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© 2001, IEC

INTERNATIONAL ELECTROTECHNICAL COMMISSION

PULSE/STEP RETURN LOSS FROM MEASUREMENT
IN THE FREQUENCY DOMAIN USING THE INVERSE DISCRETE
FOURIER TRANSFORMATION (IDFT)

FOREWORD

A PAS i$ a technical specification not fulfilling the requirements for a standard,

public and established in an organization operating under given procedures.

IEC-PAS| 62260 has been processed by IEC subcommittee 46C: Coaxial cable on

Cables, Wires, waveguides, r.f. connectors and accessories for communication a

The text of this PAS is based on the This PAS was appr
following document: publication
committee
Draft PAS / /R§p<>}t\ohot\ung>
46A/415/PAS N\~ /468440RvD
\ )

Following publication of this PAS, the technigal itteeor stlbcommittee concerned will inves

possibilify of transforming the PAS into an Inte rd.

1) The IEC (International Electrdtechhica orldwide organization for standardization co
national electrotechnical cemmittees i i ). The object of the IEC is to promote inter
operation on all questions i lectrical and electronic fields. To this end andg
to othpr activities, th ]g ndards. Their preparation is entrusted to technical d
any IHC National Cg alt with may participate in this preparatory work. In
goverpmental and 'R ens Yaising with the IEC also participate in this preparatid
collabprates closely Mvi ationa Org ization for Standardization (ISO) in accordance with
deterrpined by agree v

2) The fgrmal decisions or\a C on technical matters express, as nearly as possible, an i
consensus of opinion\on t subjects since each technical committee has representation from a
National Com

3) The dpcun producethhaxe theMorm of recommendations for international use and are published in
standard ecificatigns, technical reports or guides and they are accepted by the National Co
that sense

4) In order to promote tlonal unification, IEC National Committees undertake to apply IEC Internationa
transgarently<tor»the ™ um extent pOSSIb|e in their national and regional standards. Any divergence B
IEC Standardiand the corresponding national or regional standard shall be clearly indicated in the latter.

5) The IEC, ‘provides no marking procedure to indicate its approval and cannot be rendered responsi

vade availJbIe to the

mittee 46:
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hational co-
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n. The IEC
conditions

international

| interested

the form of
mmittees in

Standards
etween the

le for any

equipment declared o be in conformity with one of its standards.

6) Attention is drawn to the possibility that some of the elements of this PAS may be the subject of patent rights. The
IEC shall not be held responsible for identifying any or all such patent rights.
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PULSE/STEP RETURN LOSS FROM MEASUREMENT
IN THE FREQUENCY DOMAIN USING THE INVERSE DISCRETE
FOURIER TRANSFORMATION (IDFT)

1 General

The test determines the regularity of impedance of RF-cables by measuring the return loss in the
frequency domain using a vector network analyser equipped with a reflection test set (bridge) and
transfer them into the time domain by using the Inverse Discrete Fourier Transformation (IDFT). The
Pulse/Step Return Loss is displayed against time to show the magnitude and the local distribution of
irregularities of the characteristic impedance of the cable under test. Depending on the number of
points of the network analyser cable length up to and above 5km may be measured.

2 Principle

The test determines the return loss of coaxial RF-cables in the time domain b i return
loss in| the frequency domain, and transforming the results into the time dorhai i nverse
Discrefe Fourier Transformation (IDFT).

The network analyser measures the magnitude and phase of the G S S in the
frequepcy domain at discrete frequencies specified by the ha i ; Lai in an
equivallent time domain pulse of predetermined shape. After progessihng a.com e these
frequepcies the network analyser has collected the spectral ssentati pulse
answef into memory. The pulse answer in time domain »r wation ca ow by
applyimg a mathematical algorithm called Inverse Discretg Fourier I { stored
data. Because from the mathematically point of view |the (pulse™i der p, the

respor|se to a step function can be comput § time.
The Discrete Fourier Transformation cal { yof the sine and cosine [waves
contaiped in an arbitrary waveform. The\|nv i ier Transformation synthesjses a
complex arbitrary waveform by calculating the sum\g ith the
compléx Fourier transforms H,. The transformati 0e's hmeter
such gs a time scale or frequency.

