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INTERNATIONAL ELECTROTECHNICAL COMMISSION
CABLED DISTRIBUTION SYSTEMS
FOR TELEVISION AND SOUND SIGNALS -

Part 1: Methods of measurement and system performance

FOREWORD

1) The I§C (International Electrotechnical Commission) is a worldwide organization for standar omprising
all nagional electrotechnical committees (IEC National Committees). The object promote
interngtional co-operation on all questions concerning standardization in the ele fields. To
this ehd and in addition to other activities, the IEC publishes International 3ta aration is
entrudted to technical committees; any IEC National Committee interested\in ith may
participate in this preparatory work. International, governmental and no s liaising
with fhe IEC also participate in this preparation. The ernational
Organfization for Standardization (ISO) in accordance with condition ween the
two onganizations

2) The fprmal decisions or agreements of the IEC on technlc sible, an
interngtional consensus of opinion on the relevant subjects sentation
from dll interested National Committees.

3) The dpcuments produced have the form of recommend the form
of stgndards, technical specifications, National
Comniittees in that sense.

4) In order to promote international unification ernational
Standprds transparently to the maximum ,ext 9 it\_their national and regional standards. Any
divergence between the |IEC Standard and the i ational or regional standard shall be clearly
indicafed in the latter.

5) The Ik i [ indi al and cannot be rendered responsible for any
equipment declared to be in \

6) Attentjon is drawn to th iRil elemeénts of this International Standard may be tie subject
of patent rights. . 3 ifyi i

Internatjonal Sta 2 keen prepared by TA 5: Cable networks for tglevision

signals,|sound signa j vices, of IEC technical committee 100: Audip, video

and multimedia s

This thir i a places the second edition published in 1986, its amenfiment 1

(1992) 4 ) ) of which it constitutes a technical revision.

The tex

FDIS Report on voting
1007404/FDIS T007436/RVD

Full information on the voting for the approval of this standard can be found in the report on

voting indicated in the above table.
This publication has been drafted in accordance with the ISO/IEC Directives, Part 3.

Annexes A, B, C, D, E, F, G, H and | form an integral part of this standard.

The committee has decided that the contents of this publication will remain unchanged until

2005. At this date, the publication will be

* reconfirmed;
* withdrawn;
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» replaced by a revised edition, or
+ amended.

The following differences exist in some countries:

— 5.2.1: Replace by the following “Minimum and maximum carrier levels” regulation (France):

AM-VSB television:

between 47 MHz and 68 MHz: 57,5 dB(MV)min
74,0 dB(MV)max

between 118,75 MHz and 862 MHz: 57,0 dB(MV)min

74,0 dB(uV)‘Qé \

FM sound mono or stereo: 50 dB( in ) \
66 dB{\\/)x{

\_/

Replacq by/add the following “Minimum and maximum carrier Qawkw
/\

AM-VSB television \ N
/7 N\,

4B (W

PRSI AN

FM sound mono or stereo

FM NTSC television 57 dB(UV)rmin

FM HDTV (1 035 MHz~1 335 MHz)/l 57 dB(HV)min

AM HDTV \) 65 dB(UV )min
(\/\ Q 85 dB(KV )max

64QAM digital 53 dB(UV)min
/\ & 85 dB(uV)max

Upper@ja nt to -VSRtele iSW 53 dB(UV)min
81 dB(UV)max

Lower H agja ent Wewsmn 53 dB(UV)min
79 dB(UV)max

Replacewh@owg\fmnimum and maximum carrier levels” regulation (Netherlands):

Fihgéubd mono>” 80 dB(HV)max

OSR: N/ 39 dB(HV)max

measurement within 120 kHz

measured—in—accordancewith CISPR 16-1(

bandwidth))

Replace by the following “Minimum and maximum carrier levels” regulation (Norway):

AM-VSB television: 60,0 dB(MV)min
84,0 dB(MV)max

FM sound mono or stereo: 52 dB(MV)min

80,0 dB(UV )max
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- 5.2.2: Replace by/add the following “Carrier level differences” regulation (France):

TV channels in AM-VSB: <12 dB Between 47 MHz and 862 MHz
TV channels in FM: <12 dB Between 950 MHz and 2 050 MHz
<4 dB Between adjacent channels spaced
less than 40 MHz

— 5.2.2: Replace by/add the following “Carrier level differences” regulation (Japan):

AM-VSB television

Not more than 10 dB

(not more than 3 dB tﬂ@een %@ent CH)
N

Sound carrier to vision carrier

-3to -14 dB \

(9dBto—14d between adjacentCH

P

FM Not more t an}’@% \>

FM carrier to AM-VSB Not m

FM NTSC W\&dé\\)

FM HDTV No}QoNa \

AM HDTV H

64 QAM carrier to AM-VSB

-

N)&(};Aor/ithw dB\bétween adjacent Q
RV

Upper CH adjacent to AM-VSB \ \

A

to -1 dB

Lower CH adjacent to AM-VSB (

SN

—6\@ to -20 dB

Replaceq

by/add the follow a(rne-l%«ﬁl\i@enc

Mgulation (Norway):

AM-VSB telev.s.fi\

within a TV channel

within band I, I, 11l

within band IV

within band V

- 5.3.1: late\byta

the following “Isolation between two subscribers” regulation (R

rance):

TV/TNO)B

Between 10 MHz and 2 050 MHz

TV/FM sound: 250 dB

Between the TV outlet of any subscriber and the

FIVI SOUNAa outiet or an other SUDSCrioer

Replace by /add the following “Isolation between two

subscribers” regulation (Japan):

TV/TV (mutual isolation of a subscriber tap)

Not less than 25 dB

TV/FM (in case of FM filter use)

Not less than 35 dB

Replace by/add the following “Isolation between two subscribers” regulation (Norway):

TVITV >36 dB Between 47 MHz — 470 MHz
>30 dB Between 470 MHz — 790 MHz
FM sound/TV >46 dB
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— 5.4.1: Replace by/add the following “Amplitude response” regulation (France):

— 5.4.1: Replace by/add the following “Amplitude response” re

For an RF outlet and SECAM channels:

<+1,2dB

Between 0 and 4 MHz

<+2 dB

For the 4,8 MHz burst

gulation (Japan):

For an RF outlet and NTSC channels (-0,5 MHz~4 MHz) -3 dB to +4 dB
64QAM digital channels
(bandwidth 5,274 MHz) +3 dB

- 5.4.2:
(Nether

-55:R

NOTE T

NOTE R

Replaceq

-56:R

ands).

he stability values, given hereinafter, are referenc

Add the group delay response curve valid for PAL

c

=
—~

=

'Myre 39)

AM-VSB-TV and L-SECAM ch%&si

C

e
oo

egulation makes provision for precisio offsél\tWQ b\e{meeha\dja

yt channels.

FM-TV:

RS

for satellite originated chann

bls

AN

for locally modulated channe

by/add the foIIow§\ quWy )egfulatlon (Japan):

AM- VSB tele ISIO +20 kHz
Betwe@ v>|on<arr|eer }egnd\qh‘e/ +2 kHz
+20 kHz
64QA dlg aNDVB \/ +20 kHz
tal D u.c.
o DM( u.c.

%\Wollowmg “Random noise” regulation (France):

AM- VSB- C/N = 45,5 dB

in a 5 MHz bandwidth (meas

according to 4.5 of IEC 6072

red

3-1)

Replace by/add the following “Random noise” regulation (Japan):

AM-VSB television (bandwidth 4 MHz) C/N: not less than 38 dB
FM (bandwidth 200 kHz) C/N: not less than 28 dB
FM-NTSC (bandwidth 27MHz) C/N: not less than 15 dB
FM-HDTV (bandwidth 27MHz) C/N: not less than 16 dB
AM-HDTV (bandwidth 4 MHz equivalent) C/N: not less than 41 dB
64QAM digital (bandwidth 5,274 MHz) C/N: not less than 31 dB
Replace by the following “Random noise” regulation (Norway):
AM-VSB-TV: C/N =243 dB

FM sound mono and stereo:

C/N =2 45 dB
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— 5.7.1: Replace by the following “Single frequency interference” regulation (France):

Single frequency interference for AM-VSB-TV-channels according to the templates given in
figure 40.

Replace by/add the following “Single frequency interference” regulation (Japan):

VSB-AM NTSC

Not less than 50 dB (figure 41)

VSB-AM HDTV

Not more than —60 dB (figure 42)

64 QAM digital

Not more than —-30 dB (figure 43)

- 57.1:

(Nether

Replace

-5.7.2:

- 5.7.3:

(France):

Third on

channel| 2

C
CTB

\Y

Replace by/add
ands):

the following “Single frequen0y<@e\

gulation

AM-VSB-PAL-signals: C/l = 60 dB (measured in (baMh B&3(\)\O\Hz
For signals outside
used TV channels: C/1 =240 dB

by the following “Single frequency interference’/r guWay):

|AM VSB-channels:

AL AT )

Replace by/add the foIIowmg@Nrmodulanon regulation (Jag

an):

FM-NTSC

more than -36 dB

FM HDTV [\ A

<\\/

Not more than —36 dB

Otherwise, with the test carriers listed in table 15 (30 carriers):

C
CTB

=

52 dB + 20 Ig n/30

(n is the number of anticipated channels)

Second order: no specification

— 5.7.4: Replace by/add the following “Cross modulation” regulation (Japan):

gulation

equency

Cross modulation ( 20 Ig{(a-b)/a} )

Not more than —40 dB
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— 5.8.1 Replace by the following “Differential gain and phase” regulation (France):

PAL or SECAM: Differential gain <15 %
Differential phase <10°

— 5.8.2: Replace the requirements for “Echoes in television channels, PAL-SECAM standards”
by the “Requirement for echo loss in relation to the time delay of the reflected signal for AM-

PAL-TV

-5.8.2

-59:R

-59:R

- 5.10.1:

40 %, W

-511.1

and FM-radio” (figure 44) (Netherlands).

VSB-AM NTSC

Replace by/add the following “Echoes” regulation (Japan): <\( \
A Ox

FM NTSC

FM HDTV

VSB-AM HDTV

64 QAM Digital / A NJM \ -

eplace by /add the following ©

eplace the requirement for “Hu 2 by/252 dB (Norway).

gulation (Japan):

Not more than —-50 dB (50 Hz)
Not more than —40 dB (60 Hz)

Not more than =50 dB (50 Hz)
Not more than —40 dB (60 Hz)

AMHD@g%\g\;‘r{b®>

en for “Decoding margin” being “The decoding margin
m 70 % at the receiving antenna” (Denmark).

.5, Replaceby/add the following “Phase noise” regulation (Japan):

must be

| 64 QAM digital (DVB-C) [ue

—5.12.1: Add the requirement for “Amplitude response within the entire FM-band” being <6 dB
(Norway).

—5.12.3: Add the requirement for “Adjacent channel spacing” by 2400 kHz (Netherlands).

Add the requirement for “Adjacent channel spacing” by =500 kHz (Norway).

— 5.12.4: Replace the requirement for “AM hum modulation on FM sound carriers” by 52 dB
(Norway).
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INTRODUCTION

The reception of television signals inside a building requires an outdoor antenna and a
distribution network to convey the signal to the TV receivers.

The installation of an outdoor antenna for each TV receiver must be avoided for several
obvious technical, economical and practical reasons.

In apartment blocks, the installation of a master antenna television system for terrestrial
(MATV) and/or satellite (SMATV) reception as shown in figure 1 is usual.

When s
reasons
system

A syste

the systems are indicated, as defined in clause 3.

W
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CABLED DISTRIBUTION SYSTEMS
FOR TELEVISION AND SOUND SIGNALS -

Part 1: Methods of measurement and system performance

1 Scope

This part of IEC 60728 is applicable to any cabled distribution system (including individual
receiving systems) having a coaxial cable output and primarily intended for television and

sound sjgnals operating between about 30 MHz and 2 150 MHz.

This stgndard specifies the basic methods of measurement of the teristics
of cabled distribution systems having coaxial cable outputs \ Pss  the
performpance of these systems and their performance limits.

All requirements refer to the performance limits which are_obte 3 ut(s) to
the hea Rine b| to the
nominal lets are
not used, the above applies at the subscriber’s end

NOTE 1 thod that
ensures 3

NOTE 2 ulation of
degradati

NOTE 3 |An extension of the frequency range fp tha@S . i i Lire work.
2 Normative refer

The follpwing n his text,
constitute provis Sequent
amendments to, o brties to
agreeme bility of
applying undated
referend 5 of IEC
and ISQ

IEC 60(¢ cations:
transmi

IEC 60728-3, Cabled distribution systems for television and sound signals — Part J: Active

coaxial wideband distribution equipment

ISO/IEC 13818-1, Information technology — Generic coding of moving pictures and associated
audio information: Systems

ISO/IEC 13818-2, Information technology — Generic coding of moving pictures and associated
audio information: Video

ISO/IEC 13818-3, Information technology — Generic coding of moving picture and associated
audio information — Part 3: Audio

ISO/IEC 13818-4, Information technology — Generic coding of moving pictures and associated
audio information — Part 4: Conformance testing
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ITU-T Recommendation J.61, Transmission performance of television circuits designed for
use in international connections

ITU-T Recommendation J.63, Insertion of test signals in the field-blanking interval of mono-

chrome

and colour television signals

ITU-R Recommendation BT.470-6, Conventional television systems

ITU-R Recommendation BT.500-10, Methodology for the subjective assessment of the quality
of television pictures

EN 300

modulaf

EN 300
modula

EN 300
DVB sy

EN 300473, Digital Video Broadcasting (DVB):
(SMATV) distribution systems

EN 30Q744, Digital Video Broadcas¥

ETR 21
Service

3 Tern

ms, definitio
3.1 Tlerms and: i

For the

3.1.1

headenf
equipmg
remaind

NOTE T
and gene

3.1.2

Vi

ion for 11/12 GHz satellite services

29, Digital Video Broadcasting (DVB); DVB framing stru
ion for cable systems

KU68, Digital Video Broadcasting (DVB); Specificafi
btems

hecheadend may, for example, comprise antenna amplifiers, frequency converters, combiners, s
atars.

local headend
a headend which is directly connected to the system trunk feeders or to a short haul trunk
feeder replacement link

3.1.3

hub headend
a headend used to feed the entire operating network in the service area

3.1.4
remote

headend

ing and

919 and

(Sl) in

levision

ng and

sage of

and the

eparators

a headend from which signals are delivered to a local headend via a long-distance terrestrial

link
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3.1.5
distribution point
a point where signals are taken from the trunk feeder to energize branch and/or spur feeders

NOTE In some cases, a distribution point may be directly connected to the headend.

3.1.6

feeder

a transmission path forming part of a cabled distribution system. Such a path may consist of a
metallic cable, optical fibre, waveguide, or any combination of them. By extension, the term is
also applied to paths containing one or more radio links.

