z-X iwrzZ-X plane in Z-X plane
dipole) plane plane
at1m
Horizontal Ey E 0 dB Ey E -5,56dB
loop (vertical at225° | inZ-x at225° | in Z-x
magnetic in Z-X plane in Z-X plane
dipole) < plane 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

Here_we 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 lower 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
direct and reflected space wave components (the sum is sometimes called, somewhat
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 mare, 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, nfortu ate;because
the signals for the ILS (marker beacons, localizer, and glide pat 1) are all
horizontally polarized transmissions and therefore require the ¢ \ tectiqn from
horizontally polarized disturbances.

with distance.

Calculations and measurements made at a constant hel 2YQI 5, show that the
maximum rate of change of the fields with distance/€an~a ) 2 that is inversely
proportional to distance squared. When surface wgdve

grazing incidence in the far field a field strength o distance squared is
to be expected at a constant measurjng he| oweyer, the space wave field
strengths along radlal paths at conéta in simple proportion with

Therefore it is to be expected that the fields m he ground (the so-called “ground
waves”), in general, will attenuate more rapi s creasing distance than do the fields

known, very large errqrs ari : r-Underestimates — in the predictability of the

strength of radiafion i n all four types of source and at all frequencies
from 75 MHz to @5

The obvious risk with fixed height measurements is that a measurement will be made at a null
in the)field strength pattern. The risk of this happening is increased if the electrical height
abaove 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
height near 3 m (or any other fixed height) are shown in several of the figures.

For example, Figure 22 shows that, depending on the type of ground over which the

TTEasUrements are made, at a norizontal aistance of O fronT a srmatt-verticatr foop 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 3,2 m. It also shows how the field strength can vary with distance in an

apparently anomalous manner when measurements are made at a 1ixed nheight. 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
10 m distance.

Comparison of the height scan curves in Figure 43 with those in Figure 40, at 1 000 MHz,
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 distagces and:lower
frequencies if the height of the radiating source is increased.
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d HORIZONTAL LOOP
SOURCE

HEIGHT
SCAN
PATH

GROUND

Scan distance = 300m

6

T T

Height, metres

IEC 830/2000

; loop height 2 m; dipole moment 1 A-m2; 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 Difference
conductor

ween the fields over a real ground and the fields over a perfect

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 cannot increase the total field strength created by a small vertical electric dipole
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 “medium-dry
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).

a metal ground plane,
achievable for the fields

gréund. If the fields over the
those gver a real ground, they will

give good guidance to the field strengtiis to be expecied’a

In Figure 45, the height sCan™atterns\o t&' components of the E-fields emitted from
the small vertical dipg owNthat at\®Q00 MHZ| just as was the case at 30 MHz, the
vertically polarized fi metal ground plane at 1 000 MHz are much
stronger than th g jum dry ground.” The same conclusions which
were reached a@ regarding the possible penalties imposed on an EUT,
when the disturbahg e

the vertical dipole i 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.”

In\Figure 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
reflection from the real ground takes place at elevation angles above Brewster's angle.
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 around nlane In other words the vertical imaage in the lossvy
Ll } ~J T 7 ~J 7

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 ihe
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
good guidance to the field strengths to be expected at elevated angles.

@%
&
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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 polarize

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,

‘ gths at elevated angles are based on E-field measurements in 1 m
to 4 m heigh NS 8 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
330 MHz results in an underestimate of approximately 4,5 dB for the maximum horizontally
polarized field £, 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

ffom a small horizontal dipole (dh) and irom a small _horizontal lfoop (Ih). 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
dipole (dv). Figures 49 and 50, in particular, graphically illustrate the very Ilarge
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
Over- 5L | |
estimate
E, (dv) E, (dv) E, (dh) FE, (dh)&(lh)
Uncertainty, 0 Q 0 ! Q
dB i
25 2.5
sL 05 E s E, &E, (V) :
Under- E, (dh) E,
estimate
oL
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 pfaximqum F tally polarized E, field emitted at elevated angles

strengths of the horizontally polarized E}, fields and

the £, vertical component o mitted at elevated angles from a source behaving as a

small vertical loop (lv)~(Reproduced\{ro
Figure 48 —i tainties in the predictability of radiation in vertical
direct ectrieally small sources located at a height
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FotdHz—GiHz 243 PdH=—330-Mz e
Over- i !
estimate  ° | B (@) E, (dv)
(Ih)y E, (h) Epi (dh) & (Ih).
Uncertainty, 0 0
dB 0 -1 0,5 ' hﬂﬁ . log frequency
E, (dv) RE, (dv) ) 35 o
5 |- 4 ’ E, (V)
) E, (dh) E, (Iv)
10 -9,5
eg;}rcljw:rt-e 12 By (dh)
1-4 m height scan at 30 m horizontal disté
45 L En (dh)
836/2000
NOTE The predictability is based on measurements of the horizontally and ize Fi in a height
scan from 1 m to 4 m at a horizontal distance of 30 m from the sources. The ollowihg\exan ple ¥s how the bar
chart can be interpreted. At 330 MHz, the bar shows that the best préd| ili \ zero error, is
obtained when estimating the maximum strength of either the horizo alavi field emitted at elevated
angles from a small horizontal loop (Ih) or the E, vertical compopent of S\ polarized field emitted at
elevated angles from a small vertical dipole (dv). But at 330 M ig asurements may provide an
underestimate by as much as 3,5 dB when predicting the strengf thre 2 grized £y, field, which is the

maximum field emitted at elevated angles from a small vertical loop (lv)

(Reproduced from [39])



https://iecnorm.com/api/?name=7ac57228b1aefa9e851ce072a81b062d

- 96 - CISPR TR 16-3:2010+AMD1:2012
+AMD2:2015 CSV © IEC 2015

75 MHz 110 MHz 243 MHz 330 MHz 1000 MHz
Over-
estimate 5
Uncertainty,
dB 0 1 > log frequency
E, (dv)&(Iv)
-5 |- 5
E, (dv)
-10 |- v
E, (dv) A15 -11
& (lh
15 _EV (dv) E, (dv) ({In)
16 -15,5
20 |-
Under- 225 E, (dh)&(lh)
estimate
25 |- E, (dh)&(lh)
-29
-30 - -31,5 E, (dh) 1-4 m height scan at3

IEC 837/2000

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

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
requiring. 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 height should not be specified if they are being 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



https://iecnorm.com/api/?name=7ac57228b1aefa9e851ce072a81b062d

CISPR TR 16-3:2010+AMD1:2012 - 97 -
+AMD2:2015 CSV © IEC 2015

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 accurate estimates to be made of the fields emitted 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 fo munication or
radionavigation systems that are operated high above ground.

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

This subclause considers the vertical radiation patterns of jne ields and electric
(E) fields emitted at frequencies up to 30 MHz from eleetric located close to
the surface of real homogeneous plane ground, for dying the predictability

of radiation in vertical directions based on measure ength of the H-field near

the ground.

The vertical radiation patterns of the fi culated at a distance of 30 m from
various electrically small sources, and the s of the fields at greater distances have
been calculated so that the field vari p s¢ can be quantified. In this way, a
general knowledge has been obtained e vertical radiation patterns, showing
the magnitudes of the fi d_compared with the magnitudes of the field
components at elevat which the relative magnitudes can be

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

This sub the effects on the vertical radiation patterns of locating the
electric rces\close to real grounds having several different values of electrical
conductivitpand\g cconstants [43], [44], and includes the special case of a ground that

behaves as a perfect gxonductor.

The possible 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

Clo

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.

ns aré based

Q

In this subclause the judgements of predictability of radiation in vertical directi

ately three wavelengths from
Q the far field.

g requency range 100 kHz to 30 MHz the
electrical behaviour of|real g ies. geneftal, real ground has the characteristics of a

lossy conductor aklo i arid\the characteristics of a lossy dielectric at the higher
frequencies. o<@r aleCtrical constants of real ground can vary widely;
they may range typice 3 ductivity of 10~ S/m and relative permittivity of 3 to a

it id ti ies. the)critical importance of a knowledge of the precise measurement
distance — thegactual 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 sstill occur when the precise measurement distance over real ground is 30 m from the
seurces, 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
magnitudes of the errors in predictability above real ground may be reduced, although they
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-field components close to the surface of a real ground. The restored
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 ca
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 forr ( C is ause consist of small vertical
and horizontal balanced electric dipol (i d—-horizontal balanced magnetic
dipoles (horizontally and vertically orfented lovg 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 magnet; : very close electrically to the air-ground
interface (within a small f v/the height above ground of the base of
each dipole was varied betwe 15 cm and a maximum of 1 m to determine the
sensitivity of the ghape 0 te i c \_patterns to changes in the source height. The
patterns con&d‘ i areNthose that exhibited the greatest variation in shape
with height

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

y nd 54 that two generators drive each loop. Although the loops used
in the models:were 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*as 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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IEC 842/2000 IEC 843/2000
Figure 51 — Geometry of the small vertical i he small
electric dipole model i 3 1 i model
SCAN PATH HORIZONTAL LOOP
SOURCE
- - Y
GROUND

X

Figure 54 — Geometry of the small vertical
magnetic dipole model
(small horizontal loop)

Most attention™#a this\subclause has been devoted to radiation sources located close to a
ground haying a corductivity, o = 10-3 S/m and a relative dielectric constant, & of 15; these
electrical-constants 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 ¢ = 10~2 S/m and & = 30 (ITU-R — cultivated land and fresh water marshes) and
o=10"4S/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.

IEC 845/2000
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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 suriace wave cannot exist at the suriace 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
rate. Those boundary conditions, however, certainly do not apply at the surface of a real
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

frequency considered in this subclause.

Table 19 — Predictability of radiation in vertical di

based measurements of horizontally (or Hfield "at distances up to
3 km from the s@x(f' es-are (lo in4.6.8)

Type of source Predictability based on | Predjctabilityxbase i Predictability based on
measurements near real situ mgasure vertical radiation patterns
ground at 30 m distanice eal n the calculated at a known
from~the source : istance distance from the source,
N\ assuming the ground behaves
N

as a perfect conductor

Electrically small \/éxcellent Excellent
vertical electric ee Figures 57 to 60) (see Figure 57)
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 magfetic (sge ures\66, 68) (see Figures 66, 68 to 70) (see Figures 66, 67)
dipole (ve%l 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

loop)
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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 3 The horizontal electric dipole's H-field pattern calculated assuming a perfectly conducting ground shows
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 «dipole
(vertical loop) near the ground can overestimate the maximum vertically oriented H-field strength at &levated
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.

However, boundary conditions are such that the vertically oriented H-field
perfectly conducting ground which is not the case at the surface of a real,gro

elevated angles by about 3 dB.

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

NOTE 8 The small horizontal loop field patterps cafculated
ground have no resemblance, in shape and absoplute gaitu
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 the source measurement distance distance from the source,
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 m
horizontal magnetic (see Figures 82, 87) (see Figures 82, 86 to 88 |gu 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 1 i i i t d by th hoMl electric dipole near the

NOTE 3 The measureme
can overestimate the maxi

NOTE 4 The patte of
perfectly conducting™grou

ground at 30 m di e
vertical direction by thah h€ maximum horizontally oriented H-field emitted at elevated angles by
less than 1dB ) easurement of the vertically oriented H-field, Hz, near ground reduces the

dependent on the actual dlstance 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-ffeld at elevated angles. The vertically oriented H-field near the ground is a component of
the horizontally 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 ground. Compare Figures 89 and 90. 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 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

measurements near real

ground at 30 m distance
from the source

Predictability based on in
situ measurements near
real ground when the
measurement distance
from the source is not
precisely known

Predictability based on
vertical radiation patterns
calculated at a known
distance from the source,
assuming the ground behaves
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 Impessible
horizontal electric (see Figures 96, 97) (see Figures 96 to 98) (see Figufe 96)
dipole Note 3 Note 4 ote
Electrically small Very good Impossible o§glg}
horizontal magnetic (see Figures 99, 100) (see Figures 99, 100) ur
dipole (vertical loop) Note 6 Note 7 (\

Electrically small Poor Impossibl

vertical magnetic (see Figures 101, 102) (see Figures 10, 102 (se Flgures 101)
dipole (horizontal Note 9 Note 11

loop)

N?/m\

NOTE 1

The horlzontally or|ented H field near the ground.is

e vertically polarized ground wave

ve near the ground attenuates

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

NOTE.6\\ The measurement of the horizontally oriented H-field near the real ground at 30 m distance from the
smallvertical 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
increasing distance from the small vertical loop than do the sky-wave components, at 10 MHz. The excess
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 smaII vertlcal Ioop over a perfectly conductlng ground the vertical

4.4 D

rediationpeatternof-the—horizontaty-ortented—Ffietd—is—withirrabout4dB-of-the—patternof-the—FH-fietdovera—reat
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 FH-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 thah
does the horizontally oriented H-field at elevated angles. The vertically oriented H-field near the ground is)a
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.

about 5 dB less than the field strength calculated over real ground. Both calculg
30 m distance indicate that ground-based measurement of horizontally orien

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
ground do not resemble the corresponding vertically oriente
conducting ground.

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

ement distance distance from the source,

fram the source

om the source is not assuming the ground behaves

precisely known as a perfect conductor
Electrically small ry gogd Impossible Impossible
vertical electric see |gu s 1 (see Figures 103,104) (see Figure 103)
dipole ’\ Note 2 Note 3
Electrically smal Impossible Impossible
horizontal electfic (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 magneti¢ ee Figures 109, 110) (see Figures 109, 110) (see Figure 109)

dipole (vertical foop Note 8 Note 9 Note 10
Electrically. small Poor Impossible Good
vertical fmagnetic (see Figures 111, 112) (see Figures 111, 112) (see Figure 111)
dipole-(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-field;\Hz,
at a height of 6 m improves predictability and underestimates the magnitude of the horizo oriented A-field in
the vertical direction by approximately 12 dB. The height scan measurement of Hz under
of the vertically oriented H-field at elevated angles by approximately 7 dB.

tance is not known,

enuates by 40 dB as the

€ ically polarized ground wave is about
12 dB near a real ground over the 30 m to 300 I dIS ance ica igtion patterns over real and perfectly

eal ground at 30 m distance from the small
H-field strength emitted in the vertical direction

vertical loop can underestimaté 3
n exact indicati 2. Strength)of the vertically oriented H-field emitted at elevated

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

NOTE 9 The horizgntally osiented pi-fie p nentg near real ground attenuate more rapidly with increasing
distance from the sn i 3 -wave components at 30 MHz. The excess attenuation is
B p st 3

approximately 13 d

ground. Howeyv, IlyQolarized wave near a perfectly conducting ground attenuates with distance at the
free space rat he vertisally /polarized wave over a real ground which attenuates more rapidly with
distance a and 110). Vertical radiation patterns calculated over a perfectly conducting
ground c8 sleading as guidance to the patterns over real ground at a distance of 30 m and
beyond

NOTE 11 the horizontally oriented H-field components near the real ground at 30 m distance

from the smallyhorizontat’ loop can underestimate the H-field strengths emitted at elevated angles by more than
16 dB. Note, 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 horizontally polarized ground wave launched by the horizontal loop and at 30 MHz it attenuates very rapidly
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 summarize informati n the various notes to the
tables and in the radiation pattern dia NS» i amples serve to illustrate the

only on measurements nea ly” oriented H-field components at 30 m
and the error is an overestimate by 5 dB of the
H-field. The largest error in overestimating the

ow that at 100 kHz the largest over-
behaving as a small horizo
maximum stren th
maximum verticaly oyien at 100 kHz is an overestimate of only 1 dB, as

indicated in the cha galn for the case of a source behavmg as a small

the strength of radiati ical-directions occurs in the case of a source behaving as a

small vertica atic\di yorizontal loop) and the error is an underestimate by 16 dB of
the maxipu ented H-field. The largest error at 100 kHz in predicting the
maximud nted H-field strength emitted in vertical directions is an under-
estimate byn45 dR the case of a source behaving as a small vertical magnetic dipole

(horizontal loop

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 underestimate 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

1 £ ) £ 1 1 H 1 ' 1 b 'H 1 Ll H |
dicoU ULLUTS TUT UTT Laostt Ul'da SUUTULT UTTIavilly ao a ollfidll veltutal TiTaylriclul Utpuirc (TTUTT1Z0T1Lal

loop).
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~--—— = error range of predictability of horizontally oriented

Hor dh 9 H-field strength at elevated angles
overesimate mmm= = error range of predictability of vertically oriented
+5 | dh 5 - H-field-stren S
X dhyg 3 Vg 3
dh 1 I | 0 log frequency
Error, dB 0 1 dvig 0 1 v .
h 8.2 !
-5 r
Underestimate
-10 F+
-15 L ih ¥-15
lh ©-16
| |
100 kHz 1 MHz

IEC 846/2000

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 dipole (vertical loop)

9,
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----- = error range of predictability of horizontally oriented

+10 H-field strength at elevated angles

a9
Overestimate P mmm= = error range of predictability of vertically oriented
+5} dh— 5 o H-field strength at elevated angles

dhyg 3
L log frequency
Error, dB 0 dv I 0 >
] Ih & -1
-5 r
Underestimate
-10
-15 =
| |
100 kHz 1 MHz IEC 847/2000
Electrical constants of the ground: =1 mS/m, g = 15.

Source identification:
dh = horizontal electric dipole
dv = vertical electric dipole

Ih = vertical magnetic dipole (horjzontal loop

Figure 56 — Ranges of © i ictability of radiation in vertical directions from

electrically sma o the ground, based on measurements of the
horizontally e@;
vertica

d supplemented with measurements of the
pa height scan up to 6 m at a distance
from the sources

Vertical rns\have been calculated for electrically small sources located close to
real homogenequs Rlane 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
simplification, the studies still show that in the case of solitary electrically small sources
locatedy 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.

In particular, this subclause has identified many examples of the impossibility of making
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).

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 periectly conducting ground doOes not apply at the suriace 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
frequencies.

Subclause 4.6 has also shown, even when the measurement distance over real ground_is
precisely known, that predictability of the strength of radiation in vertical directions based\on
measurements near the ground at a distance of 30 m remains subject to significant errars.

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 | )

that over the frequency range from 100 kHz to 30 MHz the margm fQ 3 2.as gyuch as
+9 dB (overestimate) at 1 MHz, or as much as —16 dB (underest ; x{ren

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

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

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

In addition, the comp
perfectly condu@
assessments of the'p
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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), such as the transformer and the inverter types, and a noise simulator, were used as 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 Qwn in 4.7.6

and 4.7.7 by using measured and simulated results.

These results show that APD measurement of disturbance /i i syalvating its
interference potential on digital communication systems. There R pent may be
applicable to the compliance test of some products or pr, Rl \ 4s 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.

aSs chosen as a measure for
ime taken to transmit and time

Access point
PC
(FTP server) Carrier power
APD measuring point
B

Co-axial cable

Wireless | Torminal
LAN PC
card

Noise
simulator

/<]4—> MWO

Double ridged
guide horn antenna IEC 1008/05

Figure 113 — Set-up for measuring communication quality degradation
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 Framsmissiomdata 20 B
LAN Protocol FTP (GET command from terminal PC)
Transmission mode Packet transmission
Others Noise power density (Bm/Hz) | 15, 45/H7 (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 &
type MWO at ATT2 = 10 dB.

&
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B 107 E i 3
L AN ]
] C | } .
N SEDNANN A
© 10 b ¥ E
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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
0dB 10 dB 20 dB 30 dB
Transformer Average (dB) 111,2 101,0 92,6 77,6
type MWO
Rms (dB) 1171 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/Ny, where C is the sub-
carrier power and N, is the noise power density.
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IEC 1010/05

by a transformer type MWO is 400 kbytes/s or more when C/N, is
90 dB ormore; and\d es rapidly when C/N; is below 90 dB. This tendency is almost the
same irrespe
inverter type
influenced'by a nois
invertertype 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.



https://iecnorm.com/api/?name=7ac57228b1aefa9e851ce072a81b062d

CISPR TR 16-3:2010+AMD1:2012 - 143 -
+AMD2:2015 CSV © IEC 2015

Carrier power
APD measuring point

Co-axial cable
Signal
Terminal PC Bluetooth Terminal
(F1p s ue 0?. ATTA ATT3 a Bluetooth b

ol
eafer cara

(client)
ISO: Isolator
ATT: Attenuator
WNG: White-noise generator Fully anechoic
chamber
Noise ¢ 1m MWO
simulator /V
Double ridged e
guide horn antenna 10105

Figure 116 — Set-up for measuring the communication qualj ation of etooth

Table 25 — Conditions for measuring communication guality\d

adation of Bluetooth

Frequency 2 400 MHz/r(z 4®§\M
Transmission data 2,5 MB ( §7 \ \/
Bluetooth ~—\ ~
Protocol FTRAGE R c6mpfiand from terminal PC)
Transmission mode \ \Eé@{et e&hang\e\da?é/trénsmission mode
Noise power density
Others (aBrmi1s) -1@% by ATT4)
The APDs at a frequency.of 41 re in Figure 117, and the average and rms
values of noise level nptmalized by a own in Table 26.

10° grrTT L NN NS N 10° g L L L B B B
f \l -A 4 i : V-. i
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® 10°E Y N \ 3 3 10°E L~ 3
@ E ] \ 1 9 F ~ TN ]
2 - ) g NI
° E \ ERE) E L AN 3
e F ¢ \ by e F AR \ ]
1 [
& 10 < \ \ ! , 3 & 10 E 3 \ E
£ K ' | i @ F H \ E
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£ 107 EF i X X : E 10°E Pl | E
= E | | I i = £ IR 3
° E ' I I 7 ° E e t 3
z } Lo iz bl E
3 ne ATT2=0dB ; | ]l 3 oL ATT2=0dB ; ]
8 10GEl -—ATT2=1008 I : 3 8 W E| -—am=100 | i E
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Noise level/N, dB Noise level/N, dB
a) Transformer type MWO b) Inverter type MWO

IEC 1012/05

Figure 117 — APD of disturbance of actual MWO (2 441MHz)
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Table 26 — Average and rms values of noise level normalized by N

ATT2 White noise
6B 0B 26dB 30dB
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 js—at maximum, are

APD of the noise simulator at ATT2 = 0 dB is in good agreement wij
MWO at ATT2 = 10 dB.
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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
OB +odB 2048 30dB

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 y— 68,3

The measured communication quality degradation for various am
injected noise is shown in Figure 119.

uation of

hopping, and is hard to be influenced by noise continuous
difference in communication quality degradation for a

&
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According to™% ecifications, Bluetooth controls the transmission power automatically
depending -on--the munication situation. The sub-carrier power at the reception point
cannot be ‘obtained uniquely since transmission power may change when ATT1 is changed.
The hotizontal 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
measurement conditions are shown in Table 28.

Bit error rate (BER) was chosen as the measure for communication quality evaluation.
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Baseban &Q \a\ N 12,2 kb/s (acoustic)
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T\Qns\m'kssio data 6 Mb
N
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Transyission mode
3GPP TS34.121 [84]

The measured 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
type MWO
Rms (dB) 75,1 69,4 68,6
Inverter type Average (dB) 71,6 68,0 67,2
MWO — . — - ~
RITS (UD) [ oTH 00,0
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.



https://iecnorm.com/api/?name=7ac57228b1aefa9e851ce072a81b062d

CISPR TR 16-3:2010+AMD1:2012 - 149 —
+AMD2:2015 CSV © IEC 2015

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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2 - BER of W-CDMA caused by radiation noise

4.7.5 Influenge ersonal 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
RHS.

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



https://iecnorm.com/api/?name=7ac57228b1aefa9e851ce072a81b062d

- 150 - CISPR TR 16-3:2010+AMD1:2012
+AMD2:2015 CSV © IEC 2015
Carrier power

APD measuring point
Co-axial cable

ISDN
simulator

fren PHS | Receivin
Transmitting TA =N 9

AT o

ATT3

ol
cara

FU

Serial cable

ISO: lIsolator
ATT: Attenuator
WNG: White-noise generator

Fully anechoic

TA: Terminal adapter chamber
Noise ‘1&» MWO
simulator
Double ridged
guide horn antenna IEC\ 107505
Figure 123 — Set-up for measuring the PHSth ut

Carrigr power
D measuring point

Signal
generator

Terminal
PC

ISO: Isolator
ATT: Attenuator
WNG: White-noise gg
Fully anechoic
chamber

MWO

IEC 1019/05

TW 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

Noise power density N

Others | 1Bm/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)

PHS Transmission data 5 Mb PNQ
Data rate 32 kb/s
Others | Noise power density —160 /Hz (set by ATT4)

(dBm/Hz)
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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
0dB 10 dB 20 dB 30 dB

Transformer type Average (dB) 60,6 58,1 61,2
Mwo 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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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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4.7.6 Qu ation 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.

4.7.6.2 Wireless LAN (throughput)

From Figures 114 a) and 114 b), the disturbance voltage for each probability, e.g. 10-1, 10-2,
10-3, 104, was read. C/Ny 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/N, values is plotted in Figures 128 a)
and 128 b) for a transformer type oven and inverter type oven, respectively.
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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 10~4 under microwave oven disturbance. The correlation
between the disturbance level and the C/N, 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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Additional analyses were performed Figures 125 a) and 125 b),
disturbance voltages for each probabili . o values corresponding to the signal
input that was necessary to assure the s 8,5 kByte/s under microwave oven
i 5 b). The correlation between the
disturbance level and t ; in Figures 132 a) and 132 b) for a
transformer type ovenfand » pectively. The same results were obtained
as for the correlation
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Figure 132 — Correlation of the disturbance voltages with the system
performance (C/N)
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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

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
disturbance. The Gaussian noise level is adjusted to the same noise floor level of vector
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 parameters
are used as for the experiment.

