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Introduction APD

~= The APD measurement function is a way to
characterize an interfering environment

Was used in the 60-70s to characterize interference
environment/sources

Correlation between the APD and the degradation of a
digital radio receiver

APD describes the distribution of the interference envelope,
which is important to know when estimating the degradation

~= Can be used for performance estimation of digital
communication systems

-~ Definition of emission requirements




Intersystem interference

« Electrical equipment radiates electrical
emission, which can degrade the performance
of radio systems

« Electrical equipment often has a pulse
modulated behavior, which often results in a
worse degradation than additive white
Gaussian noise (AWGN) with the same
average power the so called Gaussian
approximation not applicable




Interference characterization

Spectrum |
N
analyzer

Information of frequency content with a certain bandwidth
Get one value for a certain frequency point

Max hold: maximum levels at different frequencies measured
RMS: information of average power at different frequecies

None of these are enough when you want to relate to the measured
Interference to the impact of a certain digital radio receiver




Radiated emission from personal computers is

today present in several frequency bands.

Radiated emission from O ComuneINeISE O
a personal computer St A
with Genuinelntel R T
3.2 GHz processor BOF ot N

A PC can generally not
be approximated as
AWGN
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Modelled as:

One part broad band
AWGN and one part
of several narrowband
interference (originated 201
from the clock freq)
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Digital radio recelvers

= Digital information treated in the transmitter
and the receiver (analogue signal in the air)

# Conventional to study statistical measures of
how often the information Is decoded
incorrectly

= Bit error probabllity (BEP)

Transmitter : Receiver

Interference i AWGN
Analogué Digital




APD (Amplitude Probability
Distribution)

# Def.: The part of time
measured envelope cof
exceeds a certain level EEGEEGUEAS

.| | low values of
| the envelope

3 APD (r) =1- Fg(r)

f(r) = F ()= diAPD (r)

Probability for
Impulses




Example: BEP and APD

In these simulations there are an additional AWGN giving an SNR of 12 dB,
not included in the APD. This means that we’ll get a threshold of the BEP for high SIR

SNR =12 dB, BPSK, nsamp =1 . BPSK, SNR =12 dB, SIR=12dB, nsamp =1
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Figure : The BEP as a function of the SIR for a class A Figure: The APD of a class A interference with =0.01
interference with =0.01 and a varying A. The APDs for and a varying A.
the same class A interfering signal are shown in the right figure.




Relation: APD and BEP
APD detector and coherent detect )
APD of an interference can be USI

System assumptions
= Coherent receiver, easurement system

Bit-by-bit decision -
Interleaver y[ s i
I nte rference : : Performance measure, BTBEP arap!

uncoded/coded Ec'ﬁgriﬁ?m \E - APD grapl
Opt for AWGN ‘\\ “\ Oscillator signal

N

No restrictions N
Arbltrary APD Radio receiver ﬂ
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APD for emission requirements?

that all the noise Is incorporated in the interference described by the

ApD) and worst case phase

Pr[bit errofj ] =
prl\/ET)Hcosj <0|j :p/2£] £3p/2]

¥
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= fo(r) dr = APDg - Y2
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JE, Jcos




Pr[bit error] Relation between fand

BEP z $3 _
Generalization g I R

* For different modulation : L2+ Prlsymbolerro] | p s 1/2ApD(/E, )
schemes
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lllustration

Assume:
Req: P,=103,
EZ/T,=10 V

MWO

A: Inverter type, 600 W

B: Transformer type, 500 W
Measurement performed by
Y. Yamanaka, T. Shinozuka

__Do not pass_
requirement

['| —— Measured data, MWO A, 1 m
—— Measured data, MWO E, 1 m
F| — * — Measured data, MWO A, 3 m
| — % — Measured data, MWO E, 3 m

O Requirement acc. to Table 1

Noise envelope, u, [V]




Conclusions

%[t Is possible to derive emission
requirements by means of the APD.

~#The maximum bit error probability is
directly correlated to the APD In a certain

point.

~By letting the measured APD lay below
the requirements, the impact on a variety
of receivers are guaranteed to not exceed
the maximal bit error probability.




APD and BEP

«% Relation between APD and maximum BEP has
been established for:

from BEP,.o4eq 10 BEP

coded




4

g av.

1 -4

HOMNEN




Measurement system

Storage of samples
and processing of the APD

Sampling of the envelope

Antenna

v

Analog-to-
Digital
Converter

Preselecter . Spectrum
Filter Preamplifier Analyzer

VIDEO OUT: Logarithm of the envelope

May be used
Preamlifier or attenuator




Measurement system

VIDEO OUT

X(t)= a(t)cos Log of a(t)




Measurement system

Antenna in

Video out

A/D converter

Data processing




Measurement system

# Spectrum analyzer
*  Zero-span
Video out (log)
Impedance

RBW as the radio system
or recommended by
CISPR

Influence of video
bandwidth depends on
the spectrum analyzer

Dynamic range
Sensitivity

Video out

A/D converter

Antenna in

Data processing




Measurement system Antenna in

~= Number of bits Wiz G

~+ Sample rate

* Memory / death time

~= Write to disc
~+ Noise

* Impedance A/D converter

~* Range In relation to
VIDEO OUT to get
best resulotion

Data processing




Measurement system Antenna in

Video out

~+ E.g. LabView to
save to disc

~= Tool to control spec

~= On-line visualizing
APD

A/D converter

Data processing







Subcommittee CISPR/SC A

-« APD standardized as a measurement function,
CISPR 16-1-1-am1, 2005

~2 Status now: CISPR meeting in Osaka/Japan in
Oct/Nov 2008

~=  APD for emission limits of microwave ovens was
proposed and approved at the meeting

20009 for further work




CISPR: specification of APD measuring
Instruments, CISPR 16-1-1-am1, 2005
-+ A) Range of amplitue > 60 dB

~ B) Amplitude accuracy, incl threshold level setting error
better than +/-2.7 dB

~# C) Measurement time 2 min, Intermittent
measurement can be used If the dead time < 1% of
total measurement time

~# D) Min measurable prob 10’

~# E) Capable of assigning at least two amplitude levels




CISPR: specification of APD measuring

Instruments

~# F) Sampling rate 10 million samples per second with
a RBW =1 MHz

~ G) Amplitude resulotion of the APD display < 0.25 dB
for an APD instrument with an A/D converter

% Suggestions on tests of these parameters

Ref:. "A method for evaluating accuracies of APD
measuring instruments” by K. Gotoh, S. Ishigami, Y.
Matsumoto




Implemented APD function

~ Rohde & Schwarz has implement the APD
function In several new spectrum analyzers

~ There are also other producers

ESU: The Only EMI Tester to Meet APD Test Requirement s
Another first for R&S: the ESU is the only EMI tester to meet the
latest CISPR requirements for Amplitude Probability Distribution
(APD) testing. APD functions are particularly suited to the
time-consuming high precision tests for type approval and
conformance.

From R&S product guide




R&S ® ESU EMI test recelver

From R&S product guide