3.1.7
supertq.lnk feeder

a feedgr which connects only between headends or between a Weadend and the first
distribufion point
3.1.8
trunk fgeder
a feedel used for the transmission of signals between a Heade

between distribution points
ur ee@s

and-a distribution [point or

3.1.9
branchifeeder
a feeder used for connecting a distribytioh poj

bscriber tg ps,o

3.1.10
spur feeder
a feeder to which splitters, s

em outlets are connected

3.1.11
subscriber feeder

a feeder conne
directly fto the su

NOTE A|subscriber fegé

3.1.12
antenn
an amplifi

3.1.13
trunk amplifier
an amp‘ifier to comp

nsate for the attenuation in a trunk feeder

3.1.14
bridger amplifier
a) an amplifier for connection in a trunk feeder to energize a distribution point

b) an amplifier for connection in a branch feeder, to energize one or more branch or spur
feeders

3.1.15

trunk-bridger amplifier

an amplifier to compensate for the attenuation in a trunk feeder and also to energize a
distribution point
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3.1.16
distribution amplifier
an amplifier designed to feed one or more branch or spur feeders

NOTE This is a general term embracing branch amplifier and spur amplifier.

3.1.17
branch amplifier
an amplifier to compensate for the attenuation in a branch feeder

3.1.18
spur amplifier (line extender)
an amplifier to compensate for the attenuation in a spur feeder

3.1.19
automatic level controlled amplifier
an amplifier which includes means to control automatically the le
output.

NOTE This may be achieved by controlling the variation of gain or slopes
. one @r more pilot carriers;
. a tenjperature sensing device;

. remote control.

3.1.20
frequerlcy converter

a devicH als

3.1.21
combinjer

a device i 3 t ports are fed to a single output

NOTE S

3.1.22

separal
a device i

betweer ach of which covers a part of that frequency band

NOTE 1

NOTE 2 |3onme vice may be used in the reverse direction for combining.

3.1.23
splitter

a devicet in’which the signal power at the (input) port is divided equally or unequally

?) at its

pbort

divided

petween

two or more (uutput) ports

NOTE Some forms of this device may be used in the reverse direction for combining signal energy.

3.1.24
directional coupler

a splitter in which the attenuation between any two output ports exceeds the sum of the

attenuations between the input port and each of those output ports

3.1.25
equalizer

a device designed to compensate, over a certain frequency range, for the amplitude/
frequency distortion or the phase/frequency distortion introduced by feeders or equipment

NOTE This device is for the compensation of linear distortions only.
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3.1.26
subscriber tap
a device for connecting a subscriber feeder to a spur feeder

3.1.27
system outlet
a device for interconnecting a subscriber feeder and a receiver lead

3.1.28

looped system outlet

a device through which the spur feeder passes and to which is connected a receiver lead,
without the use of a subscriber feeder

3.1.29
receiver lead
a lead which connects the system outlet to the subscriber’s equipme

NOTE Alreceiver lead may include filters and balun transformers in additio

3.1.30
signal adaptor
a device which modifies the input signal to achiede confo the appropripte 1TU
system,|without changing the baseband characteristics, foy use\iq a cabted distribution system
which djstributes television signals not conform I@ system (only in respe¢t of RF
structurge)

3.1.31
decibel|ratio

ten timgs the logarithm to the QQuantities of power P, and P,|i.e.

Py
101g—{ (dB
ng( )

NOTE May also be@es e

201g1 dB)
972

3.1.32
standar
in cable

NOTE T

3.1.33
level
the decibel ratio of any power P, to the standard reference power Py, i.e.

Py
10lg—- (dB
gPO( )

the decibel ratio of any voltage V, to the standard reference voltage V,, i.e.

V1
20lg—- (dB
gVO (dB)

This may be expressed in decibels (relative to 1 pV in 75 Q) or more simply in dB(pV) if there
is no risk of ambiguity.

3.1.34

attenuation

the ratio of the input power to the output power of an equipment or system, usually expressed
in decibels
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3.1.35

gain

the ratio of the output power to the input power of any equipment or system, usually
expressed in decibels

3.1.36

automatic gain control (AGC)

the automatic control of a device to maintain constant the level of the signal at its output,
using that signal as the control stimulus

3.1.37
frequency amplitude response
the gain or Toss of an equipment or system plotted against frequency

3.1.38
slope
the diffe
system

nts in a

3.1.39

int in a
ck tilt

3.1.40
crossview
the effe
signal(s|

levision

3.1.41
crossmlodulation

the undesired modulatiQ
as a redult of eq .
3.1.42
intermd
the prog

intermo
signals

r signal

dulation
(called
he input

3.1.43
carrier to intermov
the differénce in decibels between the carrier level at a specified point in a piece of
equipment or a system and the Tevel of a specified infermodulation product or combination of
products

3.1.44

carrier to noise ratio

the difference in decibels between the vision or sound carrier level at a given point in a piece
of equipment or a system and the noise level at that point (measured within a bandwidth
appropriate to the television or radio system in use)

3.1.45

mutual isolation

the attenuation between two specified system outlets at any frequency within the range of the
system under investigation. It is always specified, for any particular installation, as the
minimum value obtained within specified frequency limits
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3.1.46

echo rating E

The result of a system test with a 2T sine-squared pulse (as determined in ITU-T
Recommendation J.61 and ITU-T Recommendation J.63) using the boundary line on a
specified graticule (e.g. figure 25) within which all parts of the received pulse fall

NOTE The object of the graticule design is to ensure that the subjective effect of an echo of rating E % is the

same as that of a single echo, with displacement greater than 12T, of (E/2) % relative to the peak amplitude of the
test pulse.

3.1.47
frequency designations
the frequency deS|gnat|ons and abbrewahons of IEC 60050 713 is to be used in relation to

3.1.48
well-mdtched
the matghing condition when the return loss of the equipment comp
of table|1 of IEC 600728-3

3.1.49
definitipns for digital radio
under cpnsideration

3.1.50
definitipns for return paths
under cpnsideration

3.1.51
definitipns for satellite bfoadca
outdoor unit
part of the TVRO installad in\a i A si ; ved

It normglly comprjses
a) the antenna@ S
The antpnna sub-sys

« the
« the i i ay include optional polarizing devices, to receive orthogonal

d wave.

Instead s
examplg

b) the al noise
that amplifies the recelved signals in the radlo frequency (RF) band and converts hem to
intermetiate—frequeneies ¢ indoor

units where tuning, demodulat|on and decoding of the received signals are performed.

3.1.52
definitions for scrambled signals
under consideration

3.1.53
definitions for teletext
under consideration

3.1.54

MPEG-2

refers to the ISO/IEC 13818 series. System coding is defined in part 1. Video coding is
defined in part 2. Audio coding is defined in part 3
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3.1.55

multiplex
a stream of all the digital data carrying one or more services within a single physical channel

3.1.56

service information (SI)
digital data describing the delivery system, content and scheduling/timing of broadcast data
streams, etc.

3.1.57

transport stream (TS)

includes MPEG-2 program specific
independently defined extensions

a data
(DVB) r

3.1.58
Ey/N,
ratio be

3.2 S

Symbols

ymbols

( @

Terms

Attenuator

Sine-

en

tructure defined In 1SO/IEC 13816-1. It Is the basis of the digital vid broa
plated standards

Variable attenuator

Low-pass filter

Variable band-pasg

RF amplifier

Mixer

Modulator

RF-choke

Detector

Demodulator

Resistor

Directional coupler

information (PSI) together with

Hcasting

filter
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3.3 Abbreviations

AC alternating current

AFC automatic frequency control

AGC automatic gain control

Al amplitude imbalance

ALC automatic level control

AM amplitude modulation

ASCII American standard code for information interchange

ATM asynchronous transfer mode

AWGN additive white Gaussian noise \

BAT bouquet association table

BEP bit error probability

BER bit error rate

BPSK binary phase shift keying

bslbf bit string, left bit first

BW bandwidth

C/N er Yo noise power)

CA

CATV

CENELE Electrotechnique

COFDM 3 cy Wi¥ision multiplex

CPE

CRC Q

Cs

CSsO

CTB

cw

D/A

DAB digital audio broadcasting

DC direct current

DFT discrete Fourier transform

DSR digital satellite radio

DVB digital video broadcasting

DVB-C digital video broadcasting baseline system for digital cable television
(EN 300429)

DVB-CS digital video broadcasting baseline system for SMATV distribution
systems (EN 300473)

DVB-MC digital video broadcasting baseline system for multi-point video
distribution systems below 10 GHz (EN 300749)

DVB-MS digital video broadcasting baseline system for multi-point video

distribution systems at 10 GHz and above (EN 300748)
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DVB-S digital video broadcasting baseline system for digital satellite television
(EN 300421)

DVB-T digital video broadcasting baseline system for digital terrestrial
television (EN 300744)

EB error block

EIT event information table

EMM entittement management message

EN European norm

ENB equivalent noise bandwidth

END equivalent noise degradation

ES errored second

ETR ETSI technical report

ETS European telecommunication standard

FDM frequency division multiplex

FEC forward error correction

FFT fast Fourier transform

FIFO first-in, first-out shift regis

FM frequency moddlation

HDTV high definition telewisio

HEX

o . Q

ICI e

IF

IFFT

ITS

ITU t i glecommunication Union

LDTV

LO

LP v priority bit stream

LSB east significant bit

MATV master antenna television

MMDS microwave multipoint distribution systems

MPEG moving picture experts group

MSB most significant bit

MUX multiplex

MVDS microwave video distribution systems

NICAM near-instantaneously companded audio multiplex

NTSC national television system committee

OCT octal notation

OFDM orthogonal frequency division multiplex

PAL phase alternation line
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PCR
PID
PRBS
PSK
QAM
QEF
QPSK
RF
RMS

—-20 -

program clock reference

packet identifier

pseudo-random binary sequence
phase shift keying

quadrature amplitude modulation
quasi error free

quaternary phase shift keying

radio frequency

60728-1 O IEC:2001

RS
RSBW
SDTV
SECAM
SFN
SMATV
TC8PSK
TPS
TV
TVRO
UHF
uimsbf
uTC
VHF
VSB

Reed-Solomon

resolution bandwidth
standard definition television
séquenciel couleur a mémoire

single frequency network

satellite master antenna teev
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4 Methods of measurement
General

The methods of measurement listed below are applicable to analogue and/or digitally
modulated signals as indicated in table 1.

Table 1 — Application of the methods of measurement

Modulation of carriers

Analogue Digital

Television Radio Telefision
FM
PN

Methods of measurement Vision carrier Vision TV Visio souﬁ\\ S&Qﬂ Radio
and sound
AM-VSB sound carrier v \/
Subclause reference carriers <\ >
N\ \Z
NTSC PAL | SECAM FM FM/A \R§ W 0\'\DM NICAM [ DAB | DSR

4.1 Mutual isolafion X X X X
between sysftem outlets

\ \/{ X X X
=
S

/x\\
4.2 Amplitude rg¢sponse X X X X u/ \
within a chapnel /\\ (\ \\
4.3 Chrominancpg- X e o
luminance gpin and
delay inequdlities

4.4 Non-linear distortion X X x( (X \\ %
4.5 Carrier to nqise ratio X y X \ \;\ \\/
4.6 Echoes X x\i \ ~ Y

7

N

X
4.7 AM-VSB teldvision, FM |  x X | x
radio and FNI television
signal level <x
4.8 Data echo rqting and 4 X N X \\/\
data delay ifequality A \/\

4.9 Interference|in FM \ \ \/ X
sound radio [channets \\

4.10 Methods of

measuremgpt fo )
digitally modutlated
signals

4.10.3 Signal leyel X X X X
4.10.4 S/N X X X X
4.10.5 BER X X X X
4.10.6 BER versus Eu/N, X X X X
4.10.7 Noise margin X X X X
4.10.8 MER X X

4.10.9 Phase jitter X X

4.10.10 Phase noise of an X X X X

RF carrier
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Mutual isolation between system outlets

1 Introduction

Although the method described applies also to the far ends of subscribers' feeders when no
system outlets are used, isolation will usually be measured between:

a)
b)
c)

4.1

NOTE 1 [|"Wideband" is understood to mean of sufficient bandwidth to cover the fy
under investigation.

NOTE 2 |Some sweep frequency generators may include a terminating wideBand detektor

a)

4.1

The eqU

4.1

a)

.2 _Equipment required

The tes{ set-up shall be well-matched.

.3

4

system outlets connected to adjacent subscribers' taps;
system outlets connected to the same multiple subscribers' tap;
adjacent looped system outlets.

y system

A sweep frequency generator, with frequency range m to be

examined, equipped with a frequency marking system
A tefminating wideband detector.

A v1rr]iable attenuator, adjustable in steps of ter than

the fnaximum mutual isolation to ben

A wi 3 e ignal level at the system outlet to a
leve

An

genJa
As ici e cach from one system outlet to an adjacent
one i

With
just (g
this

a value
d. Note

Adjust the“otitput level of the sweep generator to give a level at the input to the amplifier

approximately etidal to that available at a system outlet.
Adjkmmmmmmmmmmﬁ ote the

amplitude of the display over the frequency range under inspection.

Remove from the section under test, the signals normally distributed on the system
whilst maintaining the correct terminating conditions. Connect the equipment as shown in
figure 4b. Note that the output from the sweep generator is connected to the "local"
system outlet and the long cable (according to 4.1.2 f) ) is used to connect to the "remote”
outlet.

Reduce the attenuator setting until the peak of the display just reaches the same
amplitude as that noted in item c) of this subclause for the frequency at which the peak
occurs.

Note the new value of the attenuator a,.
Mutual isolation is given by a; — a».

If the system outlets are of dual socket design, for example, TV — radio, the mutual
isolation should also be measured at the appropriate frequencies between one socket, for
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example TV, of the "local" system outlet and the alternate socket, for example, radio, of
the "remote" system outlet and vice versa. In these cases, it will be necessary also to
measure mutual isolation with the unused sockets in both terminated and open-circuit
conditions. The conditions of measurement should be stated when tabulating results.
When unused sockets are terminated, the terminating resistance shall be 75 Q.

Where the measurements are made in a number of discrete frequency bands, the lowest
result obtained shall be taken as the mutual isolation between the two system outlets
under investigation.

4.1.5 Presentation of the results

The results shall be presented in a table listing the values obtained for each couple of

measurgd-systernmouttets:

4.2
4.2.1 Introduction
The method described is applicable to the measurement of

points wWithin the system.