SG1 .
W-CDMA downlink Vector SE%E:'{?’M\&"
or PHS \ x
SG2 Spe
Pulsed RF disturbance alyzer

-
%
&

Il 1028/05

Figure 133 — Exp ng communication quality

W-CDMA
: W-C W Demodulation
ol (BER)
WF disturbance APD

WNG

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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Measured BER and estimated BER by numerics
Figures 136 a) and 136 b) for PHS system and W-CDMA
can be verified by the numerical simulation results.
results do not show full agreement at high signal le
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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.
For the level comparison, ALggr and ALapp can be defined as disturbance effects on 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 prnhahili’ry of APD. rpelnpr*fi\/ply Qimilnrly, Paso and P

BER App—ale defined as the
probabilities caused by disturbance on BER and APD, respectively.
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8 — Correlation between measured A Lggg and A Lppp

Correlation between measured pggr and papp for several duty cycles of the pulse disturbance
are alsoe'shown in Figure 139, where the disturbance has constant carrier power (-35 dBm).

The'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 (BERy, APD,) selected for these evaluations are (a)

=2 (b) 103 and (c) 10~4.
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(ALggr, PBER):

respectively. It
disturbance is one of the most effective methods for eva

digital communication systems.

4.8 Background material on the definition of

for measuring receivers
4.8.1 General -

Generally,

broadband of
pulse rat

“Subsequent. €

a weighted measuremen
m|n|m|2|ng the cost of dlsturbance S

purpose of weighteo

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

nerience has shown that the rms voltmeter might give a more accurate

assessment’ but the/quasi-peak type of voltmeter has been retained for certain reasons —

mainly for continuity.
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: @I as. defined in CISPR 16-1-1
4.8.3 Other detectors det RR\16-1~=

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

average detectar measurement result as the maximum scale deflection of a meter with a time
constant spegifiethfor the quasi-peak detector. This is necessary to avoid reduced level
indication fer a pulse modulated disturbance by using long measurement times. The weighting
functionwvaries 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
detector. Despite being mentioned in [1] and being described in CISPR 16-1-1, 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 — Weighting>curves ak, quasi-peak, rms

and linear average detectors-fo RR bands C and D
ei ing eharacteristics of digital

4.8.4 Procedures for méag
radiocommunications

4.8.4.1 Generalg

All modern radio se gigi odulation schemes. This is not only true for mobile
radio but also for a 1 ocedures for data compression and processing of analog
signals (voice aR i ed together with data redundancy for error correction.
Usually, up to~a in. ¢ al bit-error ratio (BER) the system can correct errors so that

Whereas & adi ystems require signal-to-noise ratios of as much as 50 dB for

from errorfree operation to malfunction is small. Therefore planning guidelines for digital
radio ate based on almost 100 % coverage. When a digital radio receiver operates at low
input-levels, 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. 1073 in a
digital radiocommunication system, when the interfering signal is received in addition to the
radio signal. 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.

— e e e e e e e e
| BER [
- I
Radio signal I
generator I

Radio
receiver
Interference
source

signal. For correct me
than 60 dB. Using the he’/interference spectrum can be broadband or

narrowband, whexe ingi dband and narrowband is relative to the
communication idthQFigureNi43 gives an example of an interference spectrum
erm

used for the det ion_af weighting characteristics.
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Figure 143 — Example of an inferference(sp m: pulse modulated carrier

d’a PRF <10 kHz

With increasing pulse duration, i spectrum becomes narrower. This is also
used to study the suls€s on radiocommunication systems. The
advantage of using. a trum instead of a broadband pulse generator is
to avoid overlo e5t. Otherwise non-linearity effects could cause
deterioration of S eristics. In addition to pulse-modulated -carriers,
unmodulated carrie determine the sensitivity of different systems to
narrowband (CW<si

with longe X
described in Qm enda’uon 1368 [59] was used as the failure criteria: DVB T reception
was regarded.;as~distgrted 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
periodsy 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
services (see [50] and [51]). Refer to Table 33.

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

of-weightingcharacteristics

Interference signals Pulse-modulated On/Off-keyed QPSK- Spread-spectrum
modulated modulated
Pulse width in relation T < 1/B to 100/B T <1/B to 100/B Continuous
to signal bandwidth

T = pulse width, B = radio signal bandwidth



https://iecnorm.com/api/?name=7ac57228b1aefa9e851ce072a81b062d

CISPR TR 16-3:2010+AMD1:2012 - 165 —
+AMD2:2015 CSV © IEC 2015

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 = 107 or a factor of 10-3 lower than the critical BER). Thus the receiver

operates tike—a Teceiver atthe—edgeof @ coverage ared, where a disturbance—above—the
emission limit can easily cause interference.

For radio telephone systems, where the downlink (base station to mobile) and uplink (mobile
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 segvi

code. In Figures
corresponding to
binary phase modulation. These results have been simulated with
ACOLADE® ; unication Link Analysis and Design Environment). In the
graphs, thep ati equency of the disturbance is presented as related (normalized)

in the band-pass . This means that the results can be transformed to an arbitrary
carrier frequen The\disturbance pulse width is 10 % of the bit duration time. For the lowest
rate R = Vi,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
constants 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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>
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b) The peak level

e rms and peak levels for constant BEP for two rate %,
convolutional code

The results in Figure 144 show the following: above the symbol rate Rg, the weighting
chanacteristic 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.
Therefore, it is important to characterize real radiocommunication systems in order to obtain
meaningful 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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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

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 nur

available.

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

diale was
special
results

Frequency Average Program Transmit site
kHz DRM power
kW
5975 40 T-Systems Jilich
Media Broadcast
6 095 35 RTL/music and Junglinster,
short Luxembourg
announcements
6 140 \ND W and C Europe 40 DW English Jilich
7 320 \/%)5 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

ND is non-directional (omnidirectional).

090 is east, 180 is south, 270 is west. Thus, 105 is approximately east-south-east.

W is west and

C is central.

“Beam” indicates antenna beam direction in terms of angle measured clockwise from 0° = north. For example

The various transmissions were available for 1 h or 2 h. The measurement results (weighting

characleristics) were essentially the same for all frequencies, even I the amount of daia
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 us or more).

Step Attenuator
Antenna for manual
fading compensation

;FI

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 acriferio > the interference becomes too

As explained earlier, the S at the reception quality is to be the
minimum sufficient. The : e Figure 147) shows a 10 dB/decade
increase of the interfene i C S en 1 kHz and 5 Hz. The non-linearities are
mainly due to uncomp i
for a pulse width

three (respectiv

the weighting curve
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 KBIVs; signal level kept at constant SNK

70 [ 111
(% —x%—width 1E-05s
60 K] width 5E-05s [| |
dB(uV) \\>%& —a—width 1E-04s
50 S —o—width 5E-04s [TT]
T
40 \ 38 X
T~ % / \\\
T K ¢ %x—\ M
30
™~ ~~L
el A
20
N
10
0
1 10 000
IEC 2019/06
NOTE Because the DRM signals are actual radio signals tion\scheme is not known
Figure 147 — Weighting charact ot various pulse widths
The report [49] describes the follo and two receiver types for the
measurements:

¢ Mode B, Modulatio

e Mode B, Moduytatio
The interference

QPSK modulation ir
explained in 4.8.

3nd 149 is a pulse-modulated carrier with additional
& a wide bandwidth of the interference spectrum as
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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 sighalling
connection via a combiner.

The parameters used are detailed in the following paragraphs.

«. Different coders and decoders are
an be taken before the Viterbi decoder
as well as before andg decoder of the measuring receiver. A
comparison is given in| Table level is set so that the BER after the Reed
Solomon decodepwithout i 8 is\ustpelow 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.

used in the system. The

correlation ags wthe bit stream are used to determine the BER after Reed-Solomon. If the
decoder do ecognize a flag as correct, the following bit combination is determined to
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 hefare Reed Solomon 2.0 40-4 20104
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 10-6) 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 _4,
-61,5 dBm, 24,88 Mbit/s (FR, UK)

140
dB(uVv)
120 fl il
TN
100 L1
. N N\
uy N
N
T~ L] %k\»\_
60 NN N ;
]EES H‘.}p_:_*_ﬁr\sﬂl_\ \\'§\;“\
SEI TS
40 el e et
e it =
a ™~ NN
20
Q L
1 1 10 000 100 000 1000 000 10 000 000
SolHz 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_4,
-61,7 dBm, 24,88 Mbit/s (ES)
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Figure 151 — Weighting charasteristi [ QAM 8k, CR 3/4
as used i
DVB-T /=500 MHz, 16 QAM 8 k., CR 2 BER before RS = 2 x 10_4,
-61\8 dBRn, 14745
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Figure 152 — Weighting characteristics for DVB-T with 16 QAM 8k, CR 2/3
(as used in Germany)

SIX difterent recelver types were tested In report [4Y] Tor DVbB-1T with ToQAM oK, CK Z/5 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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IEC 2025/06
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DVB-T 8k 64QAM 2/3: Trend
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can only be assumed to be approximatively 100 Hz,
corner frequencies can clearly be seen. They however
5€ W|dth as in Flgures 150 and 152. Since all weighting curves

g’of impulsive interference to other digital radiocommunication
systems-operating in CISPR bands C and D

4.8.6.4.2.1 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
Multiplex (COFDM) to minimise multipath fading. The audio signal data rate is reduced 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 =1,0 x 10_4
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Figure 155 — Weighting characteristics, f ABNsignal level -71 dBm)

with a flat respo
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Figure 156 — Weighting characteristics for DAB:
average of two different commercial receiver types

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

’

an occupied bandwidth of ~ 25 kHz and channel separations of 12,5 kHz, 20 kHz or 25 kHz.
Speech data reduction is done using Algebraic Code Excited Linear Prediction (ACELP) to
4,8 kb/s per traffic channel. Up to four traffic channels are normally transmitted on one carrier.
The error protection may be high or low, depending on the code rate. The modulation
procedure is 7/4-DQPSK. Figure 157 shows the measured weighting characteristics for a high
code rate = 1 (low error protection).

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

is much wider than the channel bandwidth, all weighting
. yated by the PRF ratio in dB. Above a PRF of 10 kHz, the slope of
curves is 20.dBfdecadg, corresponding to the increase of the voltage of the centreline of the
interference spectrumd. Therefore the weighting characteristics below 10 kHz PRF should be
regarded-asrelevant.

4.8:6.4.2.3 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 downlink is 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

bUIIUbt;UII Illcbhdll;blllb dpp:lUd al'c difolcllt fUI tlaffib bhdllllUID (1b blt) clllc.lI Uthﬂl bltb (Ciabb
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 /= 947,4 MHz RBER 1b = 0,4 % 400 frames -90 dBm
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Figure 158 — Weighting characteristics for A (signal level —90 dBm)
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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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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 (mobile
to base station) and downlink is 95 MHz for GSM 1 800. As in Figures 158 through 16Q)the
curves are rising below 2 kHz PRF with a slope of more than 20 dB/decade—See Figure 162.
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ighting characteristics for RBER 1b of GSM
(signal level —-90 dBm)

4.8.6.5.2 Digits hanced Cordless Telephone (DECT) system

DECT is .used in homes and offices for distances up to 300 m (in picocells). It provides 10
channgls, 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
Maodulation (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 f el —-83 dBm)

The weighting characteristics for D
between 50 kHz and 500 kHz PRF in ¢ : Jr narrow pulses and a steep
slope below about 10 kHz PRF. Only fo » e\widths, the weighting characteristic is

flat.
4.8.6.5.3 Code Division\Mul stems 1S-95 and J-STD 008
I1S-95/J-STD 008 have| bs i 3 Telecommunications Industry Association)

z to 900 MHz (1S-95) and 1,8 GHz to 2,0 GHz.
3 dB: 1,23 MHz). The modulation is done with

» . For the uplink (mobile to base station) the optimum
werNat the™base station is controlled via power control bits. See

and are used in S
The occupied i
Quadrature Phase

setting of the recéive
Figures 164 and
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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.


https://iecnorm.com/api/?name=7ac57228b1aefa9e851ce072a81b062d

- 184 — CISPR TR 16-3:2010+AMD1:2012
+AMD2:2015 CSV © IEC 2015

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 elfect 10 Sspread-spectrum cloCK signals (see [oU] and [o1]).

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 Code
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 atetuising
speed of 500 km/h, in urban areas up to 120 km/h. See Figures 166 andA]

CDMA2000 forward f'= 1955 MHz; FER = 0,5 %; data rate 9,6 kBit/s;.signal le
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IEC 2038/06

eristics for the Frame Error Ratio (FER) of CDMA2000
ignal 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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Figure 167 — Weighting characteristics for the tio (FER) of CDMA2000
(measured at a receive signaliev different data rates
(9,
For higher data rates (e.g. 384 kb/s, i ilable for the test), the system would
still be more susceptible to.impulsive dj . e higher data rates, the faster rising
knee (corner frequency) ig shifted er PF gmains high compared to 1 kHz.
4.8.7 Effects of spreadssp ence on wideband radiocommunication

signal receptio{}
It was argued thdt

modulated narrowhs

(i.e. broadband) and unmodulated or pulse-
completely reflect today’s sources of

interference. In thjs ¢Q ion on the effect of spread-spectrum-clock signals came
up. This type Q_the recent past raised the concern of spectrum regulators and
some studi ished. Spread-spectrum clocking reduces the measured
emission/Teyeh of\computer clocks, but what is the effect of spread-spectrum clocking on
victim radiocon sationy systems? Spread-spectrum clock interference was expected to
have an esp verg effect on wideband radiocommunication services. Therefore DVB-T
and W-CDMA @ s CDMA2000 were selected for tests and presented in [50] and [51].

The application of frequency modulation or other spread spectrum modulation to the clock
signah 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 f.gnte = 500 MHZ, f 04 =
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)

UWWWW;
Pk in dB(uV) 55,6 50,39 443
Qp in dB(nV) 55,4 49,30 43,16
Av in dB(uV) 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 proportiommatty_higher;spread
amount) reduces the differences between unmodulated and FM modulated carriers’to 1,2 dB

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 digjtal modulatio ss ha
unmodulated interference hiowe it

receivers. It might theref ' fage 10 describe the detector function for various
measurement bardwidtks. 3 etestor js used for the measurement of spread-spectrum
modulated emis a will be proportional to the square-root of the
quency range of CISPR bands C and D, the
ave always had a wide range of values. Narrowband
hand and the amplitude-modulated TV signal spectrum

been especially designed to suppress
shall be pointed out that the EMI

FM with as few as

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

4.8.8 Analysis o various weighting characteristics and proposal of a weighting
detector

Looking at various results of weighting characteristics in the subclauses above, we can see
that jabove 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 weighting function of an rms detector (see Figure 130). Below this corner frequency,
the weighting function decreases with a higher rate. A higher rate of decrease (20 dB/decade)
can be achieved using the linear average detector function. 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

system | BRAee” | e Comment
DRM 49, 57 0,1/0,005 |10 Hz chosen for feasibility
DVB-T 49, 58 0,1-10 fc depending on wpb, modulation and coding
DAB 49, 56 5 /¢ partially depending on wy,
TETRA 56 0,5 narrowband system, mainly used belo@ 1 G¥~K
GSM 900 52, 55, 56 1,5 above f;:very close to rms
FM 49 <0,5 weighting characteristics follon r#n\\@w\h\ik%
GSM 1800 52, 55, 56 1,5 above f.:very close to r
DECT 57 50 above /,: flatter than s \ | \
1S-95 57 2 very similar to J-ST S\e%v%(\sjgse))o rms
J-STD 008 57 5 very S|m|Iar/6 |S-95,}b\%\ﬁ\closﬁo rms
CDMA2000 57 50 data ra}e—@,‘q kﬁs/abme}c\\curv}(are very close to rms

CDMA2000 57 10/\ datgrate 7},8 kt{s; @é/e‘&}urves are very close to rms

a /. is the corner frequency.
b, is the pulse width.

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

Band A:
Band B:
Band C/D:
Band E:

NOTE The corkfier freg g 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
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The asymptote of 58,7 dB near 1 eter time constant.
Figure 168 — The proposed rm 3 3 ISPR Bands C and D
with a cor <
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Q RMS detector ¥ avelage reading

IEC 2041/06

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
shortest 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
arethen 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 detector 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

80T ] ] [ 1 LT i\
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Figure 1705 > i i nctions for CISPR Bands A, B, C/D and E
for the sHortest p B Wi llowed by the measurement bandwidths

Figure 170 shows, th g curves. In practice, the weighting factors apply up to
values of approxi oadband emissions. If wider pulse widths, e.g. pulse-
modulated cagriers ed, then the weighting function will change depending on the
pulse wijdth the pulse width is 10 times the shortest pulse width, this will shift the
weighting~cur punt of 10 dB, if the PRF is above the corner frequency, and by
20 dB, if PR

and recjprocal of pulse width are below the corner frequency.

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 Figure 171.
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RMS+average weighting detector for bands C/D used
with 120 kHz and 1 MHz bandwidths
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Measurement speeds: Measurement
receiver can be made similar to those
CISPR 16-2-1, CISPR ), i.e. measurements can be made
substantially faster Measuring receiver. The definition of
measurement times wi acteristics of the disturbance into account.

The process of' 2

account the effects’o

vers using the average detector (see

d on the rms-average detector has to take into
disturbances on digital communication systems. For
eCtors will yield the same result. For Gaussian noise,
ill indicate a level approximately 1 dB higher than the

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 €5 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(uV) 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 +19491
Washing machine 2 0,71 26,98 +1,71 ( +9§22
) ) N
Washing machine 2 116 18,90 +3/,\9< C £22,04
Taking into account that the rms-average measuring receiver addres es i c fects 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 olld be”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 disturbancé » te The purpose of this part of CISPR 16 is to
define the com at the point where the cable leaves the test
volume.

Figure 172 show ane UT in a radiated emission measurement test set-up for
table-top eq bles (e.g. the power supply cable, telecom cables, or other
external conect|ou ed t¢ ercise the EUT during the test) leave the test volume at the
centre of/fhe tyrntablet"Radiation at frequencies between 30 MHz and about 200 MHz is from

depends on. the™HF source (at the EUT connection of the cable), on the current distribution
(CM currentyon thetable), and length of this unintended antenna. The current distribution
depends upon the CM impedance at both ends of the antenna.
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Ground plane Ground plane

IEC 2044/06

Figure 172 — Example of a simple EUT mode

igure 172). The
CM impedance at point A is determined by the EUT ap ” For a given EUT,
the value is fixed whenever the test is performed withan identical EUT. However, the CM

impedance at point B (Z;p,5rent) May vary at eac 3ry, and can have any value
because actual test procedures give ng \ M impedance at this point. The
actual value depends on the constructi st’laboratory outside the test

volume. Examples are given in [60].

It has been shown [60] [61] that the Va 3¢ yndegfined CM impedance at point B can
lead to variations as show i S issions measured from small EUTs.
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 lween different laboratories for small EUTs
iati p impedance Z,, .0t at point B
W Possible maximum deviations of the
radiated emission results between
/\ different laboratories
280 MHz 180 MHz 10 dB to 25 dB
< \\\5\MH>to120 MHz 5 dB to 15 dB
) \go MHz to 200 MHz 2 dB to 7 dB

NOTE The yariations of the cable layout in the test volume are not considered in this context. Table 40 does not
includesthe: variations of the radiation emission results due to variations in the cable layout.

The jpurpose of a CMAD is to reduce the influence of the CM impedance at point B upon the
compliance uncertainty to a negligible amount.

4.9.1.2 Important properties of CMADs

The main purpose of a CMAD is to ensure that the CM impedance Z,,,cnt at the point B of

Figure—-12—is—always—the—same—independent—ofthe—undefinedimpedance—atthe—ecable
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,, ,ent (OF Sqqapparent)
within a specified tolerance;
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e the CMAD impedance Z,;narent (OF Sqqapparent) 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— : tretimaTtsiT BT ttetat eTdttstaTt

sources. For this purpose, the insertion loss 4, of the CMAD can be used as a figure-of-
merit.

NOTE 1 The insertion loss 4 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 CMADs are used in cascade, the resulting insertion loss in geners the-stim of the

individual insertion losses.

NOTE 2 The primary function of the absorbing clamp described in Clause 4 and AgneX BY\q
for the measurement of interference power. Depending on the ferrite matéri € S €
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
advantage of being applicable to any type ofR(Ca .
measurements of the CMAR character'stlc test sable is replaced by a well-defined test
conductor. In Clause 9 a 4 test onductor of 4 mm diameter is defined
located above a groung 0
30 mm). The CMAD (fe

regarded as a tV@r
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Reference planes

Tlose to the mechanicat end
of the CMAD under test

CMAD under test

Ground plane

Reference

plane
1

Q \/ IEC 2045/06

y the S-parameters measured at ports 1 and 2.
sharacteristic impedance, Z,,;, of the test conductor

Figure

A two-port devi
The S-parameters™are

above the ground

ref

(21)

where

2y 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 Zrof
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:

e Sy, Soq, S4p and Sy, — S-parameters: four complex numbers, related to a reference

impedance Z,gy;

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
4 mm. The height above the ground plane, %, is defined by the dimensions of the CMAD.
These two parameters define the reference impedance, Z. for the S-parameter
measurements. If the CMAD is symmetrical, S;4 and S5, have the same value. If the device is
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-parameters
element

(1+ 814 )1= S22 )+ S12521
2571

_ (14511 )1+ S22) - S12521
B = 2801 ref (23)
[(1= 514 )1 - S22) - S12520/ 2
C= 24
Zef C — (24)
Do (1544 )1+ S22) + S1282 % (25)

The inverse equations

(26)
(27)
(28)
(29)

where
B = Zif (30)
C' = CZpes (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 §;, 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:

AZgng + B

CZend +D (32)

Zapparent =
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From this equation the §,4 parameter can be calculated using:

Zapparent =20 (A -CZg )Zend + (B - DZO)
Zapparontt 2o (A+CZg )7 gog +(B+ DZg)

S11apparent = (33)

Z

a
of Z

pparent @Nd S11apparent are the values seen at port 1 if port 2 is connected to an impedance

end-

Both quantities Z,,,4r6nt @Nd S11apparent are a conformal mapping of Z,4, expressed as:

aZgong +0
7 — end
fZena) =7 (34)
The general form of the equation for this type of conformal mapping is:
az+b
= 35
(Z) cz+d (35)

This type of function has the property that it transforms strg g
into either straight lines or circles in the f~plane. In partic i s of z are restricted
to positive real values, the transformation of this half 3 i sircle in the f~-plane, as
shown in Figure 174.

/
Af
fo
>
fplane
IEC 204606
— Conformal mapping between z-plane and f-plane
The centre of Ix
bc—ad a
0= T3 Tt (complex value) (36)
2¢%Reld/c) «
The radius of this circle is:
INE —sc_ad (scalar value) (37)
2¢%Re(d/c)
The maximum value of |f| is then:
|f|max =|/fo| +|47] (scalar value) (38)

The minimum value of |f] is then:

i =0l =187] i |fo]>[af] else  |f] = (39)
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Using these relations for Z,, ;¢ gives the following parameters:

Position of the centre of the circle:

BC - AD
Zapparentcentre = 5~ T (complex value) (40)
2c*Re(p/C) €
Radius of the circle:
BC - AD

AZ qpparent| = ————— (scalar value)

| PP | 2C2Re(D/C) 41
Maximum value of Zapparent:

|Zapparent |max = |Zapparent centre| + |AZapparent| (42)
Minimum value of Zapparent5

Zapparent min = |£apparent/center _‘AZapparent if

|Zapparent centre| > |AZapparent| 156 (43)
|Zapparent|min =0

For §44 the relevant parameters are giv

Position of the centre of the circle:

A-C2y

S11centre = (44)
Radius of the ci
(45)
Maximum
|S11apparent|max = |S11centre|+|AS11| (46)
Minimum value of |S11apparent|:
|S11apparent|min = |S11centre|_|AS11| if |S11centre| > |AS11| else |S11apparent|min =0 (47)

493 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 §-
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 Q coaxial connector to the geometry
of the two-port device to be measured. Figure 175 illustrates the relevant set-up.

Reference Reference
plane plane
1

2-port device

Reference Reference
Reference plane 1
plane 2 ! | plaNe 2
500 ! : 2. | . " 500
' port device ' '
- N
IEC 2047/06

oaxial system to the geometry
If the TRL (throug;- ; ation method is used, it is possible to define calibration
at reference plane o) 5 he measurement result is directly referred to the

connections of th
include the adaptoxs. ents based on TRL calibrations are therefore recommended
for accurate\ meas CMAD characteristics. The details of the TRL calibration
method arendescribedin

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. i this calibration at reference plane 2 is used, the properties of the adaptors are
included. in the measurement result.

Theeffect 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:

a) measurement with SOLT calibration and position shifting (matching adaptors);
b) measurement with SOLT calibration and transformation to Z,4 (lossless 50 Q adaptors).
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4.9.3.2 Measurement with TRL calibration method

4.9.3.2.1 General

Error due to
adapter B including
cables

(Port 2)

Error due to
adapter A including
cables

(Port 1) IEC 2048/06

Thao TRl ocolibeat n-mathaod 1o bhaocad a-th madal chaolaa 1n i - 1760 1621 621
LILLA Y2 TN UATITVTALUIVIT TTITUUINTUU T VAOUU VUTT UITU 1TTTUUCVT o1TTuUwWIT I11m 1 qul\.l rro I_ULJ LU\JJ.
Reference Reference
plane plane
1
l !
! 1
! 1
! 1
|
50 Q | 2-port device ~ 5
1
: BN NN |
N I >
! N
i r
|
! 1
1
b 1
€10 1 ay S21 2 Nege >
agp i Ll 3
! N\ N
1
€00 eq1! S11 e33
1
en1 ! S12
bo : N\ as
|
|
|
1
1
1
1
1
|
1
|
]
1

Four calibration configurations are necessary for the TRL calibration:

a) ‘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);

b) " “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);

c) “through”. measuring the complex values S44, S12, S, Soo With the two adapter sections
directly connected together (without the transmission line section in between) — see Figure
177 c);

d) “line”: measuring the complex values Sq4, S12, Syq, 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
known for the TRL calibration. These properties are measured in the calibration procedure
and are compensated directly by the TRL calibration. Any type of adaptors may be used.

