This electronic version (PDF) was scanned by the International Telecommunication Union (ITU) Library &
Archives Service from an original paper document in the ITU Library & Archives collections.

La présente version électronique (PDF) a été numérisée par le Service de la bibliothéque et des archives de
['Union internationale des télécommunications (UIT) a partir d'un document papier original des collections
de ce service.

Esta version electronica (PDF) ha sido escaneada por el Servicio de Biblioteca y Archivos de la Unidn
Internacional de Telecomunicaciones (UIT) a partir de un documento impreso original de las colecciones del
Servicio de Biblioteca y Archivos de la UIT.

o34 Aail) 4y 5 KIY) (PDF) gl n sead rasally i sucall o)yl a8 il giaall 5 8 alad¥] dsall VLU (ITU)
D& (e 4855 A8 ) 5 dlial (ania (3511 38 giall b and KA il giadll

SR TR (PDFRRAS) BRI (ITU) B TR ANRS 58 =R A7 Tz Ak i 4RSS Fl R it

Hacrosmumit snextponnsiii Bapuant (PDF) GBI OATOTOBIICH B OMOIHOTEUHO-aPXUBHOM CITy:KO€E
MeXayHapoJHOTO COI03a AIIEKTPOCBSI3H MyTEM CKaHHUPOBAHUSI HCXOIHOTO IOKYMEHTa B OyMaskHOU dopme 13
OubmoTedHo-apXuBHOH ciry’k061 MCD.

© International Telecommunication Union




INTERNATIONAL TELECOMMUNICATION UNION

CCITT

THE INTERNATIONAL
TELEGRAPH AND TELEPHONE
CONSULTATIVE COMMITTEE

YELLOW BOOK

VOLUME IV - FASCICLE IV4

SPECIFICATIONS OF MEASURING
EQUIPMENT

RECOMMENDATIONS OF THE O SERIES

VII™" PLENARY ASSEMBLY
GENEVA, 10-21 NOVEMBER 1980

Geneva 1981



INTERNATIONAL TELECOMMUNICATION UNION

CCITT

THE INTERNATIONAL
TELEGRAPH AND TELEPHONE
CONSULTATIVE COMMITTEE

YELLOW BOOK

VOLUME IV - FASCICLE IV4

SPECIFICATIONS OF MEASURING
EQUIPMENT

RECOMMENDATIONS OF THE O SERIES

VII™ PLENARY ASSEMBLY
GENEVA, 10-21 NOVEMBER 1980

Geneva 1981

ISBN 92-61-01031-8



© LT.U.



Volume I

Volume II

FASCICLE II.1

FASCICLE 11.2

FASCICLE 11.3

FASCICLE 11.4

Volume I

FASCICLE III.1
FASCICLE I11.2
FASCICLE 111.3

FASCICLE I111.4

Volume IV

FASCICLE V.1
FASCICLE 1V.2
FASCICLE IV.3

FASCICLE 1V.4

CONTENTS OF THE CCITT BOOK !

APPLICABLE AFTER THE SEVENTH PLENARY ASSEMBLY (1980)

YELLOW BOOK

Minutes and reports of the Plenary Assembly.
Opinions and Resolutions.

Recommendations on.:

— the organization and working procedures of the CCITT (Series A);
— means of expression (Series B);
— general telecommunication statistics (Serxes Q).

List of Study Groups and Questions under study.

General tariff principles — Charging and accounting in international telecommunications
services. Serie D Recommendations (Study Group III).

International telephone service — Operation. Recommendation E.100 - E.323 (Study Group II).

International telephone service — Network management — Traffic engineering. Recommenda-
tions E.401 - E.543 (Study Group II).

Telegraph and “telematic services”!) operations and tariffs. Series F Recommendations

“(Study Group I).

General characteristics of international telephone connections and circuits. Récommendations
G.101 - G.171 (Study Group XV, XVI, CMBD).

International analogue carrier systems. Transmission media — characteristics. Recommenda-
tions G.211 - G.651 (Study Group XV, CMBD).

Digital networks — transmission systems and multiplexing eqmpments Recommendations
G.701 - G.941 (Study Group XVIII).

Line transmission of non telephone signals. Transmission of sound programme and television
signals. Series H, J Recommendations (Study Group XV).

Maintenance; general principles, international carrier systems, international telephone circuits.
Recommendations M.10 - M.761 (Study Group IV).

Maintenance; international voice frequency telegraphy and facsi'mile, international leased
circuits. Recommendations M.800 - M.1235 (Study Group IV).

Maintenance; international sound programme and television transmission circuits. Series N
Recommendations (Study Group IV).

Specifications of measuring equipment. Series O Recommendations (Study Group 1V).

1) «Telematic services” is used provisionally.



Volume V

Volume VI

FASCICLE VI.1
FASCICLE VI1.2

FASCICLE VL3

FASCICLE V1.4
_ FASCICLE VL5

FASCICLE VI.6

FASCICLE VI.7

FASCICLE VI8

Volume VII
FASCICLE VII.1

FASCICLE VIL2

Volume VIII

" FASCICLE VIIL1
"FASCICLE VIIL.2

FASCICLE VIII.3

Volume IX

Volume X .
FASCICLE X.1

FASCICLE X.2

Telephone transmission quality. Series P Recommendations (Study Group XII).

General Recommendations on telephone switching and signalling. Interface with the maritime
service. Recommendations Q.1 - Q.118 bis (Study Group XI).

Specifications of signalling systems Nos. 4 and 5. Recommendations Q.120 - Q.180 (Study
Group XI).

Specifications of signalling system No. 6. Recommendations Q.251 - Q.300 (Study Group XI).A

Specifications of s1gnallmg systems R1 and R2. Recommendations Q.310 - Q.490 (Study °
Group XI).

Digital transit exchanges for national and international applications. Interworking of signalling
systems. Recommendations Q.501 - Q.685 (Study Group XI). .

Specifications of signalling system No. 7. Recommendations Q.701 - Q.741 (Study Group XI).

Funcuonal Specification - and Description Language (SDL). Man machine language (MML)

" Recommendations Z.101 - Z.104 and Z.311 - Z.341 (Study Group XI).

CCITT high‘ level language (CHILL). Recommendation Z.200 (Study Group XI).

Telegraph transmission and switching, Series R, U Recommendations (Study Group IX).

Telegraph and “telematic services”!) terminal equipment. Series S, T Recommendations
(Study Group VIII).

N -

Data communication over the telephone network. Series V Recommendations (Study
Group XVII).

Data communlcauon networks services and fac111t1es terminal equ1pment and 1nterfaces

. Recommendations X.1 - X.29 (Study Group VII). .

Data communication networks, transmission, signalling and switching, network aspects,
maintenance, administrative arrangements. Recommendations X.40 - X.180 (Study
Group VII). :

Protection against interference. Series K Recommendations (Study Group V). Protection of
cable sheaths and poles. Series L Recommendations (Study Group VI).

Terms and definitions.

Indéx of the Yellow Book.

D ““Telematic-services” is used provisionally.



CONTENTS OF FASCICLE IV4 OF THE YELLOW BOOK

Part I — Series O Recommendations

Specifications of measuring equipment

Rec. No.

SECTION 1 — Specifications for analogue_'—type measurement equipment

o.11 Specifications for manual maintenance access lines . . . ... ....... ..., .....
0.21 CCITT automatic transmission measuring equipment ATME No. 1 (for telephone-type
circuits) . . .. ... Lo e L
0.22 Specification for the CCITT automatic transmission measuring and signalling testing
equipment ATME No. 2 . . . ... . e

0.31 Specification for an automatic measuring equipment for sound-programme circuits
0.32 Specification for an automatic measuring equipment for stereophonic pairs of sound-
‘ Programme CIFCUILS . . . . . o vttt v it e e e e et e e e e e e e e e e e e
0.41 Psophometers (apparatuses for the objective measurements of circuit noise) . . . . . . . .
0.51 E Volumemeters . . . .. .. .. ... ... ..... e FS
0.61 Essential clauses for a simple instrument to measure interruptions on telephone circuits .
0.62 Essential clauses for a sophisticated instrument to measure interruptions on telephone
CITCUILS . . . . o o o e e e e e
0.71 Specification for an impulsive noise measuring instrument for telephone-type circuits . .
0.72 Characteristics of an impulsive-noise measuring instrument for wideband data transmis-
SIOMIS o o v v v e e e e e e e e e e e e e e e e e e e e e e e e e
0.81 ~ Specification for a group-delay measuring set for audio circuits . . . .. ... ... .. ..
0.82 Description and basic specification for a group-delay measuring set for the range 5 to
600kHz . ......... e e e e
0.91 Essential clauses for an instrument to measure phase jitter on telephone circuits . . . . .
0.95 Specification for an instrument to count phase and amplitude hits . .. ... ... .. ..
O.111 Specification of essential clauses for an instrument to measure frequency shift on a
carrier channel . . . . ... ... e e e e e e e
0.121 Definitions and measuring techniques concerning the degree of balance with respect to
earth of transmission test apparatus . . . . . . . . . . ..o e e
0.131 " Specification for a quantizing distortion measuring apparatus using a pseudo-random
noise stimulus . . . . . . L. L e e e BN
0.132 Specification for a quantizing distortion measuring equipment using a sinusoidal test
signal . .o e
0.141 Description and basic specification for a semiautomatic in-circuit echo suppressor
testing system (ESTS) . . . . . . . . . . e

Fascicle 'IV.4 — Table of Contents

Page

22

30
40
40
40

42
45

47 .
47

53
58
61
64
68
73

78

81



Rec. No. ' . ' Page

SECTION 2 - Specifications for digital-type measurement equipment

0.151 Specification for instrumentation to measure bit-error-ratio on digital systems. . . . ... 87
0.161 - Specification for an in-service code violation monitor for digital transmission systems . . 91
0.162 Specification for an instrument to monitor the frame alignment signal of frame

structures that are in accordance with Recommendation G.732 (frame alignment signal

11T ) 41117+ O 93
0.17 Specification for instrumentation to measure timing jitter on digital equipment . . . . . . 9

Part I — Supplem_ents to Series O Recommendations

3 Measuring equipment specifications

Supplement No. 3.1  Measuring instrument requirements. Sinusoidal signal generators and level-

measuring instruments . . . . . . . . . . ..ottt e e e e 109
Supplement No. 3.2 Noise measuring instruments for telecommunication circuits . . ... ........ 109
Supplement No. 3.3  Principal characteristics of volume indicators . . . . ... ............... 109
Supplement No. 3.4  Consideration of interworking between different designs >of' apparatus for
measuring quantifying distortion . . . . . .. ... ... L L Lo 109
Supplement No. 3.5 Test frequencies on circuits routed over PCM systems . . . . ... ... ....... 109
REMARK

The Questions entrusted to each Study Group for the Study Period 1981-1984 can be found in Contribution No. 1
to that Study Group.

CCITT NOTE

In this Volume, the expression “Administration” is used for shortness to indicate both a telecommunication
Administration and a recognized private operating agency.

VI Fascicle IV.4 — Table of Contents



PART I

Series O Recommendations

SPECIFICATIONS OF MEASURING EQUIPMENT



PAGE INTENTIONALLY LEFT BLANK

PAGE LAISSEE EN BLANC INTENTIONNELLEMENT



SECTION 1
SPECIFICATIONS FOR ANALOGUE-TYPE MEASUREMENT EQUIPMENT

Recommendation O.11

SPECIFICATIONS FOR MANUAL MAINTENANCE ACCESS LINES

1 General

1.1 Introduction

In order to more effectively carry out manual maintenance of international circuits in an automatic
telephone network, the following international manual maintenance access lines are recommended:

a) a balanced quiet termination which initially returns a — 10 dBmO test tone;

b) a maintenance test position or console access line with multiple access codes for both voice
communications and/or circuit testing;

c) a test line to terminate the Echo Suppressor Testing System (ESTS) (see Recommendation O.141)
responder; and :

d) aloop test line with an initial tone/quiet termination interval.

These test lines should be provided as modular units so that each Administration may choose the number
of each type it wishes to install at a given centre.

1.2 " Quiet termination test line

The quiet termination test line is a dialable test line that initially returns a nominal 1020 Hz (or 820 Hz),
—10 dBmO tone for 13 to 15 seconds. After the initial tone period, the test line should present a balanced
600-ohm termination to simulate the nominal exchange impedance. This quiet’ termination should remain
connected until the calling party disconnects. This dialable test line is intended to allow one-man manual 1-way
loss, 1-way noise (or noise with tone) measurements and impulse noise checks on any circuit from the distant
switching centre.

1.3 Test and/or communications access line

The test and/or communications access line is a dialable access line intended to be located at the circuit
maintenance test position or test console location associated with the international switching centres. These access
lines are expected to be used for voice communications between the circuit maintenance personnel at the
appropriate maintenance elements and as a test access point to make a variety of manual transmission tests. These
access lines are potential facilities as a fault report point (circuit) or fault report point (network) and/or testing
point (transmission).
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Separate access codes will be allocated for each of the access line types described below. This is to ensure
that if an Administration wishes to separate the various maintenance functions (i.e. transmission testing, switching
testing and fault reports) it can do so. These allocations should not, however, stop those Administrations that wish
to combine one or more of the functions, using a single access code.

1.3.1  Transmission access test lines

The transmission access test line is a dialable test line intended to be located at the circuit maintenance test
position or test console location associated with the international switching centres. These test lines are expected to
be used as a test access point to make a variety of manual transmission tests. They may also be used for voice
communication purposes associated with the circuit testing.

The proposed dialling plan for these test lines enables a particular test position or console to be selected
when the distant switching centre is equipped for this type of dialling access. If the normal test position number
(access code) is busy, it is expected that the call should route to an idle test position number via a hunting group.
Generally, the allocation of access codes should allow the digits 21 (see § 2.4.2) to cause the incoming test line call
to route to the test position or maintenance console normally assigned to the particular circuit group over which
the incoming call originated. Then the use of digits 22 to 29 (non CCITT No. 6 signalling) would allow the
maintenance personnel to make a test line call to a specific test position or maintenance console at the distant
location. This will allow both flexibility in assigning the test positions and consoles, and may also relieve the need
for all test positions or consoles to be equipped with the same test equipment.

1.3.2  Other test and/or communication lines

A requirement exists for the provision of lines for manual switching and signalling tests and for the
provision of facilities for a fault report (circuit) or a fault report (network). Codes will be allocated to these lines
when the requirements are fully defined.

1.4 Echo suppressor test line

The echo suppressor test line is a dialable 4-wire test line intended to: terminate the Echo Suppressor
Testing System (ESTS) (see Recommendation O.141) responder on an international switching centre. This test line
will allow the maintenance personnel at the distant switching centre using the ESTS director equipment to make
one-man semiautomatic echo suppressor tests on the circuits between the two centres.

1.5 Loop-around test line

The loop-around test line is a dialable 4-wire test line that initially returns a nominal 1020 Hz (or 820 Hz),
—10 dBmO0 tone for 13 to 15 seconds. After the initial tone period, the test line should present a balanced
600-ohm termination to the “RETURN?” direction for the next 13 to 15 seconds. The “GO” direction should also
be terminated in a 600-ohm balanced termination during both these first two intervals.

After the second interval, the 600-ohm terminations should be disconnected. Finally, the “GO” and the
“RETURN?” directions should be connected (looped around) in the test responder at the correct level until
released by the calling station.

The intent of this test facility is to provide a one-man manual means of performing fast transmission tests
(level and noise) in both directions. It will also allow seizure and rapid testing by an automatic device at the
calling station.

2 Method of access
2.1 In general, access arrangements should conform to the Recommendation cited in {1]).
2.2 Access to the test lines at the incoming international exchange will be gained via the normal exchange

switching equipment on a 4-wire basis on all incoming and both-way circuits.

23 The wiring loss build-out arrangements for the test lines should conform to the Recommendation cited
in [2].
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24

24.1

242

Address information

Address information sequence

The following address information will be used to gam access to the maintenance access lines at the
incoming international exchange:

)

ii)

iii)

iv)

v)

CCITT Signalling System No. 4

a) terminal seizing signal

b) code'13

¢) code 12

d) digit 0

é) two digits associated with the particular international test line type to be accessed (see § 2.4.2
below)

f) code 15

CCITT Signalling System No. 5

a) KP1

b) digit 7 (nonallocated langﬁage digit)

c) code 12

d) digit 0 A

e) two digits associated with the particular international test line type to be accessed (see § 2.4.2
below)

f) ST

CCITT Signalling System No. 6

The initial address message format for access to testing devices is given in Recommendations Q.258 [3]
and Q.259 [4]. The X digit allocation should be as follows:

a) 3 (quiet termination test line)

b) 4 (echo suppressor test line)

c) 5 (loop-around test line)

d) 6,7 and 8 (transmission access test line)

In System No. 6, the bits of the access codes (bit pattern) sent on the line need not be identical with
the actual access code number used by the maintenance staff. As System No. 6 will mainly be used
together with SPC exchanges it will be possible to translate any access code into an appropriate bit
pattern.

CCITT Signalling System RI

a) KP
b)  digits to be agreed upon between the Administrations concerned
c)y ST

CCITT Signalling System R2

a) test call indicator

b) code I-13
c¢) two digits associated thh the particular international test line type to be accessed (see § 2.4.2
below)

d) code I-15 (on request)

Test line codes for CCITT Signalling Systems Nos. 4, 5 and R2

QUIEt tErMINAtION . . . . . o o o e e e e e e e e e e e e e e e e e 64
echo suppressor . . . . . ... ......... e e e e e e e e e e e e 65
loop-around . . . . . . .. L e e e e 66
multiple address capability for transmission access tesf line ..................... 21-29
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3 Specifications for the test line apparatus

The following specifications apply over a temperature range of +5°C to +50°C.

3.1 Tone source characteristics (quiet termination and loop-around test lines)

a) The nominal tone source frequency should fall within either 804 to 820 Hz or 1004 or 1020 Hz. The
tone source frequency including tone source stability and aging should remain within either 802 to
825 Hz or 1002 to 1025 Hz.

b) Purity of output: ratio of total output to unwanted signal at least 50 dB.
c¢) Long-term level stability: £+ 0.03 dB.

3.2 Transmitted level and timing intervals (quiet termination and loop-around test lines)

a) The test tone level to be transmitted should be —10 dBm0 + 0.1 dB.

b) Tone interval for quiét termination test line: 14 s £ 1.0 s. Tone and quiet termination intervals for the
loop-around test line: 14 s + 1.0 s. ’

33 Impedance

a) 600 ohms, balanced.

b) For all cases, balance with respect to earth: at least 46 dB between 300 and 3400 Hz increasing below
300 Hz to at least 60 dB at 50 Hz. .

3.4 Return loss

At least 30 dB between 300 and 3400 Hz.

3.5 Frequency response

H+

a)
b) =+ 0.5 dB from 300 to 3000 Hz (transmission access test line).

1 dB from 300 to 3000 Hz (quiet termination, echo suppressor and loop-around test lines).

3.6 Loop-around test line level adjustment
The loop-around test line equipment shall provide the proper buildout (loss or gain) in the loop-around
measurement path to adjust its level to within + 0.1 dB of the required nominal value. The required nominal

value should be determined using Recommendation M.640 [5] and the reference level points at which the
loop-around test line is employed.

4 Signalling system test line test sequence

4.1 Circuit seizure

When an outgoing circuit is to be seized and connected at the distant end to one of the international test
lines, the appropriate address information is transmitted in accordance with the specification for the signalling
system in use (see § 2.4 above).

42 Test line answer
When access is ‘gained to the test line equipment, the answer signal (answer, no charge if System No. 6)

will be transmitted. If the test line is occupied, a busy indication should be returned to the originating end in
accordance with the normal signalling for the circuit and for the address concerned.

43 Test line not equipped
When a test line call is received at a switching centre not equipped to handle that type of test call, the

called switching centre should respond with the standard “unallocated number” signal where available for the
~ signalling system employed.
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Recommendation -0.21

CCITT AUTOMATIC TRANSMISSION MEASURING EQUIPMENT ATME No. 1
(FOR TELEPHONE-TYPE CIRCUITS)

The details of the specification for ATME No. 1 are given in Recommendation O.21 in Volume IV.1 of the
Green Book, Geneva, 1973. ATME No. 1 was originally intended as an equipment for field trial purposes. This
field trial has been completed and has led to the development of the specification for ATME No. 2 which is given
in Recommendation O.22 of this fascicle.

Recommendation 0.22 Y : »

SPECIFICATION FOR THE CCITT AUTOMATIC TRANSMISSION MEASURING
AND SIGNALLING TESTING EQUIPMENT ATME No. 2

1 General

The CCITT automatic transmission measuring and signalling testing equipment (ATME No. 2) is intended
to make transmission measurements and signalling system functional tests? on all categories of international
circuits termmatmg in exchanges with 4-wire switching.

The ATME No. 2 will consist of two parts, namely:

1) directing equipment at the outgoing end, and

2) responding equipment at the incoming end.

The responding equipment will be available in the following forms:

a) a signalling system functional testing and transmission measuring device (Type a),
b) a signalling system functional testing device (Type b) ¥

It is not possible for the signalling system functional testing devices as found in Types a and b to check
the busy flash signal.- For this purpose a separate test call must be established using an -appropriate test code.
Arrangements will therefore be provided to force the transmission of the busy flash signal over the circuit under
test by the incoming international exchange equipment. This may be carried out by examination of the test code
in the exchange equipment or by the provision of a separate responding equipment. The busy flash signal should
be transmitted as the result of a simulation of exchange or circuit congestion. For the purposes of this
specification, the equipment providing this busy test arrangement shall be referred to as responding equipment
Type c.