Amplitude response within a channel

f cabled

Howevelr, where input signals to the system are regejved 2 nd, and

modulated onto the system carrier

for and

modulafor shall not be included. If it i tems, a
separat ht.
Where the system contains frequency ¢ha i and the
system detailed
in4.2.4 ked that
the outp

4.2.2

The tes

a) A sw

b) Ate

c) Two

d) An 4

e) A dyal-trace oscillgscope.

f) A high{output (at least 300 mVRrpms terminated) signal generator of known fregquency

calibration over the frequency range of the channel to be tesied.
A balanced mixer.

A low-pass filter with cut-off at approximately 200 kHz for television channels or
approximately 10 kHz for FM sound radio.

A directional coupler suitable for use in the frequency range of the channel to be tested.

A termination to match the output of the filter specified in item h) of this subclause.

4.2.3 Connection of the equipment

The equipment shall be connected as in figure 5a. If the tests are to be carried out in the
presence of other signals on the system, a filter may be necessary at the input of the amplifier
to prevent distortion of the display. This filter shall have a flat response and shall match the
system correctly over the channel to be tested. It shall have sufficient attenuation at the
frequencies of the other signals to reduce them to about 20 dB below the level of the swept
test signal.
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4.2.4 Measurement procedure

a) With the equipment connected as shown in figure 5a, adjust the output frequencies of the
sweep generator to cover the channel to be tested and set the variable attenuator A1, so
that the level of the signal at its output is that which will be required when connected to
the system input.

b) Set the variable attenuator A2, so that the level of the signal at the input to the amplifier is
about 3 dB to 4 dB below that expected at the system outlet at which the test will be
made.

c) Adjust the oscilloscope controls to obtain a satisfactory display on the Y1 channel, which
shall be DC coupled, locking the timebase to the leading edge of the display.

NOTE It may be necessary to operate the oscilloscope at a repetition rate equal to half that of the sweep

genergtor andexamine the “Second “aisptayed TESponse.

d) Adjust the frequency of the signal generator to that of the lower li nnel under
inveptigation and arrange the level of this signal and the gain and [ the Y2
channel of the oscilloscope to produce a satisfactory "marker".

e) Movge the "marker" to the upper frequency limit of the ote the
amplitude of the display between the two marks (see "reference" InXi nd the level
of thie display during the blanking period.

f) Adju ) of this
subd

g) Con moving
the mormal signal input to the cha I i i i ich may
be necessary to maintain correct op bi

NOT ave to be
reng

h) Adjust the attenuator Ax to pr bined in
item| ¢) of this subcladse, blanking
leve| with that obtained i itex i

i) Mark the frequenc of this
subglause.

i) Using the atte brked in
item|i) of this

1) efence" at the vision carrier frequency, interpojating if
neg s, With correction for interpolation;

2) the 8 esporise touches the "reference", interpolating if necessary; pote the
val - for interpolation.
The g response touches the "reference", interpolating if necessary.

Nots ¥ with correction for interpolation.

k) The vartatiomofamptitudefrequency Tesponse withimthechanmetisgivenm by (a1 — ag) and
(a2 — ao)-

4.2.5 Presentation of the results

The results are presented in a table or by a curve showing the amplitude response within the
measured channel.

4.3 Chrominance-luminance gain and delay inequalities

NOTE This is relevant only for PAL and SECAM standards.

4.3.1 Introduction

The methods described are applicable to the measurement of chrominance/luminance gain
and delay inequalities for complete systems and constituent items of equipment. The test
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signals employed are in both cases those recommended in ITU-T Recommendation J.61, and
are shown in figure 7 and figure 8.

It is intended that these measurements are carried out with test signals inserted at the system
headend. They may be either of the full frame type or, where convenient, may be inserted in
the field blanking periods. The use of inserted test signals available on the broadcast
television channel is not generally recommended as these are subject to variations beyond
the control of the user. However, where such signals, of known stability and of adequate
quality, are available, they may be used to carry out these measurements.

4.3.2 Equipment required

The tes{set-up shattbe welt-matched:

a) An dscilloscope which will not contribute significant distortion to t

b) A mpdulator (unless transmitted test signals in the field blankifg i
havipg the following characteristics:

1) radio-frequency characteristics  (excluding
Recpmmendation BT.470, and appropriate to the televisi

2) vyideo signal input requirement of 1 V peak-to-
3) @ modulated output signal of a convenient ampli

c) A gynchronous demodulator to the tglevision

trangmission system used.
d) Two|attenuators variable in steps of not

e) Ate having
char \ tion, as
spegified in ITU-T Reg6 . r signal
elenjents B2 and F.

NOTE 1 Most commergia i i jera osite test
line.

NOTE 2 For id be an
acceptable alternativeAs

f) A te her the
chro

4.3.3

The eqi

3h output
correct

input level to the demodulator.

b) Adjust the oscilloscope Y gain, Y shift and time base to obtain a suitable display of the
composite pulse.

For convenience, the oscilloscope may be triggered so that the top of the bar is superimposed
over the pulse, as in figure 7.

Ensure that the distortion of the test signal due to the control loop (test equipment) is small
compared with the limit specified for the system or equipment to be tested.

c) Connect the system or equipment to be tested between points A and B.

Adjust the attenuator A to return the input level to the demodulator to that given in item a) of
this subclause.

d) Using the oscilloscope controls, obtain a display as in item b) of this subclause.
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e) With the controls on the test set, null the delay inequality so that the bottom edge of the
pulse is symmetrical about the vertical centre line of the pulse (see figures 10b and 11b).

f) Using the calibrated attenuator on the test set, null the gain inequality so that the peak-to
peak amplitude of the chrominance signal equals that of the luminance bar.

g) If necessary, repeat the procedure of 4.3.4 e) and 4.3.4 f).
h) Read the gain and delay inequalities from the calibrated test set.

NOTE 1 If the measurement is made in the presence of echoes generated by discontinuities in the system
under test, the result obtained will be subject to an error of magnitude not exceeding that of the echo.

NOTE 2 It is possible, without the use of the test set, to estimate the delay or gain inequality by direct
observation of the pulse against a calibrated graticule, and use of a suitable nomograph. The nomograph
employed is that appllcable to the haIf ampl|tude durat|on of the particular comp03|te pulse employed for the
test. Howeve a adra i ilator, the
s will be substantially in error.

4.3.5 Presentation of the results

The regults are presented in a table showing the measure ) ronjinance-
luminance gain and delay inequalities related to the measur

4.4 Non-linear distortion

Genera
See IEQ 60728-3. The methods descK PAL and SECAM systems.

4.41 Intermodulation

See IE(} 60728-3.

4.4.2 Composite béa

Genera

The me icable to
the me 3 3 cabled
distribufi an also be used to determine the composite beat
intermo individual items of equipment. This measurement |s made

using th

4.4.21

When the input signals are at regularly spaced intervals (as is common in most frgquency
allocatignsifor TV channels), the various distortion products tend to cluster in groups, [close to
the vision carriers and at ofher regular positions within the TV channels. The number of
different products in each cluster increases rapidly with the number of channels. They
combine in different ways, depending on the degree of coherence between the generating
signals, and the relative phases of the different distortion products.

The method described in this subclause measures the non-linear distortion of a device or
system by the composite effect of all the beats clustered close to the vision carrier or at other
positions within a TV channel. During the measurement, that channel has to be turned off.
The composite beat measured is that generated by all carriers except that or those of the
measured channel.

NOTE On systems carrying more than 10 channels, removal of the wanted channel does not significantly affect
the result.

If the major contribution to the composite beat is due to distortion products of a particular
order, the composite beat will follow the standard level variation for that order. If the
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composite beat, as measured, does not follow a standard level variation, it shall have
significant contributions from distortion products of different orders.

The method is used to support a specification of the following general format:
"The composite beat ratio for (list of carriers) in channel (A) at (B) dB(uV) is (C)dB".

(A) designates the channel in which the test is made. If omitted, the specification is
understood to be a minimum specification for measurements at all the channels specified by
the list of carriers.

B is 1 e r-n-F aranoan Inunl n+ which oll ~oprriara are cat rlnr-n—\n 1 un|eSS
I Crerece wHtcH—arm—Sarcto SCt— oo g— i C—Thgas

otherwue specified. If all carriers are not at the same level, the specifj clearly
indicate| the level of each carrier relative to the reference level, which i highest
carrier lpvel.
(C) is the composite beat ratio, usually given as a minimum sp
The list ignations,
signifyin
The rat he way
expected for dlstortlon of a given order; a he tests
at levels e igher and
lower. I{ i ced the
lowest Qeat ratio during the test.
4.4.2.2 Equipment reg
a) A spectrum analyz€ ity.
NOTE| When usipg a Y D Hz, the
compg@site third-is prtion nyay betnoi
b) A variable 75 (Y2 djusts
c) Ab nis filter
shot ently to
enst do not
contfi band of
this
NOTE]
4.4.2.3 Connection of the equipment

The equipment is connected as in figure 14.

4.4.2.4 Measurement procedure
a) Connect point A directly to point B and disconnect the bandpass filter (see figure 14).

b) Adjust the spectrum analyzer as follows:

IF bandwidth: 30 kHz
Video bandwidth: 10 Hz
Scan width: 50 kHz/div.
Vertical scale: 10 dB/div.

Scan-time: 0,2 s/div
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c) Tune the spectrum analyzer to the channel in which the measurement is to be made so
as to display the vision carrier in a frequency range of 0,5 MHz towards the sound
carrier.

d) Adjust the sensitivity of the spectrum analyzer together with its internal and external
input attenuator in such a way that the response to the vision carrier corresponds to a
full scale reference. At the same time the noise level shall be at least 60 dB, and
preferably 65 dB, below the reference level.

e) Insert the bandpass filter (if necessary) corresponding to the channel to be measured
and adjust the input attenuator to correct for the attenuation of the filter.

f) Disconnect the signal feed for the channel to be measured and terminate the input
socket with its nominal impedance.

g) Verify that the intermodulation products generated in the spectrum ana zerj)ver the
t

antire channel are below the reference level by an amount at lgas er than
the required distortion distance. If this is not the case, discegh gss filter
gnd repeat the steps d) to g) of this procedure with an increased\ ation of
the spectrum analyzer.

lote the setting of the sensitivity control or the refere

Reconnect the signal feed for the channel and of this prpcedure

)
A
fpr all channels.
q
/

sert the

to return the responsg of the
ale with the appropriate settipng of its

NOTHE The external attenwator ini of 10 dB if the filter is in use, othgrwise the

m) Disconnect the : the thannel to be measured and terminate the input
qJocket wi [ ~

n) pf these
¢ by the

o) F display
t

p) f

q) | mposite
Reat(ratio iSxedd directly off the screen of the spectrum analyzer. In cases whefre there
gre<several clusters, then the ratio is calculated and the subjective effect| will be

btained by using the following formula which assumes power addition of the beats:
: . M _(L.+K.)/10)
Signal / composite beat = —10IgZ10 7
J=1
where

M is the number of different frequencies at which intermodulation products clusters occur;

L; corresponds to the ratio, expressed in decibels, of the reference level, at the relevant
frequency, to that of the intermodulation product;

K; is the weighting factor expressed in decibels at the relevant frequency as obtained
from figures 12, 13, 15 and 16.

NOTE A cluster is a group of beats (intermodulation products) falling around a carrier or inside a TV channel.

r) Repeat the steps k) to p) of this procedure for every channel used in this test.
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s) The signal/composite beat ratio for the system under test is taken to be the lowest
obtained in step r).

4.4.2.5 Presentation of the results

The results are presented in a table showing the measured values of composite beats
(CTB/CSO) for each relevant TV channel.

4.4.3 Composite crossmodulation

Under consideration.

4.4.4 Hum modulation of carriers
4441 Introduction

uencies
ded for

This is @ method of measurement of the amplitude modulatio
and harmonics thereof, of the signals on cabled distribution
televisign and sound.

A simpl|fied procedure for use where lower sensitivj i 1.6. For
relatively high levels of hum modulation, the two m i Both of
the aboye methods use a DC reference.

An alterpative method using an AC re

NOTE These methods, are not suited to the measureme switched-
mode poyer supplies, due to the insertion of the kHz dowspassNilter. It may be possible to obtajn such a
measurement without the filter in_the circuit, bit ths ay ke ihaccurate due to the presence of yide-band

noise. A revised method of meggure wrrextly

4.4.4.2 Definition

The sigpal / hum@'o neasur
signal/hlim =20 Ig < rvten

When the referen i to-peak
compos i . M Sound signal, the reference modulation depth is taken o be 40
% (see

4.4.4.3

The tes

NOTE 1 The items a), b), c) and e) of this subclause, if applicable, should preferably be powered from batteries
(see also 4.4.4.4 b)).

NOTE 2 In item b) of this subclause "negligible" means small compared with the level of hum modulation
expected to be measured.

a) A CW signal generator with output frequency range and output level to suit the system to
be tested (see note 1).

b) A tuned signal amplifier to raise, with negligible distortion, the level of the test signal at
the point of measurement to about 2 Vgyps (see notes 1 and 2).

c) An oscilloscope: dual channel, DC coupled, with differential facility, capable of
measurement of a signal of 1 mV peak-to-peak (see note 1).

d) A terminating RF detector of impedance equal to the Z0 of the system under test.
e) A low-pass filter with 1 kHz cut-off; impedances to suit the detector output.
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f) Two attenuators, variable in steps of 1 dB.
g) A calibrated potential divider (as shown in figure 19).
h) A stable variable DC source (as shown in figure 20).

4444 Connection of the equipment

a) If battery-powered equipment is available, this shall be connected as in figure 18.

b) If mains-powered equipment is to be used, point A should be linked to point B and
carried out in accordance with 4.4.4.5 a) and 4.4.4.5 c) to 4.4.4.5 f), to ascertain

a check
that the

level of hum modulation within the test equipment is such that it may be neglected. It shall
be small compared with the maximum allowed by the relevant system performance

requirement. If this check is satisfactory, the system to be tested
shown in figure 18.

4445 Measurement procedure

a) Set the signal generator frequency to that of the vision cgz
channel to be tested.

b) Adju
Thi
ped

c) Adju
detgctor.

d) With|the switch of the potential divide
DC

the

e) Movs
dis 3

subclause, note thexchange i veNaf the display. This change is equivale

amplitude re ition "b", and of 0,3% for position "c".

f) Interpolate th i i ) of this subclause, in relation to the
ob i as a percentage of peak-to-peak (see figure

g) Calc [ in dB) as follows:

signal/h

whef i tate to the system, as given in table 2.