Reference
plane

50 Q

|
a) Configurationffor the calibration measurement “reflect port 1” \ EC
! 2049/06

50 Q
(N D
|
b) Configuration for the calibra eflec rt 27 ' ’2%(5:0/06
1
Referenc
lan
< > 1
1
|
50 Q (\ | 50 Q
. _ NN | IEC
c) Configurati theSgalibration medsurement “through” 2051/06
1
eference Reference
lane plane

| |

1 1

> Line R

50 0 l | 50 Q
= '

d) Configuration for'the caIibrPtion measurement “line” 2052/06

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 lonath of the reference line for the calibration

[]
|
' IEC
1
1
'

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:

fi = 0,05% and (48)

c

Jin=0457 (49)

where ¢ is 3 x 108 m/s. A “line” length of 0,6 m is appropriate for calibration_in the|frequency

4.9.3.2.2 Measurements

The results of the four calibration measurements s
Table 41, where the subscript M denotes measured yal

Table 41 - Calib@n@]}me tl@.ﬂ s format
BN D

Reflect port 1 S11m
Reflect port 2 S22, ( —~ \
12MS 21M=S1iMeS 22 Mt S1AME
Through Iw= S 1
O 22 Mt

> S12MaS 21Md=S11MaS22Md  S11Md
—S22Md 1

Delay Q

So1—S145 S
12521-S11522 S1a| g (50)
1 T T 44T 50—T 15T
_ { 12 T1T22-T12 21} (51)
Ty | 1 T4

4.9.3.2.3 Calculation of the conversion parameters

From the calibration measurements, the conversion parameters are derived according to the
following procedure:

Define the Matrix M as:

myq M2 -1
M=L JETMdTMt (52)
maq Mm22

Define the Matrix N as:

n1 M2 1
N=( JETMt Twd (53)
N1 n22
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Solve the preceding equations with respect to x:

max? +(mgp —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:
2
n1oy% +(ngp = nyq)y—nzq =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=xq
b=xy
c=0

d=yp
Define also the following variables:

(56)

eoo Zb
e33 = —d
_ Spqm—b

f1=—"—
S14m —a
(87)
f _ S22,M +c
2 S22,M +d
_ Syqme —b
=t

S1amt —a

(58)

(59)

e = f3/e11
eazezy = ezp(c —d) (60)
e10e32 = Spqme(1-er1e2z)

Determine the forward conversion parameters e, e41, €29, €33, as well as:

Ay = egpe11 —e10€01
A, =eppe33 —e3pen3 61)
_ €10€32

k = 81'0/80')
€23¢32
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Determine the inverse conversion parameters:
inv
g0 =e0/Ax

inv
€11 :e11/Av

inv
ey =ex/A,

. (62)
ey =esz /A,
Ai;cw = 1/Ax
inv _
Ay =14,
A €18y _Tegoer1—Ay Ay 1 epoer1/A, -1 (63)
e3pAy kA, epezz—A,  kepesz /A, ~1
4.9.3.2.4 Forward conversion (from Sg¢ective 0 Smeasured)
If §;; are the effective S-parameters of a network, then the me > ers, M, are
computed using:
N = (1= S11e11 )1 - Sa0¢22 )~ S21S12611€22 (64)
M1 =[(ego = S112: N1 — Sa2e22)— S21542
2 =(S12/kNeooer1 = Ay )/ (65)
= (521k)(€22€33 - Ay)/N
= [(633 =824, X1 - S11€1
4.9.3.2.5 Inverse co i€ ) effective)
The effective S- wined from measured S-parameters M;; using:
. ) MoaMygely 5y (66)
M21M126'2n2\/A'nV J/Ninv
(67)

Thesesfour 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

ptames—tand—6shownmim Figure t78—Themfiuence of theadaptor sectionm{between Teference
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 4 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
yield only the S-parameters, §;; 1, of the total system, while the S-parameters of a CMAD,
S;; o are to be determined. The total S-parameters are express in terms of the S-parameters
otl_the various sections as:

S 1_ce(’f2/’LA)(1 ~¥)+ Sp1_6St2 o1 1_be[—j2ﬂ(LA +1g)]
1-x)(1-1)-Z

(S11_T)CMAD =5811_a+521.2%12_a

‘ (68)
-j2
521_aS12_aS11_Ce( J2BLA)
~S11at e
(Sp1 1 )oursr = S21aS21 oSa1_pel Ala+ie)]
21_TJemap = - N-T)-Z
[-iB(Lp+1g)] (6)
- 521 aS21_cS21 b€
(1-x)(1-1)
where
—j2pL
X = S22_aS11_ce( J2BLA)
—j2pL
YES22_CS11_be( J2p B) (70)

Z =822 aS21 ¢S12_ 51 1_be[7jzﬁ(LA+LB)
The approximate expressions in the a
loss of a CMAD is relativel
is more than 20 dB. Due {o t

e_derived assuming that the insertion

pove equatio
large, i.e.\Sy4 12 , because usually the insertion loss
mmetricals ture>of a CMAD, the unknown parameters to

1
:
| 1 |
»nl - 1
> < > '
| ! |
f: Ls pe—2 | |
1 1

I I 500

: I —

" : —
! : ! T
| ' exp(jBLe) 1  S21b |
: | ! |
' | a $11_b S22 b
1 . 1
' . ' exp(JBLg) H S12_ b '
1 - I‘ <« 1
Reference ' ' ' ' :
plane 1 2 3 4 5 6

Adapter A P CMAD o Adapter B
—> < > —>
IEC

2053/06

Figure 178 — Measurement of CMAD characteristics
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4.9.3.3.3 Estimation of |Sy; (|

The |S21_c| of a CMAD under test is approximately given by

| |
1501 | _1?21_Tlemap
21_clsimple ‘521 T‘
— ' lempty
‘1_(522 a)ze[*fzﬂ(LA+LB+LCMAD)] ‘ ‘ (71)
i 7T =T [521_c
—i2 _i2 -
“1—522751511;9( / ﬁLA)h—SzzfaSﬂfce( / ﬁLB)J
where
_‘ S21_aS21_pe' 7Y ‘_‘ S21_a821 b ‘
‘321-7 ‘empty B (-2pxL)| ™ (~j2BxL) (72)
‘ 1-82 aS11 pe ‘ 1-S820 aS11 pe
This equation apparently demonstrates that if the adapters have a 90« th_the line

4.9.3.3.4 Estimation of I' (= |S11_c|)

The |S11_C| of a CMAD under test is approximately given

[(511_T)1r_ (511_T)2}3(_jﬂL)
28 —

(73)

T =

ysured with LA: LA1 and LA2’

where (S41 1)1 and (S44 1) denote
i.e. |S21_b|=|S12_a|

respectively. Both adapters are assume

Since the adapters - ismatgh~\{o some extent, uncertainty in the estimated
insertion loss A4, ; Y

m
derived from Eq

‘1—2‘S 3 1+2‘522 a‘X‘Sﬂc‘
ZX — 5 (74)
‘522 a‘
Equation (74) can \ ood estimate for a test set-up having matching adapters.
Howeve i the uncertainty in the case of simple adapters without matching
circuit. Hehcg, ing expression should apply to a set-up that does not have matching

adapters:

(1—‘522_a‘><‘511_c‘)2 _ (1+‘522_a‘><‘511_c‘)2
< error in AIL_simpIe < ‘2

1+‘522_a‘2 17‘5‘22_3

(75)
The following preliminary check of the test set-up shall be made with the SOLT calibration
before the CMAD measurement:

a) |Syq tlempty is the magnitude of S,y + measured in the test set-up without a CMAD
introduced, as shown in Figure 179 a);~

h) I Qzl I Inpnn is the mggnihldn of § measured in the test set up with truncated metal

rods as shown in Figure 179 b). The lengths of the rods, Ly and L,, are determined
according to Figure 178. The | S,4 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) Empty jig

A A

it

b) Open jig

Figure 179 — Preliminary measurements o

4.9.3.3.6 Uncertainty of I' (= |S11_c|)

Equation (74) provides approximations for the 4 i imated |I'| caused by
mismatch. Theoretical and experimental analysis “yi ame expressions for the
uncertainty as shown in Equation ( E i . pation of the uncertainty in
|Fsimp|e| caused by mismatch is done bsing i ‘ quation (75), assuming a U-

|1—‘simp|e| can be estimated™

- 1+|S22_a|2 (77)
|(S21_T)empty|min - 1_|S22_a|2

in‘which the adapters A and B are assumed to be identical. Thus, variations in [Sy1 1lempty
versus frequency gives information about the reflection coefficients of the adapters. ~

4.9.3.4 Measurement with SOLT calibration and ABCD transformation to Z, . level

The SOLT calibration is only possible at the reference planes 1 and 6 shown in Figure 178

(:lll\‘.ll ;II r;UUIU 180 :f :UOO:COD 50 Q adapt\no dl'c uecd, It ie puaeilﬂc tU Mmrcaourc thc tVVU'}JUIt
parameters at the 50 Q level then convert the results to the Z level by applying the 4BCD
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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—>
| Lp ! :
' >
1 1
! \
50 @ Zref :V
7
1 |
o : |
Reference '
plane 1 2 3 4
Adapter A P CMAD _
<+ < »
Lemap

The VNA is calibrated at reference planes 1 and 6. Th
S-parameters at reference planes 3 and 4. The error dae

section between reference planes 1 apd 2, 3\ : nsate the electrical delay

between the two reference planes. Md g pensation for an electrical
delay. The length may be determined b o))% asurement of the Sy with the

open adaptor and adjusting the delay by wing, thexSmithchart until the result approaches

the result of an open circuit. The S-para d by the VNA with electrical delay
adjusted and activated are alreference planes 2 and 5

Using the Equations (22) 50)Q, the ABCD parameters of the two-port
network between referen obtained. Equations (25) to (30) are used to

204 Q for typica
reference planes 2 g
the reference pl

A and Lg, between the reference planes 2 and 3 and
all (for example less than 30 mm for typical CMAD

e tolerance of\the calibration kit used for the calibration at the reference plane 1 and 6;

o 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(z);
d) square brackets such as x[r] describe sampled signals;
e) two dimensional signals (arrays) are described with two indices e.g. Z[n,m] and in upper

case tetters:
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. Technieal
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 analyzer
usually perform a swept scan. The disadvantage of tuned selectivge

C and D). Such scans can take considerable time, especially
be measured or when the quasi-peak detector is used. Sp
. h, instfruments may
have a lower dynamic range than EMI Receivers. Spectrum™a € 5 || receivers have

Research and development activities offered the possibility to
replace analogue filters and detectors pment. Modern EMI receivers
and spectrum analyzers have digital filte i e ffequency and digital circuits to
simulate detectors such as the quasi-peak dete e_implementation of digital technology
in these instruments improved their acgura Hitynang reliability

With availability of fast dig tal s rcwts 3 ed analogue-to-digital converters (ADC)
systems can be imple he spectrum at several thousand frequencies

spectrum for a p
by the fast Fourie
time (DIT) [68].

The discrete Fourier tra 3 iS\a nixnerical mathematical method that calculates thé

tuned selective g : ds FFT analyzers are not suitable for use in emission

p i e can be obtained only if the IF filters and the detectors are
b they do meet the requirements in CISPR 16-1-1. Research has been
performed o hIS topic and it has been proven theoretically and through experiments that an
FFT-based méasuremgnt 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
frequencies [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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IF-signal

Key

1 Preselector 5 IF filter
2 Attenuator 6 Detector
3 Mixer 7 Metep

4 Local oscillator

The preselectio ‘ i at are far outside the frequency range of interest.

This filtering procgsg improves\he dynagmic range of the instrument for measurements of

impulsive signals, teénuator allows the control of the amplitude level at the

mixer to avoid oyertoad ang’ tf sure linear operation. A mixer and a local oscillator
perform a doWwrconvexsioy' of\the signal to an intermediate frequency (IF). The signal is
filtered by an\IF ba iltep? CISPR 16-1-1 defines certain IF bandwidths for each CISPR

The analogueoutput signal S|g is described in the frequency domain by:

Sie(f)=S(S - fset + fir YHie (f) (78)
where

Jsel is the selected frequency,

s is the intermediate frequency, and

H\g(f) is the amplitude response of the IF filter.

The measured signal is shifted to the intermediate frequency fj 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

NDiaital -cnaectes d by tha dicor PR _Aloacocith oo £

1 ofiaaotinn 1o ok H Eolrior francfa, ‘.
IJIHIL(AI O'J\/\JLIUI COLITITatlivIT To duilitTvvou U] UTO UTOULUTULUL T UUTTUT ATTOTUTTIT \I_II I/. I_\IHUIILIIIII\J TUT
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] =Y xln]xe/2#N (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.

ansient signals as well as noise, so the
FT calculation. In order to model the exact

behavior of an ENH_recgiver, the T (STFFT) is used. With the use of a Gaussian
window functio @ i ig ascarding to its impulse bandwidth, noise-bandwidth
and the filter masks Aas inedyi ISPR 16-1-1. A spectrogram is calculated by applying
STFFT [70]. This spe \ ws.a\discretization in both the frequency and time domains.
The resolution in . in is described by the bin width, Af; the resolution in the
time domain js bed e step, Tgp,. The inverse of the time-step is called the
baseband sa

The STFF ated as follows

n=0

where
x[n-m] is the sampled signal in the time domain;

wln] 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 0 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

1 Z[m, K]l

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)

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:

z[n] = x[n]x wln] (82)

where

wln] 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]x Wk] (83)
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where W[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 fier 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:

w(t)':[%,/% JBlFe(”zMIn2 v (84)

In the frequency domain, the following transfer function is obtained:

W(f),:e—fz(ZBﬁ:/SInZ) (85)

Sampling the input signal with sampling intervals of T, the
derived:

Qw function w[n] is

1 (r2fervzinz)sernf

mnl'= gc(NTg)N

(86)

where g is called coherent gain. The

(87)

(88)

(89)

where f; is
according to;

rate. The impulse bandwidth Bj,p of the filter is determined

fs

Biwp = (90)

Ngc

4.10.4.4 Comparison to EMI receiver — mathematical equivalence

The mathematical equivalence between a superheterodyne receiver and an STFFT-based
receiver is shown below. A comparison of the virtual IF signal at a single frequency, f,, 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 fgg =kn/ Nfg. The output of the STFFT at a
single frequency is obtained as follows:
N1

Sbb, £,sel[M] = Zx[n—m]xw[n]xe_jszse' :x[m]xw[m]xe_jszse'l (91)
n=0
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The convolution between x[m] and w[m] in the time domain is a multiplication in the frequency

domain. The factor e /27sel describes a frequency shift by the selected frequency. The signal
Sbb,frsel [m] shows a discretization in time that is the inverse of the baseband sampling rate
fee—TLhe baseband signal for a non-sampled signal is described in the frequency domain by:

Sbb,f,sel(f) =W()X(f ~ fsel) (92)

4.10.5 Measurement errors specific to FFT processing
4.10.5.1 Measurement error for sinusoidal signals

The calculated spectrum shows a frequency step that is dependent on the numbetr/ of
frequency points and the sampling rate. If the sampled signal is sinusoida t at a frequency

40 l i i i 1
1 a0 100 140 200 240 300
Frequency Index k

Figure 183 — Sidelobe effect due to the finite length of window

4.10.5.3 Measurement error for an isolated pulse

The baseband sampling rate f,,, has to be high enough to fulfill the Nyquist criterion. FFT-
based receivers show a measurement uncertainty for single pulses that is dependent on the
overlapping factor F,. With a very low overlapping factor, the number of overlapping FFT
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calculations is reduced, however the measurement accuracy for single pulses is reduced. The
effect is shown in Figure 184.

0’5 stb

1

Jsbb = 93
° Tsppb (93)
The dependence/of the 3 ment error for the measurement of an isolated
pulse in the peakdete d P™for single pulse), described by using an IF filter of
the Gaussian filter't

(94)

(95)

The maximum error of the measurement of an isolated impulse is calculated in dB according
to:

107 1 1

esp,dB = > dB~5.79 ———|dB (96)
(IN1OW8IN2 | foo) 5, Tebb 1 B

For EMI measurements, FFT-based measuring instruments shall sample and evaluate the
signal gapless during the measurement time

4.10.5.4 Measurement error for a sequence of pulses

The maximum measurement error that may occur for an isolated impulse can be calculated
according to Equation (96). However this effect is not limited to isolated pulses. During the
measurement of a sequence of pulses, a measurement error may occur that is always smaller
than the measurement error calculated by Equation (96). An example of the recalculated
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IF Signal for different overlapping factors is shown in Figure 185. A detailed description and
evaluation of this effect using the histogram method has been described in [74].

dBpy 0 % Overlapping dBu¥ 259 % Overlapping
80 T T T i ; ; - " " 80 - T T
L R R e

20 - - - - - - - - -
1] 5 10 15 20 25 k1] 5 40 45 50 50
[ms]
dBpY 75 % Owverlapping

________________________________

30 35 40 45 50

rent overlapping factors for the same sequence of pulses

4.10.6 FF ed receivers — examples
4.10.6.1 General
Two different types of FFT-based measuring instruments are available:

a)~ those that digitize the signal in the baseband; and

b) those that digitize the IF of a superheterodyne receiver.

For both types the digitized signal is processed digitally by STFFT.

4.10.6.2 FFT-based baseband systems

4.10.6.2.1 Overview

FFT-based baseband systems digitize the input signal in the time domain with an ADC.
Spectral calculations are performed using FFT algorithms. The block diagram of such a
system is shown in Figure 186.
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Measurement instrument

Ultra broadband Low
antenna pass Float Sicital
»—O oating igita .
P NN % > point > signal 1 Ampltltude
> ADC processing spectrum
AMN

The EMI signal is fed into the receiver input via a transducs ntenna or

artificial mains network (AMN)]. The low-pass filter shown i to suppress
aliasing

A multi-resolution ADC system performs a floatingfpoi ]. A multi-resolution
system consists of several ADCs with dlfferent g igher dynamic range of the

input signal. S ally for measurements of
broadband signals (i.e. impulsive sig AN S does not use pre-selection
filters. The digitized EMI signal is furtk digital signal processing and the
amplitude spectrum is displayed. An al Ratallows measurements in the peak, average
and rms detector modes to be simulate One of the first

as presented by C. Kelle
presented in [77]. W
CISPR 16-1-1 can be

mandatory in or t
[79].

EMI signal igdi
during the~em\
measured ses [ . h sub-band is down-converted into its baseband by a digital down-
conversion A he down-converted signal is down-sampled and processed by
STFFT. STFFARg tes a spectrogram that shows a discretization in time and frequency
domains as shownjn Figure 182. At each calculated discrete frequency the evaluation is
performed by a digital detector.

4.10.6.2.2 Real-time digital signal processing

An overview of the digital signal processing system elements is presented in Figure 187.
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e j2nf

Re
Detector EMI
———| DDC Im STFFT |:> modes |:> spectrum

Quasi-peak output

Y

Y

Figure 187 — Real-time FFT-based measuring instrumeg

fs has to be at least 2 GSa/s (giga-samples per second) to
Because of the limited processing speed of the digital real-timp 3
input of the digital down-conversion (DDC) is subdivided into e 8 i vith at least
250 MSa/s per channel. As a consequence the maximum ft beMeduced by a
gight bands. The
spectrum of each band is processed separately by ‘ d the digital detectors.
After selection and measurement of each band omplete spectrum is
composed of those eight subparts.

Im{uln]}
8 —»
s |Refuln)

>

Figure 188 — Digital down-converter

Figure 188 shows the block diagram of the DDC unit; fp; is the centre frequency of band i. The
signal x[r] is the sampled signal of at least 2 GSa/s. The selected band is shifted into
baseband. This is done in order to process the output signal by the STFFT.

The real part is obtained by multiplication with a cosine signal. The imaginary part is
calculated by multiplication with a sinusoidal signal. In this way the complete spectrum is

Y o R N L 1 al 4 R . + l £ + 1 £ la ol 4 =l FH ] | la
<immncu Uy JD M Uruct 1Oyt uic oiygliidl Ul a oSITyIic 1MTTyutTIIiVy Udlld, twuU TuTiriuodl puUlypliidstT

decimators [80] are used.

4.10.6.2.3 Short time fast Fourier transform

Overlapping is achieved by three cascaded shift registers. A block diagram is illustrated in
Figure 189. Alternately, decimation in frequency (DIF) [76] can be used to calculate only a
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fraction of the discrete spectral values, resulting in an increase in the measurement time by a
factor of 4.

N/4 N4 || N4
SR SR SR

R
¥ e %q
N N N N
FFT FFT FFT FFT

l l l
‘ Multiplexer \ i

i S

Detector

ple of implementation

Figure 190 provides the<block diagra DC system. The input signal is distributed
through a power splittg s. Each)channel consists of a limiter, a low noise
amplifier, and an ADC. i er ‘channetdigitizes the amplitude range from 0 mV to

1,8 mV, the lowepsha 3
is used to digit@w Ndde range from 0 mV to 200 mV. The signal is
recorded at all tHree eously. A signal digitized in high resolution is

reconstructed by ing each sampled value from the ADC where the signal shows the

A Digital
J > D > J > /pr> signal >
processing
A
-22 dB » -10dB > /D

Figure 190 — Floating-point analogue-to-digital conversion

4.10.6.2.5 Dynamic range

The dynamic range of a broadband system strongly depends on the linearity of the system,
and the number of bits of the ADC. Multi-resolution systems allow enhancement of the
dynamic range for pulses and bursts. With the development of the technology, ADCs with a
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larger number of bits will be available. With a single ADC more than 16 bits are required to
fulfil the requirements of CISPR 16-1-1. With multi-resolution at least three ADCs with 8 bits
are required. For higher dynamic range additional pre-selection may have to be used.

By using a Gaussian window function, which is equivalent to the use of a Gaussian IF filter,
the requirements to the selectivity masks are fulfilled.

35

30

25 \

20 \
N\
o\ /

AN 7

relative input in dB for constant output
>

150

Table 42 — Scan times

AN
\Ba}‘d\ Nsé; fstep FFT step final Scan time, approximate

BaM 1 248 Hz 62 Hz 12's

Band B 1 36 kHz 4,9 kHz 12s
Band C 2 159 kHz 3,97 kHz 24 s
Band C+ D 7 159 kHz 3,97 kHz 84 s

The realtime STFFT calculation unit as well as the realtime detectors can calculate the result
at the frequencies for a segment with the resolution of fge, Fpr. However in order to avoid the
picket fence effect during the measurement, a higher frequency resolution (fgiep final) 1S
preferred. Thus the scan time takes the dwell time multiplied by the ratio of fge, Frr tO
Jstep final- Because the presented system splits the range into eight subbands, several

subbands also exist. The total scan time has to be additionally multiplied by the number ot
subbands where the measurement has been performed during the scan.



https://iecnorm.com/api/?name=7ac57228b1aefa9e851ce072a81b062d

- 220 - CISPR TR 16-3:2010+AMD1:2012
+AMD2:2015 CSV © IEC 2015

4.10.6.3 Heterodyne receivers with FFT applied to the wideband IF signal
4.10.6.3.1 General

Caoanaralb bhaoataradi o recaivaraaitb EET o aliad 4 daband D cion o [l ik fallaain
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advantages:

e high dynamic range by limited bandwidth and high resolution ADC, e.g. 14-bit;

o frequency range not limited by the Nyquist criterion, but by the maximum receiver
frequency;

e |ong maximum dwell time by low sampling rate;
e use of receiver preselection, preamplifier, RF-attenuation;

e receiver can be used in the standard receiver mode.

4.10.6.3.2 System type 1 based on a receiver with wideband IF
4.10.6.3.2.1 General

The measurement system consists of a measuring recéi

ector. Figure 192
shows a schematic diagram of the essential parts of the i

up to 81,6 MHz

range than many other available FFT ze

Receiver
preselection |deband
and mixer f||ter
_’ :,F)esample ™ UMOD [ RAM
Main
processor

Pssential parts of an FFT-based heterodyne receiver

The resampler prowigés data reduction where needed, avoiding unnecessary oversampling at
narrower.IF-bandwidths, which saves processing time. The universal digital module (UMOD)
saves the data in the 16 M-words RAM for measurement times up to 3 s without any gap. The
main processor accesses the RAM, applies a Gaussian window to the time domain signal (to
avoid leakage effects) and calculates the FFT for the frequency segment around the receive
frequency. For a resolution bandwidth of 120 kHz this results in an acceleration of the
measurement speed by a factor of 15 and by a factor of up to 150 with a 9 kHz resolution
bandwidth.

To avoid any picket fence effect, the frequency step of the FFT is B /4, where B is the

resolution bandwidth. Tn order to provide an overview of the emission specirum over a wide
frequency range, the system applies a combination of receiver frequency steps in segments of
the FFT span, called time domain scan (TD SCAN).

The system applies FFT to the IF time domain signal and not to the baseband signal. This
also allows digitizing very high frequencies (here up to 40 GHz) with a rather low sampling
rate without violation of the Nyquist criterion, and reduces the throughput of data. The
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inherent level errors appearing at the border of the frequency range provided by the FFT
calculation are minimized by means of a corresponding pre-correction of the analogue IF
filters.

The filtering and band-limitation (preselector) is performed with the same circuitry that the
measuring receiver is using for the conventional stepped frequency scan. This reduces the
risk of overloading by strong out-of-band signals to a minimum.

In order to avoid missing impulsive signals, several FFTs with a certain overlap are applied to
the time-domain signal. The system provides a rather high degree of overlap (90 %), which
ensures that even very short impulsive signals at the border of the time domain window are
calculated without significant amplitude error.

4.10.6.3.2.2 Application of the system to prescan and final meags

The prescan is used to get a detailed overview of the emission & . With
conventional EMI receivers this measurement may take up j thé overall
measurement time.