The text of this Recommendation has been established under the responsibility of Study Groups IV and XI. Any
modification to this text must be submitted for approval to these Study Groups.

2 The concept of functional texts excludes marginal testing.

3 The CCITT directs the attention of Administrations to the advantages of providing sufficient signalling system functional

testing devices (Type b) to permit several signalling system functional tests to be conducted simultaneously and to permit
signalling system functional tests to be conducted more frequently than transmission tests. (For the application of ATME
No. 2, see Recommendation M.150 [1].)
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Responding equipment Type a is always required. Type b is optional; when used in addition to Type a, it
is expected to provide an economical means for making more frequent signalling tests without occupying the
transmission measuring equipment. Type ¢ responding equipment is required in cases when the signalling system
used on the circuits to be tested provides a busy flash line signal.

For both-way circuits, directing and responding equipments are required at both ends for making
signalling system functional tests. For transmission measurements over both-way circuits, the outgoing end is
normally that which is the responsibility of the control station, and the incoming end is that which is the
responsibility of the sub-control station. However, these may be interchanged by mutual agreement.

The equipment shall be of modular construction in order that only those features desired by the using
Administrations need be included. The present specification already takes account of operating over circuits using
CCITT Signalling Systems Nos. 3, 4, 6, R1 and R2. It is believed that it may also ultimately be possible to use it
over circuits employing other types of signalling systems.

Results of measurements shall be recorded only at the outgoing end, that is by the directing equipment.
However, arrangements can be made by the Administrations or operating agencies involved to send the results of
the measurements to the Administrations in charge of the incoming end and other points as desu‘ed by mutually
acceptable means.

2 Kinds of measurements and tests

Transmission measurements of the following kinds will be made in both directibns of transmission:
a) absolute power level measurement at 800 (or 1000) Hz;

b) absolute power level measurement at 400, 800 (or 1000) and 2800 Hz (loss/frequency distortion);
c) noise measurements. '

In addition to tests of the normal signalling functions required in the process of setting up the test call,
line signals such as the following will also be tested:

— clear back,
— forward transfer,
— busy flash (this requires a separate test call).

The equipment will be desxgned in such a way that further measurements and tests can be incorporated at
a later date.

3 Equipment for making transmission measurements and processing the results

The directing and responding equipments shall each be provided with features for making absolute power
level and noise measurements, as described below. In addition, the directing equipment shall have the capability
of receiving the results of the measurements made by both the directing and responding equipments, making the
necessary adjustments to these results, as discussed below, and converting the results to the proper form for
transmission to the output device. The output device is also considered to be part of the directing equipment.

3.1 Absolute power level measurements

3.1.1  Sending end

At the access point at the input to the path to be measured there will be connected a sending equipment
which will send a tone of the appropriate frequency and level as specified in §§ 6.3 and 8.1 below.

3.1.2  Measuring end

At the access pomt at the output from the path to be measured there will be connected a measuring device
whose specifications are given in §§ 6.3 and 8.1 below.

The measuring device shall provide results in the form of a deviation, expressed in dB, from the nominal
absolute power level of the circuit at the virtual switching point at the receiving end. This assumes that for the
responding equipment (see § 3.3 below), the relative level at the receiving end virtual switching point is —4 dBr. A
level higher than nominal shall be indicated as positive “ + ” and a level lower than nominal shall be indicated as
negative “ — . The transmission parameters of the switched access path between the virtual switching point and
the measuring device shall be allowed for (see the Recommendation cited in [2]).
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If the equipment is capable of detecting an interruption or a condition of instability experienced during a
measurement (see § 10.5 below) the result shall be indicated as shown in Table 3/0.22.

3.2 Noise measurements

3.2.1 Sending end

At the access point at the input to the path to be measured there will be connected a 600-ohms terminating
resistance or a TASI locking tone in accordance with §§ 6.4.19 or 6.4.20 and 8.3 below.

3.22  Measuring end

At the access point at the output from the path to be measured, there will be connected a noise measuring
device whose specifications are given in § 8.2 below.

The noise measuring device shall provide results in terms of absolute power level with psophometric
weighting referred to 0 level (dBmOp) assuming for the responding equipment that the relative level at the
receiving end virtual switching point is —4 dBr (see § 3.3 below). The transmission parameters of the switched
access path between the virtual switching point and the noise measuring device shall be allowed for (see the
Recommendation cited in [2]).

33 Adjustment of results

, Circuits that may be used in international transit connections are operated with a nominal loss of 0.5 dB,
that is, the relative level at the receiving virtual switching point is —4.0 dBr. However, circuits which are not
intended to be used in international transit connections may be operated with nominal losses greater than 0.5 dB
(see the Recommendation cited in [3]).

The results of measurement of absolute power level deviations and noise sent by the responding equipment
to the directing end will assume a —4.0 dBr virtual switching point for all circuits. Thus, a measured value
corresponding to —5.0 dBm at the virtual switching point will always be transmitted to the directing equipment as
a deviation of —1.0 dB. Where a circuit is operated with a nominal loss greater than 0.5 dB, i.e. the actual relative
level at the virtual switching point is more negative than —4.0 dBr, the directing equipment shall apply the
appropriate correction to the results of the measurement of absolute power level deviation and noise received from
the responding equipment.

34 Output

The output shall be recorded by suitable means, to be decided by the Administration concerned. For
absolute power level measurements at 800 (or 1000) Hz the results shall be presented, with the appropriate
algebraic sign, as deviations from the nominal absolute power level at the virtual switching point. The results of
measurements at 400 and 2800 Hz shall be presented as deviations from the measured absolute power level at 800
(or 1000) Hz. Results of noise measurements shall be expressed in dBm referred to 0 level (dBmOp).

An example is given in Table 1/0.22 below for measurements made by the responding equipment.

TABLE 1/0.22

Deviation transmitted Presentation
Absolute power level from responding
at the receiving equipment to directing For circuit
Frequencies virtual switching equipment (a relative For circuit with nominal
point at level of —4.0 dBr at with nominal loss other
responding equipment the virtual switching loss of 0.5 dB than 0.5 dB
point is assumed) i say 1'5 dB’
800 Hz -3.7dBm +0.3dB +0.3 +1.3
400 Hz —4.4 dBm -04dB -0.7 -0.7
2800 Hz —4.6 dBm -0.6dB -0.9 -0.9
Absolute noise power at receiving Value transmitted from
virtual switching point at responding responding equipment to
equipment directing equipment (a
relative level of —4.0 dBr
at the virtual switching
point is assumed)
~46 dBm —42 dBmOp -42 —41
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Distinct indications will be given under the following conditions:

a) the absolute power level deviation exceeds the assvigned maintenance limit;

b) the noise power value is outside the assigned maintenance limit;

c) the absolute power level deviation is so great that the circuit is rendered unfit for service;

d) the noise power value is so great that the circuit is rendered unfit for service;

e) failure to complete the test call;

f) failure to meet the requirements of the signalling tests.

In cases e) and f) the point in the programme at which a given failure occurs should be indicated.

The form that the output should take has not been specified, and international agreement on this point
does not appear to be necessary, except concerning the following printout conventions (see Table 3/0.22
and § 10.5 below):

‘Absolute power level or noise power too high to be measured . . .. ... ............ + + +
(printout interpretation of three Code 11 signals)

Absolute power level or noise power too low tobemeasured . . . . . . .. ... ... .. ..., - - -
(printout interpretation of three Code 12 signals)

Interruption in measurement tone during absolute power level measurements . . . . . . 9XX or 7XX ¥
Instability during absolute power level measurements . . . . ... ... .......... 8XX or 6XX 4

It should be noted that when an interruption and instability are both detected during a power level
measurement only the interruption will be recorded in the printout and no indication of the instability will be
given (see § 10.5 below). '

If directed by the input programme, the date and time (to the nearest minute) shall be recorded.

The possibility shall be included to provide a complete record of the results of all measurements and
signalling tests and the identification of all circuits which could not be measured or tested because the circuit was
occupied or because the responding equipment could not be reached. A different indication shall be given for each
of the latter two categories.

In addition a shortened record should be obtainable which omits information concerning circuits which
were within maintenance limits and on which no instability or interruption was indicated.

3.5 Remeasurement and retest arrangements

Arrangements are required to provide an input data record for circuits which were occupied on initial
measurement or test and for circuits on which the responding equipment could not be reached. This input data
record should be' capable of expansion to include all circuits except those which are found to be within
maintenance limits and on which no instability or interruption was indicated. The input data record shall be in
such a form that it may be used to control the directing equipment so as to permit the reexamination of these
circuits in any grouping as desired by the using Administration.

4 Method of access
4.1  In general, access arrangements will conform to the Recommendation cited in [4].
4.2 Outgoing international exchange

Access to the circuit for test at the outgoing international exchange will be on a 4-wire basis as shown in
Figure 1/0.22 such that:

a) all line signalling equipment to be tested is included,

b) as much as possible of the international circuit will be measured, in accordance with Recommenda-
tion M.640 [5].

4 XX represents the results of the measurement.
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Station A (outgoing) Station B (incoming)

Directing Responding
equipment ~ equipment
ATME ATME
No.2 o™ B No. 2
Outgoing ) Incoming
relay set relay set

CCITT-37271

Note — The connection between the directing equipment and the international circuit should be such that all line signalling

equipment is included and.allows as much as possible of the international circuit to be measured. The connection at the incoming
international exchange between the international circuit and the responding equipment is made using the normal exchange switching
equipment. It is recognized that there may be one or more switching stages involved at the outgoing and incoming international
exchanges.

FIGURE 1/0.22

Recommended method of access for automatic transmission measurements and signalling tests

43 Incoming internctional exchange

Access to the responding equlpments at the i mcommg international exchange will be gained via the normal
exchange switching equipment on a 4-wire basis as shown in Figure 1/0.22.

4.4 Address information

The following address information will be used to gain access to the responding equipments. at the
incoming international exchange.

4.4.1  Address information sequence

4411 CCITT Signalling Systems Nos. 3 and 4

a)
b)
9
d)
e)
f)

terminal seizing signal,

code 13,

code 12,

digit 0,

two digits which will be associated with the particular testing or measuring device (see § 4.4.2 below),

code 15.

4.4.1.2 CCITT Signalling System No. 5

a)_

b)
<)
d)
e)
f)

‘

KP1, -

digit 7 (non-allocated language digit),
code 12,

digit 0,

two digits which will be associated with the particular testing or measuring device (see § 4.4.2 below),

ST.
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4.4.1.3 CCITT Signalling System No. 6

The initial address message format for access to testing devices is given in Recommendations Q.258 {6]
and Q.295 [7].

The X digit allocation should be as follows:

a) signalling system testing and transmission measuring device (called Typea) .. ... ....... 1

b) signalling system testing device (called Type b)> . . . . . ... ... ... ... .. ... ...... 2
4.4.1.4 CCITT Signalling System RI

a) KP,
b) digits to be agreed upon between the Administrations concerned,
c) ST.

4.4.1.5 CCITT Signalling System R2

a) test call indicaior,
b) code I-13 (call to automatic test equipment), -
¢) two digits which will be associated with the particular testing or measuring device,

d) code I-15 (end-of-pulsing).

4.4.2  Test codes for CCITT Signalling Systems Nos. 3, 4, 5 and R2

i) signalling system testing and transmission device, called Typea .. ... ... .......... 61
ii) signalling system testing device, called Type b . . . . . . . . .. ... ... ... L. 625
iii) signalling systém busy flash signal testing, called Type ¢ . . . . . ... ... ... ... D 63

(except in system R2).

5 Operating principles

It shall be possible to perform any one, two or more of the measurements and tests mentioned in
§ 2 above on the same circuit under the control of the directing equipment without releasing the connection except
when the busy flash test is performed.

5.1 When the directing equipment has indicated to the responding equipment the kind of measurement to be
made, the mesurement is first made at the directing equipment with the responding equipment sending a
measurement tone or providing a 600-ohm termination. The directing equipment then sends the measurement tone
or provides a 600-ohm termination while the responding equipment makes the measurement.

5.2 Directing equipment which has access to circuits equipped with echo suppressors must be provided with
arrangements to transmit the echo suppressor disabling tone specified in § 8.3 below. Arrangements must be
included in the directing equipment to provide for the transmission of this tone only on circuits equipped with
echo suppressors. These features may be omitted in equipments which do not have access to such circuits, but
provision must be made to add them when required.

53 Directing and responding equipment which has access to circuits on routes incorporating a TASI system,
or to circuits equipped with echo suppressors, must be provided with means for transmitting the TASI locking
tone as specified in § 8.3 below. Means are required in the directing equipment to transmit this tone only on such
routes or circuits. If these features are not provided initially, arrangements must be made so that they can be
added when required.

6 Signalling system testing and transmission measuring procedure
6.1 Establishment of connection and signalling test sequence

6.1.1 When the outgoing circuit is seized, the appropriate address information is transmitted in accordance with
the specification for the signalling system in use (see § 4.4 above).

) If a Type b device is not provided in an exchénge it should be possible to gain access to the Type a device using the code

provided for the signalling system testing device Type b.
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6.1.2 When access is gained to the responding equipment, the answer signal (answer, no charge in Signalling
System No. 6) will be transmitted. If the responding equipment is occupied, a busy indication will be returned to
the directing equipment in accordance with normal signalling arrangements for the circuit and for the access
arrangements concerned. If the busy indication is received, this will be recorded by the directing equipment and
the circuit released. (See § 3.4 above.)

6.1.3 If no signal is received by the directing equipment within 15 + 5 seconds of transmission of the address
information, then a fault will be recorded and the circuit released.

6.1.4 When the indication that the answer signal has been received is passed to the directing equipment and
transmission measurements are desired with a responding equipment Type a, transmission measurement cycles
may take place as described in § 6.4 below. These cycles will end with the end of transmission measuring
programme signal (Code 15) transmitted by the directing equipment, followed by the acknowledgement signal
(Code 13) transmitted by the responding equipment in accordance with the normal responding sequence.

6.1.5 When the indication that the answer signal has been received is passed to the directing equipment and
transmission measurements are not desired, or if the responding equipment is of Type b, or if the transmission
measurement cycles have been completed and a complete signalling functional test is required, the directing
equipment will transmit the forward transfer signal, or if this signal is not provided, the Code 11 signal. ‘

Where the forward transfer signal is part of the signalling system it should be used by the directing
equipment to initiate the complete signalling function test ®.

a) Forward transfer signal provided

If transmission measurements have been made, a forward transfer signal will be initiated by the
directing equipment 500 = 100 ms after the end of the transmission measuring programme signal. If
transmission measurements have not been made or if Type b equipment is used, the transmission of
the forward transfer signal will be initiated by the directing equipment 500 + 100 ms after the
indication that the answer signal has been received is passed to the directing equipment”. These
sequences apply to circuits fitted or not fitted with echo suppressors.

b) Forward transfer signal not provided

If transmission measurements have been made the Code 11 signal will be transmitted after the end of
the transmission measuring programme signal. The directing equipment will transmit the TASI locking
tone between the Code 15 and Code 11 signals on circuits equipped with echo suppressors to ensure
that they remain disabled. When the acknowledgement to the Code 15 signal is recognized by the
directing equipment the Code 15 command signal will be disconnected and the TASI locking tone will
be connected within 60 ms. When the end of the command acknowledgement signal is recognized by
the directing equipment the TASI locking tone will be removed and the Code 11 command signal will
be connected 55 + 5 ms after the disconnection of the TASI locking tone. If transmission measure-
ments have not been made or if Type b equipment is used, the transmission of the Code 11 signal will
be preceded by transmission of the echo suppressor disabling tone as specified in §§ 6.4.1 to
6.4.3 below. When the acknowledgement to the Code 11 signal (return of Code 13) is recognized by
the directing equipment, the Code 11 command signal will be disconnected.

6.1.6 If shortened signalling functional tests alone are desired, the directing equipment will initiate a
clear-forward signal on receipt of the answer signal if transmission measurements have not been made, or on
receipt of the acknowledgement signal (Code 13) following the end of transmission measuring programme signal
when transmission measurements have been made.

6.1.7 When a complete signalling functional test is carried out, the indication that a forward transfer signal has
been received will cause the responding equipment to initiate a clear-back signal. For systems without a forward
transfer signal (see § 6.1.5 above) the receipt of a Code 11 signal will initiate the transmission of a clear-back
signal 500 = 100 ms after the command acknowledgement signal.

The responding equipment will initiate a reanswer signal 500 £ 100 ms after the clear-back signal has
been initiated . ‘

6 It should be noted that although the forward transfer signal may be part of a signalling system, it may not be provided for

in some international exchanges using such a signalling system. In these cases a complete signalling function test will not
be possible, unless the use of Code 11 [see § 6.1.5, b)] is agreed on a bilateral basis.

7 The transmission of the line signals initiated by ATME 2 equipment on the international circuit is performed by exchange

line signalling equipment in accordance with normal signalling procedures. Consequently, the actual times at which the
various signals are transmitted and received depend upon the signalling system employed and the circuit propagation time
in any particular case.
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Note — 1Tt is possible that with a 500-ms gap between the initiation of the clear-back and reanswer signals
a TASI circuit may release the TASI channel. This may also happen in other parts of the signalling test sequence.

If the clear-back signal is not received by the directing equipment within 5 to 10 seconds of sending the
forward transfer signal or the Code 11 signal, or if the reanswer signal is not received 5 to 10 seconds after the
receipt of the clear-back signal, a fault will be recorded and the circuit released.

When the reanswer signal is recognized, the directing equipment will initiate a clear-forward signal.

6.1.8  When the clear-forward signal is transmitted (in accordance with § 6.1.6 or 6.1.7 above), a check should be
made that the outgoing circuit has been released and is available for future use. If the outgoing circuit is not fully
released within 5 to 10 seconds of the initiation of the clear-forward signal by the directing equipment, a fault will
be recorded. It should be noted that the test for the release of the circuit may not be possible on certain designs of
equipment.

6.2 Busy flash test

The busy flash signal may be tested by establishing a call using the address code specified in § 4.4 above,
to force transmission of a busy flash signal by the incoming exchange equipment. On receipt of the busy flash
signal the circuit will be released.

If the busy flash signal is not received within 10 to 20 seconds of transmission of the address information
then a fault will be recorded and the circuit released.

Note — There is no need to make such a test in Signalling System No. 6. or in System R2.

6.3 Transmission measuring procedure and exchange of information between directing and responding equipments

The signalling sequence for each individual measurement cycle is specified in § 6.4 below and the
frequencies and codes in Tables 2/0.22, 3/0.22 and 4/0.22. An example of the signalling sequence for a cycle
involving the measurement of absolute power level is shown in Figure 2/0.22. The signalling scheme adopted for
the command signals between directing and responding equipments consists of multi-frequency signals transmitted
in compelled sequence; results are transmitted from the responding equipment to the directing equipment by
means of multi-frequency pulse-type signals.

In the future it may be necessary to perform measurements with a tone level of —10 dBmO in addition to
the 0 dBmO tone level now specified. In these circumstances a signal will be sent to inform the responding
equipment of the measurement level to be used. (See Table 2/0.22 and § 8.1 below.) It should be noted that the
sensitivity of the measuring equipment must be arranged to accommodate both levels.

The signal sender and signal receiver chosen are those specified for the CCITT intefregister Signalling
System No. 5 and the equipment used should be as specified in Recommendations Q.153 {8] and Q.154 [9]. (See
the Annex to this Recommendation concerning the sensitivity of the signal receiver.)

~ TABLE 2/0.22

Command signals from directing equipment to responding equipment

Code No. . Interpretation

1 Measure absolute power level at 800 (or 1000) Hz (sent level 0 dBm0)

2 Measure absolute power level at 400 Hz } with a sent level indicated by the 800 (or 1000) Hz

3 Measure absolute power level at 2800 Hz measurement command signal

4 Measure psophometric noise power (no TASI locking tone applied)®

5 Measure psophometric noise power (with TASI locking tone applied)

6 Measure absolute power level at 800 (or 1000) Hz and subsequent level measurements in the programme
with a sent level of -10 dBm0

11 Used instead of forward transfer when this signal is not provided
13 Reverse the direction of measurement

14 (Reserved for national use)

15 End of transmission measurement programme

2 Applies to circuits on routes which do not incorporate a TASI system and are not equipped with echo suppressors.
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TABLE 3/0.22

Signals from responding equipment to directing equipment

Code No. Interpretation
1-10 Digits 1, ..... 9, 0 (measurement results information)

11 + (prefix for transmission measurements)

12 = (prefix for transmission measurements)
9 + (prefix to indicate measurement tone interruption)
7 — (prefix to indicate measurement tone interruption)
8 + (prefix to indicate measurement tone instability)
6 — (prefix to indicate measurement tone instability)

13 Command acknowledgement

11 (3-times)
12 (3-times)
15

(out of range at the upper end printed out as “+++)
(out of range at the lower end printed out as “——-"")
Recognition of faulty multi-frequency signal

TABLE 4/0.22

Frequency allocation and codes

Code No. Frequencies (compound) Hz

700 + 900
700 + 1100 .
900 + 1100
700 + 1300
900 + 1300
1100 + 1300
700 + 1500
900 + 1500.
1100 + 1500
1300 + 1500 E
700 + 1700
900 + 1700
1100 + 1700
1300 + 1700
- 1500 + 1700

e R e .
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——————p Time scale

Directing equipment end

Line $ |< 500 ms
split restored
. o Measure '
Receive —---- A MF code y i A! ME code
T 12,3  : .' MF code Measurement tone \ 2,3,4,
JIHEHI L 45016 H D 13 - N 5o
R ++ N 600 Q termination [} N
Send L
Answ.