4.4.4.6

cted as

) of the

system.
dulation

h of the

and the

jal. Note

of the
of this
nt to an

change
21).

a) Whdre suitable equipment is_available and the levels of hum modulation to be m

..............

asured

are relatively high (signal/hum >> 34 dB to 40 dB), a simplified procedure may be adopted.

b) This entails the use of a tuned demodulator, for example, a signal level meter (having a

DC coupled video output) and the measurement, with a suitable oscilloscope, of

the DC

and AC components of the hum modulated test carrier. Battery operation of the test
equipment is again advisable and a low-pass filter (similar to that described in 4.4.4.3 ¢))

will also be required.
¢) The calculation of signal/hum ratio (in dB) is then as follows:
measured DC voltage
measured peak - to - peak AC voltage

signal/hum = 20 Ig ( )-R (dB)
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Table 2 — Residual carrier reduction factors

Maximum modulation depth Residual carrier Reduction factor R
% % dB
95 5 0,5
90 10 1
80 20 2
40 (see note) (see note) 2
NOTE In the case of AC amplitude modulation of a sound carrier, the term "residual carrier" is
not appropriate.

4.4.4.7 Equipment required for AC method

The tes{ set-up shall be well-matched.

a) A C\ signal generator, with output frequency range and outpuKleve i ztem to
be tpsted, and with provision for sinewave modulation at g 3 z (see
notels 1 and 3).

b) A tuhed signal amplifier, to raise, with negligible distq ignal at
the point of measurement to about 2 Vgyps (see note

c) Two for the
freq

d) Ate

e) An 3 level of
the getected hum signal to a value previdi , and of
outplut impedance to match the att i

f) An gudio frequency atjenuator-Ag variab ' ange of
60 d

g) A low-pass filter wijtf % Ct equehcy and impedance to match the dutput of
the audio frequency atténtiatq ee- It and note 3).

h) An gudio fre ) inai \g ah impedance matching the output of the Ipw-pass
filter (see item g))

i) Asi AC coupled oscilloscope having a sensitivity dejpending
on the chojicg of amp item e) and note 1).

NOTE 1 3 b 3 , €) and i) of this subclause should be powered preferably from |batteries.

See also

NOTE 2 ighe idersfpod to mean small compared with the level of hum modulation expedted to be

measured.

NOTE 3 bdulation frequency as low as 200 Hz with a corresponding low-pass filtef may be

preferablg when-the deteeted hum is largely affected by random noise.

4.4.4.8 Connection of the equipment

If battery-powered equipment is available this is connected as shown in figure 22.

If mains-powered equipment is to be used, point A should be linked to point B and a check
carried out in accordance with 4.4.4.9 to ascertain that the level of hum modulation within the
test equipment is such that it may be neglected. It shall be small compared with the maximum
allowed by the relevant system performance requirement. If this check is satisfactory the
system to be tested may be connected as shown in figure 22.

4449 Measurement procedure

a) Ensure that the modulation depth indicator on the signal generator is correctly calibrated
at the frequencies and modulation depths to be used in the measurement, see annex A
and step c) below.
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b) Set the signal generator frequency to that of the vision carrier (or sound carrier) of the
channel to be tested.

c) Modulate the carrier to a depth of 1 % at a suitable frequency in the range 100 Hz to 1
kHz.

d) Adjust attenuator A4 to provide the correct mean level of modulated CW signal at the input
to the system. This level is equal to the RMS value of the relevant TV signal during its
modulation peaks, or to the unmodulated carrier level for sound.

e) Adjust attenuator A, to give a signal of about 2 Vgyys across the RF termination of the
detector.

f)  With the aud|o attenuator A3 set to 60 dB attenuatlon adjust the oscHIoscope controls and

audip—amplifiergain—if-necessa s-oscilloscope. Note
the eak to peak amplltude of the dlsplay

g) Remnove the modulation of the carrier.

h) Reafljust the audio attenuator to provide on the oscilloscope a d 2 S Paving a
peak-to-peak amplitude equal to that noted in step f). Notg ~ ' enuator
reading a.

i) Calqulate the signal/hum ratio (in dB) as follows:
signpl/hum = 34 + (a - R) dB
whefe
a
R

4.4.4.10

The res sured values of hum modulation for the

vision carrier (or sound

4.4.5 Differe{i> -
4.4.51 Introd i

The me
phase f

are, in
figures

¢ to the measurement of differential gain and differential
onstituent items of equipment. The test signals employed
smended in ITU-T Recommendation J.61, and are shown in

It is inte
headend. They i
the field blanking period.

easurements are carried out with test signals inserted at thg system
either of the full field type or, where convenient, may be inserted in

The use of inserted test signals available on the broadcast TV channels is not generally
recommended as these are subject to variations beyond the control of the user. However,
where such signals, of known stability and of adequate quality are available, they may be
used to carry out these measurements.

A) Differential gain

4.4.5.2 Definition

Differential gain is expressed by two values: x % and y %, which represent the two peak
amplitudes of the sub-carrier relative to the amplitude of the sub-carrier at blanking level. In
the case of a monotonic characteristic, either x or y will be zero.

Differential gain, in percentage referred to blanking level, can be found from the expressions
below:
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x = 100 (—AZZX 1) and  y=100 (—A;\“i” ~1)

o
Peak-to-peak differential gain can be found from the expression:

Amax —A

100 A

min_ — y—y

where

Anmax anfl A, are defined as shown in figure 25;
Aq is the amplitude of the received sub-carrier at blanking level,;
A is thp amplitude of the sub-carrier of one of the other tread he ifcase.

4.4.5.3 Equipment required

The tes{ set-up shall be well-matched.

a) An dgscilloscope which will not contribute sig i d.

b) A mpdulator (unless transmitted t
havipg the following characteristics:

e used)

1) radio-frequency characteristics/ (excludi Recom-

mendation BT.470, and appropriate, to thexteléwisie
2) vyideo signal inputdequire f RES beak composite;

c) A gynchronoys v i haracteristics appropriate to the tglevision
tran ;mission@
d) Twolattenuato fable.in st t more than 1 dB.

,43 MHz or 3,58 MHz (the chrominance sub-carrier
MHz.

s transmitted test signals are used) providing signal$ having
appropriate”to the television transmission system under considerdtion, as

mergfally available test signal generators will provide this signal as part of a comgosite test

4454 Connection of the equipment

The equipment shall be connected as in figure 26.

4455 Measurement procedure

a) With point A directly connected to point B (see figure 26), adjust attenuator A¢ for an
output level sufficient to drive the system to be tested and attenuator A, to obtain the
correct input level to the demodulator.

b) Insert the appropriate band-pass filter after the demodulator (see figure 26) and measure

the differential gain by examining the modified staircase waveform (see figure 25 and
4.4.5.2).
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Ensure that the distortion of the test signal caused by the control loop (test equipment) is
small compared with the maximum distortion allowed for the system or equipment to be
tested.

NOTE Where the linearity of the modulator/demodulator is such that on systems B and G (10 % residual

carrier) this requirement cannot be met, it will be necessary either to reduce the sub-carrier amplitude or to
ignore the sixth (uppermost) tread.

Connect the system or equipment to be tested between points A and B, and disconnect
the band-pass filter. Adjust attenuator A, to return the input level to the demodulator to
that used in step a).

Reinsert the band-pass filter and measure the maximum differential gain by examining the
modified staircase waveform (see figure 25 and 4.4.5.2).

Differer;]tial phase is expressed by two values x and y, inegreesywhich\represent|the two

peak p
case of

Differen
below:

X = ®Pmpg

Peak-to

(Dmax -

where

ases of the sub-carrier relative to the phase of the sub-caitieRat blanking levdl. In the

essions

bdulator (uhle$s transmitted test signals in the field blanking intervals are to Qe used)
havipg.the following characteristics:

1) radio-frequency characteristics (excluding sound) corresponding to ITU-R
Recommendation BT.470, and appropriate to the television transmission system used,;

2) video signal input requirement of 1 V peak-to-peak composite;
3) a modulated output signal of a convenient amplitude.

A synchronous demodulator having characteristics appropriate to the television
transmission system used.

Two attenuators variable in steps of not more than 1 dB.

A test set capable of measuring the difference in phase of the sub-carrier at each tread of
the staircase, compared with that at the reference (black) level.

A test waveform generator (unless transmitted test signals in the field blanking intervals
are to be used) providing signals having characteristics appropriate to the television
transmission system under consideration, as specified in ITU-T Recommendation J.61
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(signal D2), although a lower amplitude of the chrominance component would be
acceptable (see the note to 4.4.5.3 f)).

NOTE Certain types of test sets (see item d)) require the presence of a colour burst during the back porch
period of the test signal.

4.4.5.8 Connection of the equipment
The equipment shall be connected as in figure 26.

4459 Measurement procedure

a) With point A d|rectly connected to point B (see figure 26) adjust attenuator A1 for an
Out Ve t CH 0—G e A€ v Sann O—o€ e cec—ahtc——a eRuator—— S/ ta|n the

correct input level to the demodulator. Connect the differential phase~est set:

b) Ensire that the distortion of the test signal due to the controlA0qp (testequipment) is
sma|l compared with the maximum distortion allowed for the or lequipmept to be
tested (see also note to 4.4.5.5 ¢)).

c) Con enuator
Ao to return the input level to the demodulator to that S 3 8\ Ise.

d) Dete taircase
wave 5t is the
phas bth 2 taircase
as defined in 4.4.5.6. The peak-to-p iffe [ 2 rding to
4.4.%.6.

4.4.5.10

The res the two

measure

The res phase shall be presented indicating|the two

measure to the relevant TV channel.

45 C

4.5.1

The me se ratio

within & m. The

method ver, the
differenge between this and the carrier to noise ratio is very small if the value exceeds 20 dB.

The methodrassumes that the random noise is evenly distributed within the channel.

4.5.2 Equipment required

a) A measuring receiver with a known noise bandwidth less than that of the channel to be
measured.

b) A CW signal generator covering the frequencies at which the tests are to be carried out.

c) A variable attenuator with a range greater than the carrier to noise ratio expected.

d) A shielded terminating resistor.

NOTE Additional items may be necessary, for example, to ensure correct calibration and operation of the test
equipment (see annex B).

4.5.3 Connection of the equipment

The equipment shall be connected as in figure 27.
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Measurement set-up

General

a) The test set-up shall be well-matched and the sensitivity of the measuring equipment (see
annex C) shall be known over the frequency range of the channel to be measured.

b) Where the system to be measured includes:

1) automatic gain control (AGC), tests should be carried out at minimum and maximum

leve

Is of signal input;

2) automatic level control (ALC), pilot signals of the correct type, frequency and level

shall be maintained throughout the tests.

c) The measuring receiver shall be calibrated and checked for satisfaetory operation as
explpined in the next subclause.

4.5.4.2 Calibration
« LUevel correction, average/RMS or peak/RMS (see anne
* Noise bandwidth (see annex E).

4.5.4.3 Other checks
* Jensitivity (see annex B).
* Noise (see annex C).
e Iptermodulation (see annex C)S
 OQverload (see annex C).

4.5.5 Measurement procedure

a) Set [the signal geners bl to be
tested and adjust i S o) r as the
poin ¢ 3 i

b) Conpect the ! ring receiver (and other items if requirgd — see
anngx B) to ” Tune the measuring receiver to the rgference
signpl and note t Feceiver
reading R. T se ratio
expe

c) Disc r, if the
refe d for AGC, retune the measuring receiver within the channel such
that alue as
required to\Qbtain\the same measuring receiver reading R.

d) Thelcarrier to noise ratio in decibel is given by:
C /| N—-e o> Cm Gy
where

a4 is the attenuator value for the reference signal;

0y is the attenuator value for the noise;

s the measuring receiver level correction factor (see annex D);

Cp is the bandwidth correction factor (see annex D).

4.5.6

Presentation of the results

The result of the measurement of the carrier to noise ratio shall be presented indicating the
measured value referred to the relevant TV channel.
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4.6 Echoes

4.6.1 Introduction

The method described is applicable to the measurement of the amplitude and time
displacement of an echo at a specified point within a cabled distribution system by the use of

a 2T-sine-squared pulse with the graticule as shown in figure 28. From these measurements
an "echo-rating" is derived.

4.6.2 Equipment required

The test set-up shall be well-matched.

a) A tept waveform generator providing a sine-squared pulse of half ampfitudeNduratign equal
to 27, where T is the period time; T = 100 ns. The test signals are | ith ITU-
T Rgcommendation J.61.

b) A mpodulator having RF characteristics (excluding sound) Bevision
system under consideration (see ITU-R Recommegdatiq input
charfacteristics to suit the generator in item a).

c) A synchronous demodulator having characteristics approph system
under consideration.

d) Two|attenuators variable in 1 dB steps.

e) An g¢scilloscope of negligible distortion up t hown in
figune 28.

4.6.3 Connection of the equipme

The eqdipment shall be coprected as i

4.6.4 Measuremen

a) With the equipme » in figure 24, adjust the oscilloscope time-base
spegd to cor ith t the graticule. Adjust the vertical gain and |position
contfols to "fit* the P S S e zero line and the pulse peak reference point.
Exalrine the pextiq hre test¥’equipment (control loop), which shall be such that an
E-rati t ig achieved. When frequency conversion is involyed, the
test ippy acked at both the input and output channels.

b) Con SN i to the system as shown in figure 24. Adjust the |variable
atte i ge an input signal to the system at a level equal to that at [which it
norma S . just the attenuator Ao to provide an input signal to the dempdulator
equal to thatused\|n step a) of this subclause.

c) Using dhe“graticeie as a reference, as before, determine the E-rating for each eg¢ho and
not

d) Using the horizontal shift control of the oscilloscope slowly move the display to the left and
examine any long-distance echoes. These should be rated using the parallel section of the
graticule at the extreme right. Note the highest rating.

e) The E-rating for the system is the higher of the two figures noted in steps c) and d) of this
subclause.

NOTE This result will not be that of the system alone. It is modified by the inherent distortion in the test
equipment, usually due to group delay errors.

4.6.5 Presentation of the results

The result of the measurement of the echo shall be presented indicating the measured value
of the E-rating referred to the relevant TV channel.
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4.7 AM-VSB television, FM radio and FM television signal level

The method of measurement described is applicable to the measurement of AM or FM
carriers.

4,71 Definitions for NTSC, PAL and SECAM systems
4.71.1 Signal level for AM-VSB vision carriers

The vision carrier signal level is the RMS value of the vision carrier at the peak of the
modulation envelope, expressed in dB(uV) and measured across a 75 Q termination or
referred to 75 Q.

This will correspond, in negative modulation systems, to the carpigr amplifude during
synchrophizing pulses and, in positive modulation systems, to that at pgak wHite.level without a
chrominance signal, as in ITU-R Recommendation BT.470, figure 1

4.7.1.2 AM or FM sound carrier level

The leV
express

el of an AM or FM sound signal is the RMS carrier

4.71.3

The lev| of the unmodulated carrier

express referred to 75 Q.