The prescan result is then analyzed and the critical f ermined. At the
critical frequencies, the signal can be reconstruc alculate the weighted
measurement results using [81] or, if further maximi mast and turntable

movement is needed, the receiver can be used/in\i tiomal measurement function for

4.10.6.3.2.3

For EMI measurements, broadband emissions is of importance.
Dynamic range may b PR pulse generator in the time-domain scan. In
order to see the difference/bety maximum pulse level and noise, the pulse generator
is switched to a epetitio : (PRF) of 40 Hz whereas the measurement time is
10 ms (see Figu 3N i ts in\a display where one FFT segment catches a pulse

whereas the neighbd

(97)
where

Bwr is the bandwidth of the wideband IF Filter, that serves as a preselection,
B\g is the bandwidth of the by window function modelled IF Filter, and

F is the overload factor.

ol

For By = 10 MHz and B|g = 120 kHz, the reduction is 38,4 dB. For a B of 9 kHz F
becomes 60,9 dB, resulting in further reduction of the dynamic range.
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4.10.6.3.3.1 General

In this system the broadband IF-output of an E e i , stored and processed
by STFFT. The EMI receiver-specific pars suget peamplifier, RF-attenuation

i ' pe 1. Digitizing and signal
processing are performed using an exteral R S ercidlly available digitizer card and
control software. See Figure 194.

PC with IEEE488/IEC625 interface
and digitizer card > or = 50 MS/s; > or = 12 bit

]
DN

IEEE 488 interface

IEEE488/IECE25

Digitizer card

IF-Signal

Figure 194 — Set-up of FFT-based system type 2

The complete frequency range is split into frequency intervals according to the bandwidth of
the down converter. Usually, the wideband bandwidth By is 1 MHz. The signal is sampled
and the weighted spectrum (peak, quasi-peak, average and rms) is calculated for the specific
band. The whole band is calculated by merging of consecutive spectra. The measurement
step size depends on the frequency and the available maximum IF-BW of the receiver:
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up to ~ 300 kHz: BWIF =9 kHz

up to ~ 2 MHz: Bwig = 120 kHz
above 2 MHz: Bwie =1 MHz
above 30 MHz: Bwir = 10 MHz (depending on the receiver)

For increased operating range each single measurement is auto-ranged. As a result, the
operating range for disturbances outside the calculated frequency band is increased.

4.10.6.3.3.2 FFT parameter settings

In the first step the software determines the optimum sampling rate. Parameters are IF output
frequency, down-converter bandwidth and the bandwidth for -40 dB spurious-free signal
detection.

The relationship between the wideband IF bandwidth By, and the saripling i is shown
in Table 43. Possible sampling rates are integer divisions of the digiti ic.samphag rate.

Table 43 — Sampling rates for differesit

Bwir fs < \ )

10 MHz 100 MSa N

4,76 MSaf's to,

wg M\Q%s\
1 MHz depend<uag\n re VN er
120 kHz < O ( msas ~ Y

9 kHz N Sa/s

o

The total number of recorded samples |is glﬁby.

Niotal = fsldwell (98)

The frequency step is @
/

fstep :7 (99)
A radix-2 FFT pro he step is given by

N=2 (100)
where n er (starting with 1)
The IF bandwis

Big zfstepkw (101)

wherek,, is between 1,8 and 3,6 depending on the window function.

The frequency step size can be set as a factor of 2. Finer adjustment for the resulting IF
bandwidth is accomplished by using different window functions. For getting exact values of IF
bandwidth a variable &, factor will be necessary, which can be done by zero padding [70] or
using a variable window function.

A II\GIOUI VVIIIdUVV IO uocd, Vvhl\.lh hao [} OhOVU ua:uu:alcd V\llth BUOOU: funvuuno :tO ohapc iO
close to the Gaussian window, but gives a significant improvement in selectivity. An
advantage is the variation of the value ky,, which is used to adapt the window for different
step sizes and sampling rates.
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4.10.6.3.3.3 Results

An overview of the comparison for typical scan times between the system type 2 (using
“FFTemi” software) and a scan performed with a tuned selective voltmeter (“receiver”) is

showm i Tabte44:

Table 44 — Scan times for a scan 30 MHz to 1 GHz

Dwell time B =120 kHz B =9 kHz
ms Receiver “FFTemi” Receiver “FFTemi”
10 <3 min <3 min 32 min <3 min
50 > 13 min <3 min > 160 min /3 min
1000 ~4,5h <0,5h ~50h /Q (\<0,§\{

frequency in one graph and direct relationship, w
narrowband noise is present, and to find the noi
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Rigure 195 — FFT Software (“FFTemi”) screen shot

4.10.6.3.3.4 Dynamic range

In addjtion to the dynamic range, the system provides an improvement of the indication range
via-autoranging of the individual measured spectra. Especially, signals that show a different
level over the frequency range require additional indication range. An example of such a
phenomena is shown in Figure 196.
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dB v

In this case the addjtio
Systems withou a

such phenomena €v

4.10.6.4.1 Q : rmittent signals

mittent signals are difficult with an EMI receiver. The dwell time
inimUum level in order to make the measurement feasible. On the other

hand a large.dwet.time is required for a reproducible measurement.
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uncertainty. In Figure 197 the radiated emission investigated. The
measurement was performed with the peak detecfor.(A) dwell time 100 s gives a very
accurate result. A pre-scan with 20 ms dwell timerg i @as ement errors up to 15 dB.

E-Fieldstrength / dBuV /m

Angle /°

Figure 198 — Angular characterization of a PC
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4.10.6.4.3 Using FFT for IF analysis

Previously, IF analysis required extra hardware in order to give the user an overview of the
spectrum adjacent to the signal within the IF resolution bandwidth when using the tune-and-

FFT analysis. As a result the user can see the level display, listen to the demodulated signal
(e.g. with AM or FM demodulator) and see the spectrum display with sufficient span. An
example is provided in Figure 199, with trace averaging used in the FM frequency range and
where two FM signals are adjacent to the signal to be measured, the level display shows
results with three detectors and B|g is 120 kHz.

RBU 12@ kHz
nT 10@ ns
Atk 5 dB FREANP OFF

PK + 33.75 dBupVU
QPK 33.10 dBuU

e BN i
N A NN PN
d <t

g

1@y

6DB
AC

-28

Centa( % .5\1&2 / \Q@ 2/
N

4.11.1 General

The LCL .ofva signal port, cable or network causes a portion of any differential mode signals
on that\yport, cable or network to be converted to common mode disturbances, for which a
produgt standard has defined limits [87], [88], [89]. Common mode disturbances (also called
antenna mode disturbances, because they are a source of radiated disturbances to the
environment) should be limited if interference with the reception of radio signals of all kinds is
to be minimized. Common mode disturbances created at a nominally balanced signal port or
transmission medium, for example a twisted copper pair, should be controlled and limited,
whether or not the port or medium is provided with an overall shield. If a shielded medium is
used, deficiencies in the shield itself as well as in the shield connectors, leading perhaps to

significant electrical discontinuities, will allow a portion of the common mode disturbances
created within the shield environment to appear outside the shield.

The worst-case values for balance and LCL quoted in many network specifications are based
upon the desired signal transmission and crosstalk performance of the networks, and do not
necessarily have regard for the control of the common mode disturbances considered in the
product standard.
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To ensure that the physical layer specifications for telecommunication networks do not
inadvertently lead to the generation of unacceptable electromagnetic disturbances, it is
essential that the EMC implications of the specifications for some critical parameters be
considered early in the development of the network standards.

To achieve EMC of telecommunication networks employing twisted pair media, the most
important parameters to consider are the:

e levels specified for the wanted transverse or differential mode electrical signals;

Q
e spectral characteristics of the line codes specified for the wanted differential m(nl‘/g’

signals; Q
»

0q) hich the

e design of the protocol of the wanted differential mode signals;

e expected electrical balance or LCL of the physical copper medis
wanted electrical signals will be conveyed;

mode signals on the resultant
In the absence of nonlinearities, the

éd differential mode signals. The spectral
¢ wanted differential mode signals will also
common mode disturbances appearing on the

characteristics and the

have a major influence
physical media. @

differential mose Is. The formats of start and end delimiters, framing and synchronization
bit patternc;\ ekt patterns of tokens, and ultimately the design of the access control
protocols, ‘will have a significant influence on how much concentration of differential mode
signal_power into narrow spectral bands takes place during the various operating states (i.e.
hig fic periods, low traffic periods, idle periods) of telecommunication networks. The
création of highly periodic waveforms that persist for lengthy periods of time should be

gnals on the network, are to be minimized.

Qﬁ«(@lded, if the levels of common mode disturbances, created from the differential mode
I

4.11.2 Estimation of common mode disturbance levels

Estimations can be made of the levels of common mode disturbances that will be created by
differential mode to common mode conversion of the wanted differential mode signals, if the
relationships between the important electrical and spectral parameters are known. In
particular, estimations can be made of the maximum allowed levels for differential mode
signals, if the common mode disturbances created from those are not to exceed the common
mode disturbance limits.
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Consider two devices connected together in a LAN, for example a nominally balanced
telecommunication signal port connected to a nominally balanced unshielded twisted pair
terminated in its characteristic impedance. Assume that the electrical unbalance of the
combination of these two devices is dominated by the electrical unbalance of the device that

exnibits the worst (lowest) LUL. The strengtn of the commaon mode disturbances proauced Dy

differential mode to common mode conversion through the LCL of that device can be Q)
estimated approximately from the equation C)
N
Zem +Z Q
Iom =V —ay o — 2019127 gy x —SM = ZCt_ 10
cm T LCL 9144 dm de+4Zcm ( 4‘5"1/

when estimating the common mode current /

cm-in dB(pA), caused by tf
signal voltage, and the equation

|22dm « Zem + Zgt

Vern ® VT —a - 201
cm T —4LCcL g| Zem Zam + 4701

(105)
when estimating the common mode voltage V., in dB{
signal voltage V¢, in dB(pV), where

a c. isthe LCL, in dB;

Zem  is the common mode imped

LCL, in Q;

Zgt is the common mode imped
and

Zdm

When makir e_of )Equations 104 and 105, it should be recalled that a common mode
disturbanc€)l it is & quantity that is specified for comparison with disturbances measured in
a defined bandwidth (e.g. 9 kHz), using a specified detector function (quasi-peak or average).
, for the given LCL the maximum allowed differential mode signal levels estimated
usi these Equations 104 and 105 are those that are allowed to appear in the same
@g width when measured differentially with the same detector functions.

P

" 4.12 Background on CDNE equipment and measurement method

4.12.1 General

The CDN measurement method was originally developed for assessment of radiated
disturbances of lighting equipment from 30 MHz to 300 MHz. In October 2006 the CDN
method was adopted by a first amendment of Edition 7 of CISPR 15, published in 2006 [91].

A CISPR joint Task Force between CISPR SC/A and CISPR SC/F on the ‘CDN measurement
method of radio frequency disturbances for lighting equipment in the frequency range 30 MHz

to 300 MHz’ (CDNE JTF A/F) was established in 2008, and tasked with transferring the CDN
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method of emission measurement in the frequency range 30 MHz to 300 MHz to the
CISPR 16 series. This was to give the method a more generic status and enable use for other
types of equipment. An additional aim was to improve the CDN method uncertainties.

The CDNE JTF developed specifications and measurement methods for a CDNE, which is the
CDN for emission measurement. Between 2008 and 2014 the CDNE specification, the
associated measurement method, the measurement instrumentation uncertainties and the
correlation with the classical radiated measurement method were implemented in respectively
CISPR 16-1-2 [95], CISPR 16-2-1 [8], CISPR 16-4-2 [96] and CISPR 16-4-5 [97].

The following subclauses give background information and rationales on the CDN a 0‘1@
CDNE equipment and measurement method. %\

4.12.2 Historical overview

4.12.2.1 Situation around 1996

Before the first amendment to Edition 7, lighting products ' -o\\’ ducted and
radiated RF disturbance measurements according to CISPR(1: Wnthe freduency range
below 30 MHz. Radiated disturbance measurements abowe 3 ding to CISPR 22

[99] were carried out on a voluntary basis to assure quality s g comiplaints in specific
environments. Generally the emission levels of/ ligh{i Pro with bipolar circuit
technology were negligible for frequencies above

investigation was started on possible S an alternative for the rad|ated
tests in the frequency range 30 MHz to/? 2 SDN, which is known from RF |mmun|ty

candidate for application
using the CDN for disturb®
relationship with the
explored.

bances as weII. Therefore, a method
nce\peasu eloped and investigated. Especially the

stabNshed r|at |sturbnce measurement method in a SAC was

It is generally a@ 3 t|on pbetween two test methods only makes sense when
i y and low uncertainty. The established radiated RF
disturbance mea a fairly large compliance uncertainty (7 dB) due to
variability in cabl 200 spdtion, while the CDN method has a moderate compliance
uncertamty (& dB el the EUT is small and the cable length between the CDN and
EUT is i i o apfe correlation between the CDN method and the 3-m and 10-m
radiated t

4.12.2.2 CDN’s pt for disturbance measurements introduced in 1999

The feasibility and concept of the CDN method was presented in a paper at the 1999 Zurich

EMC ¢dnference by Stef Worm [93]. In that paper, the radiated disturbance measurement

method in a 3 m SAC and the CDN method (refer to Figure 200) are compared. It is

deGanstrated by modelling that the CM current in a cable (single wire — see NOTE 1)
fhnected to the EUT is a good metric for the E-field measured using the 3 m SAC/OATS
ethod.

NOTE 1 The single wire and its impedance is the model of a cable with one or more wires including the protective
earth wire. The CM impedance mentioned in the report represents the “total” CM impedance of the cable.

NOTE 2 At the time of this investigation the 3 m SAC/OATS was used as reference. Later it was agreed more
formally (see CISPR 16-4-5 [97] ) that the 10 m SAC/OATS is the reference, called the established test method.

Note that the cable does not necessarily need to be a mains cable and is not connected to a
network. The E-field/CM-current ratio depends on the termination impedance. Measurement
results [92] have shown (see Figure 201) that the response is reasonably flat if the
termination impedance of the cable (single wire) equals 150 Q. Also the impact of cable layout
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and set-up of the EUT and CDN has been investigated. The 150-Q impedance also provides a
good match with the disturbance source, which prevents standing waves. Different options for
the 150-Q impedance have been compared in [93], where it was concluded that the best
candidate for the 150-Q termination impedance was the existing CDN used for immunity tests.

So, in the original and basic concept of the CDN method, the purpose of the CM impedance of
150 Q is to enable a good match (no standing waves) with the disturbance source. With this
property, a relatively simple relation between the E-field limit and the limit applicable for the

N

C)c‘)

N

CDN method could be derived and implemented in Table B.1 of CISPR 15:2013 [98]. It haa/Q
r

not been the intention that the CDN emulates the CM impedance and LCL - or whatever ot
property of the network to which the (mains) cable could be connected. Q

The CDNE method is an alternative method to assess radiated disturbande of a ro@g??in the
frequency range of 30 MHz to 300 MHz, under specific limitatiohs —~of Y product
characteristics. Hence it addresses the radiation coming from the er { o”Nthe EUT.

10 MHz osc, 80

Ere

|/ CISPR
A receiver 10 MHz
CISPR -| oscillator
receiver W 10 cm
a
—| con /4 1/
IEC
@ CDN method
Figure 20Q alenRradiated measurement methods (30 MHz to 300 MHz)
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50 T T T T T T T T

E, ., (dB, Qm-1)

ighd strength E,
resistances R

4.12.2.2) radiat@st i imit Zgm, for the CM current of the CDN test
method limit with i

(106)

where the = HO i

various Cl\@ise 5

¢ terminations, i.e. the black straight dashed line shown in Figure 202.

The (@N’current limit is expressed in terms of terminal voltage limit across a 150-Q
[ ance (Vég"N), so

Lim,3m

O Lim Rad
V =150Q

For example, a radiated disturbance limit of 40 dB(uV/m) at 3 m and 100 MHz translates to a
terminal voltage limit of 20 Ig (150) + 40 — 30 = 54 dB(nV). The CISPR 15 radiated limits

translate in this way to the values given in Table B.1 of CISPR 15:2013 [98]; see also Figure
203.
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Note that the voltage division factor Fopyg (in dB) and the value of the attenuator external to
the CDN are added to achieve the CM-terminal voltage across 150 Q, i.e. -20 Ig(50/150) + dB-
value of the external attenuator (6 dB):

Fopne = -20 Ig (50/150) + 6 (108)

The CDNE-disturbance level Vspng, then can be calculated as follows:

VcoNE = Vmeas + F'cDNE (1099

where Vepne @nd Vieas are in dB(pV).

40

CDN conversion factor (dBQ/m)

P between field strength E, and CM current 7, using
urement distance 3 m, receive antenna height 1 m
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70

U [

Viimit  (dB, uV)

50 L
30 100

f (MHz)

In October 2006 the CDN method wa
15 [91] published in 2006 [91].

Basically, the CDN ecifications of |IEC 61000-4-6 [15], and the
as extended to 300 MHz.

specification of t§ 3 (
The limit given in CI& Nz as given in Figure 203.

shortcomings B¢ he ODN method were found, including:

N
— lack QfCe’produciility of tests when using CDNs from different manufacturers;
- no@et'rictions on the size of the EUT,;
- C@ence of an uncertainty budget;

<2~@’specification to only 230 MHz - CISPR 15 specified the CDN for measurements to

300 MHz;

C)%O — no documented correlation between the CDN method and the classical radiated method.

As an example, Figure 204 gives the results of an RRT. CDN measurement results from 11

b ey e
|
]
|
|
]
]
|
]
]
|
i
>
‘<A

Mbwatwica VVithiIl Phl:lpa WCIT Ubtd;llcd Ub;lly bidbb 1 dlld b:abb 2 altifibEa: EUTD bUIIDibt;Ils
of a comb generator and a coupling unit that launches both DM and CM disturbances. Each
laboratory applied its own CDN from different manufacturers. The results of the class 1 EUT
(CDN-M3) exhibited an especially large spread due to the variation in the performance of the
CDNs. More in-depth investigations revealed that the main reason for the large spread was
the absence of a DM-impedance specification of the CDN, large tolerances of the CM
impedance, the absence of impedance specification above 230 MHz and the absence of
phase angle tolerance of the CM impedance.
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4.12.3.2 CISPR A/F JTF

A joint task force between CISPR/A and CISPR/F was formed on the ‘CDN measurement
method of radio frequency disturbances for lighting equipment in the frequency range 30 MHz

to- 360 Mz (CONE T A —That 3T+ was estabtishedm 2668 andtaskedwithtramsferring

the CDN method of emission measurement in the frequency range 30 MHz to 300 MHz to the

CISPR 16 series. An additional aim was to improve the reproducibility of the CDN method. C)%
Also in view of the EMC-standardization debate on the subject of ‘alternative test methods’ <O
there was a need to consolidate the relationship between the CDN method and the classical .\
radiated test method in CISPR 16-4-5 [97]. (19

The JTF work included the following projects: @Qq/

— adding CDNE specifications and validation methods in CISPR 16-1-2 |9
— adding measurement set-up and method in CISPR 16-2-1 [8];

— adding uncertainty aspects in CISPR 16-4-2 [96];
— adding conditions for alternative methods in CISPR TR

% a R
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Flgure 204 - Results of a Philips 11-lab internal CDN RRT using
O an artificial class 1 EUT — expanded uncertainty nearly 10 dB

12.3.3 Improvements of the CDNE

The main function of the CDNE has not changed compared with the CDN, i.e. the CDNE
couples asymmetric (CM) disturbance voltage from the EUT into the input lead of the
measuring receiver, and decouples that lead from any emissions or influences present in the
test environment. It measures the CM disturbance in a short cable connected to the EUT

(often AC mains but not absolutely necessary) through a nominal impedance of 150 Q (see
4.12.2.2).

The most important changes in the CDNE specification are as follows (see CISPR 16-1-2
[95]).

a) A specification for the phase tolerance of the CM impedance has been added: 0° + 25°;
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b)

c)

h)

c)

Furth ore the limitations for application are given more explicitly, i.e.:

a)

&

The tolerance of the magnitude of the CM impedance of the CDNE (150 Q) has been
reduced to +10 Q/-20 Q;

A specification and tolerance of the DM |mpedance at the EUT port has been added, i.e.
LIT iec lnadaed aithar h\/ 2

symmetnc |mpedance of 100 Q at the EUT mains port (CDNE M2 and CDNE-M3), or by
the external symmetric load at the AE port of the CDNE-Sx. The value of 100 Q equals the
DM impedance of a mains network/LISN. However, the main reason of the CDNE JTF to
specify the 100 Q@ DM impedance was based on the fact that the reproducibility of test
results was improved when this 100 Q DM impedance was applied; (IS

-

Instead of a separate external attenuator of 6 dB, a fixed internal attenuator of at %ﬂt
6 dB is applied. This avoids mistakes in setting up the test method without an al
attenuator at the receiver port;

A tolerance of the voltage division factor has been added: = 1,5 dB;

A decoupling attenuation of at least 30 dB has beey
coming from the AE or mains port towards the measuri
CM current is also insensitive for variations of
connected to the AE/mains port;

A longitudinal conversion loss (LCL) of at Ig

dB is adequate to prevent any
xsurement results. In contrast, the
ation on unscreened leads requires

asurement procedure.

a more@&tane o

CDNE cannot be used for applications on a mains network with intentional DM signals,
e.g. where transmitting of a wanted differential signal would require a specific LCL,
minimum and maximum value, to take the network quality into account;

when the largest dimension of the EUT enclosure is larger than a quarter wavelength at
the highest frequency of measurement, unless otherwise specified by the product
committee;

the rated supply voltage should not exceed 600 V;
the EUT should not have more than two cables.
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CISPR
receiver
Zcy 100 Q
Zom 100 O
EUT
RF port
Mains
p{EUT port AE port
CDNE

Figure 205 — Block diagram for CDNE-measureme

4.12.3.5 Reduced measurement uncertainty

4.12.3.6 Conversion of limits

The factor for conversion of the e
reported in CISPR TR 16-4-5 [97]. In tF
procedure for measurement results give
[97].

Qf CISPR TR 16-4-5:2006/AMD1:2014
5 Background and
5.1 The histor@
5.1.1 The early y¥3

general agreemen at heq urgent international problem was to secure some uniformity
f of measurement’and stipulation of limits to avoid difficulties in the exchange of

The result_of\thi ceting was to form the Comité International Spécial des Perturbations
Radioélectriques (CISPR) or in English, International Special Committee on Radio Inter-
ferencey, The first meeting was held in 1934. The first Chairman was Sir Clifford Patterson and
members were appointed by their national committees. In 1935, the specification for the
measuring set including the Mains Network (in the US known as LISN) was drafted. After this
specification was finalized, it was found that the measuring sets produced by different
countries, produced different data. Consequently, the Belgian Electrotechnical Committee
took on the task to construct the standard CISPR measuring set. In 1939, twelve copies of
this set were delivered to different countries.

The work with interference limits progressed slowly. At the first CISPR meeting the lowest
protected field strength was set at 1 mV/m (60 dB(nV/m)) with a modulation index of 80 %.
The lowest protection ratio was to be 100 (40 dB). Various limits were proposed but none
even came close to (the then required) 20 dB(uV/m). There was no agreement on limits
before WW Il. Agreement was reached on the antenna height to be used for measurement
and for the model for coupling from the mains to the antenna. This proved valuable for future
work. The requirements for the electrical parameters of interference-suppression capacitors
were also established.
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During WW 1l no meetings were held. The work started again in 1946 under the then CISPR
Chairman: Dr. S. Whitehead. During WW |l many individual countries had set up services for
the suppression of interference to aid the war effort. A significant unifying effort was based
on the 12 measuring sets delivered to different national committees by the Belgian

Efectrotechnical Commitiee at the brink of WV I, On the basis o1 this set, the frequency
range was extended to 30 MHz to give coverage from 150 kHz to 30 MHz with the quasi-peak
detector that was also in the Belgian set. This measuring set specification was approved in
The Hague in 1958. The specification was considerably improved over the 1935 version and
the building of a simple prototype was no longer necessary. Further work led to the approval
of the ISM specification in 1965 and the artificial hand specification in 1968. These
specifications were merged into one specification in 1972 with an amendment issued in 1975,

in 1958-with an
ations was- extended
d in 1966

CISPR measuring set specifications were extended from 30 MHz to 300
amendment for ISM in 1965. The same year, the measuring set specifj
from 300 MHz to 1 000 MHz. Mr. Meyer de Stadelhofen's absorbing
and was added to the specification in 1970.

New editions of the measuring set specifications appeared as 5

CISPR 1 (1972), 0,15 MHz to 30 MHz
CISPR 2 (1985), 30 MHz to 300 MHz
CISPR 4 (1967), 300 MHz to 1 000 MHz

In addition several supplements wepé til QQW en CISPR 16-1 merged all
specifications into one document

Limits were first proposed in 1950 for (the kHz and the 150 kHz to 1 605 kHz
frequency ranges for domestic, i i vgrcial appliances up to 1 kW and for

at every CISPR meeting. e 2 svextended to 25 MHz and abolished again
y oltage range was given as the limit since

agreement could not Qe ific value. Until 1964, when higher limits were
specified for me dppli 3 domestic and similar use and for portable tools.
The permissible veltages» S § with the 150 Q V-network between each line and
ground. The limits we in in 1973. The working conditions of the appliances
were specified in{19681 e - ih 1967, 1970 and 1973. The limits of interference power
radiated from \ n 30 MHz to 300 MHz and as measured with the MDS
absorbing cl& pon in 1970 and amended in 1973

Interferens etition transient events was first controlled in 1961 and limits
for regulating corporating semiconductors and for thermostatically controlled

appliances weréspecjfied in 1970. Limits for program-controlled appliances were set in 1967.
In 1973, the)limits for the transient events were combined into one document: Rules for the
Evaluation of Radio Noise Produced by Switching Operations in Appliances for Household
and similar purposes in the 0,15 MHz to 300 MHz Frequency Range.