-~
~—
-~

\
\ 1
\ [
\ 1
1
\ )
Send 3 o
Answerb) Measurement tone : |
or MF MF MF
MF code 600 Q termination /] "F,52 \f{ JMF code
Receive --- \J A Codes

Measure 1-10
11or12

Responding Line
unit seized split restored ¢ [€500ms

CCITT - 37280

* Responding equipment end

&\N Multi-frequency code E Not to exceed 60 ms

¢ More then 60 ms but less than 120 ms I]]]M Echo suppressor disabling tone 2100 Hz

% Locking tone 2800 Hz D 55 + 5 ms gap

Responding equipment end ? CCITT No. 5 answer acknowledgement line signal.
® CCITT No. 4 and No. 5 answer line signal.
9 In CCITT system No. 6 the sending of the echo suppressor disabling tone will start after reception
of the answer signal (via the common signalling channel).

FIGURE 2/0.22
Typical ATME signalling sequence

6.4 Description of transmission measuring cycles

6.4.1 When the indication that the answer signal has been received is passed to the directing equipment, the
echo suppressor disabling tone will be transmitted from the directing equipment for 2 seconds + 250 ms.

Note 1 — This period takes into account the delay necessary for connection to a TASI channel, the time
necessary for the assured disablement of the echo suppressor, the long propagation time likely to be experienced
on satellite circuits and the delays attributable to the functioning of the signalling system. For circuits not using a
line-signalling system involving an answer acknowledgement signal (such as Signalling Systems Nos. 3 and 4) it
will be sufficient to send a disabling tone for at least 400 ms. If, however, the circuit to be tested is not equipped
with echo suppressors (see § 5 above), the procedure in § 6.4.1 will be omitted.

Note 2 — The specifications for the echo suppressor disabling tone and the TASI locking tone are given
in § 8.3 below.

6.4.2 When the echo suppressor disabling tone is removed, the directing equipment will transmit a multi-
frequency command signal to the responding equipment. The' interval between cessation of the tone and
transmission of the command signal will be 55 + 5 ms. If, however, the disabling tone has not been sent (see
§ 5 above) the multi-frequency command signal will be sent within 60 ms, following the indication that the answer
signal has been received.

6.4.3 When the command signal is received by the responding equipment a multi-frequency command
acknowledgement signal will be transmitted.

6.4.4 When the command acknowledgement signal is recognized by the directing equipment, the command
signal will be disconnected and the TASI locking tone, if it is to be sent (see § 5 above), will be connected
within 60 ms. .

6.4.5 When the cessation of the command signal is recognized by the responding equipment the command
. acknowledgement signal is disconnected and the measurement tone is connected within 60 ms.
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6.4.6 The time required for the directing equipment to detect the cessation of the command acknowledgement
signal and connect the measuring equipment will not be less than 60 nor more than 120 ms. However, it should be
as close to 60 ms as possible to reduce the probability of TASI switching during noise measurement.

6.4.7 The level measurement should be completed within 500 ms after connection of the measuring equipment.
When the measurement is completed, the measuring equipment will be disconnected and the TASI locking tone
mentioned in § 6.4.4 above, if present, will be disconnected.

6.4.8 Following disconnection of the TASI locking tone mentioned in § 6.4.7 above, a multi-frequency command
signal will be connected. The interval between the tone and the signal will be 55 + 5 ms. If, however, the TASI
locking tone was not sent, the command signal will be connected 55 £ 5 ms after the measuring equipment has
been disconnected.

6.49 When the multi-frequency command signal is recognized by the responding equipment, the measurement
tone will be removed and a multi-frequency command acknowledgement signal will be transmitted. The interval
between cessation of the measurement tone and the commencement of the multi-frequency command acknow-
ledgement signal will be 55 = 5 ms. '

6.4.10 The recognition of the command acknowledgement signal by the directing equipment will cause the
disconnection of the command signal and the connection of the measurement tone within 60 ms of the end of the
command signal. '

6.4.11 When the cessation of the multi-frequency command signal is detected by the responding equipment, the
command acknowledgement signal will be disconnected and the TASI locking tone, if provided in the responding
equipment, will be connected within 60 ms of the end of the command acknowledgement signal.

6.4.12 The time required for the responding equipment to detect the cessation of the command signal and
connect the measuring equipment will not be less than 60 nor more than 120 ms. However, it should be as close to
60 ms as possible to reduce the probability of TASI switching during noise measurement.

6.4.13 The measurement should be completed within 500 ms after the connection of the measuring equipment.
When the measurement is completed, the measuring equipment will be disconnected.

6.4.14 When the responding equipment is ready to transmit measurement results information to the directing
equipment, the TASI locking tone mentioned in § 6.4.11 above will be disconnected if it has been sent. The first
multi-frequency pulse to be used for the transmission of results will follow after an interval of 55 + 5 ms from
the disconnection of the TASI locking tone. If the locking tone was not sent, the first multi-frequency pulse will
be sent within 60 ms after disconnection of the measuring equipment.

6.4.15 Measurement result information will be transmitted as three multi-frequency pulses in the form of a prefix
followed by two digits of Codes 1 to 10 as appropriate (see Table 4/0.22). The last two digits will be sent in order
of significance (most significant digit first). The pulse-length will be 55 = 5 ms and the interval between pulses
55 £ 5 ms.

6.4.16 If the responding equipment is provided with a TASI locking tone this tone will be applied within 60 ms
after the third multi-frequency pulse has been sent.

6.4.17 When the third multi-frequency pulse is recognized by the directing equipment, the measurement tone will
be disconnected. A multi-frequency command signal will be sent by the directing equipment after an interval of
55 + 5 ms from disconnection of the measurement tone. If the responding equipment has sent the TASI locking
tone mentioned in § 6.4.16 above, this tone will be disconnected on recognition by the responding equipment of
the multi-frequency command signal sent by the directing equipment. The responding equipment must send the
command acknowledgement signal 55 *+ 5 ms after cessation of the TASI locking tone. If the multi-frequency
command signal sent by the directing equipment is the start of a new measurement cycle the new test sequence
will proceed from the point described in § 6.4.4 above and will consist of a repetition of the sequence in §§ 6.4.4
to 6.4.17.

6.4.18 If the foregoing test sequence completes the transmission measuring programme, the multi-frequency
command signal mentioned in § 6.4.17 above will be the end of programme signal.

6.4.19 In the case of all noise measurements, the measurement tone mentioned in §§ 6.4.5, 6.49, 6.4.10
and 6.4.17 above must be replaced by a 600-ohm terminating resistor.

6.4.20 In the case of noise measurements carried out on routes incorporating a TASI system or on circuits
equipped with echo suppressors, to ensure that the TASI locking tone is on in the direction which is not being
measured, the TASI locking tone mentioned in §§ 6.4.4, 6.4.11 and 6.4.16 must be applied.

6.4.21 In the case of noise measurements, the responding equipment is informed of the necessity for the TASI
locking tone mentioned in § 6.4.20 above by the multi-frequency command signal, measure psophometric noise
power (with TASI locking tone applied) (see Table 2/0.22).

6.5 End-of-programme procedure

When transmission measurement is complete the remainder of the operations will be continued in
accordance with §§ 6.1.4 through 6.1.8 above, insofar as they apply.
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6.6 System supervision

- 6.6.1 Each multi-frequency signal must consist of two, and only two, frequencies. If one or more than two
frequencies are received by the directing equipment, the measurement is recorded as faulty and the connection is
released. If one or more than two frequencies are received by the responding equipment it shall be arranged to
return Code 15 in place of the command acknowledgement signal Code 13. The directing equipment will then
recognize the signal, record the measurements as a fault and release the connection.

6.6.2 In the transmission of measurement results, the code signals must comprise three, and only three, digits.
When this is not the case, the measurement is recorded as faulty, and the connection is released.

6.6.3  Arrangements must be provided at the directing equipment to monitor the full duration of the programme.
In addition to the time out requirements given in other parts of this specification, if at any time the programme
fails to progress for a period of 20 to 40 seconds then the test is recorded as faulty and the connection is released.
An alarm may be given to the maintenance staff.

7 Programming

The directing equipment will be programmed by manual means and by punched tape or cards or magnetic
tape at the option of the using Administration or operating agency. Information to be supplied to the directing
equipment will consist of the following:

1) the identification of the circuit to be tested;
2) the kind of circuit (TASI, echo suppressor equipped, etc.) and the kind of signalling system;

3) sufficient address information to identify the particular type of responding equipment at the incoming
international exchange;

4) the transmission measurements to be made, the nominal values, and the assigned maintenance limits;
5) whether the results are to be recorded by the output equipment;
6) indication whether or not the date and time of the test should be recorded by the output equipment;

7) wﬁether there should be a shortened record as described in § 3.4 above.

8 Specifications for transmission measuring apparatus and for disabling tones and locking tones

The following specifications apply over a temperature range of +5°C to +50°C.

8.1 Measuring device

8.1.1  Sending equipment

Frequencies: 400 = 5§ Hz, 800 = 9 Hz (or 1000 £ 11 Hz) and 2800 + 14 Hz.
Absolute power level sent: 0 dBm0 + 0.1 dB (or —10 dBm0 * 0.1 dB, sece § 6.3 above).
Purity of output : ratio of total output to unwanted signal at least 40 dB.

Impedance : 600 ohms balanced.

Balance with respect to earth: at least 46 dB between 300 and 3400 Hz - 9.

Return loss : at least 30 dB (at each of the above-mentioned frequencies).

8 Pending the general adoption of a method for measuring the balance with respect to earth, the method to be used is left for

agreement between the constructor of the equipment and the Administration or private operating agency concerned.

) Any interface equipment provided to meet the signalling requirements of the exchange, or for purposes of controlling

functions with the ATME No. 2, must be considered as part of the ATME No. 2 for the purpose of determining the
balance to earth.
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8.1.2

8.2

8.3

8)

Receiving equipment

Frequency range: 390-2820 Hz.
Impedance : 600 ohms balanced.

Balance with respect to earth: at least 46 dB between 300 and 3400 Hz, and below 300 Hz increasing such
that at least 60 dB at 50 Hz is obtained ® 9,

Return loss : at least 30 dB at each of the above sending equipment frequencies.

Measuring range: from —9.9 dB to +5:1 dB relative to the nominal absolute power level of the —4.0 dBr
receiving virtual switching point. It should be borne in mind that the nominal value of absolute power
level at the receiving virtual switching point will depend on the absolute power level at the sending end
which may be 0 dBm0 or —10 dBmO (see § 6.3 above). '

Accuracy (absolute): at 800 (or 1000) Hz, £+ 0.2 dB; at 400 and 2800 Hz, + 0.2 dB referred to the 800 (or
1000) Hz value.

Resolution (smallest measurement step): 0.1 dB.

Noise measuring apparatus

Weighting : psophometric with requirements as specified in Recommendation P.53 [10].

2800-Hz suppression: when noise measurements are made on circuits involving a TASI system or on
circuits equipped with echo suppressors, a stop filter for 2800 Hz must be inserted before carrying out the
noise measurement. The requirements for the filter are given in Figure 3/0.22. When measuring white
noise with psophometric weighting the insertion of the filter in the noise measuring circuit shall not cause
a difference from the reading without the filter of more than 1 dB.

Method of detection : the method of detection shall be such that if white Gaussian noise, or a sine wave of
any frequency between 390 and 2820 Hz is applied at the input in the absence of the 2800-Hz stop filter
mentioned above, for a period of 375 £ 25 ms, the output indication will be the same in each case, within
+ 1 dB, as that given by the CCITT psophometer when the same white Gaussian noise or sine wave is
applied at its input for a period of 5 seconds.

Measuring interval: 375 = 25 ms.
Impedance : 600 ohms balanced.

Balance with respect to earth: at least 46 dB between 300 and 3400 Hz, and below 300 Hz increasing such
that at least 60 dB at 50 Hz is obtained ®- 9.

Return loss : at least 30 dB from 40 to 5000 Hz.
Measuring range: —30 to —65 dBmOp.

Accuracy: £ 1 dB at calibrating frequency from —30 to —55 dBmOp. Between —55 dBmOp and
—65 dBmOp an accuracy of + 2 dB is allowed, but + 1 dB remains desirable.

Resolution (smallest measurement step): 1 dB.

Disabling and locking tones

— Echo suppressor disabling tone:
Frequency: 2100 Hz = 15 Hz.
Level: —12 dBm0 + 1 dB.

— TASI locking tone:
Frequency : 2800 Hz + 14 Hz.
Level: —10 dBm0 + 1 dB.

— For the two tones:

Impedance : 600 ohms balanced.
Balance with respect to earth: at least 46 dB between 300 and 3400 Hz -9,
Return loss: at least 30 dB from 300 to 3400 Hz.

Pending the general adoption of a method for measuring the balance with respect to earth, the method to be used is left for

agreement between the constructor of the equipment and the Administration or private operating agency concerned.

Any interface equipment provided to meet the signalling requirements of the exchange, or for purposes of controlling
functions with the ATME No. 2, must be considered as part of the ATME No. 2 for the purpose of determining the

balance to earth.
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Performance requirements for 2800-Hz locking tone stop-filter

9 Calibration

9.1 Built-in calibration

The accuracy desired from the ATME makes calibration equipment of laboratory-type accuracy necessary.
Such accuracy is seldom provided by normal maintenance equipment available to repeater station staff. Hence,
built-in calibration features should be provided. Due regard should be paid to the ease of maintenance, and
adequate access facilities should be provided.

9.2 Self-check

The responding and directing equipments shall each incorporate a local self-checking facility on the
transmission measuring unit which will bring in a local alarm and disable the unit when it is out of tolerance.
This self-check should be applied at least daily. If they so wish, user Administrations or operating agencies may
incorporate arrangements for making this self-check automatically.

10 Optional arrangements

10.1 Automatic start

In the long term, the operation of the ATME without any attention by technical personnel will be
desirable. The addition of timed automatic start facilities to the ATME is required when unattended operation of
the ATME is intended.

10.2  Timed automatic selection of particular circuits or groups of circuits

It may be desirable to select for test a particular circuit, or group of circuits, at speciﬁed/times according
to a prearranged programme, for example noise measurement during busy and non-busy hours.
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10.3  Automatic repeat attempt

It may be desirable to incorporate an automatic repeat test facility for circuits which have been rejected as
faulty. The arrangement should permit an automatic repeat attempt of the relevant test cycle immediately following
the first test.

A test cycle is defined as a sequence of measurements commencing with Command Codes 1 to 6 and not
Command Code 13.

10.4  Switching pad test
Administrations may use their ATME No. 2 directing equipment to test a pad-switching facility provided
at the outgoing end of an international circuit. ‘

Such testing must not involve any other Administration in making changes to their signalling, switching or
ATME equipment or to their operating and maintenance procedures.

10.5  Interruption and instability during level measurements

It may be desirable to detect an interruption or a condition of instability during the level measuring
interval at the directing and/or the responding equipments. If such indications are available they will always be
recorded by the directing equipment (see § 3.4 above).

When an interruption and instability are both detected during a 500-ms measuring period only the
indication of an interruption shall be transmitted and recorded.

106 Nonavailability of responding equipment

It may happen that, as a result of a failure at the responding end, all attempts made at the directing end to
set up a call with a particular responding equipment will be unsuccessful — there may be no reply or the busy
tone may be received. As this state of affairs could seriously affect the carrying out of a measurement programme
as planned, it would appear to be desirable to ensure either:

— that this situation should give rise to an alarm signal if the directing equipment is operating under
supervision; : '

— or that the directing equipment should be able automatically to select an alternative measurement
programme if it is operating without supervision.

ANNEX A

(to Recommendation 0.22)

Sensitivity of the signalling receiver

Al The multi-frequency signal sender and receiver specified for ATME No. 2 is given in Recommenda-
tions Q.153 [8] and Q.154 [9] respectively, as used in CCITT Signalling System No. 5.

The sending level per frequency = —7 = 1 dBmO and therefore the nominal receiving level at the
—4.0 dBr virtual switching point = —11 dBm.

The operating limits of the multi-frequency receiver give a minimum margin of = 7 dB on the nominal
absolute level of each received signal (i.e. taken to mean per frequency).

Therefore the receiver minimum operate level range at the —4.0 dBr virtual switching point:

= —11 dBm + 7 dB
=~ —18 dBm to —4 dBm

A2 The maximum circuit loss deviation from nominal over which the multi-frequency signals can be received
is:

(=11 — 1) — (—18) = +6.0dB
and the minimum circuit loss deviation from nominal over which the multi-frequency signals can be received is:

(=11 + 1) — (—4) = —6.0dB
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A3 Therefore the circuit loss deviation limits between which multi-frequency signals can be received is + 6.0 to
—6.0 dB about the nominal loss, whereas ATME No. 2 is capable of measuring deviations greater than these
- values (see § 8.1 of this Recommendation).

A4 Although the specification for the multi-frequency signal receiver (Recommendation Q.154 [9]) stipulates
that a received signal may vary = 7 dB about the nominal receive level of —7 dBm0, Recommendation Q.154 [9}
also states that the receiver shall not operate to a signal 17 dB below the nominal received signal level, which
means that in the range —14 to —24 dBmO0 the receiver may or may not operate. It is to be expected therefore
that somewhere within this range the receiver will cease to operate.

AS In practice multi-frequency receivers are set up to operate to a minimum signal level in this range of —14
to —24 dBmO0. Therefore signalling would normally be possible over a circuit with a loss greater than that given in
§ A.3 above. In those cases where the multi-frequency receiver fails to operate the circuit test would still be
recorded as mentioned in § 6.6.3 of this Recommendation.
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Recommendation O.31

SPECIFICATION FOR AN AUTOMATIC MEASURING EQUIPMENT
' FOR SOUND-PROGRAMME CIRCUITS

1 General

The CCITT automatic measuring equipment for sound-programme circuits is capable of rapidly measuring
all relevant parameters necessary for checking the quality of such circuits. The measuring results are recorded by
means of an analogue recorder and/or digital receiver. The results of the measurements are suitable for subsequent
documentation and not only permit an immediate decision by the staff in the field on whether the sound-
‘programme circuit or sound-programme connection respectively can be used for service, but they also provide the
basis for later exact evaluation by the responsible transmission engineer.

The overall time for the measurements amounts to 136 seconds. It is thus short enough to check the quality
also of international chains of sound-programme circuits interconnected on a short-term basis during the
preparatory and lining-up period according to Recommendation N.4 [1]. Measurements for this purpose, made by
the ISPCs involved in accordance with Recommendations N.12 [2] and N.13 [3], do not require any preceding
agreement.

22 Fascicle IV4 — Rec. 0.31



2 Quality criteria to be checked

With the CCITT automatic measuring equipment for sound-programme circuits the following quality
criteria can be checked: '

a = deviation of the received absolute power level of the 0.8-kHz reference frequency from the
nominal value;

b = weighted and unweighted noise;

¢ = nonlinear distortion measured selectively as harmonic distortion of the 2nd order (k,) and
3rd order (k;) and as a difference tone distortion of the 3rd order (d;);

d = compandor functioning test;

e = loss/frequency distortion.

The complete measuring programme comprises three subroutines which can be chosen individually. The
quality criteria to be checked are allotted to the subroutines in the following way:

Subroutine 1: s + a
Subroutine 2: b + ¢ + d
Subroutine 3: e
where
in subroutine 1, s is the station coding of the sending unit.

Within the subroutine the timing of the programme in the sending unit and in the receiving unit is ’
synchronized by means of a series of pulses provided by a generator within the equipment.

3 Specifications
3.1 Sending unit

3.1.1  Start, stop and time base for synchronization and selection of measuring mode

By means of a locking press-button in the sending unit the measuring programme for single or permanent
mode of operation can be started. The timing of the measuring programme is controlled by a pulse generator. The
smallest time base that can be programmed is fixed at 1.33 second. The synchronizing frequency related to this
time base gives 0.75 Hz and has to be kept within + 1%. A second press-button offers the possibility of stopping
the measuring programme. By the activation of this press-button a means is provided whereby the locking
mechanism of the start press-button for permanent operation is simultaneously released. Start, synchronization
and stop of the receiving unit are triggered by coded pulses (1.3 kHz at —12 dBm0).

Every subroutine is preceded by coded pulses which serves as a start signal. By means of a special stop
signal which is triggered by pressing the stop button, the progress of the measuring programme can be interrupted
at any time and another programme, selected with the aid of a switch, can be started instead. Operating the stop
button will also reset the time pulse generator to the starting condition.

The start and stop signals consist of four pulses whose duration can be fixed at 60 ms (value O) or 120 ms
(value L) by means of digital coding. The time between the beginning of every pulse within the coded signal is
240 ms.

The coding of the pulses is as follows:
a) Start signals for:

—  Subroutine 1: OOOL

—  Subroutine 2: OOLO

—  Subroutine 3: OLOO
b) Stop signal: LLLL

The start signals are read from right to left, as is usual in the case of digital codes, and are transmitted in
the same time sequence.

The sending of the coded signal (duration 960 ms) which is controlled by the time pulse generator must be
delayed 370 ms (in order to comply with the time pulse duration of 1330 ms).
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3.1.2  Station coding

The measuring programme is preceded by the code of the sending station using the Morse alphabet. For
this purpose 19 timing intervals are allocated. The station code is sent by keying a 0.8-kHz tone between a level of
—32 dBmO and the reference test level. The duration of Morse dots and dashes shall be about 10% and 35%
respectively, of one timing interval.