4.7.2

A "well-

a) ang med to 75 Q and being calibrated in gB(uV);

b) a detection e peak of the AM carrier to be measured;

c) facillti i the de ristics for the measurement of AM and FM garriers;

d) a passband of/ai\least 420 Hz, with sufficient selectivity to ensure that carriers other than
thos i e

NOTE T g guency measuring receiver is not specified, since this will depend on the

purpose etgent, Laboratory instrumentation can achieve better than 0,5 dB, but njost level

measurengéntsSon\an WRerating\cabled distribution system are concerned with levels at system outletd. For this

applicatiop,Ness SXREN ive_portable equipment, whose overall accuracy is unlikely to be better than g2 dB, is

usually fo

4.7.3 Measurement procedure

a) When signal levels are to be measured where a high ambient field is present, the
measuring receiver or the spectrum analyzer shall be checked for spurious readings.
Connect a shielded termination to its input cable, place both meter and lead approximately
in their measurement positions and check that there is a negligible reading at the
frequencies and on the meter ranges to be used.

b) Connect the measuring receiver or spectrum analyzer to the point of measurement by
means of a suitable coaxial cable, taking care to maintain correct impedance matching.

c) Read the signal level in accordance with the instructions provided by the instrument
manufacturer and note the results. When recording the results, the measurement accuracy
of the instrument shall be stated.

If the input impedance of the measuring receiver or spectrum analyzer is other than 75 Q and
a matching device is required, or if any other interface equipment is employed, then an
allowance shall be made for the resultant change in voltage level. Losses in the
interconnecting cables, where these are significant, shall also be taken into account.
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For positive AM-VSB modulation TV systems, the measuring receiver shall remain connected
for a sufficient period to ensure that the maximum reading is obtained. It may therefore be
necessary to observe the picture in order to ensure that peak white is present in the signal
during the measurement.

In the case of a dual outlet, the unused outlet shall be terminated with the correct
characteristic impedance during the measurement.

When using a spectrum analyzer the peak hold mode shall be used.

4.7.4 Presentation of the results

The resplt of the measurement of the signal level shall be presented indifatingxthe ;measured
value, gxpressed in dB(pV) (being measured across a 75 Q terminati ferred to¢ 75 Q),
and refgrred to the vision or sound carrier of the relevant TV channe

4.8 Data echo rating and data delay inequality

Under cpnsideration.

4.9 Interference in FM sound radio channels

Under cpnsideration.

410 W™ als

4.10.1 | Introduction

The mefhods of measurement fordigita ignals differ from those for apalogue

modulafion for several reasons:

a) the g¢arrier is not pres i d signal and therefore cannot be measufed (i.e.
DVH system i \ ) or there are thousands of carriers (f.e. DVB
systems usin ;

b) the modulated sig Q 'spe wthat is flat in the bandwidth and is similar to noise;

c) the S a ality of the received signal are related to the bit apnd word
erro p 3 the shannel (noise, amplitude and phase response inequalities,

echg be Qe demedufation and error correction.

es, etc.)

4.10.2

The me[hods of

egsurement for digitally modulated signals are based on the assrmption
that:

a) the MPEG-2 transport stream (TS) is the specified input and output signal for all the
baseline systems, i.e. for satellite, cable, SMATV, MMDS/MVDS and terrestrial
distribution;

b) the digitally modulated signals received by satellite are modulated in the PSK format, i.e.
according to EN 300421 for the QPSK format, and can be distributed in the same format in
cable systems (SMATV systems);

c) the digitally modulated signals received by satellite are distributed in CATV systems in the
QAM format, i.e. according to EN 300429;

d) the digitally modulated signals received from terrestrial broadcasting in the OFDM format
are distributed in SMATV/CATV systems in the same OFDM format;

e) a l/Q baseband signal source for PSK, QAM or OFDM formats is available, as described in
figure 29; appropriate interfaces are accessible and are consistent with the DVB-SI
documents (see document ETR 211 and EN 300468);
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f) a reference receiver for PSK, QAM or OFDM formats is available as described in figure
30, where appropriate interfaces are indicated;

g) the decoder implementation will not affect the consistency of the results. The MPEG-2
T-STD model constrains, as defined in ISO/IEC 13818-1 (MPEG-2 system), shall be
satisfied as specified in ISO/IEC 13818-4 (MPEG-2 compliance testing).

4.10.3 Signal level
4.10.3.1 Introduction

This measuring method applies to the measurement of the level of digitally modulated signals
using PSK, QAM, OFDM formats.

Becaus¢ the modulated signal is similar in characteristics to white noige\th ment is
based gn the use of a suitable spectrum analyzer, able to tune thé b of the
channelland to display the whole bandwidth, to measure spectral po

NOTE AJso a vector signal analyzer can be used or a suitable measuring set desighed and i for signal
level measurement of digitally modulated signals.

The medasurement can be performed at the system R isfribution
equipment (passive or active), at the output of the h oor unit
(SHF refceiver) for satellite reception.

4.10.3.2 Equipment required

The eqlipment required is a spectrum™analyz and a

calibrate¢d display of the tuned signal.

The caljbration accuracy<sho be pre @w'thi +0,5 dB and shall be stated with the
results.

The eqdipment &@be

4.10.3.3

B .norinal frequency range of the system.

Connect the
shall bd f
impedance

the system outlet or to the point where the measplrement
gble cable and connectors, taking care to maintain| correct

4.10.3.4

a) Whgn signal levéls are to be measured where a high ambient field is present, the
meapuring equipment shall be checked for spurious readings. Connect a $hielded
termination to its input cable, place both the meter and the lead approximately in their
measuring positions and check that there is a negligible reading at the frequency(ies) and
on the meter ranges to be used.

b) Tune the spectrum analyzer on the channel that shall be measured (selecting the centre
frequency of the spectrum analyzer) and select the span and level settings to show the
whole channel whose bandwidth depends on the type of modulation used. Examples of the
equivalent signal bandwidth (BW) for digitally modulated signals are indicated in annex H.

c) Set the resolution bandwidth (RSBW) of the spectrum analyzer to 100 kHz and set the
video bandwidth to 100 Hz or lower to obtain a smooth display.

d) Measure the level (S) of the flat top of the displayed signal in dB(pV) or in dB(mW) using
the display line cursor if this feature is available.

NOTE If the spectrum of the signal does not have a flat top, due to echoes, measure the signal level at the
centre frequency of the channel.
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e) Measure on the displayed channel the two frequencies at which the level is 3 dB lower
than the maximum level (S); the difference between these two frequencies is assumed to
be the equivalent signal bandwidth (BW).

f) Calculate the level (LS) of the signal using the following formula:

BW
LS =5+101g §W§+ Ke
where
LS is the signal level in dB(uV) or in dB(mW);
S is the flat top signal level in dB(uV) or in dB(mW);
BW is the equivalent signal bandwidth of the channel in kHz (annexH);

RSBW is the resolution bandwidth of the spectrum analyzer in kHz;

Ksa is the correction factor of the spectrum analyzer.
The corfection factor (Kg5) depends on the measuring equipme ad a rovided
by the manufacturer of the measuring equipment or obtained b gtioq. le of the

correctipn factor for a typical spectrum analyzer is about 1,

The correction factor is not necessary if the measuying equipnie blay the
level in|dB(mW/Hz) units. In this case, the level say’be obtained from the
measur¢d maximum level (S) using the following ;

LS=S
NOTE T negligible
if the leve hum level

displayed spectrum
analyzer) displayed outside the channel band in|order not
to affect f] e system or the equipment under test nd to the

measurin 3 3 ilkthe measurement of signal level (S) (see annex F).

4.10.3.5

The me i V) referred to 75 Q or in dB(mW). The acclracy of
the meg

4.10.4
4.10.4.1

This measuriagsimethod applies to the measurement of the signal to noise ratio (S/N) of
digitallylmoedulated~sjgnals using PSK, QAM, OFDM format.

Because the modulated signal is similar to noise distributed in the bandwidinh of the channel,
the measurement is based on the use of a suitable spectrum analyzer, able to tune the
frequency range of the channel and to display the whole bandwidth.

NOTE Also a vector signal analyzer can be used.

The measurement can be performed at the system outlet, at the output of a distribution
equipment (passive or active), at the output of the headend or at the output of an outdoor unit
(SHF receiver) for satellite reception.

4.10.4.2 Equipment required

The equipment required is a spectrum analyzer having a calibrated display of the tuned
signal.

The equipment shall be able to tune the nominal frequency range of the system or equipment
under test.
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4.10.4.3 Connection of the equipment

Connect the measuring equipment to the system outlet or to the point where the measurement
shall be performed, using suitable cable and connectors, taking care to maintain correct
impedance matching.

4.10.4.4 Measurement procedure

a) Tune the spectrum analyzer on the channel that shall be measured (selecting the centre
frequency of the spectrum analyzer) and select the span and level settings to show the
whole channel whose bandwidth depends on the type of modulation used. Examples of the
equivalent S|gnal bandwidth (BW) for digitally modulated signals are indicated in annex H.

b) Set the o i ndwidth

to 1 e signal
leve| and the noise level. Select a dlsplay line cursor if the spegfru 8l gupports
this feature. Otherwise select a normal marker

c) Mea
NOTH frequency
(carri

d) Switch-off the channel at the input of the system o evice undler test,
ter ; b, if the
mea i i i ipn) and
mea el (|n dB(pV) or in dB(mW)).
NOTH itching- i ignal, i i i ‘ aviour. In
this dase, the noise level shall be measured\in bet

e) Calqdulate the signal to noise ratio (
(S/Nlag=S—-N (dB)
whefe
(S/N
S
N
NOTE] spectrum
analyz e channel
band se in the
meas

4.10.4.5

The megsured'signal 0 noise ratio (S/N) is expressed in dB.

4.10.5 Bit error rate (BER)
4.10.5.1 Introduction

This method of measurement applies to the measurement of bit error rate (BER) of digitally
modulated signals using PSK, QAM, OFDM formats.

BER is the primary parameter which describes the quality of the digital transmission link and
shall be related to the signal to noise ratio at the input of the receiver.

The bit error rate is defined as the ratio between erroneous bits and the total number of
transmitted bits.

If error rates are ranging from 1072 to 10~ the measurement can be done in a reasonable
amount of time. Above a BER of 10" the result is assumed to be inaccurate.
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This measuring method shall be performed under out of service conditions.

4.10.5.2 Equipment required

The equipment required is listed below:

Q O T Q

)
)
)
)
)

)

—h
-

4.10.5.3 Connection of the equipment

The measuring set-up for BER measurement is
equipment shall be connected taking care to maintai

4.1 0.5.1 Measurement procedure

I/Q baseband signal source for PSK, QAM or OFDM modulation format (figure 29);
RF modulator for PSK, QAM or OFDM modulation format (figure 29);

power splitter;

spectrum analyzer able to tune the nominal frequency range of the system;

reference receiver (figure 30) with good equalizer (influence of linear_distorsion of the
cable network to the BER measurement should be negligible);

counter of BER connected at the appropriate interface (V or U) okthe r eceiver,
depg¢nding where BER shall be evaluated. If it is connected” af olomon
decqder (interface Y or Z), decoding should be deactivated i uration

of the measurement.

. The measuring
¢€ matching.

equeneé defined as the null transport
stregm packet in ISO/IEC 13818-1 with all byte o0 0x00 (see annex G). A sequence of
four|bytes followed by a PRBS (ps Y

NOTHKE The null transport{strea i \ & four byte sequence 0x47, Ox1F, OxfFF, 0x10,

followed by 184 zero bytes (8x00)\Jhi ¢ Bvailable as an encoding system option.

Apply the signal so 9 e input of the RF modulator to ofgtain the
desired PSK, i 3

Set |the car frey modulator to that of the channel where the

meapurement shé

Adjust the ou AT ne RF modulator to obtain the same level at thel system
outlgt as j ing conditions, so that non-linear distorsions (i.e. CSQ, CTB)
havg surement.

Tung¢/the receiwer ang the spectrum analyzer to the same channel. Select thg centre
frequen rum analyzer, the span and level settings to show th¢ whole
char

Set the resolutisr’bandwidth (RSBW) of the spectrum analyzer to 100 kHz and the video

bandwidth to 100 Hz. Select a display line cursor if the spectrum analyzer supp¢rts this
feature. Otherwise select a normal marker.

Switch-off the modulation and measure the carrier level (C) in dB(uV) or in dB(mW).

NOTE In case of QAM modulated signals, the carrier level (C) is assumed to be that measured according to
4.10.3, because the carrier level upon switching-off the modulation does not coincide with the carrier peak
level.

Measure the noise level N beside carrier (Af = 0,5 MHz) in the same units as the carrier
level (in dB(uV) or in dB(mW)).

NOTE Pay attention to the amplitude response of the noise spectrum within the channel. If it is not white
Gaussian spectrum (flat amplitude response) take care not to measure at maximum or minimum frequency
points, but take the frequency points where the energy of noise reaches its average.

Calculate the carrier to noise ratio (C/N) by the following formula:
(C/N)gg = C - N -10Ig (BW/RSBW) — Kg4

where
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(CIN)gg is the carrier to noise ratio in dB;

C
N
Bw

is the carrier level in dB(uV) or in dB(mW);
is the noise level in dB(uV) or in dB(mW);
is the equivalent signal bandwidth of the channel in kHz (annex H);

RSBW is the resolution bandwidth of the spectrum analyzer in kHz;

Ksa

is the correction factor of the spectrum analyzer.

The correction factor (Ksz) depends on the measuring equipment used and shall be

provided by the manufacturer of the measuring equipment or obtained by calibration. The
value of the correction factor for a typical spectrum analyzer is about 1,7 dB (see annex I).

The[correction factor 1S nof necessary it the measuring equipment cAn be set t01| display
the poise level in dB(mW/Hz) units. In this case, the C/N ratio cap™ye obtainedfrom the

following formula:
(C/N) dB = C [dB(mW)] — N [dB(mW/Hz)] — 10 Ig (BW).

i) Switch-on the modulation and measure the BER counting the er

time

trangmitted bits in that time. This is the gross bit rate ti
valup.

NOTE

calcujated using the RS rate, i.e. using the following co
10 1g|(204/188) = +0,35 dB

NOTE

can He calculated taking into account both the
convérsion factor can be calculated as follows

10 Ig|(4/3)(204/188) = +1,6 dB

4.10.5.5

The measured BER is

referred| to the gross b
point where the

4.10.6

4.10.6.1

This m

modulatedsig ‘ i K, QAM, OFDM formats. The measurement of BER versu

of bit effror rates:
problems. T he BER range of interest is 107" to 107°.

2 When measuring a PSK or a O

> certain C/N value. If the measured
e it shall be stated with the results. The i

plies to the measurement of bit error rate (BER) of

e’residual BER at high Ep/Ng values is an indicator of possible

icient long

mber of
red C/IN

B can be

ate value
is 3/4 the

BER is
hterface
esults.

digitally
s Ep/Ng
a range
network

The measurement is performed at the system outlet of a cabled distribution network, while the
modulated signal with the appropriate format is applied at the input of the headend or at the
input of the distribution network, depending which part of the system is to be measured.