Limits for radiation from sound and TV broadcast receivers were specified in 1961 with
amendments issued in 1964, 1967 and 1970. Limits for the mains interference immunity factor
for long- and medium-wave receivers were given in 1961 with amendments in 1964 and 1967.

Limits for ISM- frequenmes were requested by the ITU WARC in 1959. CISPR published limits

9641967 and-4973
b

Limits for ignition systems in the automotive field were given in 1961 with amendments given
in 1964, 1970 and 1973.

The limits for fluorescent lighting fixtures for the long and medium waves were specified in
1964 with amendments in 1967, 1970 and 1973.
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The characteristics of spectrum analyzers required for interference measurements from
0,3 GHz to 18 GHz of microwave equipments for heating and medical purposes were released
in 1973.

Methods for estimation of compliance with limits for appliances in large-scale production were
agreed upon in 1961 and 1964. The “Significance of a CISPR Limit” rule was established in
1970.

The safety aspects of filters and capacitors used for suppression on the power mains was
discussed since before WW II. The initial discussions were extensive throughout the 1950s,
but then subsided since CISPR interests concentrated on suppression of higher frequencies
that required smaller values of capacitance.

The first standard on industrial, scientific and medical (ISM) equip
1973. Five further publications were released in 1975 on the geng
Methods of Measurement” for:

a) ISM equipment excluding surgical diathermy apparatus;

O

vehicles, motorboats and devices that utilized ignition s

o O

)
)
) sound and television receivers;
) household electrical appliances, portable tools ay
)

D

fluorescent lamps and luminaries.

Subsequent work continuously update

5.1.2 The division of work

CISPR/A gasurement methods;
CISPR/B i c inferference from industrial, scientific and medical
CISPR/C >fference from overhead power lines, high-voltage

gtems;

CISPR/D i ed. } e interference from motor vehicles and internal combustion

CISPR/E X ith the interference from and to TV and broadcast receivers;

CISPR/F  is<concexpnetwith the interference from and to household appliances, motor-

operated equipment, lighting apparatus and similar equipment;

CISPR/G, “is concerned with the interference from and to computers and information
technology equipment (ITE).

5.1.3 The computer years: 1984 to 1998

Since 1984, much attention has been concerned with refining the measurements methods and
the limits for information technology equipment. In principle, this is any equipment that uses a
microprocessor and switching frequencies or clocks above 9 kHz. CISPR work was and still is
primarily concerned with refining the Open-Area Test Site (OATS) requirements, as well as
has been expended on CISPR Publication 16, “The CISPR Handbook,” which contains all
instrument specifications and measurement methods.

CISPR work since 1984 is best described by the number of documents that were produced.
The titles are reduced to the keywords and the number and year identifying each publication:
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10 (1990) Rules and procedures of CISPR

11 (1990) Limits and measurement methods, ISM

12 (1990) Automobiles and ignition systems

13 (1996) Sound and TV receivers

14 (1993) Household appliances and electric tools

15 (1993) Fluorescent and RF lighting fixtures

16-1 (1993) Specification for EMC measurement equipment
16-2 (1996) Methods of EMC measurements

17 (1981) Specification for filters

18-1 (1982) Overhead power line, phenomena

18-2 (1986) Overhead power line, limits and methods
18-3 (1986) Overhead power line, suppression

19 (1983) Microwave oven substitution measurements
20 (1996 Immunity of sound and RV receivers

)
21 (1985) Reception of radio in the presence of noise
22 (1993), (1997) Information technology equipment
)
)

23 (1987 Determination of ISM limits
24 (1997 Immunity of ITE
25 (1995) Emission limits to protect radios in cars

The future is unknown. However, the work of CISPR will gQ any problem that

Chairmen of CISPR

Sir C.C. Patterson (UK)
Prof. A.F. Enstrom (SE)
Mr. R. Braillard (BE)

Dr. S. Whitehead (UK)
Mr. O.W. Hump s (
Prof. L. Morren (B

Prof. F.L. Stumpers ¢
Mr. J. Meyer de
Mr. P. Akerlind (S¥ 1977-1979
Prof. R.M. S » 3 1979-1985

Mr. G.A. Jac Q) 1985-1991
Prof. A.¥Varne 1991-1994
Mr. P. Kerry (UKY 1995-2007
Mr. D. Heirmap | 2007-present

5.2 _Historical background to the method of measurement of the interference power
produced by electrical household and similar appliances in the VHF range

5.2.1 Historical detail

Measurement of field strength is, in theory, most suitable for determining the interference
capability of all types of appliances at frequencies higher than 30 MHz. However, the methods
involved together with the precautions to be taken prove troublesome in application.

CUIIDUunIIt:y, CIIinIUCID hGVC fUI [=} :Ully t;lllc uacd thc tUIIIIiIId: VU:tdyC IIIUthUd, VVh”U Vvd;t;lly
for something more satisfactory. Several methods have been explained to replace those
involving electro-magnetic field measurements on an OATS by radiation measurements in the
laboratory. Among the most interesting are the stop filter method and the earth current
method. These are substitution methods, in which a slotted coaxial filter with negligible losses
is used to adjust the radiating length of the supply lead of the source of interference to obtain
maximum radiation. In these methods, the interference capability of an appliance is defined as
the power which a standard generator shall inject into a simple antenna of known
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characteristics in order to obtain the same effect on an antenna connected to the measuring
receivers as that produced by the source of interference. Several more convenient methods
have been developed from those just mentioned.

The measurement of terminal voltages has been considerably improved by replacing the
artificial mains V-network by a Y-network so as to obtain the true asymmetric voltage
produced by the source of interference. A similar method using a reactive slotted coaxial filter
was developed. A method for measuring the power that the source of interference may inject
into the supply lead has also been proposed. This method is based on the measurement of
the current at the input of an absorbent coaxial device.

The advantage of the latter over the terminal voltage method is that it is not necessary to
disconnect the supply lead. It indicates values of the interference powerscorresponding
closely with those obtained by the methods in which the radiation ©of the supply lead is
measured in the resonant condition.

system. The same
this power wﬁ@
influence of surr di

receiving aerial wo
tube showed tha
dissipated in this

e/attempt to replace the coaxial stop filter by a ferrite
¢ energy produced by the source of interference was
ought that the measurements of the current at the input

compare in thé,particglar case of a shielded source of interference of given available power,
with a purely‘resistive internal impedance and transmitting all its interference energy to the
supply lead in the asymmetrical mode when the size of this source is varied? Experimental
investigations showed the remarkable fact that the new device gave results which were
practically independent of the dimensions of those obtained by the other methods.

In fact, one can reduce the absorbing device measuring system to the following circuit: a
source of interference of internal impedance Zg supplying a load Z; through a low-loss line of
characteristic impedance Z, . If the length of the line is varied from zero, the power absorbed
by the load Z, passes (when Z_ is different from Z ) through maxima and minima
corresponding to resonance and anti-resonance of the system.

Neglecting the radiation and other losses of the line and discussing the case in which the load
is located at a distance corresponding to the first maximum, we consider the point in the line
at which the source and the load appear as pure resistances Rg and R.. It can thus be shown
that if P4 is the available power of the source, P the power absorbed by the load and
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R
m=—% (102)
Re
then:
fo __4m 103
By (1) (103)
This gives for:
m=| 0,1

M :10IogP—C: 4,8
Fy

where M is in dB.

adoption for the measurem

appliances.
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Annex A
(informative)

O
%
3
T
]

Consider the general case of a lossless antenna with gain g and input power p. At distance d
in the direction of maximum radiation, the field strength e is given by the well-known formula:

1/2
e=% A1)

Thus, for two antennas, with gains g4 and g, and input powers p; andp g’the same

field strength at a point at the same distance in the direction of ma §

P1g1 = p2go or,inlog form P+ Gy =P + Gy (A.2)

and, in the case given in 4.3.2, Py = P, and G4 = G; 2; therefore the

relationship is

P+G=Py+2 (A.3)
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ing the expression P +G =Fy+2
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Figure A.2 — Examples of a number of microwaves measured for P, and Py
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Annex B
(informative)

B.1 General

Further to 4.4, this annex considers the probability pr{H, > 7|} that in a ring-shaped area
around a transmitter the outdoor magnetic field strength H, is equal to or larger than a‘given
field strength H| . The magnetic field strength has been chosen because theexperimental data
presented in 4.4.2 are based on magnetic-field-strength measurements e end of this
annex expressions will be given based on the outdoor electric field stre s
the far-field condition is fulfilled.

B.2 Hg-field expressions

Recalling the results given in 4.4.2, it is assumed that 4

kNP
H, = VP for (r > Riyin) (B.1)
I”ZO
where
k is a constant;
r and the point of observation;
P
Zy
The condition » > R, at Equation (B.1) is not valid close to the
transmitter, i.e. i e

Using Equation (B.1

(B.2)

thus meaning that pr{H, > H| } would be approaching zero for all values of H| with R > Rin-
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IEC 802/2000

Figure B.1 — Definition of the ring-shaped area rou

The probability can now be written as

2 _ p2 -2 -
priH,>H }= ;(;Eg:x —Rr:f,)) = gf? _H > (B.3)
or as G
prila>H }= (B.4)

where Hp,in = (k/P) | (Rmy
strength at the inner be 3 boundary of the ring-shaped area. In the case

(B.5)

is nolonger a function of H,,,,. By definition pr{H, > H, 5} =0
and pr{H, > K is not an explicit function of the distance ». Consequently, the

choice of/F5;

In Annex C “agd Anwex D the distribution function f{H,) has to be known. Because the
cumulative distributionr F(H,) = pr{H, < H } =1 — pr{H, > H|} and, by definition, f{H,) is the
derivative of /F(H,) with respect to the field strength, the normalized distribution function f,,(H,)
can be ‘calculated using Equation (B.4), yielding

-2 L “Cho

b7
JalHo)=——pr{y <H}=—¢ = =—Chof(H,) (B.6)
3 2 2 3 .
oH B3 - HE, ) HE
Hence the distribution function f(H,) = 1/H3. The constant of proportionality

Cyonfu(Hy) = ChyoflH,) arose from normalizing f{iH,). The constant Cy, can formally be written
as

Hmax
1 dH,
Cro = I 3 (B.7)
Huvin o
The relation f,(H,) = —Cy,/H® is applicable in all cases where the field strength varies in

inverse proportion to that distance and no specification of the transmitter power P is needed.
Of course, H is an implicit function of » and P.



https://iecnorm.com/api/?name=7ac57228b1aefa9e851ce072a81b062d

- 250 - CISPR TR 16-3:2010+AMD1:2012
+AMD2:2015 CSV © IEC 2015

Finally, pr{H, > H|} can be written formally as

Hmax

[f(H0 )dH

pr{Hy 2 H }= (B.8)

Hmax

[ 1oy,

Hpin
B.3 Hj-field expressions

For the indoor field H; no direct model is available as it is for the outdoo
the distribution f(H;) has to be derived from f{H,) and the distributio
effect.

feld H,. Therefore
thel building

Assuming f(H,) and f{4,) to be independent, the joint distributian 4 lA,). The

S(Hi, Ap)dH; = f(4y)f(Ho)dH, or  f(H;, Ay A Ho)f(4p)

and f{H,) = 1/Hg it follows that

(B.10)

he truncated distribution of 4, with truncation

given by

2
e—27rA+20'A (B.11)

r and lower boundary of the range of experimental A, data, as
=M,In(10)/20 and o =S5,In(10)/20 with M, and S, being
the average standard deviation of the lognormal distribution of 4,. In Equation

LG T e SN S €D 7 NS Y

Zu = O'A\/_ Zj O'A\/E (B.12)

By.-definition f{H,) is the derivative of F(H;) with respect to the field strength. Hence, the
normalized distribution f,,(H;) reads

C[—[ . » L i,max dHi
fr(H;)=—H with ¢ =E{A } j =0 (B.13)
3 Hi b 3
Hi Hi min H|
where Hjnin = Hpinld, and Hj g = Hpaxl/dp and Hp, and Hp,,, are the minimum and

maximum outdoor field strength, respectwely
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B.4 Eg,-field expressions

Assuming far-field conditions, the outdoor magnetic field component H, and the outdoor
electric field component £, have a constant ratio. i.e. £o = H Zg. If E.. and £ . are the field

i e

strength at the inner and outer boundary of the ring-shaped area, the probability that £, > E
can be written as

2 2|2
Efax — E .
pr{Eq > E } = ( o LZJE"“; (B.14)
(Emax _Emin )EL
In the classification of the field strength carried out in 4.4.3.2, use has been made/ of

Equation (B.9) to determine the boundaries between the field-streng lasses..In* that
application Equation (B.9) was rewritten as

E = Emin
L 2 2
\/P”{Eo 2 EL }{1 - (Emin /Emax) }"’ (Emin /Emax)

which follows directly from Equation (B.6), while the approx
Emax >> {EminEL}- In the latter case E| is independent of

Q

(B.15)

case where

Similar to B.1 in the case of f{H,), the distribution furictio

-C dE,
TalEg) = —35 = ~Cpf(Eo) § £ 5 (B.16)
EO EO
and pr{E, > E| } is given by
(B.17)
The constants e ar atéd via Cpo = CHOZE.

¥ also f(H;) and f,(H;) can be converted into f(E;) and f,(E;).
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Annex C
(informative)

Theinduced rieal it volt stributi

C.1 General

Further to 4.4, in this annex the distribution function f{U},) of the induced asymmetrical opéen-
circuit voltage Uy, is derived by combining the distribution function of the field strength.(see
Annex B) and that of the G factors or the L factors. After that, the probabjtity~pr{U,, 28} that
Uy, is equal to or larger than a given value U| is calculated. Results o ulation have
been used in 4.4.3.3.

As in Annex B, it is assumed that the outdoor magnetic field g be\yfitten as
H, = (kIP) | ¥Zy) or E, = (kIP)/r, where k is a constant, P the { ~ Lo the free-
space wave impedance and r the distance between the t 3 he point of
observation. As in Annex B, it is also assumed that the tragsmitie R

is in the centre of a ring-shaped area with an inner radi

Assuming the field di

the joint distribution f{H} nt distribution givés the distribution of the

locations where the_outdoor fi 0ot Is H, and, simultaneously, the outdoor G factor
equals G,. The @ [ \ ermation U, = G,H,, the distribution is found of the
situations where ulte asymmetrical voltage equals U,, and the G factor equals
G,. Since
Uh): fn(Ho) :fn(Ho) (C1)
dUy | dH,, Go
it follows-that
2
h/Go)f(Go) _ CroGof(Go) ©.2)

Go Uﬁ’

where_the’ right-hand part of this equation is valid if the distribution derived in Annex B is
used, j.e. when it is assumed that fn(Ho)=CHO/H§’, see Equation (B.6). If f{G;) is used, the

buitding effect 4, has to be taken into account and, hence, f,(H;) should be used as discussed
in'B.2.

By integrating the joint distribution over the permissible ranges of U, and G,, the probability
pr{U, = U} can be calculated from

C f(G )_C G?
d HO o] Ho o
j j G 5 GJ;{UM th}f(G) (C.3)

Uh Go

where Up4 and U, , are relevant boundaries. To find the relevant ranges and boundaries of
Uy, and G, consider Figure C.1 showing the U, -G plane. As the field strength ranges between
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Hpin @and Hq,,, the voltage satisfies the relation H,,;,G < Uy, < H;,,xG. Using a truncated
lognormal distribution of the G factors (see 4.4.2.3.2), we have G| < G < G.

If U has the value indicated in Figure C.1 nr{Uk > U.l is found by integrating the joint

distribution over the range of U, and G values indicated by the shaded area in Flgure C.1.
From that figure it will be clear that U_ can only have values between U, = H;,G_ and
Uq = HyaxGy- The voltages U, and U, are defined by U, = H G and U = HyinGro

max

respectively.

Uh
Uy Hinax
Ai ::
ﬁ :n- o’ -'.‘:
OO I- E::a R G
U, g % E SRS
U SRR
. /\(\L
Ua e
— . /\ G

IEC 803/2000

nand G are within the polygon
U.} and {G,U,}.
ed area represents pr{U, > U}

2

i) erf (i) e () | 21"G+20'<2; erf(zy)—erf(z) (C.4)
Hmax Ut

factor oy;. The variables x, and x; are given in Equation (C.5), while y,, »;, z,, z; and &, which
dependien the value of U, are given by Equations (C.6) through (C.11).

B In(Gy) - g = In(U { Hyin) — pi

S R R ()

a) UaSUL<Ub:é‘U:1’

In(G, In —
Y (Gy)- #G - (GL);G (C.6)
O'GVL TG VL

_ UL/ Huin)~ po ~205__ NG\ )~ pg 20§

P o2 AT o2 1



https://iecnorm.com/api/?name=7ac57228b1aefa9e851ce072a81b062d

— 254 — CISPR TR 16-3:2010+AMD1:2012
+AMD2:2015 CSV © IEC 2015

b) UbSUL<UC:§U:1

_ In(Gy ) — ug y = IN(UL / Hmax ) = Hg

u GF\E ’ l Ur*\/E (C8)
LI Hyin) = 1 =208 _ INUL Hinax) — 16 ~ 206 (C.9)
u O'G\/E i O'G\/E
C) UCSUL<Ud: 5U=0
In(Gy ) - ug IN(UL | Hmax ) — Hg
y = , y = C.10
e - (€10)
z = In(GU)_:uG —20’% 7 = In(UL/ Hmax)_ﬂG _20_(2; (C 11)
v UG\/E ! UG\/E

to calculate the results displayed in Figures 16 and 1

C.3 E-field-based relations

Assuming far-field conditions the outdoar e

pr{Uy = U} in connection with the L,

(C.11) can be used, provided that Cpp\i
d

eC eld strength may be used to calculate
2.3.3. In that case Equations (C.4) to
of _Hmax bY Eaxs Hmin PY Emin: Go Y
. quations (C.4) to (C.11) can be used,
provided that all magneticxfield ) i are replaced by the corresponding electric-

field quantities.

Similar remarks [ < i factors are to be used, but see NOTE 3 at the
end of 4.4.4.2.
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Annex D
(informative)

D.1 General

This annex considers the number of outlets N (U, = U;) showing an induced open-cirCujt
voltage Uy, equal to or larger than a given voltage U, . This quantity is derived in a number’ of
steps. First, the probability density n(H,) giving the density of outlets experiencing a,certain

procedure can be followed as in Annex C.

D.2 H-field-based relations

Assuming a homogeneous density o
question, the number dn(r) of outlets i
is given by

dn(r) = u2nrdr
Using H, = (kIP)/(rZy) (ses

dn(H,) in the area detefwin

(D.2)

the j-th transmitter is characterized by {kj,Pj} and the
itter is 1, dn(H,) can be written as

N
= C;Hos = > 2mu k2 =12 at, (D.3)
o ZoHo J=1 Ho

e normalized distribution n(H,) is given by

dn(Hy) _ Cpo
H = = —_—
Ho) = oo = (D.4)
. 2n & 2
o j=1

As had to be expected, the distribution n(H,) is equal to f,(H,) discussed in Annex B.

Ny Tsthetotatmumberof outtets T the RSAamd—if 7 5 and#;; determime the boundaries
of that RSA, the following relation has to be satisfied
HmaX
Ny = In(H)dH (D.6)
Hmin

or, after substitution of Equation (D.4):
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C 1 1
Nt = 210{ —— } (D.7)
Hmin Hmax

for the number of outlets N (H, > U;) showing an induced open-circuit voltage U, > U, is
identical to that for pr{U}, > U,} as derived in Annex C, Equation (C.4). So N (U, = U, ) reads

Nofth 20} - 265t {5[] erf(xu; —ef () _ erf(y;]); erf (X) , 2uc+20% erf(z, L - erf(a)} (D.8)
min max L

C.4) tax(C.11).

The parameters needed in Equation (D.6) have been explained in Equatj
) a-calculation

In Annex C it has also been explained how to change Equation (D.6)
using G; factors possible.

When it is assumed that Nt is known and H,,, has been chose : upknowns
in Equation (D.7): Cy, and H,,. If Cpyq is calculated for a ¢ ‘ egion from
Equation (D.5), then H,,, is known, so that all parameters™iq E i are known. As
discussed in 4.4.4, another possibility is to determine w iIMIkatregion\and Cy, can be

calculated by using Equation (D.7).

D.3 E-field-based relations

Assuming far-field conditions, the outdeor &let iefd- & gth together with the L factors
may be used to calculate N {U}, > U,}. vation (D.8) can be used, provided that
Cyyo is replaced by Cro, Hyax PY Emax Lyand M and S; by M; and §;. In
other words Equation (D.8)« magnetic-field-related quantities are

(D.9)

(D.10)

(D.11)

See Annex C about how to change the various relations to make calculations using L; factors
possible.
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Annex E
(informative)

S " ticalrelati

E.1 General

Further to 4.4, in this annex a number of mathematical relations involving the so-called Ertror
Function, as used in Annexes C and D, are summarized. In E.2 a series expansion of\the
error function is also given which is sufficiently accurate to be used in computer caleulations
based on the analytical expressions presented in Annexes C ang sbclause E.3
summarizes some mathematical relations involving the lognormal dis d’the error
function. Refer also to [66] and [67].

E.2 The error function

By definition erf(x), the error function of x, is given by

2 T 2
erf(x)=— * da
7(x) ﬁ{e (E.1)

The error function has the following prope

erf(0)=0 (E.2)
erf () =1 (E.3)
erf(—x) = erf(x) (E.4)
A useful series expan awing Equation (E.5)
) +a5t5)e_x2+8(x) (E.5)
(E.6)

where

ap, =0,284 496 736

as  =1,421 413 741
a, =-1,453152027

as =1,061405 429
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E.3 Application to the lognormal distribution

A quantity x has a lognormal distribution when the logarithm of x has a normal distribution. In
mathematical form the lognormal distribution of x reads

1 _ 2 2

X)dx = ——— g INx)-u)"120% 4

f(x) By v (E.7)
where u is the average value of In(x) and o the associated standard deviation. If the latter
parameters are known in dB and M(dB...) is the average value and S(dB) is the associated
standard deviation, x=M xIn(10)/20 and o =5xIn(10)/20. The distribution function given, in
Equation (E.7) has the property that the integral of this function over all values of %=1 if
-0 < x < . This means that f{x) given in Equation (E.7) is properly nor aI|ze If fi(X)is the
truncated lognormal distribution of x, such that x; < x < x, has to be
normalized again. In that case fi(x) can formally be wr|tten as fi(x) = a

—(In(x)— 2 o 1 -2
o :j—mmeanﬂm /2 dx:fjeydy— (E.8)
X —0o0

so that

_ef () =erf(n) (E.9)

> .
where
_In(x)—p

y= o'\/E (E.10)

(E.11)

(E.12)

nex C, use has been made of the following integral
using the above relations.

{erf(zu) erf (2))) (E.13)

where

=y —0oN2 and z=y-ov2 (E.14)

and in the derivation of Equation (C.5) use was made of

—2H+26

——laf (@) -ef(a)) (E.15)

j ? fil)dr = o 5 —

X

where

=y +0oV2 and  z=y+ov2 (E.16)
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Annex F
(informative)

Ll A~ . . .

from 27 MHz ISM equipment over real ground

Further to 4.5, a close match can be achieved between vertical radiation patterns calculated
for simple electrically small electric dipoles and loops over real ground and the vertical
radiation patterns created by real ISM equipment. This can be shown using airborne data,
measured by Ohio University, of the harmonic field strengths from four different 27 MHz\ISM
machines positioned at ground level on an earthen open field site [33]/Eackh ISM machine
was a RF plastics sealer, identified by a letter symbol A, B, C or D. Pyupdamental ‘operating
powers ranged from 2 kW to 27 kW. In [34], the horizontally polarized fourfth™aarmionic field-

strength data at approximately 109 MHz, collected by an aircraft flying\a t height and
varying slant range, were converted to field strengths in verticg itefns at a
constant radial distance of 300 m, at elevation angles varying from \appro ly 4° up to
90°. The resultant far-field vertical radiation patterns we S ith vertical

radiation patterns calculated at the same distance from sf
real ground. The objective was to meet a tolerance © arbifrarily chosen as
+10 dB. The comparisons show that the vertical radiation i monic radiation from

The in-flight field strength data gathered
were converted to vertical radiation
attenuation in Equation (F.1)

the simple inverse distance law of

(F.1)

where

ance to the aircraft at that elevation angle, in m; and

sulated field strength at 300 m radial distance at the same
/W angle, in dB(uV/m).

2en plotted against elevation angle to create two vertical radiation
S .Dne vertical radiation pattern has been created for that part of the
flight which .tgok~place to the south of the ISM device and another for that part of the flight
which tooK_place to“the north of the ISM device. Each pattern therefore extends up to an
elevatian'angle of 90°, which locates the common field point between the two patterns.

Sammerfeld-Norton surface wave contributions to the horizontally polarized fields at very low
élevation angles have also been considered inasmuch as their presence might have
complicated the adjustment with distance of the measured field strengths at those low angles.
Surface waves at frequencies above 30 MHz have been studied in [40]. In [40] it is shown that
at the distances and heights over ground at which the in-flight data were gathered, the
contributions of surface waves are insignificant.

Figure F.1 illustrates vertical patterns of horizontally polarized fourth harmonic radiation from
ISM Machine A (a 25 kW RF plastic sealer) with its RF shields removed, calculated from the
data in [33] using Equation (F.1) and shown as solid line curves, compared with vertical
patterns of horizontally polarized radiation calculated at 109 MHz for two electrically small
horizontal electric dipoles (dashed curves). The in-flight field strength data were obtained at a
flight altitude of 152 m (500 feet) and plotted in Figure A-4, page 54 of [33].
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The sharp step in the field strength from Machine A close to the elevation angle of 5° in
Figure F.1 b) corresponds with the switch-on of the ISM equipment. Note that, to match the
patterns of the fields measured to the south of the ISM equipment, the dipole current
moment .dl, the dipole height above ground, and the radiated power required from the small

elecCtric aipole, are all difterent rrom those required 1o maitch the Tields measured to the nortn.