3.1.3  Test level sent for the measurement of level at the reference frequency and level/frequency response (quality
criteria s, @ and e)

The test level sent for loss measurements at the reference frequency (0.8 kHz) and for the measurement of
level/frequency response should be —12 dBmO (see Recommendation N.21 [4]). The measurements of level/
frequency response are to be carried out with the aid of a sweep generator covering the frequency range from
0.03-16 kHz. Each octave — the first one beginning at 0.05 kHz — is marked by short pulses (1.3 kHz/— 12 dBm0
from 50 to 100 ms duration). The speed of this sequence of operations for the frequency range from 30-16 000 Hz
which covers 9.06 octaves should be 5 seconds/octave so that the recording device dealt with in § 3.2.7 below
records one octave over 10 mm and 3.3 mm respectively.

3.1.4  Test level sent for nonlinear distortion measurements )

The sent level of the test frequencies corresponds to the peak programme level (see the Recommendation
cited. in [5]), that is, the single tones for the nonlinear distortion measurements lead to the same peak loading as
the double tone for the difference tone factor measurements (single tone of +9 dBmO equivalent to
2.2 Vs = 3.1 V5 and double tone each of +3 dBm0 equivalent to (because it is stuck to “2” in the Orange
Book) 2 x 1.1 V o = 2 x 1.55 V|, referred to = 3.1 V;, a zero relative level point). In order to avoid overload
of carrier-frequency transmission systems, only frequencies below 2 kHz (with regard to circuits equipped with
equipped with pre- and de-emphasis techniques) are applied and the duration of transmission is automatically
reduced to the length of a single timing pulse ». The following test frequencies should be used:

a) For the measurement of nonlinear distortion in the lower audio-frequency range:
¢, = 0.09 kHz/+9 dBmO for the k,-measurement; -
¢, = 0.06 kHz/+9 dBmO for the k;-measurement.

b) For the measurement of nonlinear distortion in the carrier-frequency range of a frequency division
multiplex channel :

¢z = 0.8 kHz/+3 dBm0 and 1.42 kHz/+3 dBmO for the d;-measurement.
c) For the measurement of nonlinear distortion in the medivm audio-frequency range:
¢ = 0.8 kHz/+9 dBmO for the k,-measurement;

Cs 0.533 kHz/+9 dme for the ky-measurement.

3.1.5 Signal sent for compandor functioning test* (quality criterion d)

In order to detect a noncomplementary behaviour of regulating amplifiers in compandors a 0.8-kHz signal
is injected, the level of which is switched between the values +6, —6, +6 dBmO0 for three consecutive timing
intervals.

D 1t shall be possible for the signal sent for the measurement of nonlinearity distortion to be included in or omitted from the
test cycle at will (for example, under control of a switch). Whether or not the nonlinearity distortion measurement is
admissible must be determined for each circuit by the users of the equipment, and in a manner ensuring that the
prescriptions of Recommendation N.21 [4] are respected.

3 Other methods are under study by the CCITT.

3 This test is intended for provisional use. A change will be necessary when, after further study, the CCITT issues

Recommendations for compandors and appropriate methods of their testing.
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3.1.6  Remote control of the sending unit

Provision should be made for sending up to 16 command signals. These signals may be applied to the
sending equipment in either binary code or by applying earth to 16 signal paths. In case of binary coding for
starting the complete measuring programme the coded signal LOOL should be used in addition to the start signal
given under § 3.1.1 above.

3.2 Receiving unit

3.2.1  Start, stop and synchronization

In the receiving unit the coded pulses must be detected and separated by means of a selective process. A
guard circuit similar to the one normally used for signal receivers is required to protect against false operation. In
combination with the above-mentioned guard circuit the 4-bit code chosen offers a highly reliable protection
against the possibility that the starting mechanism might be activated by sound-programme signals. Thus, the
receiving unit can remain continuously connected to a sound-programme circuit and can record the measuring
programme without intervention by an operator.

The timing schedule must be in conformity with the requirements specified for the sending unit (see
§ 3.1.1 above).

The time pulse generator shall be triggered after the reception of the start signal. Reception of the stop
signal shall cause the time pulse generator to be reset to the starting condition.

3.2.2  Measuring ranges

The measuring device should have a logarithmic characteristic, and a linear measuring range of = 10 dB
referred to the respective centre-of-range should be provided.

For the particular measuring function the following centres-of-range should be provided:

— station coding, level measurement at 0.8 kHz and measure of level/frequency response

(5,, @) . o« o e e —12 dBm0

— noise level weighted (b,) and unweighted (b,) . . . . ... .. .. ... ... ... L. —51 dBm0
(signal/noise ratio, referred to +9dBm0 . . . . .. ... .. ... .. ... e e e 60 dB)

— nonlinear distortion
ky- and ky-measurements (C;, Gy, €4y C5) « v v v v ot i e e e e e e e e —31 dBmoO
(ratio, referred to +9 dBmO . . . . . . .. ... 40 dB)
di-measurement (C3) . .« v v i it e —37 dBm0
(ratio, referred to +3dBm0O . ... ... ... e e e e e e e e e e e e e e 40 dB)

— levelstepsignal (d) . .............. e e e e e e e e B 0 dBmO

The quality criteria a, ¢, d and e are expressed in terms of r.m.s. values. -

3.2.3  Noise measurements

The quality criteria b, and b, (weighted and unweighted noise measurements) are measured in a quasi-peak
mode. The dynamic properties of the rectifier circuitry and the network for weighted noise measurement (b)
should meet the requirements of CCIR Recommendation 468-2 [6].

3.2.4  Provision of filters and their characteristics

Two bandpass filters should be provided for selecting the nonlinear distortion products, one for 0.18 kHz
and the other for 1.6 kHz. They should be used as follows:

0.18-kH? filter

— for k,-measurement of 0.09 kHz (¢, ),

— for k;-measurement of 0.06 kHz (c;),

— for dy-measurement of 0.8/1.42 kHz (c);

1.6-kHz filter
— for kz-measurement of 0.8 kHz (¢,),

— for k;-measurement of 0.533 kHz (¢).
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With the 0.18 kHz filter only the lower d;-product (2 x 0.8 kHz —1.42 kHz = 0.18 kHz) is measured. The
measurement of the upper ds-product at 2.04 kHz (= 2 x 1.42 kHz — 0.8 kHz) is not made. To compensate for
this, two times the lower d;-product at 0.18 kHz is taken.

The bandpass filters should meet the following selectivity requirements:
— passband defined by insertion loss values less than 1 dB:

?‘ég llzg; gi::; f 23 gz referred to the centre frequency

— rejection frequency range defined by insertion loss values greater than 70 dB:

0.18 kHz filter: < 0.09 kHz and > 0.36 kHz
1.6 kHz filter: < 0.8 kHz and > 3.2 kHz

3.2.5 Additional markers provided at digital receivers

Additional markers can be generated in the digital receiver as required by making use of the octave
markers received from the sending unit as a timing base.

3.2.6  Programming of digital receivers’

Where a digital receiver is used it shall be possible to programme it so as to check that the circuits tested
meet the required tolerances.

3.2.7 Recording device

The transient response time of the recording device should not exceed 200 ms. In connection with the
rectifier circuitry of the receiving unit for noise measurements the requirements of CCIR Recommen-
dation 468-2 [6] should be fulfilled.

Paper width and speed may be chosen according to national standards. The following values have proved
to be practicable: :

— paper width 100 mm;
~— . paper speed 2 mm/s and 2/3 mm/s.
These paper speeds should be manually adjustable.

The above-mentioned values yield (on the 20-dB level range) a level scale of 2 dB/10 mm and (on the
136-seconds overall time) a record length of 272 mm and 90.7 mm respectively.

In addition to the recording device it-would be desirable to provide appropriate access points for the use
of an oscilloscope.

33 Sequence of operations

The sequence of operations of the measuring programme and the associated time units is shown in
Annex A.

3.4 Long-term measurements of noise

3.4.1  Automatic measurements

After a period of 10 time intervals following the end of a complete measuring programme, and without
receipt of a start signal, the receiver will automatically commence long-term noise measurements. Weighted noise
will be measured over a period of 60 time intervals and 'unweighted noise over a period of 20 time intervals. The
same centre-of-range as given in § 3.2.2 above for noise, weighted and unweighted will be used.

3.42  Manual measurements

" In order to make measurements of weighted or unweighted noise continuously for unspecified periods of
time, it must be possible to make the timing mechanism inoperative. Where an analogue receiver is used, a
manually controlled switch should be provided, so that the centre-of-range can be changed by 10 dB in either
direction.
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35

Matching characteristics

According to the lining-up procedure for sound-programme circuits using the constant voltage method the

following impedances are to be provided:

— output impedance of the sending unit < 10 ohms,
— input impedance of the receiving unit > 20 kohms.

Both values may be changed by internal switching to 600 ohms if, for the lining-up of the sound-

programme circuit, the impedance matching method is applied. It should be possible to adjust the sending and
receiving units by means of a switch to the following relative levels:

3.6

3.6.1

3.6.2

+6 dBr = nominal value at the repeater stations of Administrations;
0 dBr ¥

nominal value at the studios of broadcasting organizations.
Accuracy of sending and receiving units
Sending unit

a) Individual frequency oscillators

— leveltolerance . . .. ... ... .. P e +0.2dB
— frequency tolerance . . . . . . . . . ... < 1.0%
—  harmonic distortion at 2fand 3f. . . ... ... ... ... e e e e e .. < 0.1%

b)  Sweep frequency oscillator
— level toleranceat 0.8 kHz . . . . . ... ... ... ... ... oo + 0.2 dB
—  level/frequency response referred to 0.8°kHz. . . .................... + 0.2 dB

Receiving unit
Tolerances, including recording device:

— mid-scale value —12dBmO0and 0dBmO . . . ... ... ... . ... ... ... ...
— mid-scale value —51 dBm0 and —31 dBm0

I+

0.3 dB
1.0 dB

Operational stability should be reached within 15 minutes after switching on. As far as the details of the

I+

division of the tolerances are concerned, reference is made to the values given in [7].

The tolerances may then be reduced by calibrating the sending and receiving units when interconnected on

a loop basis (in order to compensate residual errors).

4)

For certain purposes a level of —3 dBr or lower may be used.
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ANNEX A
(to Recommendation 0.31)
TABLE A-1/0.31

Sequence of operations

(See in the following appendix an example of the record of measurements made by a typical model of the

automatic measuring equipment)

Sending unit Receiving unit
Time
intervals Freg\l;ezncy ;.Be;‘e(l) Measuring function ‘,;Z';%;?;‘o

1 13 -12 Coded start signal No. 1
1 Pause

19 0.8 -32/-12 Station coding using Morse alphabet -12

Morse | Code
1 Pause
4 0.8 -12 Measurement of reference level -12
2 Pause
1 1.3 -12 Code start signal No. 2
2 Pause
S Noise power weighted by psophometer filter -51
S Noise power unweighted -51
2 Pause
1 0.09 +9 k,-level with 0.18 kHz filter -31
1 Pause
1 0.06 +9 k,-level with 0.18 kHz filter 31
2 Pause
1 0.8 +3 d;-level with 0.18 kHz filter -37
1.42 +3

2 Pause
1 08 . +9 k,-level with 1.6 kHz filter -31
1 Pause
1 0.533 +9 k,-level with 1.6 kHz filter -31
2 Pause
3 08 - +6/-6/+6 Compandor test 0
4 Pause with reserve
1 13 -12 Coded start signal No. 3
1 Pause

35 0.03...16 -12 Level/frequency response -12

with frequency marks )
at each octave beginning
at 0.05 kHz
2 Pause
Total
102
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[t

[2]

131

(4]

{3

(61

(71

APPENDIX 1

(to Recommendation O.31)

Example of the record of measurements made by a typical model of the automatic measuring equipment

- 2-41-21 410
- 4-43-23+8
- 6-45-25 +6 = F
- 8-47-27 + 4 U
-10-49 -29 + 2 »:wu
-12-51-31 0 ,Ml = L1
-14-53-33 - 2 005 {01 |02 [04 |08 |16 [32 [64 \|128
kHz
-16-55-35 - 4
-18-57 -37 - 6
-20-59-39 -8
-22 -61 -41 -10 =LL
dBmO 1 [ 2 [‘314[‘5.67 8 9 [10] 1
v Scale Measurement programme i::::::‘g R:::::':g Circuit (;c;:‘;) Length Remarks
x 1 Station code
x 2 0.8kHz Line-up
x 3 Noi weighted
x 4 "% unweighted
X 5 Non k; (0.09 kHz)
x 6 linear 4, (0,06 kHz)
x 7 GSOC 4 08+ 1.42kHa) '
x 8 at+9  k; (0.8kHz) Date - Time
x g9 dBm0 4, (0,533 kHz)
x {10 Compan- +6/—6/+6 dBmO
der test
x 11 Level/frequency distortion
CCITT - 37301
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Recommendation 0.32

SPECIFICATION FOR AN AUTOMATIC MEASURING EQUIPMENT FOR
STEREOPHONIC PAIRS OF SOUND-PROGRAMME CIRCUITS

1 General

An equipment designed in accordance with this Recommendation is intended for use on stereophonic pairs
of sound-programme circuits. The equipment is very similar to the equipment specified in Recommendation O.31.
The stereophonic and monophonic equipments are compatible for the testing of monophonic sound-programme
circuits. ‘

The differences between the monophonic and the stereophonic equipment are as follows:

The monophonic equipment (Recommendation O.31) measures 5 different parameters in 136 seconds; the
stereophonic set measures the same 5 parameters in channels A and B of the stereophonic pair; in addition it
measures the level and phase difference between channels A and B, and the crosstalk at three specified frequencies
between the two channels. The overall time for the stereophonic measurements therefore amounts to approximate-
ly 371 seconds. ‘ :

2 Quality criteria and measuring routines

2.1 Quality criteria to be checked

Table 1/0.32 gives the various quality criteria, designated by the letters a to i, including the criteria of
Recommendation O.31.

2.2 Main routines

The measuring programmes for monophonic and for stereophonic circuits can be chosen as main routines,
the monophonic programme being in accordance with the complete measuring programme of Recommenda-
tion O.31.

Each main routine consists of the subroutines shown in Table 2/0.32 which can be chosen individually (in
subroutine 1, s is the station coding of the sending unit).

2.3 Subroutines

2.3.1  Subroutine I (station coding and monophonic quality criterion a)

A station coding signal is sent in accordance with § 3.1.2 below followed by measurement of the level of
channel A at the reference frequency.

2.3.2  Subroutine 2 (monophonic criteria b, ¢, and d)

Subroutine 2 comprises three steps:
1) measurement of the weighted and unweighted noise level of channel A (b,, and b,);

2) nonlinear distortion of channel A measured selectively as harmonic distortion of the 2nd and 3rd
order and as a difference tone distortion of the 3rd order (¢, ... ¢);

3) compandor functioning test of channel A (d).

2.3.3  Subroutine 3 (monophonic criterion e)

Measurement of the level/frequency response of channel A.

2.3.4  Subroutine 4 (monophonic quality criterion a and stereophonic quality criterion f)

Subroutine 4 comprises 3 steps: the first step checks received level at the reference frequency in channel B
(monophonic criterion corresponding to subroutine 1). The second and third steps are used to determine the
sum (f;) and difference (f;) levels of channels A and B. Both measured values serve for the polarity check and
the approximate assessment of phase differences exceeding the range fixed in subroutine 8 (stereophonic
criterion k). In the case of negligible level and phase differences between channels A and B, the resulting sum
level must exceed the received level at the reference frequency on the individual channel by 6 dB and in this case
the difference level is so small that it is not indicated. If the channels are of opposite polarity (A® = 180°), the
sum level and the difference level behave inversely.

Large phase differences can be estimated from Table 3/0.32.
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Measurement of quality criteria a to /, sender and receiver requirements

TABLE 1/0.32

(Previously Table A/0.32)

Reference Sender Receiver
Quality criteria 1 ‘ Filter
Centre of
. Frequency | Power level LP = Low Pass
Sender | Receiver (kHz) @Bm0) | o0 | BP = Band Pass
. (kHz)
s Station coding 3.1.2 0.8 -32/-12 -12 -
Level at the reference
a frequency 3.13 3.2.2 0.8 -12 -12 20 LP
g CCIR
£ b, . weighted - - -51 Rec. 468-2 [1]
E b b, Noise level unweighted 3.23 _ _ 51 20 LP
é -
9 c, k, 0.09 +9 -31 0.18 BP
5 c, k, 0.06 +9 -31 0.18 BP
8. | ¢ | ¢; | Nonlinear distortion d, 314 3.24 0.8.+1.42 +3+3 -37 0.18 BP
2 C, k, 0.8 +9 -31 1.6 BP
§ Cs ks 0.533 +9 -31 1.6 BP
d Compandor test 3.1.5 08 +§/76/+6_ 0 20 LP
e Level/frequency response 3.13 0.03 - 16 -12 -12 20 LP
Polarity check
- /i Level sum . 08 -12 -12 20LP
5| 7| 7| Level difference 3.13 234 0.8 ~12 “12 20 LP
5
2
8 g Level difference 313 23.7 0.03-16 -12 0dB 20LP
£
2
_§ h Phase difference 3.1.3 3.25 0.03 - 16 -12 25°
£
&
%’ i, 180 Hz 0.18 -12 -52 0.18 BP
i | i, | Crosstalk at 1600 Hz 3.1.6 3.2.6 1.6 -12 -52 1.6 BP
iy 9000 Hz 9 -12 -52 9 BP
TABLE 2/0.32
(Previously Table B/0.32)
Subroutines
Monophonic 1 2 3
Main routines
Stereophonic 1- 2 3 4 S 6 7 8 9
s . b e a b e g h i
Quality criteria a c f c
d d
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TABLE 37/0.32
(Previously Table C/0.32)

Sum level Difference level Phase difference
Ang (dB) Anp (dB) AD
+6.0 —o00 0/360°
+5.7 -5.7 30/330°
+4.8 0 60/300°
+3.0 +3.0 : 90/270°
0 +4.8 120/240°
-5.7 +5.7 150/210°
—_oo +6.0 . 180°

Note — The above table is derived from the following formulae:

Ang = 3dB + 10 log [1 — cos (180 — A®)]
Anp = 3dB + 10 log (1 — cos AdD)

2.3.5 Subroutine 5 (monophonic criteria b, ¢ and d)

Measurement of weighted and unweighted noise levels and nonlinear distortion and compandor func-
tioning test, as specified in subroutine 2, but for channel B.

2.3.6  Subroutine 6 (monophonic criterion €)

~

Measurement of the level/frequency response of channel B. (Corresponds to subroutine 3 for channel A.)

2.3.7  Subroutine 7 (stereophonic criterion g)

The level difference between channels A and B, determined as a function of the frequency.

2.3.8  Subroutine 8 (stereophonic criterion h)

The phase difference between channels A and B, measured as a function of the frequency.

2.3.9  Subroutine 9 (stereophonic criterion i)

The signal-to-crosstalk ratio between channels A and B at frequencies of 180, 1600 and 9000 Hz.

3 Specifications

The following specifications for carrying out the measurements of the monophonic quality criteria a to e
are identical with those laid down in Recommendation O.31 for the monophonic version of such equipment.

3.1 Sending unit

3.1.1  Start, stop and time base for synchronization and selection of measuring mode

By means of a locking press-button in the sending unit the measuring programme for single or permanent
mode of operation can be started. The timing of the measuring programme is controlled by a pulse generator. The
smallest time base that can be programmed is fixed at 1.33 second. The synchronizing frequency related to this
time base is 0.75 Hz and has to be kept within * 1%. A second press-button offers the possibility of stopping the
measuring programme. By the activation of this press-button a means is provided whereby the locking mechanism
of the start press-button for permanent operation is simultaneously released. Start, synchronization and stop of the
receiving unit are triggered by coded pulses (1.3 kHz at —12 dBmO0).
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Every subroutine is preceded by coded pulses which serve as a start signal. By means of a special stop
signal which is triggered by pressing the stop button, the progress of the measuring programme can be interrupted
at any time and another programme, selected with the aid of a switch, can be started instead. Operatmg the stop
button will also reset the time pulse generator to the starting condition.

The start and stop signals consist of four pulses whose duration can be fixed at 60 ms (value O) or 120 ms

(value L) by means of digital coding. The time between the beginning of every pulse within the coded signal is
240 ms.

The coding of the pulses is as follows:
a) Start signals for:
—  Subroutine 1: OOOL

—  Subroutine 2: OOLO
—  Subroutine 3: OLOO
—  Subroutine 4: LOOO
~  Subroutine 5: OOLL
—  Subroutine 6: OLLO
—  Subroutine 7: LLOO
—  Subroutine 8: OLOL
—  Subroutine 9: LOLO

b) Stop signal: LLLL

- The start signals are read from right to left, as is usual in the case of digital codes, and are transmitted in
the same time sequence.

The sending of the coded signal (duration 960 ms) which is controlled by the time pulse generator must be
delayed 370 ms (in order to comply with the time pulse duration of 1330 ms).

3.1.2  Station coding

The measuring programme is preceded by the code of the sending station using the Morse alphabet. For
this purpose, 19 timing intervals are allocated. The station code is sent by keying a 0.8-kHz tone between a level
of —32 dBmO and the reference test level. The duration of Morse dots and dashes shall be about 10% and 35%
respectively, of one timing interval.

3.1.3  Test level for the measurements of level at the reference frequency and level/frequency response

The test level sent for level measurements at the reference frequency (0.8 kHz) and for the measurements
of level/frequency response should be —12 dBm0 (see Recommendation N.21 [2]). The measurements of level/
frequency response are to be carried out with the aid of a sweep generator comprising the frequency range from
0.03 to 16 kHz. Each octave — beginning at 0.05 kHz — is marked by short pulses (1.3 kHz/ —12 dBmO from 50
to 100 ms duration). The spéed of this sequence of operations for the frequency range from 30-16 000 Hz which
covers 9.06 octaves should be 5 seconds/octave so that the recording device dealt with in § 3.2.9 below records one
octave over 10 mm and 3.3 mm respectively.