Becaupe the actual measurs E ade. i 2 etwork
analyser has to be done iy theNrequene i Il using a full one port calibration for reflection
measuyrements.

3 Equaﬁon§i:>

The performance of a 3
dimensgions will ca F-signal which is travelling through the cable. The ¢
reflect|on factor, & i given by:

anical
mplex

(1)

the nominal impedance of the cable
is the actual impedance of the cable on a given point x.

The transformation of one single reflection 1o the cables inpuf with attention To the attenuation and
propagation is given by:

r.=r, @72 2)

where y is the propagation constant

y=a+B (3)
where
I is the distance of the single reflection from the input of the cable
a is the attenuation constant
B is the phase constant
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Using the velocity ratio v, of the CUT, the distance d,, towards the location of the fault can be calculated by:

where

tI'X
Co
Z

= trx l]:'o |])r (4)
rx 2

is the time between the stimulating pulse and detection of the pulse answer in s.
is the propagation velocity in free space in m/s.
is the velocity ratio of the CUT.

The maximum resolution in the time axis depends on the shape and width of the stimulating pulse as
stated in IEC 61196-1 sub clause 11.16.4. It is inversely proportional to the highest frequency portion

contained in the pulse.

The pU

The wi

NOTE

chosen|i

in the
highest

The rig

The m

Ise return loss a, is defined as:

where
rI'.X

Awin

where
bwin

fstart

f stop

nimUm time interval At,;, between two points can be calculated by:

a, =20Uog(r,,) +a,, in dB

Df
ded

e to be
quency
ntil the

where
fstart

f stop

2
Nt = ins (8)

min _
fytap fstart

is the start frequency of the sweep in the frequency domain in Hz.

is the stop frequency of the sweep in the frequency domain in Hz. The stop
frequency has to meet the requirement fy,, = N [Fsa Where n is the number of
measured points to fulfil the harmonic relation between the frequencies needed for
the IDFT.
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The minimum resolution Ax,,, can be calculated by:

Axmin = Atmin |]?O E)c inm (9)
where
At in is the minimum time intervall in s.
Co is the propagation velocity in free space in m/s.
Ve is the velocity ratio for the CUT.

The maximum time t,., contained in the result can be calculated by:

IAYAPR
Loox — —m ins (10)
2

where

Al i is the minimum time interval in s

n is the total number of measured points in the frequency do
NOTE Because of the cyclical character of the Inverse Discrete Fourier Sults of
interes{ are contained in the points 0 to n/ 2. The points n/ 2 + 1 to n contain infg viour of

the sysfem for negative values on the time axis.

The mpximum distance /,,,x covered by the measurement can be
lmax = tmax Ij?0 H)c
where
tmax
Co

Ve

41 Equip

The tept eq

re the return loss in the frequency domain shall be assembled geperally
in accgrdance

sircuit arrangements shown in figure 1.

The m|nimdm number of points to measure should be set in accordance with 11.12 of IEC 6119

[*2]
]
-
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bridge
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termination

4.2 Preparation of test specimen

Unlesq otherwise specified/the\leng
the lowest test frequency is a
be not|less than 100m.

Test cpnnectors wjth\s
connegtion to the ‘@

4.3 [Calibration

The c4libration
termingtion )
manufgactu

4.4 Atte

The aftenuation
6119641.

5 Expressionof results

network analyser

demodulator
cable under test

Figure 1 - Layout for return less

load

oss at

h shall

direct

ould be done using a full one port calibration (short - fopen -
8, residual errors of the bridge and test port, according [to the

stant of the CUT shall be measured in accordance with subclause 11.13 jof IEC

The pulse return loss a, loss shall be displayed against cable length.

The magnitude of the curve shall be corrected by using two times the complex attenuation y of the

cable from the cab

where

les input to the reflection point r,:

— 2yid,,
a peorr a P @

is the uncorrected pulse return loss.
is the complex attenuation constant of the CUT.
is the distance to the location of interest.

(13)
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