Figure F.2 uses in-flight data for ISM Machine B operated with RF shields in place, collected
at an altitude of 152 m. In Figure F.2 b) the noise floor of the measurements is visible in the
solid curve for elevation angles between 12° and 20°. Switch-on of the ISM equipment
occurred near the elevation angle of 20°. Note that the horizontally polarized vertical field
patterns created broadside to two electrically small vertical loops were used to provide~the
matching patterns in Figure F.2. The dipole moments required were the same, but the _source
height and therefore the radiated power required to match the patterng he north* were
different from those required to match the patterns to the south.

equipment. The match in Figure F.3 a) was obtained
a height of 2,7 m, slightly higher than the 2 m maxiy
in this annex.

Examples of pattern matching for |
shields in place, are shown in Figure R.4.
emitted broadside from two small vertiea

this paper.
elevation angle of 5° i

The figures all V
equipment can be ddri

speed of approximat

that the horizontally polarized field distribution encountered by
es, during any single flight pass over the ISM equipment, can be
reasonably well T dAwithin ~ +10 dB) with field distributions created at elevated angles
by simple electh wagnetic dipole sources. Given the relatively good match of the simple
model patterns witk”the measured fields at angles above about 4°, and the boundary
conditions_which reduce the strength of the horizontally polarized fields near the ground, the
patternsof the fields of the simple models calculated near the ground will be similar to the
patterns of the real fields if they were measured at elevation angles below 4° (see [40]).
These results support the belief that the predictability of far field radiation emitted at elevated
angles by ISM equipment in situ can be judged by considering the vertical patterns of
radiation emitted by simple electric and magnetic dipoles near the ground.

Moreover, there seems to be no obvious reason why vertically polarized fields emitted by
typical ISM equipment should behave differently from the vertically polarized fields emitted

over ground by small dipoles. Such small dipole models should also serve to indicate the
predictability of vertically polarized fields.

More detailed studies of the measurements reported by the Avionics Engineering Center at
Ohio University [33], and many more examples of matching the measured data with vertical
patterns calculated for electrically small electric or magnetic dipole sources, have been
described in [34]. Figures F.1 to F.4 are adapted from figures in [34].
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z z

1 POLAR 1 POLAR
SCAN SCAN
PATH PATH
/ /

Y .Y
\ GROUND \ GROUND
HORIZONTAL DIPOLE HORIZONTAL DIPOLE
SOURCE SOURCE

equency = 109 MHz

b) Flight data measured north of the ISM equipment.

IEC 838/2000

a) Dashed curve: i al electric dipole, centre height above ground 1,8 m, dipole
vent 1.dl ~ 2,51 mA-m, radiated power ~ 704 pW.

b) Dashed surve NECe hrofizontal electric dipole, centre height above ground 1,3 m, dipole
moment .dl = 2,82 mA-m, radiated power ~ 996 uW.

Vertical radiation patterns of horizontally polarized fields,
09 MHz, 300 m scan radius (adapted from [34])
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z z

t POLAR 4 POLAR
7\ SCAN SCAN
5 PATH o PATH

\ GROUND \ GROUND
VERTICAL LOOP VERTICAL LOOP
SOURCE SOURCE

100 200 300 400 500 60,0 700
E-field strength, dBpVim

b) Flight data measured north of the ISM equipment.

IEC 839/2000
Solid curves: Machine \ a power 2 kW), 0° azimuth, flight altitude 152 m, RF
shields in place, déhve S ield strength data in Figure A-11 at page 62 in [33].

ource = small vertical loop, centre height above ground 1 m,
G mA~m2, radiated power ~ 6,56 mW.

urve Source = small vertical loop, centre height above ground 2 m,
nent kdAd ~ 3,6 mA-m2, radiated power =~ 8,33 mW.

Figure F.2 — Vertical radiation patterns of horizontally polarized fields,
109 MHz, 300 m scan radius (adapted from [34])
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b) Flight data measured north of the ISM equipment.

IEC 840/2000

Figure Vertical radiation patterns of horizontally polarized fields,
109 MHz, 300 m scan radius (adapted from [34])
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IEC 841/2000
b) Flight data measured north of the ISM equipment.

e # small vertical loop, centre height above ground 2 m, dipole moment I.d4
0,23 mA-m2, radiated power ~ 42,0 pW.

— Vertical radiation patterns of horizontally polarized fields,
109 MHz, 300 m scan radius (adapted from [34])

Figure F.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SPE CA
AND IMMUNITY MEASURING APPARATUS AND METHODS -

Part 3: CISPR technical reports

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising

all national electrotechnical committees (IEC National Committees). The obj of IEC\iS)to promote
international co-operation on all questions concerning standardization in the elecifi alectroqic fields. To
this end and in addition to other activities, IEC publishes International Standarg Wi ecifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides e d “IEC
Publication(s)”). Their preparation is entrusted to technical committees; a nittee interested
in the subject dealt with may participate in this preparatory work. iQN € stal and non-
governmental organizations liaising with the IEC also participate in thi S E aborates closely
with the International Organization for Standardization (ISO) in &dccorda \with“condjtions determined by
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matte possible, an international

consensus of opinion on the relevant subjects since eac
interested IEC National Committees.

3)
4)
5) Independent certification bodies provide conformity
marks of conformity. IEC is not responsible for any
6)
7) employees, servants or agents including individual experts and
C National Committees for any personal injury, property damage or
v whether direct or indirect, or for costs (including legal fees) and
the publication, use of, or reliance upon, this IEC Publication or any other IEC
8) Attenti ormative references cited in this publication. Use of the referenced publications is
pplication of this publication
9) Attention is to Xhe possibility that some of the elements of this IEC Publication may be the subject of

patent rights. [E€_shall yot be held responsible for identifying any or all such patent rights.

This consolidated version of the official IEC Standard and its amendments has been prepared
for user'convenience.

CISPR TR 16-3 edition 3.2 contains the third edition (2010-08) [documents CISPR/A/888/DTR
and CISPR/A/899/RVC], its amendment 1 (2012-07) [documents CISPR/A/975/DTR and CISPR/
A/996/RVC] and its amendment 2 (2015-09) [documents CISPR/A/1102/DTR and CISPR/A/1109/
RVC].

This Final version does not show where the techmcal content is modified by

available in this publication.
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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.

e Specification for

A list of all parts of the CISPR 16 series can be found, under the general tj

)dments will
site under
At this date, the

The committee has decided that the contents of the base publi
remain unchanged until the stability date indicated
"http://webstore.iec.ch"” in the data related to the speéi
publication will be

e reconfirmed,
e withdrawn,
o replaced by a revised edition, or

e amended.

that it contains colous
understanding of its
colour printer.

Y
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SPECIFICATION FOR RADIO DISTURBANCE
AND IMMUNITY MEASURING APPARATUS AND METHODS -

Part 3 GISPR technicalreports

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 feports 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 from 3d “and similar
appliances in the VHF range (Clause 5).

NOTE As a consolidated

have differing meanings fr@
possible at the time'

2 Normativer

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.

3.11
asymmetric voltage

terminals and earth. It is sometimes called the common-mode voltage
sum of V, and ¥V, i.e. (V, + V},)/2

NOTE 7, is the vector voltage between one of the mains terminals and
between the other mains terminal and earth.

3.1.2

bandwidth

Bl’l

width of the overall selectivity curve of the
attenuation, below the mid-band response
CISPR indicating range

range specified by the ufag hie ves the maximum and the minimum meter
indications within which the at&\the reqliifements of CISPR 16-1-1

3.1.3

3.14

electrical char

Tc

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

preceding the d idication oy 55 Of an instrument having no inertia (for example, a cathode-ray
oscilloscope) conne ted to\a terminal in the d.c. amplifier circuit so as not to affect the behaviour of the detector, is
noted. The levelof 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
rectangular envelope is gated such that the deflection registered is 0,63« . The duration of this signal is equal to
the charge time of the detector.

3.1.5

electrical discharge time constant

I'p

time needed after the instantaneous removal of 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
n Alt)max s
BTMp 2Go >< Aimp )
where
A(t) is the peak of the envelope at the IF output of the receiver with an impulsg
max area 4;.,, applied at the receiver input;
G, is the gain of the circuit at the centre frequency;

specifically, for two critically coupled tuned transformers,

Bimp = 1,05><B6 =1,31><B3 (2)
where Bg and B; are respectively the bandwidths at the —6d ats (see
CISPR 16-1-1 for further information)

3.1.7
impulse area (sometimes called impulse strength)
Aim ) . .
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 fopship D =2 x 108 /Aimp applies because D is
calibrated in rms values of a corresponding sine¢ wav
3.1.8
mechanical time constan
Tm

(4)
where T| is the pg
NOTE 1

(3)
where

a is the deflection;

i is the current through the instrument;

k is a constant.

It can be deduced from this relation that this time constant is also equal to the duration of a rectangular pulse (of
constant amplitude) that produces a deflection equal to 35 % of the steady deflection produced by a continuous
current 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 2n7,,, damping is added so that agy = 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

mstrument

NOTE The maximum level at which the steady-state response of a circuit (or group of circuits) does not depart by
more than 1 dB from ideal linearity defines the range of practical linear function of the circuit (or group of circuits).

3.1.10

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

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

Vy,and ¥, i.e. (V, — V). Refer to the NOTE in 3.1.1 for definition of V, and 7,.

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 ins Whetwork. Refer to the

NOTE in 3.1.1 for definition of Va and V-

3.1.12
weighting (of e.g. impulsive disturbance
pulse-repetition-frequency (PRF) depe
impulse voltage level to an indication
reception

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

bit error ratio (BER) gxbit &rror probability {B
objective and repro g
3.1.12.1

weighted disturb

system, i.e. thejdisturbance is weighted by the radiocommunication system itself

3.1.12.3
weighting detector
detector which provides an agreed weighting function

3.1.12.4
weighting factor
value of the weighting function relative to a reference PRF or relative to the peak value

NOTE. \I\Inighﬁng factoris ovprncend n-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 code ISM Industrial, scientific and
modulation medical
AGC Automatic gain control ITU International
AM Amplitude modulation Telecommunications Union
AMN Artificial mains network LAN Local area network
APD Amplitude probability distribution LCL Longitudinal conversion loss
BEP Bit error probability LISN Line-impedance stabilization
BER Bit error rate network
CDN Coupling decoupling network LW Long wave
CDNE CDN for emission measurement MPEG Moving picture expert group
CM Common mode MW Medium wave
CMAD Common mode absorption
device

COFDM Coded orthogonal frequency
division multiplex

DAB Digital audio broadcasting

DDC Digital down-conversion

DECT Digitally enhanced cordless
telephone

DIF Decimated in frequency

DIT Decimated in time

DM Differential mode

DPCH Dedicated physical channe

DPDCH Dedicated physical data ¢
DQPSK Digital QPSK

Root-mean square

DRM Digital radio mondiale
DVB-T Digital video broadcasting Round robin test
terrestrial Ring-shaped area

EMC Electromagneti il Semi-anechoic chamber
EMI Electromagnetic e i s Short-open-load-through

ERP Equivalen Short-time FFT

EUT Equipment Short wave

FER Fra TEM Transverse electromagnetic

FFT Fast Rauri TETRA Terrestrial trunked radio

FM FrequeR TRL Through-reflect-line

GSM S TTE Telephone terminal equipment
VNA Vector network analyzer

GMSK W-CDMA Wideband code division multiple

GTEM access

IF

ILS

4 Technical repg

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

4.1.1 General

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
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.
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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 fundamental types of radio.noise:
impulse, random and sine wave. The dependence of the response to eg these»on the
bandwidth and the type of detector is given in Table 1. In Table 1, § isnthe magkitude of the
impulse strength, Afi,, is the impulse bandwidth, Af,, is the random i
the pulse response for the quasi-peak detector, fpR is the pulse rep
the spectral amplitude of the random noise. The relative resp

e, defined as being any
hat type of waveform,

necessary to ex
are of impulsive,
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Table 1 — Comparative response of slideback peak, quasi-peak and average detectors

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 6 Af; 1,41 S Af;  P(a) 1,41 5 fpr [
overlap) me ‘mp 1,416 prAfimp
Random - 1,85 JAf, £ 0,88 /A, £ VA 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

Afimp is the impulse bandwidth.
Afn is the random noise bandwidth.
Jer is the pulse repetition frequency.
L T T T T 7 T 1 11 T T T T
10 2 3 4 5678910° 2 3 4/%
i i 11
t-=10ms \
Peak { tg =10s
SN
a uasipea
>
,//
- NA
// AN
~
™N
NI RMS g
— TN //
l | / Average value
the i.f. 4
7 T
Cd
//

Indication of the interference indicator for
pulses with variable repetition frequency

—60

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"

o] Ny S Ftiefi I I ‘ l . ‘

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
bandwidth, so that as the bandwidth increases, the peak value increases, but the percentage
of peak, which is read by the detector, decreases; over a narrow range of bandwidth, 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 instrument is shown in

Figure 3.

The response of the average detector to impulsive noise is an interegst e reading of
an average detector for impulsive noise is independent of the bangwidth\of t e pre-detector
stages. It is, of course, directly proportional to the repetition rate. S ) the reading
obtained with an average detector for impulsive noise is so lo noprdctical value
unless the noise meter bandwidth is exceedingly narroy ¥ S e order of a few
hundred hertz. For a repetition rate of 100 Hz and a W ) arder of 10 kHz, the
average value would be approximately 1 % of the ue Such a value is too low to

annoyance effect may be well above the readi i th he average meter. ThIS of

Pla)
10 F
08 |
0,6<®

0,4

R

10 10 10 10 10 «
(xR, AF)
o =
(Rqfpr)
Key
R, charging resistance, in Q
R, discharging resistance, in Q
AF 6 dB bandwidth, in Hz
Jer pulse repetition frequency, in Hz

Figure 2 — Pulse rectification coefficient P(a)
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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

norse bamdwidthtothe—3=dBtandwidths—=afunctiomof the—typeof fitter circuit—Omtheother
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 reasonable figure.

4.1.5 The root mean square (rms) detector

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

to AM sound and television reception. However, the
using very wide-band instruments for measuring /
detectors to narrow-band instruments.

4.1.6 Discussion

The preceding paragraphs have indicatet S bi s for comparing measurements
obtained with different instruments. ioné iously, the possibility of establishing
significant correlation factors depends upo 6 which noise can be classified and
identified so that the pro Y In many frequency ranges

impulsive interference
interference is the pr
characteristic. A
Another importa

e switching action at the commutator bars. For optlmum adjustment
pulse noise can be minimized. However, where variable loading is
possible, measuremeénts 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 theJimpulses 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.



https://iecnorm.com/api/?name=7ac57228b1aefa9e851ce072a81b062d

- 26 - CISPR TR 16-3:2010+AMD1:2012
+AMD2:2015 CSV © IEC 2015
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).

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 conver3jo 0dB is
explained partly on the basis of theory for uniform repeated |mpuls i
of the actual irregularity of the amplitude and wave shape of sug

NOTE “CISPR Recommendation 35”, from CISPR 7:1969, Recommendations
reference:

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

that for the measurement of interference from the i

general, be two types of detecto

RECOMMENDS

measurements aremade th
for peak measur
measurements the spéed

are present,

4.1.8 _Conclusions

Analysis of data comparing the responses of various instruments shows that, in almost every
Gase, 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 predict correlation factors adequately 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

lntarfarano ai-Hatara an—b meaod for oriolio oo liaotiona it nartionlaor o o

trterferenree—simutators—ean—be—used—for—rarious—appheations——partettar—te—study—sighreal
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 by 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 waveform
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 of

signal.
b) Broadband interference sources p oducm

source (saturated vacuum tube d|de \ i tube followed by a suitable
broadband amplifier) can be used. In ing-f this type, mains modulation is
present, but because of the non- -linea v gaseous discharges the envelope of
the actual noise signal
waveform. In this case

the mains frequency can Qrrespondence with the actual interference signal
c) Thyristor controlled reg ase—control generate narrow pulses of constant
amplitude in aM\R 3 itioh frequency equal to twice the mains frequency.

Standard pu genérators\withxpartew eutput pulses (10~7 s to 10-9 s width) of the same
repetition frequép § asily simulate these sources.

d) Ignition syste I co acts and commutator motors generate short periods
(bursts) of.guasi- . g This type of noise is caused by very short pulses of
regular qf irregylaiszheig at random time intervals; if the average interval between
adjacent pulses i ’'the reciprocal of the channel bandwidth under test (z,, < 1/B)
the , and because of the random phase conditions, a random fluctuating

gsults. Therefore, bursts of quasi-impulsive interference of this type
a gated broadband noise signal.

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

lgnition interference is characterized by burst durations between 20 ps and 200 us 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 ps 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—aToise—source fottowed—by amappropriate—amptifier of 70dB—to86—dB—gaim,—=agating
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§tsk /no
2 Depending on a.c. or d.c. supply. N

b In the case of mains modulation, gating at a repetition frequeng insand gate ms to 2 ms may be
more appropriate.

N

The disadvantage of this layout is that a wjde range requires a broad

8 i 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 a-ra cal split up in several smaller ranges or a
tunable amplifier may be used. Such i S i s the construction of the simulator
appreciably.

Another way to produck
this design, nanosecg
recovery diode
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
be effected simply by modulating the supply voltage of the step recovery diode with 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.

@C@
&



https://iecnorm.com/api/?name=7ac57228b1aefa9e851ce072a81b062d

- 30 - CISPR TR 16-3:2010+AMD1:2012
+AMD2:2015 CSV © IEC 2015

-———>
Qut
011/80

Variablg
attenuater

D

= El
o - a
< » 0 c
o c ¢ c
3 — s | t——e ¢,
=] Q 2&) g
= =

._

2
£ = o
© -t © o
(U] O c

o

o

A&
&%

Amplifier
70-80 dB

o

Waveforms at position A - D of the diagram

/]
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bet 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). Whether the measurement is of the field strength 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-

AL\

A H ] 1 + o H 1 % diatacdl L. D H AR L
wave UlTpyuiT. LUTLU UTo TUUTVAITTIU TAUTAdITU PUWTT UG 1 q nmryupo\pyvv ).

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.

Pt+G:Pq+2 (6)

4.3.3 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. Pq = Ly,

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

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

L =Ly+2-G (7)

say L, = L, then it is correct only for EUTs with G = 2. ' ater than 2 will find it
easier to pass the reverberation chamber limit, apd W

P,. Figure A.1 shows the curves of P, v Qi aldes of G. The shaded region is
for negative values of G. (Experimental/points app&aring.in this region are caused by failure to
locate the maximum open-site radiatio r S he maximum radiation lying outside

An example is given in Kigut of plicrowave ovens were measured for P, 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 3 yération chamber appears to be a more effective method in the
ability toNpeas ; representative of the maximum radiation.

4.3.4 Procedure-for fthe determination of the reverberation chamber limit

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

i) ~Measure a sample of equipment for the maximum radiation on an OATS. Convert the
measured quantities to the equivalent power from a half-wave dipole. Call this quantity Py,
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

I‘\\l +ha granhurﬂ:l mni-hnri nF Eugnrn A 1 OF h\][ r-alr-ulahnn +ha gv:nn n'F csar-h nquupmanf

obtammg 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

— 44 +—General

The use of semiconductor devices in telephone terminal equipment (TTE) has created the
need to verify the immunity to RF 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 telephony
system. AM broadcasting transmitters in the LW, MW and SW bands form _an important-class
of RF-field sources.

will be met in practice. Moreover, it discusses th
speC|fy|ng the disturbance source used in the in

voltage and a source it

All mathematical ;

the user of this sub

in the buildings and,”consequently, random orientation with respect to the RF field makes for
randomycoupling 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,
bus-system lines and signal and control lines.

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
pairs {U,,, U}

At each location two magnetic-field-strength data of the broadcasting transmitter were
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
investigation inside the building, and one datum, H,, was measured outside the building at a

the subscriber lines measured.

4.4.2.2 Field strength and building effect

pared to the field strength H_
ave dipole (in its main direction):

(8)

NOTE Although.broas transmitter antennas usually are monopoles (in the frequencies of interest), the half-
wave dipole formula in Equation (8) has been used for convenience.

b) The\effect of the building on the field strength, which can be expressed in a building-effect
parameter 4, defined by:

Ay = Hy — Hj (9)

where H, and H; are in dB(uA/m).

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 metalllc structures In and near the bullding, and on the helght 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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the reported power [26] versus the dista
the transmitter
Figure 8 ~Measured ou c versus distance
and ili the b effect parameter
Figure 8 a) shows the ratioF S e distance between the point of observation and
the transmﬂter,’ < icates a slope —1. It can be concluded that, on
average, the datavfo i opeNairlyy well. The associated intercept is higher than that
expected from Equa whi vagreement with the (H, + 10) dBuA/m limit observed
in Figure 7.
Figure 8 b) \ probability plot of all building-effect data. If these data were
normall ibuted,\a straight line would have resulted. This is not the case, and the data
suggest der approximation, two distributions are superimposed. The two

distributions ™2 when distinguishing between data associated with buildings
ick and/or wood (B/W) and data associated with buildings constructed
from reinforced concrete (C). The normal probability plots of these distributions are given in
Figure @ a) and 9 b). The negative values of 4, predominantly stem from measurements
where H; was measured on an upper floor of the building, whereas H, was already measured
atcabout 1,5 m above ground level outside the building. Effects of re-radiation also influence
theactual field-strength data.
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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.

The'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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4.4.2.3.2 G factors

To obtain an antenn

normalized to the field

Gi,O =

F jpber lines, the open-circuit voltage U, is
slding the antenna factors G; and G, defined by

(10)

where

o 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).
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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
G C 45,9 10,5 46,5 88
Gy B/W 45,8 10,6 46,4 134
Gy 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 f
Zy= 377 Q. If the outdoor field strength is considered, this

reasonable and the G, factor can be converted into an L factoy’def

(11)

OT € e height of the subscriber line
umarized in Table 5, where Ly and L
factors (see 4.4.2.3.4).

tors (far-field)

L factor BU| d|n verage? Standard Ly L,
ial deviation
dBln) dB dB(m) dB(m)

Lo 43/ %7 10,6 18,0 35,0

( \\@\ 7)5 0 10,9 3.0 55,0

points = 1 rted [27] for a cable running 1 300 m underground and 1 000 m to
3 000 m overhead (aerial 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
reportedrin [27] are in line with the results for L, (B/W), as given in Table 5. However, more
recentinvestigations 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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1 V202
()G = ——=—e{nT1/2" 4G (12)

GO'\/Z

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
L) of the antenna factors [28]. Consequently, for 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_of-a line
inside the building and, buried, outside the building. However, it has tobg expect€d that such
a limit exists and the best approach is to use the experimental upper it (

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

The truncated probability density function reads

G)dG =
J+(G) (13)
The mathematical form of Gy) and F(G|) is given in Annex E.
Table 6 summarizes the yunta t factors and the building-effect parameter A4,
Note that at differs v e value of at if —0o < G dB(Q2m) < o or
-0 < 4, (dB) < « beca 3 ; —0,5. The upper and lower limit in dB(m) of
the L factor ran are [ 51,5 dB(Q) from the corresponding G factors
in dB(Qm). {>
<‘\ le 6 - sy of truncation parameters of f{G)
G factor /\BQ}& GL F(Gy) F(Gy) atg
or o mately! dB(em) F(dpy) F(Ap) at,
A Ap
Q N (dB) (dB)
G B/W\ 70,5 11,5 0,480 5 -0,499 3 1,021
G, R 78,5 20,5 0,498 5 0,492 2 1,009
G, B/W 69,5 16,5 0,487 3 -0,497 1 1,016
Gl C 54,5 -3,5 0,495 0 -0,497 1 1,008
Ay, B/W 12,0 -10,0 0,495 3 -0,498 1 1,007
Ap C 41,0 2,0 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 daia
pairs {U,,, U}, where U, is the open-circuit voltage and U, the voltage measured across 150 Q,
using the simple relation:
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*a UhU|UI150(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 R,, and R, compared to the average value of R, stem from resonances and apti-
resonances in the common mode circuit of the subscriber line. No clear frequéency
dependence of R, could be observed (see 4.4.2.5), and no influence of the building material

was observed.
Table 7 — Summary results of equivalent-resistanzé\ aly%

R, Standard Median R, Number R,, al R,y R,
(average) | deviation (average) of data
dB(Q) dB dB(Q) Q points dB(gX\ dB,@) Q Q

44,2 6,8 43,5 162 204 Nsﬁ\ }531 18
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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
clear frequency dependence of the building effect 4,, the G factors G, and G;, and the
equivalent resistance R, could be observed. This is illustrated in Figure 13a) and 13b) the 4,
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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a) .Building effect 4, in the case of brick/wood
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c) G, factor for brick/wood buildings

IEC 797/2000

b) Equivalent resistance R,

d) G, factor for reinforced concrete buildings

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 iield strengih 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. Never-
theless, information about the field strength is needed in order to make a prediction of\the
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 far~ gnditions both relations in Equation (15) are equivalent.