3.1.4  Test level sent for nonlinear distortion measurements "

The sent level of the test frequencies corresponds to the peak programme level (see the Recommendation
cited in [3]), that is, the single tones for the nonlinear distortion measurements lead to the same peak loading as
the double tone for the difference tone factor measurements (single tone of +9 dBmO0, equivalent to
22V, ns = 3.1V, and double tone each of +3 dBm0, equivalent to 2 x 1.1V, . = 2 x 155V, = 3.1V,
referred to a zero relative level point). In order to avoid overload of carrier-frequency

It shall be possible for the signal sent for the measurement of nonlinearity distortion to be included in or omitted from the
test cycle at will (for example, under control of a switch). Whether or not the nonlinearity distortion measurement is
admissible must be determined for each circuit by the user of the equipment, and in a manner ensuring that the
prescriptions of Recommendation N.21 [2] are respected.
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transmission systems, only frequencies below 2 kHz (with regard to circuits equipped with pre- and de-emphasis
techniques) are applied and the duration of transmission is automatically reduced to the length of a single timing
pulse . The following test frequencies should be used:

a)  For the measurement of nonlinear distortion in the lower audio-frequency range

¢, = 0.09 kHz/+9 dBm0 for the k,-measurement,

¢, = 0.06 kHz/ +9 dBmO for the k;-measurement.

b) For the measurement of nonlinear distortion in the carrier-frequency range of a frequency division
multiplex channel

c; = 0.8 kHz/+3 dBmO and 1.42 kHz/+3 dBmO for the d;-measurement.
c) For the measurement of nonlinear distortion in the medium audio-frequency range

¢, = 0.8 kHz/+9 dBmO for the k,-measurement,

I

¢ = 0.533 kHz/ +9 dBmO for the k;-measurement.

3.1.5  Signal sent for compandor functioning test?

In order to detect a noncomplementary behaviour of regulating amplifiers in compandors a 0.8-kHz signal
is injected, the level of which is switched between the values +6, —6, +6 dBmO for three consecutive timing
intervals. ' : .

3.1.6  Crosstalk between channels A and B

The signal-to-crosstalk ratio between channels A and B is measured at the frequencies 180, 1600 and
9000 Hz. The sent level should be —12 dBm0.

3.1.7  Remote control of the sending unit

Provision should be made for sending up to 16 command signals. These signals may be applied to the
sending equipment in either binary code or by applying earth to 16 signal paths. In the case of binary coding for
starting. the monophonic or stereophonic main routine, the coded signals LOOL or LLLO respectively should be
used in addition to the start signals given under § 3.1.1 above.

3.2 Receiving unit

3.2.1  Start, stop and synchronization

In the receiving unit the coded pulses must be detected and separated by means of a selective process. A
guard circuit similar to the one normally used for signal receivers is required to protect against false operation. In
combination with the above-mentioned guard circuit the 4-bit code chosen offers a highly reliable protection
against the possibility that the starting mechanism might be activated by sound-programme signals. Thus, the
receiving unit can remain continuously connected to a sound-programme circuit and can record the measuring
programme without intervention by an operator. '

The timing schedule must be in conformity with the requirements specified for the sending unit (see § 3.1.1
above). '

The time pulse generator shall be triggered -after the reception of the start sngnal Reception of the stop
signal shall cause the tlme pulse generator to be reset to the starting condition. v

2 Other methods are under study by the CMTT.

3 This test is intended for provisional use. A change will be necessary when, after further study, the CCITT issues

Recommendations for compandors and appropriate methods of their testing.
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3.2.2  Measuring ranges
The measuring device should have a logarithmic characteristic, and a linear measuring range of + 10 dB
referred to the respective centre-of-range should be provided. :

For the particular measuring function the centres-of-range as indicated in Table 1/0.32 should be
provided.

3.2.3  Noise measurements

The quality criteria b, and b, (weighted and unweighted noise measurements) are measured in a quasi-peak
mode. In this case, the dynamic properties of the rectifier circuitry and the network for weighted noise
measurement (b, ) should meet the requirements of CCIR Recommendation 468-2 [1].

3.2.4  Provision of filters and their characteristics

Two bandpass filters should be provided for selecting the nonlinear distortion products, one for 0.18 kHz
and the other for 1.6 kHz. They should be used as follows:

0.18-kH: filter

— for k,-measurement of 0.09 kHz (c, ),

— for k;-measurement of 0.06 kHz (c,),

— for d;-measurement of 0.8/1.42 kHz (¢;);

1.6-kHz filter

— for kz-measurerﬁent of 0.8 kHz (¢;),

— for ky-measurement of 0.533 kHz (¢;).

With the 0.18-kHz filter only the lower d;-product (2 x 0.8 kHz —1.42 kHz = 0.18 kHz) is measured. The
measurement of the upper d;-product at 2.04 kHz (= 2 x 1.42 kHz — 0.8 kHz) is not made. To compensate for
this, two times the lower d;-product at 0.18 kHz is taken.

The bandpass filters should meet the following selectivity requirements:
- passband defined by insertion loss values less than 1 dB:

0.18 kHz filter: = 3 Hz .
1.6 KkHz filter: + 24 Hz referred to centre frequency;

— rejection frequency range defined by insertion loss values greater than 70 dB:

0.18 kHz filter: < 0.09 kHz and > 0.36 kHz,
1.6 kHz filter: < 0.8 kHz and > 3.2 kHz.

3.2.5 Measurement of the phase difference between channels A and B

The phase difference between channels A and B is measured as a function of the frequency. For this
purpose, a phase discriminator is required which is independent of the level difference between the two channels.
Because of the chosen linear scale of 5°/cm and the recommended recording width, the measurement range is
limited to 0-50°. Larger phase differences can be estimated from the stereophonic criterion f of subroutine 4.

3.2.6  Measurement of crosstalk between channels A and B

The crosstalk ratio between channels A and B at the measuring frequencies of 180, 1600 and 9000 Hz is
measured selectively. The filters for the first two frequencies may be the same as those used for the nonlinearity
measurements in subroutines 2 and 5.

One additional filter is required for 9 kHz.
This bandpass filter should meet the following selectivity requirements: ‘
— passband defined by insertion loss values of < 1 dB: + 0.8 kHz referred to the centre frequency;

— rejection frequency range defined by insertion loss values of > 14 dB: < 4.5 kHz and > 18 kHz
referred to the centre frequency.

The measurable signal-to-crosstalk ratio is confined to the critical range between 30 and 50 dB.
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3.2.7 Additional markers provided at digital receivers

Additional markers can be generated in the digital receiver as required, by making use of the octave
markers received from the sending unit as a timing base. :

3.2.8  Programming of digital receivers

Where a digit receiver is used, it shall be possible to programme it so as to check that the circuits tested
meet the required tolerances.

3.29 Recording device

The transient response time of the recording device should not exceed 200 ms. In connection with the
rectifier circuitry of the receiving unit for noise measurements the requirements of CCIR Recommenda-
tion 468-2 [1] should be fulfilled.

Paper width and speed may be chosen according to national standards. The following values have proved
to be practicable: )

— Paper width 100 mm.

This value yields (on the 20-dB level range) a level scale of 2 dB/10 mm.
— Paper speed 2 mm/s and 2/3 mm/s.

These paper speeds should be manually adjustable.

In addition to the recording device it would be desirable to provide appropriate access points for the use
of an oscilloscope.

33 Sequence of operations in the.programme

The sequence of operations of the stereophonic measuring programme including all subroutines is shown
in Annex A. The first and second time pulse of each subroutine are provided for the start signal and a pause,
respectively.

34 Long-term measurements of noise

3.41 Automatic measurements

After completion of the monophonic or stereophonic main routines, automatic long-term measurements of
noise are performed on channel A and channel B respectively, without initiation or control by the sending unit.
The sequence should be as follows:

time intervals . receiver programme channel

10 .. . pause’

60 ... ... weighted noise . . . . ... ... A

20 L unweighted noise . . . . .. ... A
2 e pause

60 .. e weighted noise . . . ... . ...

20 .. e unweighted noise . . . . ... .. B

3.42 Manual measurements

In order to make measurements of weighted or unweighted noise continuously for unspecified periods of
time it must be possible to make the timing mechanism inoperative. Where an analogue receiver is used, a
manually controlled switch should be provided, so that the centre-of-range can be changed by 10 dB in either
direction.
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Matching characteristics

According to the lining-up procedure for sound-programme circuits using the constant voltage method the

following impedances are to be provided:

— output impedance of the sending unit < 10 ohms,
— input impedance of the receiving unit > 20 kohms.

Both values may be changed by internal switching to 600 ohms if, for the lining-up of the sound-

programme circuit, the impedance matching method is applied. It should be possible to adjust the sending and
receiving units by means of a switch to the following relative levels:

3.6

3.6.1

3.6.2

+6 dBr = nominal value at the repeater stations of Administrations;
0 dBr¥

nominal value at the studios of broadcasting organizations.

Accuracy of sending and receiving units

Sending unit

a) Individual frequency oscillators

— leveltolerance . . . . . . . . . i i e e e e e e e + 0.2 dB
— frequency tolerance . . . ... ... ... ... .. e el < 1.0%

— harmonic distortion at2fand 3/ . . . . . ... ... ... ... e < 0.1%
b) Sweep frequency oscillator '
~ level tolerance at 0.8 kHz . . . . . . . ... ... ... ... ... ... ... .. + 0.2 dB

—  level frequency response referred to 0.8 kHz . . . .. . ... ... ... ... ... + 0.2 dB
Receiving unit

Tolerances, including recording device:
— mid-scale value —12 dBm0 and 0dBmoO . ... .. e e e e e e e e e e + 03 dB
—  mid-scale value —51 dBmO and —31dBmO . . . . .. ...\t + 1.0dB

Operational stability should be reached within 15 minutes of switching on. As far as the details of the

division of the tolerances are concerned, reference is made to the values given in [4].

The tolerances may then be reduced by calibrating the sending and receiving units when interconnected on

a.loop basis.

4

For certain purposes a level of —3 dBr or lower may be used.
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ANNEX A

(to Recommendation 0.32)

TABLE A-1/0.32

Sequence of operations of stereophonic main routine measuring programme

‘Sending unit Receiving unit
Sub- Time
routine intervals Centre
Frequency Level Loaded . .
Measuring function Channel of range
(kHz) (dBm0) channel " (dBm0)
1 1 13 -12 A Start signal No. 1 A -
1 — - - Pause — -
19 0.8 -32/-12 A Station coding A -12
1 — - - Pause - -
4 0.8 -12 A Measurement of A -12
reference level
2 - - - Pause - -
28
2 1 1.3 -12 A Start signal No. 2 A -
2 - - - Pause — -
5 - — — Weighted noise A -51
(psophometer filter)
S - - - Unweighted noise A =51
2 - - - Pause - -
1 0.09 +9 A k,-level A -31
(0.18 kHz filter) '
1 - - - Pause — -
1 0.06 +9 A k;-level A -31
) (0.18 kHz filter)
2 - - - Pause .= -
1 0.8/1.42 +3/+3 A d4-level A -37
(0.18 kHz filter)
2 - - - Pause .= -
1 038 +9 A k,-level : ’ A -31
(1.6 kHz filter)
1 - - - Pause - -
1 0.533 +9 A k5 -level A -31
(1.6 kHz filter)
2 - - - Pause - —
3 0.8 +6/—6/+6 A Compandor test A 0
4 -~ - - Pause with reserve - - -
35
3 1 1.3 -12 A Start signal No. 3 A -
1 - - - Pause - -
35 0.03to 16 -12 A Level/frequency A -12
response
2 - - — Pause ' — -
39
4 1 1.3 -12 A Start signal No. 4 A -
1 — - - Pause - -
2 0.8 -12 B Measurement of B - —12
' reference level
1 — - - Pause — —
2 0.8 -12 A, B Sum level A, B -12
1 - - - Pause — -
2 0.8 -12 A, B Difference level A, B -12
2 - - - Pause — -
12

38
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TABLE A-1/0.32 - (end)

Sending unit

Receiving unit

Sub- ) Time Centre
routine intervals Frig;xlezl;cy (;.;:(l)) 51(:1?3 Measuring function Channel of range
(dBm0)
S 1 13 -12 A Start signal No. 5 A ~
2 — - - Pause — -
S - - — Weighted noise B -51
(psophometer filter)
S - — — Unweighted noise B =51
2 - - — Pause - -~
1 0.09 +9 B k,-level B =31
(0.18 kHz filter)
1 — — - Pause - -
1 0.06 +9 B k 5-level B -31
(0.18 kHz filter) K
2 - — - Pause - -
1 0.8/1.42 +3/+3 B d,-level B -37
(0.18 kHz filter)
2 - - - Pause — -
1 0.8 +9 B k,-level B -31
(1.6 kHz filter) .
1 - - - Pause . - -
1 0.533 +9 B k ,-level B =31
. (1.6 kHz filter)
2 - — - Pause - -
3 0.8 +6/—-6/+6 B Compandor test B 0
4 - - - Pause with reserve - -
35
6 1 13 -12 A Start signal No. 6 A -
1 - - - Pause - —
35 0.03 to 16 -12 B Level/frequency response B -12
2 - — - Pause — -
39
7 1 1.3 -12 Start signal No. 7 A -
1 - - - Pause - -
35 0.03 to 16 -12 A, B Level difference/ A, B 0
frequency response
- — - Pause - -
39
8 1 1.3 -12 A Start signal No. 8 A -
1 - - — Pause — —
35 0.03to 16 —12 A, B Phase difference/ A, B 25°
frequency response
- - — Pause - -
39
9 1 13 -12 A Start signal No. 9 A -
1 - . - - Pause -~ -
2 0.18 -12 A Crosstalk level ‘ B -52
(0.18 kHz filter) ’
1 - — - Pause - . -
2 1.6 -12 A Crosstalk level B -52
(1.6 kHz filter)
1 — — - Pause — -
2 9.0 -12 A Crosstalk level B -52
(9 kHz filter)
2 — - — Pause - -
12
1to9 278

Duration of main routine measuring programme for stereophonic circuits: 278 time intervals X 1.33 sec/time interval ~ 371 sec.
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Recommendation 0.41

PSOPHOMETERS (APPARATUSES FOR THE OBJECTIVE MEASUREMENTS
OF CIRCUIT NOISE)

(For the text of this Recommendation see Recommendation P.53 of
Volume V and for information on this and other noise measuring
instruments, see Supplement No. 3.2 of Volume 1V.2 of the Green Book.)

Recommendation O.51

VOLUME METERS

(For the text of this Recommendation see Recommendation P.52 of
Volume V and for information on other volume indicators,
see Supplement No. 3.3 of Volume IV.2 of the Green Book.)

Recommendation 0.61

ESSENTIAL CLAUSES FOR A SIMPLE INSTRUMENT
TO MEASURE INTERRUPTIONS ON TELEPHONE CIRCUITS

The requirements for the characteristics of a simple interruption counter equipment capable of detecting
short breaks in transmission on audio channels are described below and must be adhered to in order to ensure
compatibility between equipments standardized by the CCITT and produced by different manufacturers.

1 Definitions

1.1 interruption

For the purpose of this specification an interruption shall be regarded as a break in transmission or drop
in the level of a test tone below a designated threshold.

1.2 dead time

The dead time is defined for the purpose of this specification as the time after which the counter is ready
to record another interruption following the end of the preceding interruption.
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2 The detector

2.1 General

All interruptions above 3.5 ms shall be detected. Interruptions of less than 2 ms shall not be recognized
nor restoration of the signal for less than 2 ms. Interruptions separated by more than 4 ms shall be detected
separately.

22 Interruption detection threshold

The instrument shall be capable of édjustment to threshold levels of 6 and 10 dB. The accuracy of the
instrument at these threshold levels shall be + 1 dB.

2.3 Input conditions

2.3.1 The detector shall respond to a test signal of 2000 Hz + 100 Hz (see also § 5).
2.3.2 The instrument shall be capable of adjustment for input levels between + 10 dBm and —30 dBm.

2.4 Input impedance
— balanced, earth free.

24.1 Signai balance ratio in the band 300 Hzto 6 kHz .. ... ... . ... ... .......... > 50 dB

242 Impedances

2421 Lowimpedance . . . . .. . . . . . @ i i i it e e e e e e e e e e P 600 ohms
Return loss at 2 kHz . . . . . . .. . L e e e e e e > 30 dB
Return loss in the band 300 Hzto 6 kHz . . . .. ... ... .. ... .. ... .. ....... = 25dB
2422 Highimpedance . . . . . . . . . . . . i i e e e e e e approx. 20 kohms
Tapping loss across 600 ohms . . . . . . . . . ... . ... . . . e < 0.25 dB

2.5 Dead time

2.5.1 The dead time of an electronic instrument shall be 3 ms + 1 ms.
2.5.2 The dead time of an instrument with mechanical counters shall be 125 ms + 25 ms.

2.5.3 A switch shall be provided on the electronic instrument giving an optional 125 ms + 25 ms dead time to’
enable comparable tests to be made with instruments using mechanical counters.

2.6 Auxiliary logic output

An auxiliary output from the detector shall be provided wired to a suitable socket giving a logic output for
computer access or auxiliary equipment. The output from this socket shall be a two-state digital signal:

logic “0”: signal level above the threshold;

“q”.

logic : interruption,'signal level below the threshold.

The output levels shall be as supplied by TTL (Transistor — Transistor Logic) integrated circuits. The
output impedance shall be less than 2000 ohms, the precise value depending on the requirements of individual
Administrations.

2.7 Timing clock (optional)

A timing clock shall be provided which shall limit the test duration to any period up to one hour. A
manual position shall be provided on the clock for special testing purposes when test periods of greater than one
hour are required.
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3 The counter

3.1 General

All interruptions of greater than 3 ms shall be recorded. The interruptions shall be recorded on a single
counter which shall have at least a three digit display. At the end of the testing period the counter display shall
hold its accumulated total.

32 Power failure

In the event of a power failure the counter shall hold its accumulated total and resume the count when the

power supply is restored. Should it prove impossible to meet this requirement a visual mdlcatlon shall be provided
to show that a power failure has taken place.

4 General

4.1 Working conditions

The instrument shall meet the above requirements under the following conditions:
— Temperature range: +5°C to +40°C;
— Relative humidity: 45% to 75% (see [1]).

5 Simultaneous measurements

The measurement of interruptions may be provided in an instrument which also makes measurements of
other transient impairments, e.g., amplitude and phase hits. A test signal frequency of 1020 Hz + 10 Hz may be
used to facilitate the integration of several measurements of transient phenomena in such a combined instrument.
In all other respects, the measurement of interruptions shall be in accordance with the principles of this
Recommendation.

Reference

[1]  IEC Publication No. 359.

Recommendation 0.62

ESSENTIAL CLAUSES FOR A SOPHISTICATED INSTRUMENT
TO MEASURE INTERRUPTIONS ON TELEPHONE CIRCUITS,

The requirements for the characteristics of a sophisticated interruption counter equipment capable of
detecting short breaks in transmission on audio channels are described below and must be adhered to in order to
ensure compatibility between equipments standardized by the CCITT and produced by different manufacturers.

1 Definitions

1.1 interruption

For the purpose of this specification an interruption shall be regarded as a break m transmission or drop
in the level of a 2-kHz test tone below a designated threshold.

1.2 dead time

The dead time is defined for the purpose of this specification as the time after which the counter is ready
to record another interruption following the end of the preceding interruption.
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2 The. detector

2.1 General
The detector shall be capable of recognizing an interruption having a nominal duration of 0.3 ms in
accordance with the probability curve given in Figure 1/0.62.

This means that all breaks exceeding 0.5. ms and 3 dB below the threshold to which the instrument is set
are detected with 100% certainty whereas only 50% of these breaks occurring at 0.3 ms will be detected.

2.2 Interruption detection threshold

The threshold level selector shall be adjustable in steps to the values 3, 6, 10 and 20 dB below the normal
test signal level at the input to detector.

The accuracy of the instrument at these threshold levels shall be as follows:

3,6 and 10 dB: = 1 dB

+

20 dB:

I+

2 dB.
23 Input conditions

2.3.1 The detector shall respond to a test signal of 2000 Hz + 100 Hz.

2.3.2  The instrument shall be capable of adjustment for input levels between + 10 dBm and —30 dBm.

2.3.3  Input impedance (frequency range 300 Hz to 6 kHz)

— balanced, earth free.

2.33.1 Signal balanceratio . . .. .. .. ... L > 50 dB
1) Lowimpedance . . . . . . . . . . . e e e e e e e 600 ohms

Return 1oss . . . . . . o e e e e e = 30dB

2) Highimpedance . . . ... ... .. ... ..... .. .. .. .. .. ... ... approx. 20 kohms

Tapping loss across 600 ohms . . . . . .. ... ... .. < 0.25dB

24 Auxiliary detector output
A socket shall be provided permitting the connection of the detector logic output to an outside recording
device such as a tape recorder or a computer. The output from this connector shall have a two-state digital signal:
logic “0”: signal level above the threshold;
logic “1”: interruption, signal level below the threshold.
The output levels shall be as su‘pplied by TTL integrated circuits.

The output impedance shall be less than 2000 ohms, the precise value depending on the requirements of
individual Administrations.

2.5 Dead time

The instrument shall have at least two dead times:
1) shortest possible, in accordance with the curve in Figure 1/0.62;

2) 125 ms + 25 ms for special testing purposes.
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Probability curve for the detection of an interruption

2.6 Visual indication

A visual indication shall be provided showing the condition of interruption.