The headend can include modulation converters (from PSK to QAM format).

This measuring method shall be performed under out of service conditions.

4.10.6.2

Equipment required

The equipment required is listed below:

a) 1/Q baseband signal source for PSK, QAM or OFDM modulation format (figure 29);
b) RF modulator for PSK, QAM or OFDM modulation format (figure 29);
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C) noise source;

d) adjustable attenuator;

e) power combiner;

f) power splitter;

g) spectrum analyzer able to tune the nominal frequency range of the system;

h) reference receiver (figure 30) with good equalizer (influence of linear distorsion of the
cable network to the BER measurement should be negligible);

i) counter of BER connected at the appropriate interface (V or U) of the reference receiver,
depending where BER shall be evaluated. If it is connected after the Reed-Solomon
decoder (interface Y or Z), decoding should be deactivated in order to reduce the duration
of the measurement.

4.10.6. Connection of the equipment

The megsuring set-up for BER versus Ep/N, measurement is shOw_il 32.

The mdasuring equipment shall be connected taking c§

arrect impedance

matching.

4.10.6. Measurement procedure

a) Set the signal source (base band) toNgekr ransport
stre i ence of
four
NOTE FF, 0x10,
followed by 184 zero bytes (0x00).

b) Apply the signal source | a f tain the
desifed PSK, QAM [5

c) Set |the carrigr f lere the
meagsureme

d) Adj{;t the outpuyca system
outl D, CTB)
havg

e) Tune the(receiver ca S centre
freq e whole
char

f) Set e video
banc

g) With thé/noise generator switched-off, measure the BER at the receiver output.

h) Switch-off the modulation and measure the carrier level (C) in dB(uV) or in dB(mW).

j)

NOTE In the case of QAM modulated signals, the carrier level (C) is assumed to be that measured according
to 4.10.3, because the carrier level upon switching-off the modulation does not coincide with the carrier peak
level.

Measure the noise level N beside carrier (Af = 0,5 MHz) in the same units as the carrier
level (in dB(nV) or in dB(mW)).

NOTE Pay attention to the amplitude response of the noise spectrum within the channel. If it is not white
Gaussian spectrum (flat amplitude response), take care not to measure at maximum or minimum frequency
points, but take the frequency points where the energy of noise reaches its average.

Calculate the carrier to noise ratio (C/N) by the following formula:
(C/IN)4g = C—-N-10Ig (BW/RSBW) — Kg,

where

(C/IN)gB is the carrier to noise ratio in dB;
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C is the carrier level in dB(uV) or in dB(mW);

N is the noise level in dB(pV) or in dB(mW);

BW is the equivalent signal bandwidth of the channel in kHz (annex H);
RSBW is the resolution bandwidth of the spectrum analyzer in kHz;

Ksa is the correction factor of the spectrum analyzer.

The correction factor (Ksz) depends on the measuring equipment used and shall be
provided by the manufacturer of the measuring equipment or obtained by calibration. The
value of the correction factor for a typical spectrum analyzer is about 1,7 dB (see annex ).
The correction factor is not necessary if the measuring equipment can be set to display
the poise level in dB(mW/Hz) units. In this case, the C/N ratio can be-ehtained from the
following formula:

(C/N)gg = C [dB(mW)] — N [dB(mW/Hz)] — 10 Ig (BW).
k) Calctylate the En/N, from the following formula:

(Ep/No)dB = (C/N)dB + 10 Ig(BW) — 10 Ig(fs) — 10 Ig m

whefe

fs Is the symbol rate;

m |s the number of bits per symbol (m = 1 SK, m =

4 fof 16 QAM, m = 6 for 64 QA ch pilot
carrier (OFDM).

) Switch-on the modulation and the r®i 3r, add noise changing the atfenuator
setti i put and the Ep/N, at the input of the
recefiver. Repeat this ste [ intheplot of BER versus Ep/N,.

NOTE 1 |When measuring a QA gna \walue referred to the net bit rate can be galculated

using the|RS rate, i.e. using/the fo i e i actor foy RS(204, 188) code:

10 Ig (204/188) = +0,35 dB

NOTE 2 |When @. ate value

can be cglculated takiwg inte is %, the

conversiopn factor can bg

10 Ig (4/3

4.10.6.5

versus
s been

The meg
Ep/Ng is
perform

4.10.7 LNoise margin
4.10.7.1 Introduction

This measuring method applies to the measurement of noise margin of digitally modulated
signals using PSK, QAM, OFDM formats.

The purpose of this measuring method is to provide an indication of the reliability of the
transmission channel. The noise margin measurement is a more useful measure of system
operating margin than a direct BER (bit error rate) measurement due to the steepness of the
BER curve versus Ep/N, ratio.

The measurement is performed at the system outlet of a cabled distribution network, while the
modulated signal with the appropriate format is applied at the input of the headend or at the
input of the distribution network, depending which part of the system is to be measured.
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The headend can include modulation converters (from PSK to QAM format).

This measuring method shall be performed under out-of-service conditions.

4.10.7.2 Equipment required

The equipment required is listed below:

o O T O

)
)
)
)
)

D

f)

g)
h)

4.10.7.3 Connection of the equipmeg

The measuring set-up for
of BER pVersus Ep/Ng and

I/Q baseband signal source for PSK, QAM or OFDM modulation format (figure 29);
RF modulator for PSK, QAM or OFDM modulation format (figure 29);

noise source;

adjuistable attenuator;

power combiner;

power splitter;

spe
refgrence receiver (figure 30) with good equalizer (ip i i ioh of the
cable network to the BER measurement should be H N

counter of BER connected at the appropriate in v eceiver,
dedending where BER shall be evaluated. it is bolomon
dedoder (interface Y or Z), decoding s 0 ivate uce the

durption of the measurement.

iIrement

The mdasuring equip ; e sted taking care to maintain correct impedance

matching. 6

4.10.7.4 it

a) Sef d) to generate a sequence defined as the null transport
stre 8818-1 with all bytes set to 0x00 (see annex G). A s¢quence
of fpu ¥PRBS (pseudo random binary sequence) can also be used.

NOTHE LA transport gtream packet is defined as the four byte sequence 0x47, Ox1F, OxFF, 0x10,
followed by~84 2eroYytes/{0x00). This sequence can be available as an encoding system option.

b) Apply the'sigral source | and Q channels at the modulator to obtain the desired PSK,
QAMt,OFDM modulation format.

c) Set the carrier frequency of the RF modulator to that of the channel where the
measurement shall be performed.

d) Adjust the output carrier level of the RF modulator to obtain the same level at the system
outlet as in normal operating conditions, so that non-linear distortions (i.e. CSO, CTB)
have no impact to BER measurement.

e) Tune the receiver and the spectrum analyzer to the same channel. Select the centre
frequency of the spectrum analyzer, the span and level settings to show the whole
channel.

f)  Add noise to the modulated signal at the cable network output until BER is 10-4.

g) Switch-off the modulation and measure the noise level N1 (dB(mW)) beside the

carrier (Af 20,5 MHz).

NOTE Pay attention to the amplitude response of the noise spectrum within the channel. If it is not white
Gaussian spectrum (flat amplitude response), take care not to measure at maximum or minimum frequency
points, but take the frequency points where the energy of noise reaches its average.
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h) Switch-off the noise source and measure the noise level N2 (dB(mW)) beside the carrier.

i) Calculate the noise margin NM by the following formula:
NMgg = N1 — N2 (dB)

4.10.7.5 Presentation of the results

The measured noise margin is expressed in dB. An example of measurement of noise margin
is shown in figure 33 where BER versus Ep/N, is also plotted. The interface point where the

measurement of BER has been performed shall be indicated with the results.

4.10.8 _Modulation error ratio (MER)

4.10.8.1 Introduction

This mgasuring method is able to provide a single "figure of meri
signal.

This figlire is computed to include the total signal degrad
of a commercial receiver's decision circuits and so give
receivel to correctly decode the signal.

The me

input of
The hed
This me

4.10.8.2
The equi
) 1/Qt
b) RF 1
)
)

refe

4.10.8.3 Connection of the equipment

sishof

e nyceived

he input
of that

hile the
r at the

The msneuring set-up for the modulation error ratio (I\/IFR) measurement is shown in

figure 34.

The measuring equipment shall be connected taking care to maintain correct impedance

matching.

4.10.8.4 Measurement procedure

a) Set the signal source (base band) to generate a sequence defined as the null transport
stream packet in ISO/IEC 13818-1 with all bytes set to 0x00 (see annex G). A sequence of
four bytes followed by a PRBS (pseudo random binary sequence) can also be used.

NOTE The null transport stream packet is defined as the four byte sequence 0x47, Ox1F, OxFF, 0x10,
followed by 184 zero bytes (0x00). This sequence can be available as an encoding system option.

b) Apply the signal source | and Q channels at the input of the modulator to obtain the

desired PSK or QAM modulation format.
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c) Set the carrier frequency of the RF modulator to that of the channel where the
measurement shall be performed.

d) Adjust the output carrier level of the RF modulator to obtain the same level at the system
outlet as in normal operating conditions.

e) Tune the receiver to the channel where the measurement shall be performed. The
measurement of the modulation error ratio does not assume the use of an equalizer.
However the measuring receiver may include a commercial quality equalizer to give more
accurate results when the signal at the measurement point has linear impairments.

f) Connect the constellation analyzer to the appropriate interface (S or T of the reference
receiver shown in figure 30). If the constellation analyzer has its own tuner, the use of the
reference receiver can be avoided.

g) The|carrier frequency and symbol timing are recovered, which re Cy error
and | phase rotation. Origin offset (e.g. caused by a residual (catri offset),
quadrature error and amplitude imbalance are not corrected.

h) A time record of N received symbol co-ordinate pairs by the
congtellation analyzer. N shall be significantly larger than the

i) For each received symbol a decision is made as to ¥ d. The
error| vector is defined as the distance from the idee bol (the
centr p

i) The
An e : Q € format
and the distance (3/; , 8Q)) for each of the i [ i he ideal
positfon (/j, Qj) is shown in figure 35
The $um of the squares of the magnitud 3 is divi he sum

of the¢ squares of the m
powdr ratio in dB, is d

Yectors. The result, expressed as a
ratio (MER):

M

NOTE B gtart 2 nent, check the modulator performance, connecting the receivell with the
constellat 2 & B of the signal generator modulated by the digital source. The [displayed
constellat dj nd assumed as the reference position for the measurement.

4.10.8.5

The mepsured modylédtion error ratio (MER) is expressed in dB. The interface of the feceiver
where tlpe fmeasurement has been performed shall be stated with the results.

4.10.9 Phase jitter
4.10.9.1 Introduction

This measuring method is able to provide an indication of the phase or frequency fluctuations
of an oscillator used in a piece of equipment of the cabled distribution system (i.e. in a
frequency converter). Using such an oscillator with digitally modulated signals may result in a
sampling uncertainty in the receiver, because the carrier regeneration cannot follow the phase
fluctuations.

The measurement is performed at the system outlet of a cabled distribution network, while the
modulated signal with the appropriate format is applied at the input of the headend or at the
input of the distribution network, depending which part of the system is to be measured.

The headend can include modulation converters (from PSK to QAM format).
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This measuring method shall be performed under out-of-service conditions.

4.10.9.2 Equipment required

The equipment required is listed below:

a) 1/Q baseband signal source for PSK or QAM modulation format (figure 29);
b) RF modulator for PSK or QAM modulation format (figure 29);

c) reference receiver (figure 30);

d) constellation analyzer.

4.10.9. Connection of the equipment

The measuring set-up for the phase jitter measurement is shown in §ig 34\

The mdasuring equipment shall be connected taking care
matching.

4.10.9. Measurement procedure

corect impedance

a) Set the signal source (base band) to generate ransport
stream packet in ISO/IEC 13818-1 ence of
four|bytes followed by a PRBS (p
NOTHKE The null transport stream packet i¥ FF, 0x10,
followed by 184 zero bytes (0x00). This sequer

b) Apply the signal source | and Q gha tain the
desired PSK or QAM r i

c) Set |the carrier frg lere the
measurement shall/be\pé

d) Adjust the od system
outlet as in nofy

e) Tun bd. The
meaE Iver the
mea ccurate
resu

f) Confe ference
recej figufe 30). If the constellation analyzer has its own tuner the use of the
refefence retejver xan be avoided.

g) The|catrier frequency and symbol timing are recovered, which removes frequengy error
and phase rotatifon but mot phase jitter- Origin offset (e.g. caused by residuat carrier or DC
offset), quadrature error and amplitude imbalance are not corrected.

h) A time record of N received symbol co-ordinate pairs (/;, Q;) is captured by the

constellation analyzer. N shall be significantly larger than the M symbol points.

i) The signal points affected by phase jitter are arranged along a curved line crossing the
centre of each decision boundary box as shown in figure 36 for the four "corner decision

boundary boxes".

The phase jitter can be calculated using the following procedure. For each received

symbol:

« calculate the angle between the I-axis of the constellation and the vector to the received

symbol (/rcvds Qrevd) :

@1 = arctan (Qreyd/lrevd)


https://iecnorm.com/api/?name=9878da4ae198eb524a5d34b1542b6202

60728-1 O IEC:2001 -51 -

e Calculate the angle between the l-axis of the constellation vector to the corresponding

ideal symbol (ligeal, Qideal) :
@ = arctan (Qideal/ligeal)
* Calculate the error angle:
PE=01—@®

From these N error angles, calculate the RMS phase jitter (PJ):

N , A Bz
PJ = (1/N)Z(0Ei =(1/N°)=) o5
= =

H

NOTE Bgfore starting the measurement, check the modulator performance, connectifng the
constellation analyzer at the output of the signal generator modulated by the digita
constellatjon diagram should be noted and assumed as the reference position for the

4.10.9.5 Presentation of the results

The mepsured phase jitter is expressed in degrees. The i
measur¢ment has been performed shall be stated with the<es

4.10.10| Phase noise of an RF carrier
4.10.10/1 Introduction

This mgasuring method is able to provi

with the
displayed

ase noise of a carriefr due to

the pha]se or frequency fluctuations of™an osci ato used an equipment of thel cabled

distribu

For PSK or QAM modula \ an gscillator with digitally modulated signals
may reqult in a sampling uhcertai i ivery because the carrier regeneratior] cannot
follow the phase fluctuations. i ide the loop bandwidth of the carrier fecovery

circuit I¢ads to a sjrc ar sme i the coystellation points in the I/Q plane. This feduces

the ope

atingm @}

In an OF
carriers

an cause common phase error (CPE) which affects all
ich €an be corrected by using continual pilots, and inter-

carrier i noise that cannot be corrected.
The effe GPENare sililar to any single carrier system and the phase noise, outpide the
loop ba i reier recovery circuit, leads to a circular smearing of the consjtellation

points i

may dir¢ctly.increasgfthe BER.