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

( Emax )Emln - m|n

pr{Es EL}—( )E ~ (16)
max m|n L

where

L ic
~max ™~
Enin 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 p{E, > E } = 0 and

that pr{Ey; 2 Einr = 1 (= 100 %). The approximation given In Equation (16) Is valid It

Emax >> {Eminy EL}, Which is normally the case. Hence, it can be concluded that in the present
model the value of £, to be specified is very important. The choice of E;, and E,, will be
discussed further in 4.4.4.

min max

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 E,, = 0,01 V/m [= 80 dB(uV/m)]. The latter value is of the order of magnitudetef the
minimum field strength in the service area of a broadcasting trans ote that the
probability values are almost completely determined by E,;,,.

pr{E, 2 E} E_ Emln P§\500 kW\ \/

% Vim / 3 n:-

0 60 F\K}} R, (@) (260)

100 0,01 {\\ % Q ‘@?ooo 1550 000

10-1 0,32 N\ \{\.N\ \_/ 15 652 49 193

10-2 1,0 4 950 11 556
10-3 316 1565 4919
N0, >
10-4 0,00 495 1556
By expressing t i %} a field strength, and not, for example, in terms
of the distance i nd the point of observation, Equation (15) is

applicable to any tra field strength which is inversely proportional to the

distance. Howeve sses Kave been established, a certain transmitter will have a
certain value of t ' ortionality . Then class boundaries can be associated
with distances RIEXbetween transmitter and point of observation. In Table 8 examples
of R, are given, i (as in the case of a half-wave dipole) and k£ = 22 (the worst-
case valde fe 4.2\), while the transmitter power P = 500 kW. The R| values for E| =
60 V/m ha =Y i tween brackets, because, in the considered frequency range, the

far-field conditign is not 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.

4.4.3.3 Asymmetrical-voltage classification

A classification of the induced open-circuit common-mode voltage U,, may be based on the

S H 4 1 o H IH H'S 1 LL LE _C LN

plubab;:;ty IJI{LTJTh - LYJTL} thal Uh o U\.'ual U Ul IOIHUI uarailtT da HIVGII mrrmt varuatc UL LIl Jt\U}
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



https://iecnorm.com/api/?name=7ac57228b1aefa9e851ce072a81b062d

CISPR TR 16-3:2010+AMD1:2012 - 47 -
+AMD2:2015 CSV © IEC 2015

Gy Uy 1 U
priUn 2UL} = IdGo IdUh G—f(G—h]ft(Go) (17)
& Uy o o

where G4, G5, Uy 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 field-strength 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

AULG).

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 made Rection with
Equation (15), and similar conclusions are possible here.

Considering again the ring-shaped area as introduced 4.
classification of Uy, i.e. U values corresponding with chosen veg 2 },/are given in

and specifying the
, as is explained in

——

outdoor field strength, the building effect has to
Annex C.

Go

Building material <Bl\h\ /\ \ \\C> N > B/W (o

Ap dB [\1\8\“ s \QG) - _

Sy .l [ ¥ 8.7 - -

Gio dB(Qm 4RG3 45,9 45,8 26,5
S e\ O\ W2 10,5 10,6 10,9
Gy dEﬁQm) ¢ \70}\/ 78,5 69,5 54,5
G, N&n@ }1,5 20,5 16,5 3,5
pr{Uy 2 U} ‘ \> U U, U, U
dB(nV) dB(nV) dB(nV) dB(nV)
10-1 115 101 114 96
102 125 111 124 106
1073 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, in ring-shapg
considered, where the inner boundary of the

strength H,,, and the outer boundg

joint probabilipynde
(3) Calculate the

geographical red

)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 the figld strength to be inversely proportional to the distance between the outlet and
the transmjitier, and~ assuming constant densities of outlets around the transmitters, it is
shown in‘Annex D that the field-strength distribution n(H,) can be written as

N
2
n(HO): j:1 3 = fo
EO EO
where
K is the outlet density,

kj 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

4 4 £ i Lt 7 L H H 1 4 PR +lo Lt H Y
vuliolarit Ul propuirtiulriarlity A, \_/llo To ollfTpTy a Lullolallt Ui o 1T outrit  UVTI dil urdirtorotul

powers.
When considering the electric field strength £, = (k/P)/r, the distribution n(E,) reads

N
2

=1 —
n(EO ) = ! 3 = 3Eo
EO EO

(19)

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

Ho™ o °
when the indoor field strength H, or E; is to be used.

AN

2\ —
///,-7 T

XA 47/4 SI IS

E (Vim)
IEC 798/2000

The outlet densit egral, will not be homogeneous around a transmitter. To derive n(H,)
in that case,. a po e procedure is to determine a frequency histogram AN(H,,AH,) so that

In pragtice, 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 10° oufleis) by calculaling the maximum field sfrength in each node at
a 1 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
the field strength, i.e. AE, was taken to be 0,1 dB(uV/m). It was assumed that the density u
was a constant (42 x 108/2,5 x 10% = 168 km=2) throughout the region. When performing
these calculations it was found that »,(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.

1E9

1E8 il E§

"

b ]
i 3\ G
1E7 : < e
5 — I
> 1E6 .
X
£ — 3
< 1 NG 5|
1E5 3 \ )
1= \'f nE NS
N A % A
1E4 & :
¥ Iy

aximpum E, (V/im) IEC  799/2000

3 3 with n(E, =1 VIim) =n_(E =1V/m)x E_, chosen such that
ahd n(E,) both yield the total number of outlets in that region.

The solid line*in Figure 15 represents n(E,) = —CRo/ES with Cro taken such that n (E,) = n(E,)

when E, =1 V/m. This value is somewhat smaller than Cy, calculated from Equation (19), due
to thelaforementioned fact that n,,(E,) seems to "saturate" when the number of transmitters is
ingreased.

When integrating the distributions over the entire respective region, the total number of
outlets N1 shall follow the equation

E max

f Crol 1 1]

AL r
LA J "(‘-'o MEC — 2
E min 2 1Emln Emax J
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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 Cp, is given or that C., follows when E_;, is given. The former approach was used to

calculate E,;, = 008 V/m, as indicated in Figure 15,  assuming

nm(Eq = 1VIm) = CpolEg = Cg,) 5,4 x 105 V2/m2,

Table 10 — Summary of the parameters used in the numerical
examples presented in Figures 16 and 17

Figure 16 17 a) 17 b)

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

M, dB(m) 5,7 5,7 5,7 5,7 -4,2\ \\255\ )-5,6
s, | 106 10,6 10,6 10,6 Q1.2 \oe 10,5
L, dBm)| 180 oo 18,0 180 4 \IR0 \\\>o 27,0
L, m 7.9 oo 7,9 7,9 8, 2! 22,4
L, dBm)| -350 - _35,0 ~36,0 —40\,8\ 55,0 -31,0
L, m| 002 e 0,02 f\)gz/(? R0, 0,002 0,03
M, dB - - ( N N\ 6— ( ) W - 20,6
s, dB - - N XN Ao - 8,7
Ay, dB - - (- O 12,0 - 41,0
A, dB - - \ - N | -100 - 0,0
Ny millions 42 42 D \4 42 42 42
Cpo VEmZ| 5410 [ ?,4 105( 41&85\‘5/,‘:/?105 - 5,4 x 10° -
C,  V2m? - \/\-\\ Q\\\ - 3,3 x 104 - -
Epae  VIm| 1007 IS 100 3,0 10,0 3,0 3,0 3,0
Eymax VIM ~ AN NN NA - 9,5 - 2,4
Enn  Vim| 088 \ N .08\ | /008 0,008 0,08 0,08 0,08
PRI DY - - 0,02 - 0,000 7
U~ R\ 7R N\ 24 79 85 42 53

isSubclause.

NOTE Some curves~have the same parameter values: Figure 17 a) curve 2 and Figure 16, and Figure 17 b) curve
1 and Figure(17ya) curv

Key
B/W._is brick and/or wood

(63 Is concrete

This subclause is concluded by giving several numerical examples of Ny,(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| < U5 = 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 = EmaxLy, Where E. ., 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). Uy ax
is quite large in this case. The maximum value measured in the experimental investigations is

22 V.

(x 1E7)

Figure 16 — Examg with an induced asymmetrical

=79 V (see Table 10)
To set the speci
Therefore, the results

1 in Figure 17 a) e same situation as in Figure 16 but neglecting the
truncation of the ;) In that case U, , is infinitely large, which is not very
realistic. Curv in Ki de€monstrates how the results represented by curve 2 are
modified whe X\ b rom 10 V/m to 3 V/m; then U, = 24 V. Finally, curve 4 in
Figure 17a_demonstrytes e results represented by curve 2 are modified when Epin 18

ave been replotted as curve 2 in Figure 17a). Curve

In Figure 17,b) the™wfluence of the building material (B/W or reinforced concrete, C) and the
choice of'L factor (L, or L;) on the results can be observed. Curve 1 in that figure is identical
to curve3 in Figure 17 a), so it concerns L, data for B/W-buildings. When using L; data the
bujlding 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 £, = 3 V/m, but due to the building effect
the maximum indoor field strength E; ., = Epax 4pi, Where 4 is the lowest building effect as
determined from the experimental data. In this case Api = =10 dB, so that E; =9,5 Vim,
hence there is an amplification of the outdoor field strength.

I,max
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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: 4z = 168 km ~.

Figure 17 — Examples of number (left-hand scale) and relative number (right-hand scale)
of outlets with U < U, < U4
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Key to Figure 17 curves:

a) B/W buildings

Copevad: nanterneatadL foctar =10\l

N I I o0
uUurve L) LBAARAIEARAIe Ry vaw | ‘_40 Tavivr, L/max TUVITTTT, s v,
Curve 2: truncated L, factor, Emax = 10 V/im, Emin =0,0
Curve 3: truncated L, factor, Emax 3 Vim, Ein = 0,008 V/m
Curve 4: truncated L, factor, Enax =10 V/im, E 0,0

mi

I
5 5 35

min

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 4,; is not realistic.
negative values predominantly originated from measurements

Id-strength data.
erend at 0 dB. In that

ground level. Furthermore, re-radiation effects also influen
One may decide to truncate the building-effect d|str| iOR
case, Ej max and Uy oy reduce from 85 Vto L,y =

represented by curve 1 in Figure 17 b > 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 calcula i ¢ al number of outlets in a given type of
building, and the results for both types|of building have toybe added.

NOTE 1 Although the number\of o ‘ iven ih Figure 17 may have non-negligible values, the
relat|ve number is very Iow i es the impQrtance of the "tails" of the various distributions used and of the

calculation is made [for exal F;Ie
calculations is suffici igh.
accuracy needed. The i

NOTE 2 In all calculz S Ny of the gutlets i was considered to be a constant over the entire respective
region. The results can be i S example, when the calculations leading to n,(E,) (see Figure 15), take a
location-depender i

)], care has to be taken that the accuracy of the numerical
the relative number Ny(U,, 2 U )/N7 form an indication of the
> U, }in per cent.

formally speaking ' rived from G;. In addition, 4, was determlned from magnetic field-strength data
and 4, for the>electite figld heed not be the same. In the calculations leading to curves 2 and 4, it was tacitly
= 377 Q). However, the same curves for Ny(U,, 2 U, ) would have been found when

correctly using\the , but quoting rows 15 and 16 of Table 10 means the magnetic field quantities

Hpax = Enax/Zp etc., and replacing Cg; by Cy; = Cri/ Zg (see B.4).
4.4.4.3 Summary of disturbance source parameters

4.4.4.3.1 General

Assuming that the disturbance source in the conducted-immunity test is sufficiently described
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 4.4.4.2 has to 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)ite/be
considered. Ny is either the grand total of outlets erthe total-number
of outlets in a certain type of building (brickiwood™or. reinforced

concrete).

b) MgorM; The average value of the G or L factor ) (see
Table 4 and Table 5). If the G; or L; facto llowing
building effect parameters shall be kng 3 ard Table 6)

S ,: the standard deviation of 4 i
Ay, the maximum building effg

o or M,

c) SporS; ,
torxange or the L-factor range

d Gy G
Ly, Ly
e) Hpax ) ield strength, in A/m or V/m,

3 (simultaneously) a complaint occurs.
inimum field strength determining the outer boundary of the

his 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 Ein is calculated from an equation like Equation (20).

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

4.5 Predictability of radiation in vertical directions at frequencies above 30 MHz
4.5.1 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

Amermdment—t< 2004 ) 5], Teferrmyto protectiomrof safety of fife—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 to\be
considered when developing and specifying limits of radiated electromagnetic disturbances
and methods of measurement which are intended to protect aeronautical/radiogavigation and

heights but instead they shall use height scans and, in partic
distance from the equipment which is the source of the radiati

4.5.2 Range of application

electrically small /50
way, a general KRow

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

of the free-spat€ wavelength at the frequency of interest.

Subclause, 4.5 also considers the effects on the vertical radiation patterns caused by a range
of elegetrical 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 irregularities,
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
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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 is situated." It is important 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 inthe
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 to’grotmd shall"be not

CISPR 11:2009 specifies that “Class A equipment may be measured { iteNef in situ,
as preferred by the manufacturer” and notes that “Due toSsize, ™ Qx i operating
conditions, some equipment may have to be measured in/SituN compliance
with the radiation disturbance limits...” It goes on to sa IR yipment shall be

a) How well do measurements of the v polarized E-fields, in a height
scan of 1 m to 4 m at a horizonta O\m from the source over real ground,
predict the field strengths emitted

b) How predictable are th€ d angles when the horizontal measuring
distance is greater than 10N but, act, the actual distance is not known (not

c) How is the predictabi f ¢y WwhenNyhe height above ground to the centre of the
measuring aa is fixed, forexample.dt a nominal 3 m? (See 4.5.5.4.)
d) What errors in udyge gredictability of the vertical patterns may arise if

ground can be\si eplacing it with a perfect conductor? (See 4.5.6.)
To provide so the frequency range 30 MHz to 1 000 MHz a number of vertical
polar patte eight scan patterns have been calculated for the E-field radiation
emitted of Yelectrically small sources located close to the surface of real
homogeneou ground. Predictability has been assessed by judging how well, or how

badly, the caleulated patterns show that ground-based measurements of the vertically and
horizontally_Jpolarized 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 pravides 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.



https://iecnorm.com/api/?name=7ac57228b1aefa9e851ce072a81b062d

- 58 - CISPR TR 16-3:2010+AMD1:2012
+AMD2:2015 CSV © IEC 2015

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 reporied in [33] have been studied tarther in [34]. In [34] 1t 1S
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
matched with a field distribution produced at elevated angles by a simple small electric or
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

The E-field vertical polar patterns and linear height scan patterns havg beep alc ated using
Electromagnetics Code (NEC) [35]. NEC2 with the compamon cqde ows the
Sommerfeld integral evaluation of the field interactions at the a B], and so

includes the contribution of the Sommerfeld-Norton surfac

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

about each sourge fo the Ve
corner of each pa tern pfat.

bands [38] listed:in Table E.1 of CISPR 11:2009, are shown here ir’1 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 RadlonaVlgatlon and Aeronautical Mobile (R) (including ILS
IU\;GIILUID \I\JU IV‘II Ly l\J I I2 IIV‘I: :L) IIUIILUIII.GI 'JUIGIIL(JI.IUII}
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 N

110 15 2A

e : EAS

1000 15 ¢ % S

the ground constants on the vertical radiation p
for “wet ground” and “very dry grouwdX at
Table 13.

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

=B

Frequency [\ We@uw Very dry ground

MHz
o & o
S/m mS/m

30 NI N 3 0,1

75 \ \&Q 13 3 0.1

1000 \ 30 140 3 0,15

4.5.5.1 e of the electrical constants of the ground

4.5.5.1.1_General

It is,useful 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 £, 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 heignts from 1 m to 4 m, then at a norizontal 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 only 0,8 dB), at a horizontal distance of 30 m, the
underestimates vary from about 5,1 dB to about 5,7 dB (a spread of only 0,6 dB), and at
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 distance/ of
300 m.

@%
&
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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 yp
to a height of 6 m in the Z-X plane, at the three scan distances and over the three typ€s)of
real ground.

Figure 20 shows that the maximum strength of the E_ field o
angle between 77° and 78° at all three scan radii. A comparison of/F
also shows, in the case of a “very dry ground”, that the maximum

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

field strength (m
about 5,1 dB. The Qv
only 0,8 dB.

1,5 dB in~the dene
estlmates aresbased\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
fmake 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

SUURNCE
HEIGHT
SCAN aS{”’I
PATH
GROUND
X

Scan distance =

metres

Height,

i IR
140 150 160
E-field strength, dBuV/im

190

FREQUENCY =1 000 MHz

————— "wet ground” g =30, G =140 mS/m
"medium dry ground" g =15, O =35mS/m
""""""" "very dry ground” g =3, G =0,15mS/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]).

emitted at 1 000 MHz from the small vertical loop (horizontazl 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.

In summary, the answer is that the predictability of the maximum E-field strengths at elevated
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 léss
than 6 dB.

At the two lower frequencies of 75 MHz and 110 MHz, the larger undepestimates oceur when

At the frequencies of 243 MHz and 330 MHz, the larger ufideres ¢ when the
source is either a small vertical electric dipole or a small verticalNoop w '
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

ground do not give the¢ bes icti i strength at high elevation angles. Therefore,
Figure 24 show can i of horizontally polarized E in the Y-Z plane,
reaching an £,

height of 4 m. In ca
of 10 m will unde

04 m height scan measurements of £, at a distance
E  at 73° elevation by almost 5 dB.

calculated‘héight 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
ofthe“radiation in the vertical direction.

Column (4) of Table 14 summarizes the estimated errors to be expected in the predictability of
radiation in vertical directions when 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 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 verfical 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) (3) (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 | 4 =30 m | polar plot | this field | d =300 m
Vertical E, E,z 0dB E, E, -2 dB E, E, -17,5,dB
electric at 15,25° at 17,75° at 18°
dipole
at1m s
Vertical E, E, 0dB E, E, -1dB E -16 dB
electric at 8° at 12,75° ay13
dipole
at2m
Horizontal E, E, -5 dB 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 inY3Z ptane
at1m plane plane W
Horizontal E, E, ~1,5dB E, E B 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 H\ /\ plane
Vertical loop E, E, -0,5dB A Z Q&ts)ﬁ\/ E, E, -18 dB
(horizontal at 17,5° in Z-X t 19,%5° in X-X at 20° in Z-X
magnetic in Z-X plane mZ-X plan in Z-X plane
dipole) plane plane plane
at1m N\
Vertical loop E, Ex< -4,5 E)\ -5,5dB E, E, -20,5dB
(horizontal at 90° in Z- 90° at 90° in Z-X
magnetic plane plane
dipole
at2m
Horizontal E B 2,5 ?/ E _9dB E E _28,5dB
loop (vertical | at 37,5°\}/; XK at'36,75° | in Z-X at38,5° | inZ-x
magnetic in Z-X p in Z-X plane in Z-X plane
dipole plane plane plane
at1m
Horizontal - dB E E -6,5dB E E -25,5dB
loop (vertical at\27° \> at 2g,5° in i)-X at {5° in i}-X
magnetic < i Nrptan in Z-X plane in Z-X plane
dipole) pla plane plane
at2m

N

4.5.5.2.3- Predictability at 110 MHz

Figure 25 shows vertical polar plots of £, in the Y-Z plane and E, in the Z-X plane, at
140 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
angle of 41°. The polar plots of E, in the Z-X plane show that vertically polarized
measurements near the ground will not give good guidance to high-angle field strength.
Figure 26 shows height scan calculations of £ in the Y-Z plane. At a horizontal distance of

O_m ha m an. de—o L e ha mo Q_dBR m haiah - 4 _m nd hatiah a
measurement of horizonftcally polarized E, therefore underestimates the maximum strength o
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 £, 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(pV/m) at a height of 1 m, which underestimates the strength of £, 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.

@C@
&



https://iecnorm.com/api/?name=7ac57228b1aefa9e851ce072a81b062d

— 69—

CISPR TR 16-3:2010+AMD1:2012
+AMD2:2015 CSV © IEC 2015

9]

P13t} *7 p3

aueld z-A

‘w/y

S9OUB)SIP |BIUOZ

000¢/¢t8 031

oorL

pdip 2143099 |ejuOZIIOY |jewS pajjiwa syjbuails
ziaejod Ajjejuoziioy jo suigjled uess jJybiaH — 9z ainbi4

([6€] wouy psonpoidayy)

X N OLL ‘W QQ0E pue w Qg ‘wQl

W Z = O ‘GL = "3 Sjuejsug
1oy ‘w-y | juswouw ajodip”iw

ZHW Ok = ADNFADTHA

wArap ‘buans pRY-
ooEl 0’0zt 00k 0’00t 006

i i .

H1vd|

W 00g = JIUBISIP UBIS

aNNOYo

308N0S
Toda—

I¥LNOZRHOH

NYDS]
1HD3H)

R

Aloaanoadsal saue|d x-z pue, z-A ul ajodip
|[ejuozZIIOYy [JeWS punoJe pajiwe syjbuails piol ‘7 g
pue *7 paziiejod Ajjejuoziioy j0 -susaljed sejod |eo

.:mm_ wouj UQODUO..QQN_V W/SW g =0\'G| = 12 :Sjuejsuod UCDO._D ‘ZH

‘W Q| O llped ueds ‘w-y | Juswow ajodip ‘w | ur_m_wc ajodip ‘w g*
000¢/448 031

aued ¥-Z 23U} U S243W Q0E JO SNIpel Ueds B

aueyd 7-A 23U} U S2L3W QOE JO SNIpeJ Ueds B

aueld ¥-7 au} ul SAUBW O 10 SNIPEJ UEIs B

aueid Z-A 3u} Ul SIS OE 10 SNIPEJ UEIS B

aueld ¥-Z 3y ul SUIBW O} 10 SNIpE] UEIs B

aueid Z-A 2u Ul SIS O} JO SNIpEJ UeIs B

ZHWOLL = ADNINDIHL

wAngp ‘wbusns pai-3

008 00L

0oFLk 00k 00CH
1 ]

014}99]9
ajualio Ajjeoijian
MaA — GZ @inbi4

N OLL ‘W 00€ pue W 0g
D yibus| sjodid 3JLON

e 3
e "3
= *7
ERE]
e 3
e "3



https://iecnorm.com/api/?name=7ac57228b1aefa9e851ce072a81b062d

CISPR TR 16-3:2010+AMD1:2012

—70 -

+AMD2:2015 CSV © IEC 2015

|e21319A [jewSs wody payiwa syjbuauys plaly *7 pajusiio Ajjejuoziioy

(sjodip 2139ubew jejuoziioy) dooj

pue g pajualio A||ed1349A JO SUI9)

‘w/sw g = o ‘Gl = "2 :sjueisuod punoiBfw gge pde

ZW-y L juswow sjodip ‘w z yblay asugd dogd

000¢/vL8 031

oosL oorlL

ZHW Ok = ADNIND 354

wiAtgp ‘wbuans piau-3

ooel
T

0'oeL ooLL 0’001
T

T

[S1} (ale}=19]

Founos
[Clele] ful-follR=ENY

Hlvd
NVO S
LHIEH

= 3IUEISIP UBIS

9

Aloanoadsal sauejd x=Z pue zZ-A U
(ejodip 2139ubew-{ejuoziioy) dooj
|ED13J9A |JeWS punoJe pajiwa sybuasys pay °7 pq
pue *7 pazuiejod Ajjejuoziioy 4o susadljed sejod |eo

Ww/SW Z = © ‘GL = 2 :sjuesuoa(Punosb ZHN 0L ‘W 00E Pue w

;W-y | juswow sjodip ‘w z }yblay asusd doo| ‘w L0 x W L0 Sy
0002/€18 03I

aueld X-Z 3U} Ul S343W 00F JO SNipel ueds e |
aueld Z-A 3U} Ul S343W 00F JO SNipel ueds e )
aueld X-Z aU) Ul S3113W OF JO SNIPE] UBIS € )
aueld Z-A SU} Ul S3113W OF JO SNIPE] UBIS B )
aueld X-7 3U) Ul S3113W 01 JO SNIPel UBIs € )
aueld Z-A 3U) Ul S3113W 01 JO SNIPel UBIs € )
ZHN 0LL = ADN3ND3HS

wArgp ‘wibuans piRi-3

0Pk 0Gel 0%k O0GLL 0S0L 0GB o'cg 0s. 099 0'cy

3
3

z

El
3
3
3

juauio Ajjeoalian
JIoA — LZ @anbig
[6€] wouyy paonpoidey)
0€ ‘W 0l JO lpeJ ueads
olsuswip doo7 3JION


https://iecnorm.com/api/?name=7ac57228b1aefa9e851ce072a81b062d

CISPR TR 16-3:2010+AMD1:2012
+AMD2:2015 CSV © IEC 2015

—-71 =

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 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 | 4 = 30 m | polar plot | this field | d =300 m
Vertical E, E, 0 dB E, E, -1,5dB E, E, -17,5dB
electric at 13,5° at 15,25° at 15,25°
dipole at 1 m
Vertical E, 1 -1dB E, E, -0,5dB E, E, -15/5 dB
electric at 36,5° at 10,75° at 11°
dipole at2 m (
Horizontal E, E, -2.5dB E, E, -9,5dB -29 dB
electric at 41° inY-Z at 40° inY-Z
dipole at 1 m inY-Z plane inY-Z plane
plane plane
Horizontal E, E, -0,5 dB E, E, -4,5{dB - ED -23,5dB
electric at 20° inY-Z at 19,25° inY-Z at 25 A
dipole at2 m inY-Z plane inY-Z plane i Y~z plane
plane plane lane
Vertical loop E, E, -2 dB E E, > 5\de\ E, -19 dB
(horizontal at 90° in Z-X at 9VO° in Z-X at 99° in Z-X
magnetic plane lane plane
dipole)
at1m
Vertical loop E E, -2,5dB : -2)5d E, E, -17,5 dB
(horizontal at 4VO° in Z-X t 48 in 2xX at 47,5° in Z-X
magnetic in Z-X plane Y-Z lan inY-Z plane
dipole) plane plane plane
at2m
Horizontal E E -1,5 E -8 dB E E -27 dB
loop (vertical | at 31,75° | in zv><\(dﬁ\ 34° at 31° in Z-X
magnetic in Z-X plane in Z-X plane
dipole) plane plane plane
at1m
Horizontal E 0,548 \%/ E -4 dB E E 23 dB
loop (vertical | at 19,2 i b}\{/\ g\,\ 8% | inZx at 18.25° | in 2-X
magnetic in Z-X plane iprz-X plane in Z-X plane
dipole) plane plane plane
at2m
4.5.5.2.4 MHZ
Figure 2%<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 thel\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 £, in a height scan from
1m tow4m at a horizontal distance of 10 m produce a peak magnitude of almost
143 dB(1V/m) at a measuring height of 1,65 m, as shown in Figure 30. This underestimates
the"maximum field strength by only 1 dB.