3 The counter

3.1 General

The detected ihterruptions shall be divided into the following time categories for recording purposes:
1) 0.3 ms-3 ms (optional),

2) 3 ms-30 ms,

3) 30 ms-300 ms,

4) 300 ms-1 min,

5) 1 min and over (optional).

Facility for adjusting to other time groupings may be provided at the option .of the Administrations. The
count shall be presented on a visual display.

32 Power failure

In the event of a power failure any loss of counting information should be clearly indicated on a display
for later observation.

4 General

4.1 Working conditions

The instrument shall meet the above requirements under the following conditions:
— Temperature range: +5°C to +40°C;
— Relative humidity: 45% to 75% (see [1]).

Reference

(13 IEC Publication No. 359.
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Recommendation 0.71 Y

SPECIFICATION FOR AN IMPULSIVE NOISE MEASURING
INSTRUMENT FOR TELEPHONE-TYPE CIRCUITS

The requirements for the characteristics of an instrument capable of assessing the impulsive noise
performance of telephone-type circuits are described below and must be adhered to in order to ensure
compatibility of results obtained by equipments standardized by the CCITT and produced by different manufac-
turers.

1 Principle of operation

The instrument will record the number of times that the instantaneous voltage of the input signal exceeds a
predetermined threshold during the period of measurement. The maximum rate at which the instrument can record
impulses exceeding the threshold is 8 + 2 counts per second. The threshold level is calibrated in terms of the

r.m.s. value of a sinusoidal input signal (dBm) whose peak value is just sufficient to cause the instrument to
operate the counting mechanism.

2 Definition
21 dead time

For the purpose of this specification the dead time is defined as the time after which the counter is ready
to register another pulse following the start of the preceding pulse.

3 Specification clauses
3.1 Input impedance

3.1.1 600 ohms balanced and earth free with a return loss of not less than 25 dB over the frequency range
200-3400 Hz, and

3.1.2  high impedance with a tapping loss not exceeding 0.1 dB over the frequency range 200-3400 Hz.

3.2 Input balance

With a pulse which is 60-dB higher than the threshold setting applied between the midpoint of the source
impedance and the earth terminal of the instrument the counter shall not operate.

33 Operate-level range
The minimum operate-level range to which the instrument responds shall be from 0 to —50 dBm (i.e. 0 to
— 50 dB with respect to 1.1 V, which is the peak voltage of a sine wave having a power of 1 mW in 600 ohms).

The threshold shall be adjustable in 3 dB steps (£ 0.5 dB) and the thresholds for positive and negative polarities
of input pulse shall not differ by more than 0.5 dB.

34 Dead time

Whatever values of dead time are included in a particular instrument, a value of 125 + 25 ms shall be
provided in all cases. ‘

35 Attenuation/frequency characteristics

3.5.1  Flat bandwidth

Response within the range + 1 dB from 275 to 3250 Hz:
— 3 dB point = 1 dB at 200 Hz;

— below 200 Hz, the attenuation shall rise at about 18 dB per octave; at 100 Hz, minimum attenuation
17 dB;

D The text of this Recommendation has been established under the responsibility of Study Groups IV, XVII and joint Study
Group CMBD. Further elaboration of this Recommendation shall be the joint responsibility of these Study Groups.
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— above 3250 Hz, the rise in attenuation shall be compatible with the sensitivity requirement indicated in
"~ § 3.7 below.

3.5.2  Optional bandwidths

By means of additional filters the equipment may provide other optional bandwidths.

In any case it should be designed so that external filters can be added.

One of the filters shall have the following characteristics:

Flat within £ 1 dB from 750 Hz to 2300 Hz:

— 3 dB points at 600 Hz and 3000 Hz;

— below 600 Hz and above 3000 Hz the response shall fall off at about 18 dB per octave.

For measurements of impulsive noise in the 75 bit/s return channel, a filter with the following characteris-
tics has been used:

— 3 dB points at 300 Hz and 500 Hz;
— below 300 Hz and above 500 Hz the response shall fall off at about 18 dB octave.

3.6 Calibration

With the instrument switched to the flat condition, a continuous sinusoidal 1000-Hz signal applied to the
input at a voltage equivalent to 0 dBm in 600 ohms, and with the operate level control set to 0 dBm the
instrument shall be adjusted by means of a calibration control to register 8 + 2 counts per second. When the
input signal is reduced in level to —1 dBm the instrument shall not count.

When the input level is reduced to any value within the operate level range, the operate level setting at
which the instrument just fails to count shall not differ from the actual input level by more than 1 dB.

3.7 Sensitivity

With the instrument calibrated in accordance with § 3.6 in the flar condition and the operate level set to
0 dBm, rectangular pulses of either polarity of 50 milliseconds duration having a peak amplitude of 1.21 V with
an interval between pulses in excess of the dead time shall be applied to the instrument and cause the counter to
operate at the correct rate. When the width of these pulses is gradually reduced, the counter shall count at the
correct rate when the pulses have a duration of 50 microseconds but.shall not count when the pulses are
20 microseconds.

3.8 Counter

Each event to be counted shall be recorded as one unit on a counter. The counter shall be able to register
at least 999 events.

39 Timer

A built-in timer capable of switching off the instrument after a predetermined time shall be provided. This
timer shall be adjustable from 5 to 60 minutes in steps of 1 minute.

Significant testing intervals will be 5, 15, 30 and 60 minutes.

4 Working conditions

The instrument shall meet the above requirements under the following conditions:
— Temperature range: +5°C to +40°C;
— Relative humidity: 45% to 75% (see [1]).

Reference

[1] 1EC Publication No. 359.
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Recommendation O.72

CHARACTERISTICS OF AN IMPULSIVE-NOISE MEASURING INSTRUMENT
FOR WIDEBAND DATA TRANSMISSIONS

(For the text of this Recommendation see Recommendation H.16 of Volume II1.)

Recommendation O.81

SPECIFICATION FOR A GROUP-DELAY MEASURING SET
FOR AUDIO CIRCUITS

The requirements for the characteristics of a group-delay measuring set for audio circuits which are
described below must be adhered to in order to ensure compatibility between equipments standardized by the
CCITT and produced by different manufacturers.

1 Measuring principle

In the case of group-delay distortion measurements over a line (straightaway measurements), a signal for
phase demodulation is required on the receiving side whose frequency corresponds exactly to the modulation
(split) frequency on the transmitting side and whose phase does not change during the measurement. With the
proposed measuring principle, this frequency is generated in a split-frequency oscillator in the receiver whose
frequency is controlled with the aid of a reference carrier having a fixed frequency of 1.8 kHz. The reference
carrier is amplitude modulated with the same modulation frequency as the measuring carrier and is transmitted
over the path to be measured in periodical alternation with the measuring carrier. During the changeover from
measuring carrier to reference carrier no phase or amplitude surge must occur in the sending signal. For the sake
of identification the reference carrier is furthermore amplitude modulated with an identifying signal.

If the path to be measured has different group delay and/or attenuation for the measuring carrier and the
reference carrier, a phase and/or amplitude surge appears at the output of the path to be measured at the carrier
changeover point within the receiver. This phase or amplitude surge is evaluated by the receiver of the measuring
set. Thus, the receiver is provided with a phase measuring device for the purpose of group-delay measurements.
This measuring device includes the above-mentioned frequency controlled split-frequency oscillator whose phase is
automatically adjusted to the mean value derived from the phases of the split-frequencies transmitted with the
measuring and the reference carriers. The split frequency voltage fed to the phase meter is taken from the output
of an amplitude demodulator which can simultaneously be used for measuring amplitude variations. In order to
recognize the actual measuring frequency on the receiving side — particularly during sweep measurements — a
frequency discriminator may be provided.

If the frequency of the measuring carrier differs from the frequency of the reference carrier during the
measurement and if the path to be measured has different group-delay and attenuation values for the two
frequencies, a square-wave signal appears at the outputs of the phase meter, the amplitude demodulator and the
frequency discriminator in the receiver, whose amplitudes are proportional to the respective measuring results
— referred to the frequency of the reference carrier — and whose frequency corresponds to the carrier changeover
frequency on the transmitting side. These three square-wave signals are subsequently evaluated with the aid of
controlled rectifiers and allow indications, together with the correct signs, of differences in group-delay distortion,
attenuation and measuring frequency between measuring and reference carrier frequencies.
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2 Technical details

2.1 Transmitter

The modulation split frequency shall be 41.66 Hz (= 1000 Hz/24). With the aid of this signal the reference
and measuring carriers are amplitude modulated to a modulation depth of 40%. Both sidebands are transmitted.
The modulation distortion factor shall be smaller than 1%. The changeover from measuring carrier to reference
carrier is carried out within a switching time of < 100 microseconds. The changeover frequency is rigidly tied to
the modulation frequency by binary frequency division and is 4.166 Hz (41.66 Hz/10). The carrier changeover
occurs at the minimum of the modulation envelope. Deviations of < + 0.2 milliseconds are admissible. The
carrier frequency which is not transmitted in each case has to be suppressed by at least 60 dB referred to the
sending signal.

The identifying signal which is required for identifying the reference carrier is also rigidly tied to the
modulation (split) frequency. The assigned frequency 166.6 Hz is derived by multiplying the modulation (split)
frequency by four or by dividing 1 kHz by six. The rectangular-shaped identifying signal derived from 1 kHz
through frequency division can be used for direct modulation after having passed through an RC lowpass filter
with a time constant of T = 0.43 milliseconds since a pure sinusoidal form is not required in this case. The
modulation depth is 20%. The identifying signal is only transmitted during the last 24 milliseconds of the reference
carrier sending time. The shape of the different signals on the transmitting side shown as a function of time and
their respective forms can be seen from Figure 1/0.81.

Sending time of reference frequency Sending time of measure frequency
120 ms 120 ms
" [ | |
Signal [v | i Changeover
l signal 4.166 Hz
a |
Time constant T = 0,43 ms a
N f2 identifying
8 W signal 166.6 Hz
i
' 24ms
c a Modulation signal
41.66 Hz

{split frequency only)

D Complete modulation
. signal -

Az

! ! ' Carrier changeover point
Deviation from envelope
minimum < £ 0.2 ms

T } Combined generator
| output signal

ot T

L

F Gating signal of
1 receiver to suppress
CCITT-37320 transient distortion

FIGURE 1/0.81

Timing of various signals of group-delay measuring set

2.2 Receiver

2.2.1  Group-delay measurements (see Figure 2/0.81)

The signal coming from the path to be measured is demodulated and the modulation frequency of
41.66 Hz so obtained is filtered out by a bandpass filter. This modulation voltage is rectangularly phase
modulated, the frequency of the phase modulation being equivalent to the changeover frequency, 4.166 Hz. The
phase deviation is proportional to the group-delay difference between the measuring carrier and the reference
carrier. The phase demodulation is carried out in a phase meter whose second input is fed, for example, by a
1-kHz oscillator via a frequency divider 24/1. This oscillator forms a closed-phase control loop involving the
phase meter and a lowpass filter which suppresses the changeover frequency. Thus, the modulation frequency
generated in the receiver corresponds exactly to the modulation frequency coming from the transmitter.
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FIGURE 2/0.81

Principle of group-delay measuring set

At the output of the phase meter a 4.166-Hz square-wave voltage is obtained, whose amplitude is
proportional to the measuring result. In order to enable a correct evaluation of this signal, a controlled
rectification is required. The control voltage is derived from the modulation (split) frequency which is generated in
the receiver by frequency division (10/1). The correct phase position with regard to the transmitting signal is
enforced with the aid of the identifying signal 166.6 Hz. The controlled rectifier is connected both to an 1nd1cat1ng
instrument and to the direct current output.

2.2.2  Amplitude measurements

If the amplitude measurement is to be referred also to the reference carrier, the signal at the output of the
amplitude demodulator (4.166-Hz square-wave proportional to Aa) can be subsequently evaluated as already
described in the case of the group-delay measurements. Furthermore, it is possible to indicate the respective
absolute carrier amplitude.

2.2.3 . Frequency measurements

For sweep measurements it is necessary to generate in the receiver a voltage which is proportional to the
measuring frequency. This can be achieved with the aid of a frequency discriminator which, in turn, supplies its
output voltage to a controlled rectifier. The indicated measuring result is the frequency difference between the
measuring carrier and the reference carrier. Optionally, only the measuring carrier frequency may be indicated.

2.2.4  Blanking of transient distortion

. Due to the carrier changeover it may happen that transient distortions occur in the path to be measured as
well as in the receiver. These interfering signals can effectively be blanked out by means of gate circuits. The gates
will release the ensuing measuring devices only during those periods which are indicated in Figure 1/0.81.
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3 General

The transmitter output and the receiver input must be earth free and balanced. It must be possible to apply
a maximum direct current of approximately 100 mA to the connected measuring instruments for the purpose of
loop holding.

4 Specifications for a group-delay measuring set for audio cvircuits
4.1 General

4.1.1 Accuracy of group-delay measurements (see also § 4.2.1 below):

— 200Hzto400Hz ... .............. ... < =+ 100 microseconds

— 400Hzto600Hz . ................... < * 30 microseconds + 3% of

— 600HztolkHz..................... < = 10 microseconds measuring range !
< =%

— 1kHzto20kHz. .. .. .... ... .. ....... 5 microseconds

Outside a temperature range of +15°C to +35°C the stated accuracy may be affected by variations of
the modulation frequency, causing a measuring error of 4% instead of 3% (see § 4.1.4 below).

The additional error due to amplitude variations shall not exceed:

— variationsupto 10dB . . ... ... ... .. e e e + 5 microseconds
— wvariationsupto20dB . . . ... e + 10 microseconds
— variationsupto30dB. . ... ... oo oo oo + 20 microseconds
4.1.2  Measuring frequency . . . . . . . . .. . e I 200 Hz to 20 kHz

4.1.2.1 Measuring frequency accuracy:

— in temperature range +15°C to +35°C . .. ... < =* 1% of actual frequency reading = 10 Hz
— in temperature range +5°Cto +50°C ... ... < + 2% of actual frequency reading = 10 Hz
4.1.3 Reference frequency . . . . . . . . . . e e e e e e e 1.8 kHz

(plus a vernier adjustment to avoid coincident interfering tones).

There should be an option to include two additional reference frequencies to increase accuracy at the edges
of the band. :

4.1.3.1 Reference frequency accuracy:

— intemperature range +15°C 10 +35°C . . . . . . ... < + 1%
— in temperature range +5°Cto +50°C .. ... ... ... ... < + 3%
4.1.4 Modulation frequency (1 kHz : 24) 2:
' — intemperature range +15°Cto +35°C . . ... ... 41.66 Hz + 0.5%
— in temperature range +5°Cto 50°C . . . . . ... o Lo oL 41.66 Hz + 1%
4.1.4.1 Modulationdepth? . ... ............ e m = 0.4 = 0.05
4.1.4.2 Modulation distortion factor 23 . .. ... ... L L < 1%
4.1.5 Identifying frequency (1 kHz : 6) derived from modulation frequency? . . . . . .. ... .. .. 166.6 Hz
4.1.5.1 Modulation depth2 . . . . o oo . m =02 + 005
4.1.5.2 Sending time of identifying signal? . . . .. ... ... .. 24 milliseconds terminating with the end of

~ the sending time of the reference frequency

4.1.5.3 The commencement of the identifying signal shall cause a decrease in the amplitude of the carrier (as
shown in Figure 1/0.81). '

" The measurement range is taken to be the indicated value at full-scale deflection on the range in use.

2 Requirements that have to be met on grounds of compatibility between equipments made by different manufacturers.

3 The modulation distortion factor is taken to be:

r.m.s. value of unwanted sidebands
r.m.s. value of wanted sidebands

%X 100%.
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4.1.6  Changeover frequency (1 kHz : 240) derived from modulation frequency? . . . . ... ... .. 4.166 Hz
4.1.6.1 Carrier changeover time? . ... ... ... .......... A Less than 100 microseconds
4.1.6.2 Deviation between carrier changeover point and envelope minimum 2 < % 0.2 milliseconds

4.1.7  Range of environmental conditions

4.1.7.1 Power supply voltage variation . ... ... e +10 to —15%
4.1.7.2 Temperature Tange . . . . . v . v v v v v vt i e e e e e e e e e e e e e e e . +5°C to +50°C
4.1.7.3 Relative humidity range . . . . . . . . . . . . e e e e . 45% to 75% (see [1])

418  Additional requirements
4.1.8.1 Speaker arrangements . . . . . . . . . . ... e e e e e e e e e e e e Optional
4.1.8.2 Internal check. Internal checking circuits shall be provided to verify the proper operation of the

group-delay/frequency and attenuation/frequency distortion measurement functions, using appropriate outputs
from the sender.

4.2 Sender

42.1 Error introduced by the sender in the overall -accuracy of the group-delay measurement (as indicated in
§ 4.1.1 above) shall not exceed ?:

— 200Hztod400Hz. .. .. ... ... . ... ... .. ... e Ce e + 10 microseconds

— 400Hzto600Hz. ...................... e + 3 microseconds

— 600Hzto20kHz. .. ... ... ... .. ... ... . . + 1 microsecond
4.2.2 Range of send levels (average carrier power) (the maximum send level may be

restricted as an option) . . . . .. e —40 dBm .to +10 dBm
4.2.2:1 Send level accuracy . . . . . .. .. ... < += 0.5 dB

at the reference frequency . . . . . . . . . L e < = 0.3 dB
4.2.3  Output impedance (frequency range 200 Hz to 20 kHz):

— balanced, earth free . . ... ... ... L 600 ohms
4231 REtUMN 1OSS « « -« o oot el .. =40 dB
4.2.3.2 Signal balance ratio . . . . . . . . ... e e > 46 dB
424 Harmonic distortion.of send signal . . . .. ... ... e < 1% (40 dB)
4.2.5 Spurious distortton of send signal . . . . .. ... ... L. P < 0.1% (60 dB)
42.6 Frequency sweeprate . . . ... . ... ... ... Adjustable from 10 Hz/sec to 100 Hz/sec. At

‘ least four sweep rates shall be provided
4.2.77 Preventing possible response of dial tone receivers . . . . . R Optional
428 Provision forloop holding . . . . . . . ... ... . Yes

429 Arrangements shall be included in the sender so that when required, prior to measurement, the test and
reference carrier frequencies can be measured to a resolution of 1 Hz. This may be achieved by providing suitable
outputs at the sender for use with an external frequency counter.

2 Requirements that have to be met on grounds of compatibility between equipments made by different manufacturers.
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43 Receiver

43.1 Inputlevel range . . . . . . . .. ... . e —40 dBm to +10 dBm
4.3.1.1 Dynamic range of receiver . . . . . . . . . . L e e e e e e e 30 dB

4.3.2 Input impedance (frequency range 200 Hz to 20 kHz):

— balanced, earth free . . . ... ... ... . . ... 600 ohms
4.3.2;1 Return 1oss . . . . . o o o e e e e e e > 40 dB
43.2.2 Signal balanceratio . . . . ... ... ... L e e e > 46 dB
433 Range for‘ measuring grdup-delay 0to + 100, + 200, = 500 microseconds

frequency distortion Oto £ 1, £2, +5, £ 10 milliseconds

4.3.3.1 Accuracy of group-delay measurements in accordance with §§ 4.1.1 and 4.2.1 above.

434 Measuring range for attenuation/frequency

distortion measurements . . . . . . .. ... ... 0+2 +5 +10 +20, + 50dB*¥

43.4.1 Accuracy (+5°Cto +50°C) . . ... .- + 0.1 dB = 3% of measuring range
4.3.5 Measuring range for input level measurements at the reference frequency . . +10 dBm to —20 dBm
43.5.1 Accuracy (+15°Cto +35°C) . . . . . e e + 0.25 dB
(#£5°Cto +50°C) . . . o e e, +1dB

4.3.6 D.c. outputs shall be provided to drive an X-Y recorder.

200 Hz to 4 kHz

43.7 Measuring ranges for frequency measurements . . . . . ... .. ... ... ... 200 Hz to 20 kHz

4.3.7.1 Accuracy of frequency indications. . . . . ... ... ... ... ... ... [P + 2% = 10 Hz
4.3.8 Provision for loop-holding . . . .. ... ... ... . ....... ... e e e e e e Yes

439  Noise immunity

4.3.9.1 There shall be an option to include a lowpass filter to reduce the effect of interfering frequencies above
4000 Hz, for example, metering pulses.

The group-delay/frequency distortion of the filter shall not exceed S5 microseconds at 2600 Hz and
30 microseconds at 2800 Hz relative to the group delay at 1000 Hz. The attenuation/frequency distortion shall not
exceed 0.1 dB at 2600 Hz and 0.2 dB at 2800 Hz relative to the attenuation at 1000 Hz. -

4.3.9.2 The r.m.s. value of the error in indication due to a white noise level at 26 dB per 4-kHz band below the
mean carrier level of the received test signal shall not exceed 20 microseconds when the sweep rate does not
exceed 25 Hz per second.

~ When testing an apparatus for its ability to meet this requirement, the group-delay/frequency distortion of
the test object shall not vary at a rate exceeding 1.5 ms per 100 Hz.

4.3.9.3 The error in indication due to discrete tones + 150 Hz around either test or reference signals shall not
exceed =+ 20 microseconds and for =+ 200 Hz shall not exceed = 2 microseconds when the level of such
interfering frequency is 26 dB below the mean carrier level of the received test signal.

Reference
1] IEC Publication No. 359.

Bibliography

COENNING (F.): Progress in the Technique of Group Delay Measurements, NTZ Communications Journal,
Vol. 5, pp. 256-264, 1966.