. This reduces the operating margin (noise margin) of the system and

The effects of ICI are peculiar to OFDM and cannot be corrected for. This has to be taken into

account as part of the total noise of the system.

The measurement is performed at the system outlet of a cabled distribution network, while an
unmodulated carrier is applied at the input of the headend or at the input of the distribution

network, depending which part of the system is to be measured.
The headend can include modulation converters (from PSK to QAM format).
This measuring method shall be performed under out-of-service conditions.

4.10.10.2 Equipment required

The equipment required is listed below:
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RF signal generator for the frequency bands of input signals at the headend or the
distribution network;

The phase noise characteristic of the signal generator shall be sufficiently lower (at least
10 dB) than that to be measured. If it is not known, a preliminary check should be
performed.

spectrum analyzer able to tune the nominal frequency range of the system.

4.10.10.3 Connection of the equipment

The measuring set-up for the phase noise measurement is shown in figure 37.

The mdasuring equipment shall be connected taking care to maintai
matchinfg.

4.10.10/4 Measurement procedure

corregt imﬂ»edance

Set [the carrier frequency of the RF signal generator ere the
meagsurement shall be performed.

Adjust the carrier level of the RF signal generatorto obtain th 3 system
outlet as in normal operating conditions.

Tun¢ the spectrum analyzer on the same ¢ of the
spegtrum analyzer, the span and legVe| sett hds due

to thle phase noise.

Set fhe resolution bandwidth (RSBWhof thes % e video
bandwidth to 30 Hz or 10 Hz.

Meapure the unmodula

Meagure the level [PN{fm)I\li ‘ s component in one noise sideband and
note] its frequency

Conyert the ula:
PNy(fm) = PN(fm

whefr

RSH

The | e shall be
provj ) on. The
valup of the carrextioli factor for a typical spectrum analyzer is about 1,7 dB (see agnhnex I).

The|correction™faetor is not necessary if the measuring equipment can be set to| display
the noise level in dB(mW/Hz) units. In this case, the PNy(fy) value is obtained diregtly.

Calculate the phase noise performance of the carrier, defined as the ratio of the measured
power in one sideband component, on a per hertz bandwidth spectral density basis, to the
total signal power:

a(fm) = PNo(fm) = C  (dB(Hz™)).

NOTE For this measurement, it is assumed that contributions from amplitude modulation to the noise
spectrum are negligible compared to those from frequency modulation and that the measurement bandwidth
(RSBW) is much smaller than f,,.

4.10.10.5 Presentation of the results

The measured phase noise, expressed in dB(Hz_1), is plotted versus the frequency distance

(fm

) away from the carrier.
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For the measurement of CPE (OFDM system) the spectrum mask shall be specified at
three points (frequency offsets and levels, as seen in the example of figure 38.

least in

For the measurement of ICI (OFDM systems), the use of multiples of carrier spacing is

recommended for the frequencies f;, f, and f; indicated in table 3.

Table 3 — Frequency offsets for 2k and 8k systems

Symbol rate fa fo fc
2 k system 4,5 kHz 8,9 kHz 13,4 kHz
8 k system 1,1 kHz 2,2 kHz 3,4 kHz

5 Peilformance requirements
Genera

This clquse defines system performance limits which WI||
picture Aand sound signals where the impairment to any

normal loperating conditions for any channel than grade
scale cgntained in ITU-R Recommendation BT.500
5 — impe¢rceptible;

4 — perdeptible but not annoying;

3 — slightly annoying;

2 — anngying;

annoyir@

1 — very

are mainly related to analogue frequency
different techniques are used, the overall

and, where appropriate, in the presence of all the signals f
. The performance limits shall be met for those specified co
ty, mains supply voltage and frequency which apply to the log
which the‘system is situated.

produce
vorse in
airment

division
quality
H |ater.

nt given
br which
nditions
ation in

NOTE1 If a higher grade than 4 is desired, the figures quoted in clause 5 should be modified accord

ingly. For

instance for grade 4.5, the figures quoted in 5.6 and 5.7 should be increased by 3 dB; the echo rating in 5.8.2

should be reduced to 3 %.

NOTE 2
a slightly lower grade than the PAL or SECAM signals.

NOTE 3 Performance requirements that are frequency dependent are specified up to 2 150 MHz.
for the frequency range 2 150 MHz to 3 000 MHz are under consideration.

For digital signals, the system performance limits ensure a service that is quasi-
interruption, corresponding to a bit error rate, before Reed-Solomon error correction,
in a DVB signal.

If PALplus signals are conveyed in a system at the same level as PAL and SECAM signals, they will have

Requirements

-free of
of 107™*
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5.1 Impedance

The nominal impedance of the system shall be 75 Q. It should be noted that this value applies
to all coaxial feeder cable and system outlets and shall be used as the reference impedance
for all measurements.

5.2 Carrier levels at system outlets
5.2.1 Minimum and maximum carrier levels
The minimum and maximum carrier levels will depend on many factors including the

performance of typical receivers in use and local installation practices. The maximum levels
shall not_exceed, and the minimum levels shall be not less than those shown-in table

Table 4 — Carrier signal levels at any system out et “\

Type of service Systems Modulation Frequency range | im vel m level
B dHj(uV)
\%
8

Television PAL-SECAM AM-VSB VHF/U \o* 0**
NTSC AM-VSB 30 to 300MH st 83

NTSC AM-VSB 300 fo 1 909 Mh\‘ V@) 83

PAL-SECAM FM (\\y%yl NN o 77

NTSC AN\ (] \240t0 oMk |7 60 83

NTSC PN\ ['\035% T 335 MHZ 57 81

DVB-S QF(Q: N \13{\{ 47 77

DVB-C 64 E\AM \ N \MF 47 57

DVB-L\ ( 16N\ N \\yﬁF/UHF u.c. c.

D\IiB ) QB\QAN\ _/ VHFIUHF u.c. <.

/\D\}BS-TV B CXQDN > VHF/UHF u.c. c.

Radgio Wysk Qno N \FIQ\ N VHF 40 70 sep note 1

Sadnd s%»l{ec\ \/\EM/ VHF 50 70 seb note 1

\ \QéK \ \/ HF 56 see|note 3

\D§B \ > 1st IF 47 see|note 3

* 57 dB(} mh 8 Hz\aﬁld 12 MHz spacing only.
** 77 dB >20 channels load.

NOTE 1 t to oyerload certain receivers, the figures quoted above for the maximum levels m|ght have
to be reduced\for exa by means of a separate attenuator at a specific outlet.

NOTE 2 | Theé level of the television sound carrier relative to that of the vision carrier which is permissikjle varies
according to the television system and performance of typical receivers.

NOTE 3 Signal levels and methods of measurement for these transmission standards are under consideration.

NOTE 4 Other types of modulation are under consideration.
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5.2.2 Carrier level differences

The differences in carrier levels shall not exceed the values given in table 5.

Table 5 — Maximum level differences at any system outlet
between distributed television channels

Systems Modulation Frequency range Maximum level
difference
dB
PAL-SECAM AM-VSB 47 MHz to 862 MHz 12
NTSC AM-VSB 30 MHz to 1 000 MHz /;1—5\

NTSC AM-VSB 30 MHz to 300 MHz

Az
PAL-SECAM AM-VSB Any 60 MHz range \
in VHF (\
NTSC AM-VSB Any 60 MHz range 8
in VHF
NN

PAL-SECAM, NTSC AM-VSB Adjacent ch:@a\

PAL-SECAM FM %?/M’Hz\ N \\1,(
to 2/150 MHZ\ 5

NTSC FM Qﬁ){l\&H N
A~ (LoNsopdN N

PAL-SECAM FMQ K “up(to 47d\MH}J | 15

NTSC FM > \Q; to\4\70 Mbz—" u.c.
oM

DVB-S QPSK u.c.
[ Oh R

DVB-C < ({4 Qh»\\ \\)Aquc t channel 3
N
DVB-C 64 \ Adjgcent channel to 13*
A @ \}LAM-VSB
DVB<{ \ > 2 bQFD\M\\/ Adjacent channel u.c.
DVB 0] Adjacent channel to u.c.
AM-VSB

*

*

NOTE Vatues for'othe QA signals are under consideration.

* Tlhe 64 QA isl\géi | st.b bwlevel of the adjacent AM signal.

If FM sound si
the level of @any
at the cj.itlet.

e present at the system outlet intended for AM-VSB television |signals,
rrier shall be at least 3 dB lower than the lowest television sigTaI level

NOTE 1 The difference applies to signals having the same type of modulation.

NOTE 2 The value includes the possible coexistence of signals of 27 MHz bandwidth FM and 7 MHz to 12 MHz
bandwidth AM-VSB which may be in the close vicinity. They also take into account the characteristics of the
connected customers' receivers (selectivity, image rejection, oscillator radiation). In some cases, it may be
necessary, in order to obtain that figure, to incorporate channel by channel processing. The levels of FM satellite
channels relative to AM-VSB terrestrial channels should be 0 to —10 dB.

NOTE 3 When equal level FM radio signals are transmitted from the headend, then the maximum difference
between these signals at the system outlet should be 6 dB.
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5.3 Mutual isolation between system outlets

5.3.1 Isolation between two subscribers

60728-1 O IEC:2001

The minimum isolation at any frequency between any two subscribers' system outlets
connected separately to a spur feeder system shall be as in table 6 below.

Table 6 — Mutual isolation

Type of service Frequency range

Mutual isolation

dB

TV/ITV 47 MHz to 862 MHz

TV/TV 950 MHz to 2 150 MHz

FM sound / FM sound VHF

TV / FM sound

NOTE 1 For systems carrying channels chosen so that
within any distributed channels, the figure for mutual isolati

NOTE 2 In systems using a return path, the requirepaen
frequency of 47 MHz but at a convenient higher fr
band.

5.3.2 Isolation between individua

Under cpnsideration.

5.4 Frequency respon

5.4.1 Amplitude respon

plitude re n
table 7.

The am
given in

ble 7>- Amplitude response variation

. cupied or channel Maximum variation Maximum
Sigpal modulati \G\kndwidth (peak-to-peak) slope of variatign
<\ NN \ MHz dB dB/MHz
O N 6 2 1
AM VSN 8 2,5 1
ffM\television 27-36 u.c. u.c.
QPSK (DVB-S) 37,125 8 0,25
TC8PSK (Japan) 34,5 - -
64 QAM (DVB-C) 8 8 1,5
64 QAM (Japan) 6 6 u.c.
COFDM (DVB-T) 8 8 u.c.
OFDM (Japan) 6 6 u.c.
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5.4.2 Group delay

The group delay variation within any television channel shall not exceed the values given in
table 8.

Table 8 — Group delay variation

Signal modulation Frequency range Maximum group delay
variation
MHz ns
AM-VSB television (PAL) with teletext 0,5-4,43 100
AM-VSB_ television (DAI ) without teletext Q5 _443 //%ﬂ
QPSK
OFDM
QAM
55 L utlet
The fre ipry the figures diven for
headend equipment apply.
At any € ion’f e nominal value of the carrier
frequen i S
For FMi|television the conys : erence between the frequengy of an
input signal and the outpQt fhrequ hall not deviate by more than [t5 MHz
from its[nominal value wi * n into account:
a) temperature vatiatiQ
b) supply voltag<>f'
c) LO getting error:<a
d) ageing.
The deyiati R\ » frequency from the nominal value due to a) and bf) above
togetheg st
For QP oddlated signals (DVB-S) the conversion frequency (i.e. the difference
between the frequency of an input signal and the output frequency of that signal) ghall not
deviate py«more than +1,5 MHz from its nominal value.

For 64 QAM digitally modulated signals (DVB-C) the conversion frequency (i.e. the difference
between the frequency of an input signal and the output frequency of that signal) shall not
deviate by more than 100 kHz from its nominal value.

For COFDM digitally modulated signals (DVB-T) the conversion frequency (i.e. the difference
between the frequency of an input signal and the output frequency of that signal) shall not
deviate by more than +30 kHz from its nominal value.

5.6 Random noise

At any system outlet, the level of the noise voltage generated in the system in any channel
shall be such that the carrier to noise ratio shall be not less than the values shown in table 9.
The test method for TV carrier to noise ratio is given in 4.5. For FM sound radio signals the
same method can be used, but in this case, the noise bandwidth is taken to be 200 kHz.
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Table 9 — Carrier to noise ratios at system outlet

Minimum carrier to Equivalent noise
Type of Systems Modulation noise ratio bandwidth BW
service
dB MHz
I 44 5,08
B, G, D1 44 4,75
L 44 5,00
D, K AM-VSB 44 575
NTSC 43 u.c.
System M 42 u.c.
PAL-SECAM FM 15 27
NTSC FM 14

1=
-

QPSK
N DVB-S 11 </\( PN
Telgvision Code rate 2/3 AN C"\
DVB-C 64QAM 31 \ wx‘f{.e”t y
/\

DVB-C 16QAM 3N N N\

DVB-C 256QAM \ N \

COFDM X>\/

Independent pf

DVB-T 8k bandwidth

Coge rate 2/3(\
ofe rate 2/3( A
3 (Pa\\S/ec
Mono FM c U”t”e 0,2
\41 TSC countries)
Radio

) Wal-Secam
FM > countries) 0.2
1

(NTSC countries)

O

1=

5.71

This su ' requency interference which may result from intermofdulation
or the pfes her ring signals (e.g. local oscillators, ingress signals)

At any s i gvel of any unwanted signal within the system shall be such|that the

lowest darrierstoNnterference ratio within a wanted television channel shall be not less than:

 J7.dB for AM signals;

« 33 dB for FM signals;

+ 35 dB for DVB — 64QAM signals;

e 13 dB for DVB — QPSK signals;

e u.c. for DVB — 16QAM and 256QAM.

Where a frequency assignment, taking account of known future off-air and distributed
channels, is adopted so that interference signals fall only in the less sensitive areas of the
television channel spectrum, a limit lower than that given above is acceptable (see curves
given in figures 12, 13, 15, 16). The test methods are given in 4.4.1.

Single freguency interference NTSC digital subcarrier:

« not lower than 31 dB.
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NOTE Special precautions may be needed when the dual sound channel is carried in a lower adjacent channel if

interference between the additional subcarrier and the lower vestigial sideband of the adjacent channe
avoided.

5.7.2 Single channel intermodulation interference

| is to be

In this special case of single frequency interference, the ratio of the reference level relative to

the interference signal shall be not less than 54 dB.

NOTE This subclause does not apply to television channels carrying DVB signals.