Figure 31 shows vertical polar plots of £, 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 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

paﬂ-ornc shown in Fignrn 32 lr_\rnrlnhn a lr_\nnl( field efrongfh of 157 HR(p\l/m), at 10 m horizontal

distance and a height of 1,65 m. This underestimates the maximum E_ by approximately
2,5 dB.

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 of the four sources operating at 243 MHz.

@C@
&
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Table 16 — Estimates of the errors in prediction of radiation in vertical directions based

frequency = 243 MHz (adapted from [39])

on a measurement height scan from 1 m to 4 m at known distances, d;

(1) (2) (3) 4) () (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 | 4 = 300m
Vertical E, E, -1dB E, E, -0,5dB E, E, -16 dB
electric at 33,75° at 10,5° at 10,5°
dipole at 1 m
Vertical E, E, -0,5dB E, E, -0,5dB E -13 dB
electric at 18,25° at 18,25°
dipole at2 m
Horizontal E, E, -0,5dB -4 dB -22,5dB
electric at 17,5° inY-Z
dipole at 1 m inY-Z plane

plane

Horizontal E, E, 0 dB 5 B 17 dB
electric at 9° inY-Z
dipole inY-Z plane
at2m plane 7
Vertical loop E, E, -2,5dB @B E, E, -17 dB
(horizontal at 36,25° in Z-X at 36 5° in Z-X
magnetic in Z-X plane \_)/ in Z-X plane
dipole) plane plane
at1m
Vertical loop E, E, -2,5dB -3 dB E, E, -15 dB
(horizontal at 70,5° in Z-X at 69° in Z-X
magnetic inY-Z plan \(\ inY-Z plane
dipole plane plane
at2m [\ (\
Horizontal E 035 dB E E -3,5dB E E -22,5dB
loop (vertical at f}7° >n =X t 16,78° in i—X at 16}j75° in i—X
magnetic in Z-X M Z-X plane in Z-X plane
dipole) plane ane plane
at1m '\
Horizontal 0 Ey E 0dB Ey E -17 dB
loop (vertical at 8;75° in i)-X at 8,75° in i}-X
magnetic in Z-X plane in Z-X plane
dipole) plane plane
at2m <

AS
4.5.5.2.5 PMy at 330 MHz

Figure 85 ‘shows vertical polar plots of E_, and E_ in the Z-X plane, at 330 MHz, around the
smal~vertical electric dipole placed at a centre height of 1 m above ground. At a scan radius
of(10°m the maximum field strength of almost 148 dB(uV/m) is contributed by E_ at an
élevation 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 less than 2 dB.

in-the—Y-Z r\lono and 17' in-the-Z-X r\lono QF!\IIHH the

orrrer

small vertical loop placed at a centre helght of 1m above a medlum dry ground ” It can be
seen that, at a scan radius of 10 m, the maximum field strength of almost 167 dB(uV/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(uV/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

Eigure-37-shows \/nrhr\ol nnlor nlnfe of E‘
I Lid
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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 radiationin
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) (3) (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 | 4 =30 m | polar plot | this field | d =300 m
Vertical E, E, -2 dB E, E, -0,5dB E, E, -15 dB
electric at 26° at 26° at 9°
dipole
at1m
Vertical E, E, -0,5dB E, E, 0dB E, E, =-11,5dB
electric at 27,25° at 5,75° at 5
dipole
at2m
Horizontal E, E, 0 dB -2 dB - -20 dB
electric at 13° inY-Z in Xz
dipole inY-Z plane la
at1m plane
Horizontal E, E, 0dB \e%\ N E, -14,5 dB
electric at 6,5° inY-Z at §,5° inY-Z
dipole inY-Z plane in plane
at2m plane 7 e
Vertical loop | E, E, —4,5 dB —@dB > L E, -17,5dB
(horizontal at 69° in Z-X at 68° in Z-X
magnetic inY-Z plane inY-Z plane
dipole) plane plane
at1m
Vertical loop E, E, -2,5dB -2,5dB E, E, -12,5dB
(horizontal at 66,75° in Z-X at 66° in Z-X
magnetic inY-Z plan inY-Z plane
dipole) plane plane
at2m [\ ~
Horizontal E E dB -2 dB E E -20 dB
loop (vertical | at 12’,}7 in &-X at 15,5° in ZV-X
magnetic in Z- plae in Z-X plane
dipole) plane <\ plane
at1m h
Horizontal E ‘DQ/ 0dB E E —14,5 dB
loop (vertical | at ° iNZ- at 6),)5° in 2-X
magnetic izZ- plane in Z-X plane in Z-X plane
dipole) plane plane plane
at2m /] N\

4.5.5.2.6 Predictability at 1 000 MHz

Figures 20*t0 22 show vertical polar plots of £, 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.
A vertically polarized height scan measurement therefore underestimates the maximum field
strength by approximately 3 dB.

Hs—imterestingtoobserve theverticatpotar ptots—of horizontatty potarized £ -fietd—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.

@C@
&
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Table 18 — Estimates of the errors in prediction of radiation in vertical directions based

frequency =1 000 MHz (adapted from [39])

on a measurement height scan from 1 m to 4 m at known distances, d;

(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 | 4 =30 m | polar plot | this field | d =300 m
Vertical E, E, -0,5dB E, E, 0dB E, E, -9,5 dB
electric at 17,5° at 4° at 3,75°
dipole
at1m
Vertical E, E, -0,5dB E, E, 0dB E -5dB
electric at 17,75° at 2° a
dipole
at2m (\
Horizontal E, E, -0,5dB E, E, 0dB E, -11 dB
electric at 4,25° inY-Z at 4,25° inY-Z ,26% inYs
dipole inY-Z plane inY-Z plane in Yz e
at1m plane plane <\ ane
Horizontal E, E, 0 dB E, E, o\ﬂa\ E, 5,5 dB
electric at 2,25° inY-Z at 2,25° in YAZ at 2,25° inY-Z
dipole inY-Z plane inY-Z plane ny plane
at2m plane plane F\ RS plane
Vertical loop | £, E, —2,5dB ) 5<\ y kigs V' E E, —9.5dB
(horizontal at 64,5° in Z-X at 64 in\Z-% at 4° in Z-X
magnetic inY-Z plane iQ Y- plahe \_)/ in Z-X plane
dipole) plane ne plane
at1m

N

Vertical loop E, E, -3 dB E&\ -1,5dB E, E, -5dB
(horizontal at 77,5° in Z- al\77,252 at 2° in Z-X
magnetic inY-Z plané<\(\ N ~Z in Z-X plane
dipole) plane ptan plane
at2m Q
Horizontal E, \Ig/ E 0dB E, E 11 dB
loop (vertical | at 4,25 at4,25° in i/-X at 4;25° in ZV-X
magnetic in Z-X iwrzZ-X plane in Z-X plane
dipole) plane plane
at1m
Horizontal Ey E 0 dB Ey E -5,56dB
loop (vertical at225° | inZ-x at225° | in Z-x
magnetic in Z-X plane in Z-X plane
dipole) < plane 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

Here_we 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 lower 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
direct and reflected space wave components (the sum is sometimes called, somewhat
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 mare, 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, nfortu ate;because
the signals for the ILS (marker beacons, localizer, and glide pat 1) are all
horizontally polarized transmissions and therefore require the ¢ \ tectiqn from
horizontally polarized disturbances.

with distance.

Calculations and measurements made at a constant hel 2YQI 5, show that the
maximum rate of change of the fields with distance/€an~a ) 2 that is inversely
proportional to distance squared. When surface wgdve

grazing incidence in the far field a field strength o distance squared is
to be expected at a constant measurjng he| oweyer, the space wave field
strengths along radlal paths at conéta in simple proportion with

Therefore it is to be expected that the fields m he ground (the so-called “ground
waves”), in general, will attenuate more rapi s creasing distance than do the fields

known, very large errqrs ari : r-Underestimates — in the predictability of the

strength of radiafion i n all four types of source and at all frequencies
from 75 MHz to @5

The obvious risk with fixed height measurements is that a measurement will be made at a null
in the)field strength pattern. The risk of this happening is increased if the electrical height
abaove 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
height near 3 m (or any other fixed height) are shown in several of the figures.

For example, Figure 22 shows that, depending on the type of ground over which the

TTEasUrements are made, at a norizontal aistance of O fronT a srmatt-verticatr foop 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.



https://iecnorm.com/api/?name=7ac57228b1aefa9e851ce072a81b062d

- 86 - CISPR TR 16-3:2010+AMD1:2012
+AMD2:2015 CSV © IEC 2015

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 3,2 m. It also shows how the field strength can vary with distance in an

apparently anomalous manner when measurements are made at a 1ixed nheight. 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
10 m distance.

Comparison of the height scan curves in Figure 43 with those in Figure 40, at 1 000 MHz,
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 distagces and:lower
frequencies if the height of the radiating source is increased.
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d HORIZONTAL LOOP
SOURCE

HEIGHT
SCAN
PATH

GROUND

Scan distance = 300m

6

T T

Height, metres

IEC 830/2000

; loop height 2 m; dipole moment 1 A-m2; 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 Difference
conductor

ween the fields over a real ground and the fields over a perfect

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 cannot increase the total field strength created by a small vertical electric dipole
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 “medium-dry
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).

a metal ground plane,
achievable for the fields

gréund. If the fields over the
those gver a real ground, they will

give good guidance to the field strengtiis to be expecied’a

In Figure 45, the height sCan™atterns\o t&' components of the E-fields emitted from
the small vertical dipg owNthat at\®Q00 MHZ| just as was the case at 30 MHz, the
vertically polarized fi metal ground plane at 1 000 MHz are much
stronger than th g jum dry ground.” The same conclusions which
were reached a@ regarding the possible penalties imposed on an EUT,
when the disturbahg e

the vertical dipole i 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.”

In\Figure 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
reflection from the real ground takes place at elevation angles above Brewster's angle.
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 around nlane In other words the vertical imaage in the lossvy
Ll } ~J T 7 ~J 7

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 ihe
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
good guidance to the field strengths to be expected at elevated angles.

@%
&
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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 polarize

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,

‘ gths at elevated angles are based on E-field measurements in 1 m
to 4 m heigh NS 8 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
330 MHz results in an underestimate of approximately 4,5 dB for the maximum horizontally
polarized field £, 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

ffom a small horizontal dipole (dh) and irom a small _horizontal lfoop (Ih). 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
dipole (dv). Figures 49 and 50, in particular, graphically illustrate the very Ilarge
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
Over- 5L | |
estimate
E, (dv) E, (dv) E, (dh) FE, (dh)&(lh)
Uncertainty, 0 Q 0 ! Q
dB i
25 2.5
sL 05 E s E, &E, (V) :
Under- E, (dh) E,
estimate
oL
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 pfaximqum F tally polarized E, field emitted at elevated angles

strengths of the horizontally polarized E}, fields and

the £, vertical component o mitted at elevated angles from a source behaving as a

small vertical loop (lv)~(Reproduced\{ro
Figure 48 —i tainties in the predictability of radiation in vertical
direct ectrieally small sources located at a height
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FotdHz—GiHz 243 PdH=—330-Mz e
Over- i !
estimate  ° | B (@) E, (dv)
(Ih)y E, (h) Epi (dh) & (Ih).
Uncertainty, 0 0
dB 0 -1 0,5 ' hﬂﬁ . log frequency
E, (dv) RE, (dv) ) 35 o
5 |- 4 ’ E, (V)
) E, (dh) E, (Iv)
10 -9,5
eg;}rcljw:rt-e 12 By (dh)
1-4 m height scan at 30 m horizontal disté
45 L En (dh)
836/2000
NOTE The predictability is based on measurements of the horizontally and ize Fi in a height
scan from 1 m to 4 m at a horizontal distance of 30 m from the sources. The ollowihg\exan ple ¥s how the bar
chart can be interpreted. At 330 MHz, the bar shows that the best préd| ili \ zero error, is
obtained when estimating the maximum strength of either the horizo alavi field emitted at elevated
angles from a small horizontal loop (Ih) or the E, vertical compopent of S\ polarized field emitted at
elevated angles from a small vertical dipole (dv). But at 330 M ig asurements may provide an
underestimate by as much as 3,5 dB when predicting the strengf thre 2 grized £y, field, which is the

maximum field emitted at elevated angles from a small vertical loop (lv)

(Reproduced from [39])
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75 MHz 110 MHz 243 MHz 330 MHz 1000 MHz
Over-
estimate 5
Uncertainty,
dB 0 1 > log frequency
E, (dv)&(Iv)
-5 |- 5
E, (dv)
-10 |- v
E, (dv) A15 -11
& (lh
15 _EV (dv) E, (dv) ({In)
16 -15,5
20 |-
Under- 225 E, (dh)&(lh)
estimate
25 |- E, (dh)&(lh)
-29
-30 - -31,5 E, (dh) 1-4 m height scan at3

IEC 837/2000

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

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
requiring. 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 height should not be specified if they are being 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 accurate estimates to be made of the fields emitted 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 fo munication or
radionavigation systems that are operated high above ground.

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

This subclause considers the vertical radiation patterns of jne ields and electric
(E) fields emitted at frequencies up to 30 MHz from eleetric located close to
the surface of real homogeneous plane ground, for dying the predictability

of radiation in vertical directions based on measure ength of the H-field near

the ground.

The vertical radiation patterns of the fi culated at a distance of 30 m from
various electrically small sources, and the s of the fields at greater distances have
been calculated so that the field vari p s¢ can be quantified. In this way, a
general knowledge has been obtained e vertical radiation patterns, showing
the magnitudes of the fi d_compared with the magnitudes of the field
components at elevat which the relative magnitudes can be

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

This sub the effects on the vertical radiation patterns of locating the
electric rces\close to real grounds having several different values of electrical
conductivitpand\g cconstants [43], [44], and includes the special case of a ground that

behaves as a perfect gxonductor.

The possible 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

Clo

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.

ns aré based

Q

In this subclause the judgements of predictability of radiation in vertical directi

ately three wavelengths from
Q the far field.

g requency range 100 kHz to 30 MHz the
electrical behaviour of|real g ies. genefal, real ground has the characteristics of a

lossy conductor aklo i arid\the characteristics of a lossy dielectric at the higher
frequencies. r@r aleCtrical constants of real ground can vary widely;
they may range typice 3 ductivity of 10~4 S/m and relative permittivity of 3 to a

it id ti ies. the)critical importance of a knowledge of the precise measurement
distance — thegactual 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 sstill occur when the precise measurement distance over real ground is 30 m from the
seurces, 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
magnitudes of the errors in predictability above real ground may be reduced, although they
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-field components close to the surface of a real ground. The restored
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 ca
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 forr ( C is ause consist of small vertical
and horizontal balanced electric dipol (i d—-horizontal balanced magnetic
dipoles (horizontally and vertically orfented lovg 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 magnet; : very close electrically to the air-ground
interface (within a small f v/the height above ground of the base of
each dipole was varied betwe 15 cm and a maximum of 1 m to determine the
sensitivity of the ghape 0 te i c \_patterns to changes in the source height. The
patterns con&d‘ i areNthose that exhibited the greatest variation in shape
with height

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

y nd 54 that two generators drive each loop. Although the loops used
in the models:were 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*as 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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IEC 842/2000 IEC 843/2000
Figure 51 — Geometry of the small vertical i he small
electric dipole model i 3 1 i model
SCAN PATH HORIZONTAL LOOP
SOURCE
- - Y
GROUND

X

Figure 54 — Geometry of the small vertical
magnetic dipole model
(small horizontal loop)

Most attention™#a this\subclause has been devoted to radiation sources located close to a
ground haying a corductivity, o = 10-3 S/m and a relative dielectric constant, & of 15; these
electrical-constants 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 ¢ = 10~2 S/m and & = 30 (ITU-R — cultivated land and fresh water marshes) and
o=10"4S/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.

IEC 845/2000
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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 suriace wave cannot exist at the suriace 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
rate. Those boundary conditions, however, certainly do not apply at the surface of a real
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

frequency considered in this subclause.

Table 19 — Predictability of radiation in vertical di

based measurements of horizontally (or Hfield "at distances up to
3 km from the s@x(f' es-are (lo in4.6.8)

Type of source Predictability based on | Predjctabilityxbase i Predictability based on
measurements near real situ mgasure vertical radiation patterns
ground at 30 m distanice eal n the calculated at a known
from~the source : istance distance from the source,
N\ assuming the ground behaves
N

as a perfect conductor

Electrically small \/éxcellent Excellent
vertical electric ee Figures 57 to 60) (see Figure 57)
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 magfetic (sge ures\66, 68) (see Figures 66, 68 to 70) (see Figures 66, 67)
dipole (ve%l 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

loop)
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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 3 The horizontal electric dipole's H-field pattern calculated assuming a perfectly conducting ground shows
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 «dipole
(vertical loop) near the ground can overestimate the maximum vertically oriented H-field strength at &levated
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.

However, boundary conditions are such that the vertically oriented H-field
perfectly conducting ground which is not the case at the surface of a real,gro

elevated angles by about 3 dB.

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

NOTE 8 The small horizontal loop field patterps cafculated
ground have no resemblance, in shape and absoplute gaitu
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 the source measurement distance distance from the source,
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 m
horizontal magnetic (see Figures 82, 87) (see Figures 82, 86 to 88 |gu 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 1 i i i t d by th hoMl electric dipole near the

NOTE 3 The measureme
can overestimate the maxi

NOTE 4 The patte of
perfectly conducting™grou

ground at 30 m di e
vertical direction by thah h€ maximum horizontally oriented H-field emitted at elevated angles by
less than 1dB ) easurement of the vertically oriented H-field, Hz, near ground reduces the

dependent on the actual dlstance 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-ffeld at elevated angles. The vertically oriented H-field near the ground is a component of
the horizontally 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 ground. Compare Figures 89 and 90. 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 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

measurements near real

ground at 30 m distance
from the source

Predictability based on in
situ measurements near
real ground when the
measurement distance
from the source is not
precisely known

Predictability based on
vertical radiation patterns
calculated at a known
distance from the source,
assuming the ground behaves
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 Impessible
horizontal electric (see Figures 96, 97) (see Figures 96 to 98) (see Figufe 96)
dipole Note 3 Note 4 ote
Electrically small Very good Impossible o§glg}
horizontal magnetic (see Figures 99, 100) (see Figures 99, 100) ur
dipole (vertical loop) Note 6 Note 7 (\

Electrically small Poor Impossibl

vertical magnetic (see Figures 101, 102) (see Figures 10, 102 (se Flgures 101)
dipole (horizontal Note 9 Note 11

loop)

N?/m\

NOTE 1

The horlzontally or|ented H field near the ground.is

e vertically polarized ground wave

ve near the ground attenuates

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

NOTE.6\\ The measurement of the horizontally oriented H-field near the real ground at 30 m distance from the
smallvertical 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
increasing distance from the small vertical loop than do the sky-wave components, at 10 MHz. The excess
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 smaII vertlcal Ioop over a perfectly conductlng ground the vertical

4.4 D

rediationpeatternof-the—horizontaty-ortented—Ffietd—is—withirrabout4dB-of-the—patternof-the—FH-fietdovera—reat
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 FH-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 thah
does the horizontally oriented H-field at elevated angles. The vertically oriented H-field near the ground is)a
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.

about 5 dB less than the field strength calculated over real ground. Both calculg
30 m distance indicate that ground-based measurement of horizontally orien

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
ground do not resemble the corresponding vertically oriente
conducting ground.

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

ement distance distance from the source,

fram the source

om the source is not assuming the ground behaves

precisely known as a perfect conductor
Electrically small ry gogd Impossible Impossible
vertical electric see |gu s 1 (see Figures 103,104) (see Figure 103)
dipole ’\ Note 2 Note 3
Electrically smal Impossible Impossible
horizontal electfic (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 magneti¢ ee Figures 109, 110) (see Figures 109, 110) (see Figure 109)

dipole (vertical foop Note 8 Note 9 Note 10
Electrically. small Poor Impossible Good
vertical fmagnetic (see Figures 111, 112) (see Figures 111, 112) (see Figure 111)
dipole-(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-field;\Hz,
at a height of 6 m improves predictability and underestimates the magnitude of the horizo oriented A-field in
the vertical direction by approximately 12 dB. The height scan measurement of Hz under
of the vertically oriented H-field at elevated angles by approximately 7 dB.

tance is not known,

enuates by 40 dB as the

€ ically polarized ground wave is about
12 dB near a real ground over the 30 m to 300 I dIS ance ica igtion patterns over real and perfectly

eal ground at 30 m distance from the small
H-field strength emitted in the vertical direction

vertical loop can underestimaté 3
n exact indicati 2. Strength)of the vertically oriented H-field emitted at elevated

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

NOTE 9 The horizgntally osiented pi-fie p nentg near real ground attenuate more rapidly with increasing
distance from the sn i 3 -wave components at 30 MHz. The excess attenuation is
B p st 3

approximately 13 d

ground. Howeyv, IlyQolarized wave near a perfectly conducting ground attenuates with distance at the
free space rat he vertisally /polarized wave over a real ground which attenuates more rapidly with
distance a and 110). Vertical radiation patterns calculated over a perfectly conducting
ground c8 sleading as guidance to the patterns over real ground at a distance of 30 m and
beyond

NOTE 11 the horizontally oriented H-field components near the real ground at 30 m distance

from the smallyhorizontat’ loop can underestimate the H-field strengths emitted at elevated angles by more than
16 dB. Note, 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 horizontally polarized ground wave launched by the horizontal loop and at 30 MHz it attenuates very rapidly
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 summarize informati n the various notes to the
tables and in the radiation pattern dia NS» i amples serve to illustrate the

only on measurements nea ly” oriented H-field components at 30 m
and the error is an overestimate by 5 dB of the
H-field. The largest error in overestimating the

ow that at 100 kHz the largest over-
behaving as a small horizo
maximum stren th
maximum verticaly oyien at 100 kHz is an overestimate of only 1 dB, as

indicated in the cha galn for the case of a source behavmg as a small

the strength of radiati ical-directions occurs in the case of a source behaving as a

small vertica atic\di yorizontal loop) and the error is an underestimate by 16 dB of
the maxipu ented H-field. The largest error at 100 kHz in predicting the
maximud nted H-field strength emitted in vertical directions is an under-
estimate byn45 dR the case of a source behaving as a small vertical magnetic dipole

(horizontal loop

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 underestimate 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

1 £ ) £ 1 1 H 1 ' 1 b 'H 1 Ll H |
dicoU ULLUTS TUT UTT Laostt Ul'da SUUTULT UTTIavilly ao a ollfidll veltutal TiTaylriclul Utpuirc (TTUTT1Z0T1Lal

loop).
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~--—— = error range of predictability of horizontally oriented

Hor dh 9 H-field strength at elevated angles
overesimate mmm= = error range of predictability of vertically oriented
+5 | dh 5 - H-field-stren S
X dhyg 3 Vg 3
dh 1 I | 0 log frequency
Error, dB 0 1 dvig 0 1 v .
h 8.2 !
-5 r
Underestimate
-10 F+
-15 L ih ¥-15
lh ©-16
| |
100 kHz 1 MHz

IEC 846/2000

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 dipole (vertical loop)

9,
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----- = error range of predictability of horizontally oriented

+10 H-field strength at elevated angles

a9
Overestimate P mmm= = error range of predictability of vertically oriented
+5} dh— 5 o H-field strength at elevated angles

dhyg 3
L log frequency
Error, dB 0 dv I 0 >
] Ih & -1
-5 r
Underestimate
-10
-15 =
| |
100 kHz 1 MHz IEC 847/2000
Electrical constants of the ground: =1 mS/m, g = 15.

Source identification:
dh = horizontal electric dipole
dv = vertical electric dipole

Ih = vertical magnetic dipole (horjzontal loop

Figure 56 — Ranges of © i ictability of radiation in vertical directions from

electrically sma o the ground, based on measurements of the
horizontally e@;
vertica

d supplemented with measurements of the
pa height scan up to 6 m at a distance
from the sources

Vertical rns\have been calculated for electrically small sources located close to
real homogenequs Rlane 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
simplification, the studies still show that in the case of solitary electrically small sources
locatedy 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.

In particular, this subclause has identified many examples of the impossibility of making
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).

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 periectly conducting ground does not apply at the suriace 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
frequencies.

Subclause 4.6 has also shown, even when the measurement distance over real ground_is
precisely known, that predictability of the strength of radiation in vertical directions based\on
measurements near the ground at a distance of 30 m remains subject to significant errars.

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 | )

that over the frequency range from 100 kHz to 30 MHz the margm fQ 3 2.as gyuch as
+9 dB (overestimate) at 1 MHz, or as much as —16 dB (underest ; x{ren

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

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

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

In addition, the comp
perfectly condu@
assessments of the'p
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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), such as the transformer and the inverter types, and a noise simulator, were used as 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 Qwn in 4.7.6

and 4.7.7 by using measured and simulated results.

These results show that APD measurement of disturbance /i i syalvating its
interference potential on digital communication systems. There R pent may be
applicable to the compliance test of some products or pr, Rl \ 4s 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.

aSs chosen as a measure for
ime taken to transmit and time

Access point
PC
(FTP server) Carrier power
APD measuring point
B

Co-axial cable

Wireless | Torminal
LAN PC
card

Noise
simulator

/<]4—> MWO

Double ridged
guide horn antenna IEC 1008/05

Figure 113 — Set-up for measuring communication quality degradation
of a wireless LAN
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Table 23 — Conditions for measuring communication quality degradation

Frequency (channel number) 2 46