4 On the * 50 dB range stated accuracy applies over the + 30 dB range only (see § 4.3.1.1).
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Recommendation O.82

DESCRIPTION AND BASIC SPECIFICATION FOR A GROUP-DELAY
MEASURING SET FOR THE RANGE 5 TO 600 kHz

The requirements for the characteristics of a group-delay measuring set for data circuits which are
described below must be adhered to in order to ensure compatibility between equipments standardized by the
CCITT, and produced by different manufacturers.

1 Measuring principle

In the case of group-delay distortion measurements over a line (straightaway measurements), a signal for
phase demodulation is required on the receiving side whose frequency corresponds exactly to the modulation
(split) frequency on the transmitting side and whose phase does not change during the measurement. With the
proposed measuring principle, this frequency is generated in a split-frequency oscillator in the receiver whose
frequency is controlled with the aid of a reference carrier. The reference carrier is amplitude modulated with the
same modulation frequency as the measuring carrier and is transmitted over the path to be measured in periodical
alternation with the measuring carrier. During the changeover from measuring carrier to reference carrier no phase
or amplitude surge must occur in the sending signal. For the sake of identification the reference carrier is
furthermore amplitude modulated with an identifying signal.

If the path to be measured has different group delay and/or attenuation for the measuring carrier and the
reference carrier, a phase and/or amplitude surge appears at the output of the path to be measured at the carrier
changeover point within the receiver. This phase or amplitude surge is evaluated by the receiver of the measuring
set. Thus, the receiver is provided with a phase measuring device for the purpose of group-delay measurements.
This measuring device includes the above-mentioned frequency controlled split-frequency oscillator whose phase is
automatically adjusted to the mean value derived from the phases of the split frequencies transmitted with the
measuring and the reference carriers. The split-frequency voltage fed to the phase meter is taken from the output
of an amplitude demodulator which can simultaneously be used for measuring amplitude variations. In order to
recognize the actual measuring frequency on the receiving side — particularly during sweep measurements — a
frequency discriminator may be provided.

If the frequency of the measuring carrier differs from the frequency of the reference carrier during the
measurement and if the path to be measured has different group-delay and attenuation values for the two
frequencies, a square-wave signal appears at the outputs of the phase meter, the amplitude demodulator and the
frequency discriminator in the receiver, whose amplitudes are proportional to the respective measuring results
— referred to the frequency of the reference carrier — and whose frequency corresponds to the carrier changeover
frequency on the transmitting side. These three square-wave signals are subsequently evaluated with the aid of
controlled rectifiers and allow indications, together with the correct signs, of differences in group-delay distortion,
attenuation and measuring frequency between measuring and reference carrier frequencies.

2 Technical details

2.1 Transmitter

The modulation split frequency shall be 416.66 Hz (= 10000 Hz/24). With the aid of this signal the
reference and measuring carriers are amplitude modulated to a modulation depth of 40%. Both sidebands are
transmitted. The modulation distortion factor shall be smaller than 1%. The changeover from measuring carrier to
reference carrier is carried out within a switching time of < 100 microseconds. The changeover frequency is
rigidly tied to the modulation frequency by binary frequency division and is 41.66 Hz (416.6 Hz/10). The carrier
changeover occurs at the minimum of the modulation envelope. Deviations of < =+ 20 microseconds are
admissible. The carrier frequency which is not transmitted in each case has to be suppressed by at least 60 dB
referred to the sending signal.

The identifying signal which is required for identifying the reference carrier is also rigidly tied to the
modulation (split) frequency. The assigned frequency of 1666 Hz is derived by multiplying the modulation (split)
frequency by four or by dividing 10 kHz by six. The rectangular-shaped identifying signal derived from 10 kHz
through frequency division can be used for direct modulation after having passed through an RC lowpass filter
with a time constant of T = 43 microseconds since a pure sinusoidal form is not required in this case. The
modulation depth is 20%. The identifying signal is only transmitted during the last 2.4 milliseconds of the
reference carrier sending time. The shape of the different signals on the transmitting side shown as a function of
time and their respective forms can be seen from Figure 1/0.82.
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FIGURE 1/0.82

Timing of various signals of group-delay measuring set

2.2 Receiver

2.2.1  Group-delay measurements (see Figure 2/0.82)

The signal coming from the path to be measured is demodulated and the modulation frequency of
416.6 Hz so obtained is filtered out by a bandpass filter. This modulation voltage is rectangularly phase
modulated, the frequency of the phase modulation being equivalent to the changeover frequency, 41.66 Hz. The
phase deviation is proportional to the group-delay difference between the measuring carrier and the reference
carrier. The phase demodulation is carried out in a phase meter whose second input is fed, for example, by a
10-kHz oscillator via a frequency divider 24/1. This oscillator forms a closed-phase control loop involving the
phase meter and a lowpass filter which suppresses the changeover frequency. Thus, the modulation frequency
generated in the receiver corresponds exactly to the modulation frequency coming from the transmitter.

At the output of the phase meter a 41.66-Hz square-wave voltage is obtained, whose amplitude is
proportional to the measuring result. In order to enable a correct evaluation of this signal, controlled rectification
is required. The control voltage is derived from the modulation (split) frequency which is generated in the receiver
by frequency division (10/1). The correct phase position with regard to the transmitting signal is enforced with the
aid of the identifying signal 1666 Hz. The controlled rectifier is connected both to an indicating instrument and to
the direct current output. :

222 Amplitude measurements

If the amplitude measurement is to be referred also to the reference carrier, the signal at the output of the
amplitude demodulator (41.66-Hz square-wave proportional to Aa) can be subsequently evaluated as already
described in the case of the group-delay measurements. Furthermore, it is possible to indicate the respective
absolute carrier amplitude.

2.2.3  Frequency measurements

For sweep measurements it is necessary to generate in the receiver a voltage which is proportional to the
measuring frequency. This can be achieved with the aid of a frequency discriminator which, in turn, supplies its
output voltage to a controlled rectifier. The indicated measuring result is the frequency difference between the
measuring carrier and the reference carrier. Optionally, only the measuring carrier frequency may be indicated.

54 ~ Fascicle IV4 — Rec. 0.82



Measuring

object .
Transmitter | | Receiver
5-600kHz ‘ ‘ = - o
G | ! fg = 40Hz| .
Ref.-treq ll o ] X i B 'm:’z‘&:"s { f M o
ol © . ® e e e aesnz ey te
~ ®  lassHz  |uss Hz! ! G et
10 kHz ® ® © [ | DI | @< |(B 41,66 Hz
G ~ | ey '
o 2 = |® Z |9 | ®
X . L = 10 .
1666.6 Hz I | oL e
5 1 1 . . fm=1666.6 Hz |
© 1 - 10 A I I
@ /A @ } ®, N f _/ "D*'
- HC
b S
: E } }
CCITT-37350
1 generator, measuring frequency 14 amplitude demodulator
2 generator, reference frequency 17 bandpass filter, marker frequency
3 oscillator, 10 kHz : 18 frequency discriminator
4,_ 9,12,21 frequency dividers o 19 phasemeter
5,10 amplitude modulators 20 controlled oscillator
6,15,22 low-pass filter 23 And circuit
7 gate, marker signal 24,125,126
i 3 E > gates
8 carrier chapgeover switch 27, 28,29 controlled rectifiers
11,16 bandpass filter, modulation frequency A to F signals see Figure 1/0.82
13 measuring object

FIGURE 2/0.82

Principle of group-delay measuring set

2.2.4  Blanking of transient distortion

Due to the carrier changeover it may happen that transient distortions occur in the path to be measured as
well as in the receiver. These interfering signals can effectively be blanked out by means of gate circuits. The gates
will release the ensuing measuring devices only during those periods which are indicated in Figure 1/0.82.

3 General

The transmitter output and the receiver input shall provide 135 and 150 ohms conditions which must be
balanced and earth free. In addition, 75 ohms unbalanced conditions shall be provided. '

4 . Specifications for a group-delay measuring set for the range 5 to 600 Hz

4.1 General

4.1.1  Accuracy of group-delay measurements (see also § 4.2.1 below):

— SkHzto 10kHz . ..............
— 10kHz to 50kHz . ..............
- S0kHz to 300kHz . ..............
— 300kHz to 600kHz . ..............

+ 5 microseconds + 3% of
2 microseconds | measuring range

1 microsecond | (see Note 1 at the end of
0.5 microsecond this Recommendation)

AN A
HoH O H

Outside a temperature range of +5°C to +40 °C the stated accuracy may be affected by variations of the
modulation frequency, causing a measuring error of 4% instead of 3% (see § 4.1.4 below).
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The additional error due to amplitude variations shall not exceed:

variationsupto 10dB . . . .. . . .. + 0.5 microsecond
variationsupto20dB .. . .. ... L. e e e e e e e e e e e e e + 1.0 microsecond
variations up to 30 dB L . . . ... e + 2.0 microseconds
4.1.2 Measuring frequency . ........... e e e e e e e e e e e e 5 kHz to 600 kHz

4.1.2.1 Measuring frequency accuracy:

— in temperature range +5°C to +40°C . .. ... ... ... < * 1% =z 500 Hz of actual reading

— in temperature range +5°C to +50°C .. ... ....... < *+ 2% =+ 500 Hz of actual reading
4.1.3 Reference frequency switchable . . . . ... ... .............. e e 25 kHz

(See Note 2 at the end of this Recommendation) 84 kHz

) g 432 kHz
4.1.3.1 Reference frequency accuracy:

— in temperature range +5°Cto +40°C . . ... ... e e < 1%

— in temperature range +5°Cto +50°C . ... ... ... . L oo oo < = 3%
4.1.4 Modulation frequéncy accuracy ":

— in temperature range +5°Cto +40°C . . ... ... ... ... L 416.66 Hz = 0.5%

— in temperature range +5°Cto +50°C ... ... .. ... ... oL 416.66 Hz + 1%
4.1.4.1 Modulation depth? . . . . ... ... e e e P 0.4 + 0.05
4.1.4.2 Modulation distortion factor " . . . . . . ... L. < 1%

(See Note 3 at the end of this Recommendation)
4.1.5 ldentifying frequency " (derived from modulation frequency) . . . . . .. ... ......... 1.666 kHz
4151 Modulation depth ) . . . . o o 0.2 * 0.05
4.1.5.2 Sending time of identifying signal ¥ . . . . .. ... ... .. 2.4 milliseconds terminating with the end of

the sending time of the reference frequency

4.1.5.3 The identifying signal shall commence with an increase in the amplitude of the carrier as shown in
Figure 1/0.82.

4.1.6  Changeover frequency U (derived from modulation frequency) . .. ... ... ... ....... 41.66 Hz
4.1.6.1 Carrier changeover time " . .. .. ... ... ... ... .. ... .. ... . less than 100 microseconds
4.1.6.2 Deviation between carrier changeover point and envelope minimum ! < #*0.02 millisecond

4.1.7  Range of environmental conditions

4.1.7.1 Power supply voltage variation . . . . . .. . ... .. e + 10%
4.1.7.2 Temperature TANGE . . . « o o v v v v v v et e e e e e e e e e +5°C to +40°C

Temperature range for storage and transport . . . . .. ... .. ... ... .. ..., —40°Cto +70°C
4.1.7.3 Relative humidity . ... .. T 45% to 75% (see [1])

4.1.8  Additional facilities
4.1.8.1 Speaker facilities . . . . : . . . . . e e e Optional

4.1.8.2 Internal checking circuit shall be provided to verify the proper operation of the group-delay and
attenuation distortion measurement functions using appropriate outputs from the sender. !

) Requirements that have to be met on grounds of compatibility between equipments made by different manufacturers.
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4.1.8.3 Facilities for fitting external filters to reduce interference from adjacent traffic
bands . . . . .. e Optional
(See Note 4 at the end
of this Recommendation)

4.2 Sender

4.2.1. Error introduced by the sender in the overall accuracy of the group-delay measurements (as indicated in
§ 4.1.1 above) shall not exceed ":

— S kHzto 10kHz . ... ... . . . . . e + 0.5 microsecond
— 10kHzto 50kHz .......... A, + 0.2 microsecond
— S50kHzto300KkHz ... ... ... .. .. e, + 0.1 microsecond
— 300kHzto600kHz . ... ... ... ... e + 0.05 microsecond
4.2.2  Range of send levels (average carrier power) . .............. e e —40 dBm to +10 dBm

(The maximum send level may be restricted as an option.)

4.2.2.1 Send level accuracy . . . .’ ................................ e

< £ 0.5 dB
At the reference frequency . . . . . ... ... ... ... . ..., e e e e e e e e < + 0.3 dB

4.2.3  Output impedance (frequency range 5 to 600 kHz):
4.2.3.1 Balanced, earth free . . . . . . . . . . . .. e e e e e 135, 150 ohms
Return 1oss . . . . . . L o o e e e e e > 30 dB
Signal balance ratio . . .. .......... ... Lo > 40 dB
4232 Unbalanced . . . . . . . . .. e e o 75 ohms
Return 1oss . . . . . . . . . . e e e e = 40 dB
424 Harmonic distortion of send signal . . . . . ... .. ... ... < 1% (40 dB)
4.2.5 Spurious distortion of send signal . . . . ... ... L Lo o o oL, < 0.1% (60 dB)
426 Frequency sweeprate . . ... ... P Adjustable from 0.2 kHz/sec to 10 kHz/sec.

At least 6 sweep rates shall be provided

427 A facility shall be included in the sender so that, if required, prior to measurement the test and reference
carrier frequencies can be measured to a resolution of 1 Hz. This may be achleved by providing suitable outputs
at the sender for use with an external frequency counter.

43 Receiver
43.1 Inputlevelrange. ... ... .......... R ~40 dBm to +10 dBm
4.3.1.1 ‘Dynamic range of receiver . . . . ........ ... L L 30 dB

43.2 Input impedance (frequency range S to 600 kHz):

4.3.2.1 Balanced, €arth fIEe . . . . o o v v vt e e e e e 135, 150 ohms
Return 10SS . . . . v o o e e e e e e e e e e e e e > 30 dB
Signal balance ratio . . . . ... .. ... e > 40 dB
4322 UNbalanced . . . .. o oot R 75 ohms
Return 0SS . . &« o i i i e e e e e e e e e e e e e e e e e e ] > 40 dB

43.3 Range for measuring group-delay/frequency distortion: 0 to + 10, + 20, + 50, + 100, * 200, * 500,
+ 1000 microseconds.

4.3.3.1 Accuracy of group-delay measurements in accordance with §§ 4.1.1 and 4.2.1 aboveA.

' Requirements that have to bé met on grounds of compatibility between equipments made by different manufacturers.
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434 Measuring ranges for attenuation/frequency distortion measurement: 0 to =+ 2, +=5, =+ 10, =+ 20,
+ 50 dB 2,

4.3.4.1 Accuracy (+5°Cto +50°C) . . . ... .. ... + 0.1 dB + 3% of measuring range
4.3.5 Measuring range for input level measurements

at the reference frequency . . .. .. . . . . . ... ... e —20 dBm to +10 dBm

43.5.1 Accuracy (+5°C to +40°C). . . . . . e e + 0.25 dB

(+35°C to +50°C). . . . e PR + 1dB

4.3.6 D.c. outputs shall be provided to drive an X-Y recorder.

4.3.7 Maeasuring range for frequency measurements . . . . . . . . ... ... ... 5to 60 kHz
50 to 150 kHz
150 to 600 kHz

4.3.7.1 Accuracy of frequency indication . . . . .. .. ... ... ... ... + 2% + 500 Hz
Note ] — Measuring range — indicated value at full-scale deflection on the range in use.

Note 2 — Tt was originally proposed to use a fixed reference frequency of 1800 Hz. Due to the fact that
the instrument for higher frequencies shall be applicable in three main frequency ranges (6 kHz to 54 kHz, 60 kHz
to 108 kHz, 312 kHz to 552 kHz), three reference frequencies have to be provided which are in the middle of the
respective frequency band.

Note 3 — Modulation distortion factor:

r.m.s. value of unwanted sidebands
r.m.s. value of wanted sidebands

x 100%.

Note 4 — Administrations requiring to make measurements in the 60-108 kHz or 312-552 kHz ranges
without removing traffic from adjacent groups or supergroups in their national section should add a clause:

“To minimize the effect of interference to measurements arising from traffic on adjacent groups or
supergroups, the manufacturer shall provide a facility whereby an Administration can insert in the frequency
discriminator path a zero-loss bandpass filter having a passband appropriate to the test being made and having an .
impedance of 75, 135 or 150 ohms.”

Administrations should note that they will be responsible for a national instruction giving the relevant
details of the filter and amplifier arrangement to be used, taking note of the manufacturer’s information or the
signal levels at this point.

Reference
(1] IEC Publication No. 359.

Bibliography
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Recommendation 0.91

ESSENTIAL CLAUSES FOR AN INSTRUMENT TO MEASURE PHASE JITTER
ON TELEPHONE CIRCUITS

Introduction

The most commonly found single-frequency components of phase jitter on transmitted data signals are
those of ringing current, commercial a.c. power and the second to fifth harmonics of these. Since the peak phase
deviation caused by such components rarely exceeds 25° peak-to-peak (i.e. low index phase modulation) only one
pair of significant sidebands is produced for each sinusoidal component. Hence the main phase jitter modulation
usually exists with £ 300 Hz of a voice-frequency tone acting as a carrier.

2 On the + 50 dB range, the stated accuracy applies over + 30 dB only (see § 4.3.1.1).
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2.1

2.2

2.3

Since random noise can cause what would appear to be a significant amount of phase jitter, a message
weighted noise measurement should always be made in conjunction with phase jitter measurements. Also, because
quantizing noise can cause a significant phase jitter reading, care must be exercised in the choice of the carrier
frequency and in the filtering to suppress the effect of noise on the measurement.

The following specifications for phase jitter measuring equipment are proposed.

Measuring principle

A sinusoidal tone, free of phase jitter, is applied to the circuit under test at normal data transmission level.
The phase jitter measuring receiver processes the received tone as follows:

1
2)
3)
4)

band. limit around carrier frequency;
amplify and amplitude-limit carrier to remove amplitude modulation;
detect the phase modulation (jitter);

display filtered jitter (up to about 300 Hz) on a peak-to-peak indicating meter or digital display.

Proposed specifications

Measurement accuracy

Objective is better than + 5 per cent.of the measured value plus + 0.2 degrees.

Transmitter
a) Test signal frequency .. ... .. e 1020 £ 10 Hz
b) Sendlevel . . . . . . . . ... e —30 dBm to 0 dBm
¢) Output impedance (frequency range 300 Hz to 6 kHz)
—  balanced, earth free (other impedances optional) . . . . ... ... .. 600 ohms
Return loss . . . . . . .. . e = 30 dB
Signal balanceratio . . ... ... ........... ... . ..., I > 40 dB
d) | Phase jitter at source . . . . . .. .. ... Lo < 0.1 degree peak-to-peak
Receiver |
a) Measurement range
Atleast as great as . . . . . . . . . ... oo e e 0.2 to 30 degrees peak-to-peak
b) Sensitivity and frequency range
The receiver should be capable of measuring the phase jitter of signals at input levels between
—40 and + 10 dBm and frequencies between 990 and 1030 Hz.
Input selectivity
Power line hum protection: highpass filter with a nominal cutoff frequency of 400 Hz with at least
12 dB per octave slope.
Protection for limiter against channel noise: lowpass filter with a nominal cutoff frequency of 1800 Hz
with at least 24 dB per octave slope. ‘
d) Input impedance (frequency range 300 Hz to 6 kHz)

— balanced, earth free

Signal balanceratio . . . . ... ... . ... . e > 50 dB
1) Low impedance (other impedances optional) . .. . .. ... .. ............ 600 ohms
Return 10Ss . . . . o o o o i e e e e e e e e > 30dB

" 2) Highimpedance ... ...... ... .. ... ... .. .. approx. 20 kohms
Tapping loss across 600 ohms . . . . . .. .. ... .. ... .. .. ... < 0.25 dB

Note — Definitions and measurement to be in  accordance with Recommendation O.121.
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24 Modulation measurement weighting characteristics

The phase jitter modulation is measured on a weighted basis defined as follows:

Jitter components between 20 and 300 Hz are measured with full sensitivity. Cutoffs are provided below
20 Hz and above 300 Hz. The weighting characteristic may be measured by a 2-tone test as follows: if a pure "
1000 Hz, +10 dBm tone is applied to the input and a second pure " tone 20 dB lower in level is added to this
tone, values of phase jitter shall be observed according to the frequency of this added tone as shown in
Table 1/0.91. Other weighting selections may be provided on a switchable basis.

TABLE 1/0.91
(Previously table A/0.91)

Frequency of the second tone Phase jitter
(Hz) (degrees)
988 and 1012 Less than 10
760-980 and 1020-1240 11.5+0.7
700 and 1300 CustYT
Below 500
998-1002 ‘Less than 3
Above 1500
2.5 Amplitude-to-phase conversion

With the second tone at 1100 Hz, an external attenuator is used to insert flat loss in 10 dB steps up to
50 dB between the sources of the tones and the receiver. The spread of the readings should not exceed 0.7 degrees.
All of the requirements in Table 1/0.91 should also be met at any of the flat loss settings up to 50 dB. Also, a
10 per cent modulated (20 Hz-300 Hz) AM signal in the operating level range of the set applied in place of the
above tones should cause less than 0.2 degrees jitter indication.

2.6 Noise rejection

A 3.5-kHz band-limited white-noise signal 30 dB below 1000 Hz sine-wave carrier should indicate less than
4 degrees peak-to-peak jitter.