5.7.3 Multiple frequency intermodulation interference

At any $ystem outlet, the level of the multiple frequency intermodulation/interferencd, in any
wanted ftelevision channel, shall be such that the carrier to interferenc i not less
than:
* 57 dB for each cluster of composite beats in negative modul
« 52 dB for each cluster of composite beats in positive mod
» 52 dB for negative modulation and 47 dB for positive ms 3 tlusters,
calcplated according to the method of measuremept give
e 37 dB for the sum of all clusters falling within a OVB
« 13 dB for DVB — QPSK;
e u.c. for FM television.
NOTE 1 |When coherent carriers are used lower
NOTE 2 |Because intermodulation products betweenmultiple, spaced, digital TV channels are |similar to
random n intunt } rrier to noise measurements.
5.7.4 ati
The wa i Oyat any system outlet shall be not leps than
46 + 10 ‘ gr of television channels for which the system is
designe
5.8 Video base
5.8.1
The diffpre given in
table 1Q.
Table 10 — Differential gain and phase in television channels
Systems Maximum peak-to-peak differential gain Maximum peak-to-peak differential phase
% o
PAL 10 12
SECAM 40 32
NTSC 10 5
NOTE This clause does not apply to channels carrying DVB signals.
5.8.2 Echoes
The echo rating in any television channel, at any system outlet, when measured by the

method defined in 4.6 shall not exceed 7 %.
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5.8.3 Amplitude and phase response for PALplus signals

Under consideration.

NOTE The recommended test method is to use a sin x/x ITS signal.

5.9 Hum modulation of carriers in television channels

At any system outlet the unwanted modulation of any vision carrier at the frequency of the
supply mains and harmonics thereof shall be such that the reference modulation to hum

modulation ratio is not less than 46 dB.

The un\ antad maodilation of anv AM cound carrier chall ha o
WWaHte e oattatdoh—oe+— SO S—-CaH e —5ratt—8e-5

ch that thic retrg 1c Nt |
Sttt HSFEO<tS Ot

2ss than

60 dB.

For sysfem M, the vision carrier ratio of reference modulation to hym x
less than 35 dB.

The hum modulation of NTSC digital subcarrier shall be no
The tes{ method for both cases is given in 4.4.4.
Hum mqdulation requirements for FM television &

5.10 Requirements for data signal tra
5.10.1 | Data signals carried in the s

Under cpnsideration.

5.10.1.1 Data signa

onsider

5.10.1.1.

Under ¢

Eq <10

5.10.1.1

The datp delaydnequality’in any television channel shall not exceed 50 ns.

5.10.1.2 ~ ‘Data signals using the whole television field

Under consideration.
5.10.1.2.1 Data echo rating

Eq <10%

5.10.1.2.2 Data delay inequality

The data delay inequality in any television channel shall not exceed 50 ns.

5.10.1.3 Data signals on the audio or additional carriers within a television signal

Under consideration.
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5.10.1.4 Data signals using other parts of the television signal

Under consideration.

5.10.2 Data signals other than those carried within the structure of a television signal

Under consideration.

5.11 Digitally modulated signals — Additional performance requirements
5.11.1 DVB (PSK, QAM, OFDM) performance

5.11.1.1—BER

For a service quasi-free of interruption the bit error rate (BER) for afy signal shall be
lower thilan 107, before Reed-Solomon error correction.

5.11.1.2 Noise argin

For any|DVB signal received by satellite, the noise margin

5.11.1.3 MER

For any|DVB signal the modulation error ratio (
table 11|.

given in

Table 11 — Modulation~erroinratio'(MER) ofa DVB signal

| } \:) ER
Lo e D
NN T

AN
Y :
AT 0N %

Table 12 — Phase jitter of a DVB signal

) Phase jitter
Signal modulation
(degrees)
QPSK +15
64 QAM +5
COFDM +5

5.11.1.5 Phase noise of a RF carrier

For any RF carrier of a digitally modulated signal (PSK or QAM) the phase noise shall be
lower than the value given in table 13 at the frequency distance f,, from the carrier.
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Table 13 — Phase noise of a DVB signal (PSK and QAM)

Phase noise Frequency distance
Signal modulation ;
dB(Hz™") fm
QPSK u.c. 10 kHz
64QAM -50 100 Hz — 10 kHz
-70 100 kHz

For a digitally modulated signal in the OFDM format the phase noise can cause common
phase error (CPE) which affects all the carriers simultaneously and inter-carrier interference
(ICI).

For any|RF carrier of a DVB signal modulated in the OFDM format, i method
of meagurement given in clause 4.10.10, the value of CPE and tha{ of\l er than
the values Lg, Ly, L given in table 14 at the frequency distances er.

CPE
Signgl Frequency dB (7
modulation distance

L, AL [ \\L//

L

u.c.

COFDM u.c. Qo ] (uc\ 3
2N

2ksysem | f,f f, \\5(}0\kHz 4.5 kHz 8,9 kHz 13,4 kHz

COFD]\A \\{c\ u.c. u.c. u.c.
8 k sysfem fasfo,fec 1 Mz

1,1 kHz 2,2 kHz 3,4 kHz
5.11.2 | NICAM perfofma \)\/
The perrormanc
limits giyen in IECNG

5.11.3

ined largely by the headend equipment|and the

Under ¢

5.12 F

5.12.1

The amplitude response-as-a function of frnqnnnh\/ for the entire system shall be suchlithat the

maximum amplitude variation over any FM channel (bandwidth appropriate for the
transmission system in use) is not more than 3 dB with the slope not exceeding 0,3 dB per 10
kHz within 75 kHz of the carrier.

5.12.2 Phase response within a FM channel

Under consideration.

5.12.3 Interference within a FM channel

Under consideration.

5.12.4 AM hum modulation on FM sound carriers

Hum modulation sidebands shall be at least 46 dB below the carrier level.
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5.12.5 Echoes within an FM channel

Under consideration.

L O

Receiving antenna system
terrestrial and/or satellite

P '

S I —
-
| = | N~ Amplifier
‘ S b i }
Frequency converter — . [f, 7 \ \V7
! m ; ; |
\ ‘ Combiner
\
e

stribution

nplifier

RN

Trunk feeder

Splitter (3 outputs) —

[ h~

~—__ Splitter

(2 outputs)

Spur feeders

+—0  O—A—=o0

Terminating resistors

and/or satellite (SMATV) reception

Distributi
amplifier

IEC 2

=}

76/01
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Sweep generator

i
RF output Low-loss cable
/\/f1 — - f2 0 — — — — — dB }A; @
Y17 Marker
O
O
IEC 2279/01
Figure 4a

"Remote" system ou

Ao fy—= 1, 1

Directional
coupler

Figure 4 — Arrangement of test equipme ent of mutual isolation

D
T

IEC p280/01

L Y1
Mixer = Y,
€
IEC 2281/01
Figure 5a
Specified system outlet
Aq A
24 v
System
dB 7) under test O dB
Input system (including receiver
or modulator (see 4.2))
IEC 2282/01

Figure 5b (otherwise as figure 5a)

Figure 5 — Arrangement of test equipment for measurement of frequency response

within a channel
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Reference

Trough touches reference
at A, setting = a,

Curve crosses "reference” at vision
frequency at A, stteing = a,

Peak touches "reference" at A, setting = a,

Frequency marks at channel edges

IEC 2283/01

pequency response within a channel

e,

Sin2X %
1,00 - - 100
Half-amplitude i
65 50
\ I M\ration =20 ps
J

==
= ~=

bl 111N
i Iy

IEC 2284/01

nl 1]

Figure 7 — Test signal (signal F for 625 line systems) employed for chrominance/luminance gain
and delay inequality
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Signal B2
v - 10 us %
1,0 ¢ ] - 100
0,93 - <90
0,65 - 50

0,31 -
0,30 b

L_»\/

Rise time: approximately 200

NOTE In|France, the nominal rise time B2 is approximately

Figure 8 — Test signal (signal B2 for 62 hce gain

4 Demodulator

. N

Modulator
G
\ dB
DA

\ Test set Oscillopcope
> System
under test
IEC 2286/01
Figune 9 £ Arra ent of test equipment for measurement of chrominance/luminancg gain

and delay inequality
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100 % Bar top
L
IEC 2287/01 IEC 2288/01
Figure 10a — Before nulling delay Figure 10b — After nulling delay

Figure 10 — Displayed pulses: chrominance low and laggihg

N T
100 % /\? rto

EC 2289/01 IEC 2290/01
Figure 11a 2 o s Figure 11b — After nulling delay
0 <\
\Y
h

m -10
© / \\(/ \
< /
s -15 \
Q
R
(o]
£ -20
<
2 s
2

-25

]
-30
-2 -1 0 1 2 3 4 5 6
Frequency of interfering signal (MHz) with reference to the vision carrier
IEC 2291/01

Figure 12 — Weighting curve for 625 lines system B, G and D1 (PAL);
CW interference with no special (frequency offset) control
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\Weighting factor K dB
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==
%l
System Spectrum
headend dB analyzgr

stemyor device

\ under test

g of test equipment for the measurement of non-linear distortjon
by composite beat

IEC | 2293/01
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Weighting factor K dB
Ny
o
/

el K (o

Sl TN DNy
e L KA QN \
RN NN \

SRIREN
NN e

IEC 2295/

I

— Weighting curve for 625 lines system L (SECAM);
interference with no special (frequency offset) control

D N i o % N /Vl\‘i X %
100 % M

IEC 2296/01
Figure 17 — Hum modulation envelope
(x = percentage peak-to-peak hum modulation)
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Aig % v
A B Calibrated
—9 4B B /\%v — = X~ —  potential
T T divider
(see figure 19)

. —O Y4
Variable Oy
2

System DC supply

under test
(see figure 20)
IEC 2297/01
Figure 18 — Connection of equipment for measurement of hum mod@lation ( méthjpd)
o °
R
a
b
Input from c G
detector 2
utput to
oscilloscope
: IEC 2298/01
NOTE These values e ) pedance of a typical oscilloscope (1 MQ).

0Vv-25V

IEC 2299/01

NOTE 1 Arrange polarity to suit detector and oscilloscope in use.
NOTE 2 Values chosen to suit the voltage of the battery and the Zener diode employed.

NOTE 3 Multi-turn potentiometer preferred for precise setting.

Figure 20 — Stable variable DC source
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y | T
V, Peak-to-peak hum sxft?g':na
/
DC shift  V, -
r
Switch in
position "b" or "c"
IEC 2300/01
Percentage peak-to-peak hum =V, / V; x 0,07 % for position "b" or
V,/ Vi x0,3 % for position "c"
Figure 21 — Oscilloscope display
y
A1/ Az/
A B ~
S|l o f T dyﬁ %ﬁ{ >dB
o N
undex test L
N

EC 2301/01
Figure 22 —@n tion of equipment.for hum modulation measurement (AC methop)
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\% Signal D2 %
- ] 120

1,14 .
1,00 - 7 100
0,86 % w2 1 80

0,72~ -1 60
0,58 - % - 40
0,44 - V - 20
030 - F = 4,43 MHz 10
0,16 - ‘ --20
e e e O
0 10 14 18 22 26 30 32 ps

IEC 2302

NOTE Ir] full field-test signals, each tread of the staircase may have a duration of 8,68  us\

Figure 23a — Signal D2 for 625-line system

Signal D2

IRE scale
units

90
72
54 -
36 -
18

oL

1
H
40128
IEC 2303/01
NOTE 1 |Scale refe@
NOTE 2 |[Sub-carrier anf
4 — Signal D2 for 525-line system
Figure 23 — Signal D2
Y% Ai 4 A, 4
Testwaveform P
generator dB dB U
Oscilloscope
Mg Py
System
dB under test dB
IEC 2304/01

Figure 24 — Arrangement of test equipment for measurement of echo rating
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Test w|
gen

bveform
brator

Figure 25 — Example of the modified st

Figuf

ca

Si

gen

05/0

Filter

o

Differential phase
test set

Oscilloscope

IEC 2306/01

ipment for measurement of differential gain and phase

Meter
preamplifier p Attenuator and filter
hnal System o - 7 t 7
L o o ~ I I S
brator under test i dB t dB P %‘
Variable Selective
attenuator voltmeter
|- == === Measuring equipment
Shielded terminating | \
resistor | Pilot signal |
generator |
| IEC 2307/01
\
— |

NOTE Dotted lines signify additional items which may be required.

Figure 27 — Arrangement of test equipment for carrier to noise ratio measurement
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12T

Maxi(num(anwlit}%\%a}ixen E rating (%)
AN :

T4 A\ N
0 R SCNEE O] +100, g +100, -36
TN N
AN IR
AN TRNORE
12\ A ) +3 4,5

jgure 28 — Echo rating graticule

100 % T
29T
26T
23T
50 %
/E=9°/o
E=37% \
B —
A
\

IEC 2308/01
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Null MPEG-2 Inner | = | ]
transport TS MUX Outer conv. RF output
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Figure 29c

NOTE The null transport stream packet generator can be replaced by a PRBS (pseudo random bit sequence)
generator.

Figure 29 - 1/Q signal source and RF modulator:
a) PSK modulation (QPSK, BPSK or TC8PSK)
b) QAM modulation

c) OFDM modulation
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NOTE The frequency range of the bands for the 1st I.F. and VHF/UHF tuners depends on the frequency allocation
plan of each country. Examples are given below:

1stI.F.:

VHF/UHF:

0,95 GHz to 2,15 GHz

40 MHz to 862 MHz (Europe)
90 MHz to 770 MHz (Japan)

Figure 30 — Reference receiver:

a) PSK demodulation (QPSK, BPSK or TC8PSK)
b) QAM demodulation
c) OFDM demodulation
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Figure 31T — lTest set-up Tor bBER measurement /(
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NOTE The theoretical curves are for QPSK and 64 QAM modulation format.

Figure 33 — Example of BER measurement versus Ep/N,
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Figure 34 — Test set-up for modulation error ratio (MER) measurement
and phase jitter measurement
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Figure 36 — Example of constellation diagram for a 64 QAM modulation format where are shown
the "corner decision boundary boxes" for the phase jitter measurement
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Figure 37 — Test set-up for phase noise measurement
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Figure 39 — Mask group delay characteristic for PAL signals with FM-FM sound (Netherlands)


https://iecnorm.com/api/?name=9878da4ae198eb524a5d34b1542b6202

Protection ratio dB

60
55
50
45
40
35

30

25
20
15
10

-82 - 60728-1 O IEC:2001

Pal

H,l,|L 7 /’ Secam \ \

a: without any frequency control

b: with line offset

-15 -1 05 0 05 1 15 2 25 3 35 4

AF MHz
IEC 2324/

=

Figure 40 — Templates for the B, G, H, |, L stahdakds RE-pxotectiaon ratio (France)
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Figure 41 — Single frequency interference (VSB-AM NTSC) (Japan)
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