2.7 Test for peak detection

The peak detector should measure white noise at the 2.58 o (99%) point. This may be tested as follows:

a) Apply the two tones as described in § 2.4 above with the second tone at approximately 1240 Hz.
Measure and record the r.m.s. value of the demodulated signal being fed to the peak detector. The
signal from this point is normally provided as an output for spectrum analysis.

b) Remove only the second tone and apply a band limited (to at least 2 kHz) Gaussian noise signal
along with the 1000-Hz carrier. Adjust the level of the Gaussian noise for the same 11.5-degree reading
on the meter as in a). Measure the r.m.s. value of the demodulated signal being fed to the peak
detector. This value shall lie between 52 and 58 per cent of the value recorded in a).

D A single frequency signal with a total nonlinear distortion atleast 40 dB below the level of t'he fundamental signal.
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2.8 Time to display correct reading

It is desirable that the display be within 5% =+ 0.2 degrees of its final value within 4 seconds of application
of the test signal. .

2.9 Operating environment

The electrical performance requirements shall be met when operating at temperatures within the range of
+5°C to +40 °C and relative humidity of 45% to 75% (see [1]).

Reference

1 IEC Publication No. 359.

Recommendation Q.95

SPECIFICATION FOR AN INSTRUMENT TO COUNT PHASE AND AMPLITUDE HITS

1 Géneral

This specification provides the outline requirements for an instrument to be used for counting phase and
amplitude hits on telephone-type circuits. The instrument will independently count the number of phase hits and
the number of amplitude hits that occur in a given period of time.

Phase or amplitude hits are defined as. sudden positive or negative changes in phase or amplitude of an
observed test signal which exceed a specified threshold and persist for a period of time greater than a specified
duration. '

The specifications given below for the transmitter and receiver input section shall correspond with §§ 2.2 b)
to 2.2d) and §§ 2.3b) to 2.3 d) of Recommendation 0.91 in order to facilitate the combination of this instrument
with a phase jitter meter conforming to Recommendation O.91 in one set.

2 Transmitter
2.1 Test signal frequency . . .. ... ... R - 1020 = 10 Hz
2.2 Send level . . . . L e e e e e e —30 dBm to 0 dBm
23 Output impedance (frequency range 300 Hz to 6 kHz)
— balanced, earth free (other impedances optional) . . . . ... ... ... .... 600 ohms
Return loss . . . . . . . . . e > 30 dB
Signal balanceratio . . . . .. ... ... ... Lo L. e e e e > 40 dB
2.4 Phase jitter at SOUICe . . . . . . . . . . . i v ittt e e e e < 0.1 dégree peak-to-peak

(see Recommendation 0.91)

3 Receiver input section

3.1 Sensitivity and frequency range

The receiver should be capable of measuring with input levels between —40 and +10 dBm and
frequencies between 990 and 1030 Hz. :

3.2 Selectivity

Power line hum protection — high-pass filter with a nominal cutoff frequency of 400 Hz with at least
12 dB per octave slope.
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If the filter is not located directly at the instrument input, hum voltages equal to or smaller than the test
signal shall not result in measurement errors greater than those with the filter in front of the set.

Protection for limiter against channel noise — low-pass filter with a nominal cutoff frequency of 1800 Hz
with at least 24 dB per octave slope.

33 Input impedance (frequency range 300 Hz to 6 kHz)

— balanced, earth free

Signal balanceratio . . . ... .............. e e e e > 50 dB
1) Low impedance (other impedance optional) . . . ... .. .. ... ............. 600 ohms
Return 1oss . . . . . . . . . . e e . > 30 dB
2) Highimpedance . . . . . . . . .. ... ... approx. 20 kohms
Tapping loss across 600 ohms . . . . . . ... . ... ... .. .. < 0.25dB
4 Phase hit detection characteristics

4.1 Threshold settings

Settings from 5° to 45° in steps of 5° shall be provided with an accuracy of + 0.5°, + 10% referred to the
selected threshold !. Additional settings may be optionally provided.

4.2 Guard interval
A guard interval shall be provided by electronic gating or other equivalent means to prevent the counter
from registering phase hits shorter than 4 ms. The guard interval shall be tested as follows:

With a threshold setting of 20°, phase hits shall be counted correctly if the test signal is changed in phase
by 25° for a duration of 5 ms or more. When the duration of the 25° phase changes is gradually reduced until the
phase hit counter stops counting, the corresponding duration of the phase changes of the test signal shall be
4 ms = 10%. ‘

43 Hit rate of change

Slow phase changes shall not be counted. This characteristic shall be tested as follows:

With a threshold setting of 20°, a phase hit shall be counted when the phase of a test signal is linearly
varied by 100° in a time interval of 20 ms or less. A phase hit shall not be counted when the phase of the test
signal is linearly varied by 100° in a time interval of 50 ms or more. The same requirements shall be met with
100° changes of opposite polarity.

44 Amplitude of phase conversion

An 8 dB amplitude hit of either polarity shall not cause a phase hit to be counted at thresholds of 10° or
more. »

5 Amplitude hit detection characteristics

5.1 Threshold settings
Settings of 2, 3 and 6 dB shall be provided with an accuracy of =++:0.5 dB. Additional settings not

exceeding 9 dB may be optionally provided.

) This specification should not preclude the use of existing instruments which have tolerances of + 2° + 5% on the accuracy
of 'the threshold setting.
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5.2 Guard interval

A guard interval shall be provided by electronic gating or other equivalent means to prevent the counter
from registering amplitude hits shorter than 4 ms. The guard interval shall be tested as follows:

With a threshold of 2 dB, amplitude hits shall be counted correctly if the test signal is changed in
amplitude by 3 dB for a duration of 5 ms or more. When the duration of the 3-dB amplitude changes is gradually
reduced until the amplitude hit counter stops counting, the corresponding duration of the amplitude changes of
the test signal shall be 4 ms + 10%.

53 Hit rate of change

Slow amplitude changes shall not be counted. This characteristic shall be tested as follows:

With a threshold setting of 2 dB, an amplitude hit shall be counted when the level of a test signal is
linearly varied by 4 dB in a time interval of 200 ms or less. An amplitude hit shall not be counted when the
amplitude of the test signal is linearly varied by 4 dB in a time interval of 600 ms or more. The same requirements
shall be met with 4-dB changes of opposite polarity.

54 Phase to amplitude conversion

A 180 degree phase hit shall not cause an amplitude hit to be counted at any threshold.

6 Court capacity

The counting apparatus shall be equipped with independent phase and amplitude hit counters each having
a register capacity of at least 9999 counts.

7 Counting rate and dead time

The maximum counting rate for either phase or amplitude hits shall be approximately 8 counts per second,
which can be accomplished with a dead time of 125 + 25 ms after each recognized phase or amplitude hit. For
the purpose of this specification, the dead time is defined as the time interval that starts when a phase or
amplitude hit exceeds the threshold, and ends when the phase or amplitude counter is ready to register another
phase or amplitude hit. This characteristic shall be tested as follows:

With a threshold setting of 20°, phase hits having a duration of approximately 5 ms shall be counted
correctly when the repetition rate is 5 hits per second or less. When the repetition rate is gradually increased until
the phase hit counter fails to register all counts, the repetition rate shall be 8 hits per second + 20%. The same
requirement shall apply to the amplitude hit counter with a threshold of 2 dB when 3 dB amplitude hits having a
duration of approximately 5 ms are applied.

8 Interruption of the test signal

If transmission of the signal is interrupted and the received test signal drops in level by 10 dB or more, the
phase and amplitude hit detectors shall be blocked from counting until 1 + 0.2 s after the test signal is restored.
There shall be a maximum of 1 phase hit and 1 amplitude hit recorded with each interruption of the test signal.

9 Timer

A timer accurate to * 5% shall be provided for the convenience of the operator.Periods of 5, 15 and
60 minutes and continuous operation should be provided under switch control if the timer is not continuously
adjustable. ‘
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10 Auxiliary logic output

Aucxiliary two-state logic outputs shall be provided from the phase and amplitude detectors for recording
or computer processing of phase and amplitude hit activity. A logic “1” sigal shall be output when the hit is
present and a logic “0” signal at other times. The output levels shall be compatible with TTL (Transistor-Tran-
sistor Logic) integrated circuits. The output 1mpedance shall be less than 2000 ohms or as specified by individual
Administrations.

11 Operating environment -

The electrical performance requirements shall be met when operating at temperatures within the range of '
+5°C to +40°C and relative humidity of 45% to 75% (see [1]).

12 Simultaneous measurements

The measurement of amplitude and phase hits may be provided in one instrument which also makes
measurements of other transient impairments e.g. impulse noise, interruptions. Therefore, in order to facilitate the
integration of several measurements of transient phenomena into one instrument, the measurement of interrup-
tions in accordance with the principles of Recommendation O.61, but made with a test signal frequency of
1020 Hz = 10 Hz could be included in such a combined instrument.

Reference

[1] IEC Publication No. 359.

Recommendation O.111

SPECIFICATION OF ESSENTIAL CLAUSES FOR AN INSTRUMENT
TO MEASURE FREQUENCY SHIFT ON A CARRIER CHANNEL

1 General

The equipment described below is corhpatible with the measuring method described in [1].

2 Principle of operation
The instrument shall be capable of measuring the error in the reconstituted frequency of a carrier channel
in the following modes:

Test 1: Measurement of frequency shift A > B (A Hz): transmitting from A and measuring at B (see
Figure 1/0.111)

The sinusoidal test frequencies having a 2 : 1 harmonic relationship are transmitted simultaneously from A.
At B these two test signals, each shifted in frequency by an amount A Hz, are modulated together in such °
a way as to detect A, the frequency shift in the AB direction.

Test 2: Measurement of loop frequency Shlfl (A + A" Hz) rransmzttmg and measuring at A with the channels
looped at B (see Figure 2/0. ]I])

This test is carried out in a similar manner to Test 1 and the loop frequency shift (A + A’ Hz) is detected.
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FIGURE 1/0.111

Measurement of frequency shift on a carrier channel A—B,
transmitting from A and measuring at B
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FIGURE 2/0.111

Measurement of loop frequency shift (A~B) + (B—A),
transmitting and receiving at A with a direct loop at B

There may be a need to measure the frequency shift from B to A whlle the operator is still located at
point A. This measurement can be accomplished in two ways:

Test 3a: Measurement of frequency shift B — A (A’ Hz) transmitting and measuring at A with B looped via
a harmonic producing unit [see Part a) of Figure 3/0.111]

A sinusoidal test frequency is transmitted from A and received at B where it passes through a harmonic
producing unit. This received signal and its second harmonic are then returned to A, both undergoing a
frequency shift of A’ Hz where they are modulated together in such a way as to detect A’, the frequency
shift in the B - A direction.
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¢) Frequency shift measurement of the loop (A~B B~A)

FIGURE 3/0.111

Frequency shift measurement on a carrier channel transmitting
and measuring at A
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Test 3b: Measurement of frequency shift B — A, transmitting and measuring at A with an instrument at B,
which sends out two test tones having harmonic relationship as in Test 1, initiated by receiving a single
1020-Hz tone from A [see Part b) of Figure 3/0.111}.

A sinusoidal test signal having a frequency of 1020 Hz is transmitted from A and received at B. If the
receiver detects only a single tone at B, a generator producing 1020 Hz and 2040 Hz (harmonic
relationship) is connected to line B — A, enabling the frequency shift measurement to be made in that
direction.

If the receiver at B detects a measuring signal consisting of the two test tones 1020 Hz and 2040 Hz (level
difference < 6 dB), the line is looped back at B automatically allowing the measurement described as
Test 2 [see Part c) of Figure 3/0.111].

The use of the frequency shift measuring equipment for Tests 3a and 3b requires the transmission of a

single 1020-Hz tone from A — B. Therefore this facility could be provided as an option for the instrument for this
type of measurement. The specification of the equipment at B (harmonic producer or switched generator) should
be left open for bilateral agreement between Administrations.

3.1

3.2

Transmitting equipment

The equipment shall transmit sinusoidal test signals as follows:

Frequencies

a) 1020 and 2040 Hz + 2%. These two frequencies shall be in exact harmonic relationship.

Note — If this transmitting equipment is intended to be used in phase jitter measurements, an
accuracy of + 1% will be required.

b) optional additional output for Administrations wishing to cooperate Figure 3/0.111 type measure-
MENES . . . o o ottt e e e e e e e e e e e e e e e 1020 Hz £ 2%.

v Level

The r.m.s. total output power of the transmitted signal shall be adjustable in the range 0 dBm to

—30 dBm. Where two frequencies are transmitted the difference between the two levels shall be less than 0.5 dB.

33

3.3.1
33.2

Impedance (frequency range 300 Hz to 6 kHz)

— balanced, earth free . . . . . . . . . .. e e e 600 ohms
Return 10ss . . . . . . . . . e e e e . > 30 dB
Signal balance ratio . . . . . .. ... > 50 dB

Receiving equipment

The receiving equipment shall accept the two test tones and shall indicate the frequency shift on a meter or

other suitable indicator.

4.1

Measuring ranges

Full-scale measuring ranges of 0-1 Hz and 0-10 Hz shall be provided. The algebraic sign of the shift shall

also be indicated.

42

43
4.4

Measuring accuracy

— + 0.05 Hz on 0-1 Hz range,
— £ 0.5 Hz on 0-10 Hz range.
The meter or indicator shall be such that frequency shifts down to £+ 0.1 Hz shall be readable.

It shall be possible to determine frequency shifts of less than 0.1 Hz by a suitable additional visual facility.
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4.5 Input level
The receiving equipment shall give the specified accuracy with test signals having.levels in the range

+10 dBm to —30 dBm (see, however, § 4.8 below). A device shall be provided to confirm that test signals are
being received.

4.6 Impedance (frequency range 300 Hz to 6 kHz)

— balanced, earth free . . . . . . . . L e e e e e 600 ohms
4.6.1 Returnloss . . . . . . . o e B > 30 dB
462 Signalbalanceratio . . . .. ... .. ... .. e > 50 dB

4.7 Input frequency

The receiving equipment shall operate correctly with test signals up to + 2% from nominal frequency as
applied-at the transmitting end and having experienced a frequency shift of up to + 10 Hz in the transmission
circuit concerned.

4.8 Level difference

When the two-frequency test signal is transmitted the receiving equipment shall operate correctly when,
due to the insertion loss/frequency characteristic of the circuit, the two frequencies arrive at the input to the
receiving equipment with a level difference of up to 6 dB.

49 Recorder output

A d.c. output for operating a recorder shall be provided.

4.10 Noise immunity

The r.m.s. value of the error in the indication due to a 300-3400 Hz band of white noise 26 dB below the
level of the received test signal shall not exceed + 0.05 Hz.

5 Working conditions

The instrument shall meet the above requirements under the following conditions:
— temperature range: +5°Cto +40°C;
— relative humidity: 45% to 75% (see [2]).

References

[1] Method for measuring the frequency shift introduced by a carrier channel Green Book, Vol. IV.2,
Supplement No. 2.10, ITU, Geneva, 1973.

[2] IEC Publication No. 359.

Recommendation 0.121

DEFINITIONS AND MEASURING TECHNIQUES CONCERNING THE DEGREE
OF BALANCE WITH RESPECT TO EARTH OF TRANSMISSION TEST APPARATUS

This Recommendation defines the quantities:
— impedan.ce balance ratio,

- signal balance ratio,

— common-mode rejection ratio,

applicable to 2-terminal networks and prescribes the measurmg techmques to be used for maintenance. Limits for
these quantities and the measurement frequencies will be given in the recommendations for transmission test
equipment if it is considered appropriate and desirable. In § 4 guidance is glven regardmg the construction of the
test-bridge.
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1 Definition of impedance balance ratio

The impedance balance ratio of a 2-terminal network is a measure of the degree of symmetry with respect
to the earth potential of the impedance presented by the network to the circuit connected to it. It is measured
according to the scheme shown in Figure 1/0.121 and, by definition, is given by the following expression:.

1
20 log,, —V—l (dB)
2

a
T
i
1
th Equip-
i ment
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|
1
1
G 4
b
= CCITT-37410

FIGURE 1/0.121

Measurement of impedance balance ratio

The voltages ¥, and V, are measured with high-impedance voltmeters, and in such a way that the balance
is not disturbed. The actual values of the internal impedance and e.m.f. of the generator G are irrelevant if V is
measured. However, it must not be ‘overlooked that the design of the equipment being tested may impose a limit
to the permissible magnitude of the longitudinal excitation. The dotted component is required only if the input
impedance of the equipment being tested is much greater than Z, the nominal impedance of the circuit. When the
equipment being tested is a signal generator V¥, must be measured selectively if it is required to measure the
impedance balance ratio while the signal generator is working.

2 Definition of common-mode rejection ratio

The common-mode rejection ratio is, by definition, given by the following expression: It may be measured
according to the scheme shown in Figure 2/0.121, the input terminals being short circuited and then energized
together at the same time. This ratio is also appropriate to signal receivers.

Y,
20 log,, 7‘ (dB)
) 2
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FIGURE 2/0.121

Measurement of common-mode rejection ratio

The remarks concerning the generator G made under § 1 are applicable to this test.

3 Signal balance ratio
The signal balance ratio is relevant-to 2-terminal devices such as signal generators and s1gnal receivers and
is a characteristic additional to and different from the impedance balance ratio.

The signal balance ratio is an overall measurement of the symmetry of a device and includes the influence
of the impedance balance ratio as well as the influence of unwanted longitudinal voltages produced by.a generator
or the influence of the common-mode rejection ratio of a receiver.

Therefore, to describe the behaviour of a device under operational conditions in most cases it is sufficient
to specify and measure the signal balance ratio only.

3.1 Definition of signal balance ratio for sinusoidal signal generators

In the case of a signal generator, the signal balance ratio is a measure of the amount of (unwanted)
longitudinal signal generated by the equipment being tested. It is measured according to the scheme shown in
Figure 3/0.121 and, by definition, is given by the following expression:
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FIGURE 3/0.121

Measurement of generator signal balance ratio
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It will be seen that the signal generator itself is the source of the various voltages and a separate generator.
is not required. ’

32 Definition of signal balance ratio for sinusoidal signal receivers

In the case of signal receivers, the signal balance ratio is a measure of the sensitivity of the receiver to
(unwanted) longitudinal signal. (This signal balance ratio is somewhat related to the common-mode rejection ratio

but they are not the same.) The signal balance ratio of a signal receiver is measured according to the scheme
shown in Figure 4/0.121 and, by definition, is given by the expression:
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FIGURE 4/0.121

Measurement of receiver signal balance ratio

Similar remarks concerning the generator G and the dotted component Z to those made above under
impedance balance ratio apply to this test.

In this case it will be seen that the signal receiver itself provides the indication from which the value of V,

required by the definition can be obtained, and a separate high-impedance voltmeter is not required in order to
measure V. '

4 Inherent balance of the measuring arrangement

The recommended test-bridge comprises two impedances and a centre-tapped inductor arranged as
indicated in Figure 5/0.121 and yields the equivalence.

[-X 1)

alN
niN

b

-

CCITT-37450

FIGURE 5/0.121

Inherent balance of the measuring arrangement

The coil should be iron-cored with an accurate centre-tapped connection, both the tightly-coupled half
windings being completely symmetrical.
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It should be noted that the inherent balance of the measuring arrangement must be determined and found
to be sufficiently good before a measurement is made. This may be done by replacing the equipment being tested
with a second test-bridge. The inherent impedance balance ratio of the measuring arrangement should be 20 dB
greater than the impedance balance ratio to be measured for the specimen. This balance should also be obtained
when the connections at a and b are reversed. This permits an accuracy on the order of + 1 dB.

NOTE

Points requiring further study concerning balance about earth

1 The study should be extended to 4-terminal networks.

2 " Study Group XVI is currently studying whether an additional impedance balance is necessary, with which
the equipment being tested is excited transversely and the longitudinal response measured, i.e. the reverse of what
is illustrated in this Recommendation (though not exactly the reciprocal). This is concerned with. crosstalk
phenomena between circuits in pair-type cables. Should the need arise, a more precise name for the measure may
be needed to preserve the distinction and avoid confusion between these two impedance balance measurements.

3 In the definition and measurement of signal balance ratio for sinusoidal generators, the principle of
allowing the equipment itself to provide the source presents no difficulty. However, further study is required
before the principle can be extended to cover generators of non-sinusoidal signals (e.g. pulse generators).

4 In the case of signal receivers designed to receive and measure sinusoidal signals and calibrated to indicate
their level, there is no great difficulty in measuring the signal balance in the way described in this Recommenda-
tion. However, the definition gives rise to difficulties of interpretation for other types of signal receiver in which
the indicated quantity is not a linear, continuous function of the level of the input signal, e.g. interruption
counters, group-delay measuring sets, harmonic distortion measuring sets, etc., and further study is required.

a) In the particular case of the impulse measuring set a suitable method of defining and measuring the
signal balance ratio might be as given in Figure 6/0.121:

Impulse
measuring set

o -9
!
1
i
z rhy
(I
VU 1 Iz G
trl
¢
t
i
e d
Impulse = CCITT-37460
measuring set
Voltage measurement 1 Voltage measurement 2
For a given threshold setting note that value of Vo which just With the same threshold setti.ng as in 1, energize the counter
starts the counter. Some signal generators are calibrated to longitudinally via the test-bridge and note that value of‘ Vi
give a direct indication of this quantity (when correctly which just starts the counter. (Do not overlook the possibie
terminated). restriction on the absolute value of the longitudinal excita-

tion noted in this Recommendation, § 1.)

FIGURE 6/0.121 .

Measurements of receiver signal balance ratio on an impulse measuring set
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By definition, in this case, the receiver signal balance ratio is:

V.
20 log,, T‘ (dB)
0

»

b) For the other classes of receiver the quantity to be specified may be the absolute level of the
longitudinal signal V; which introduces unacceptable errors or engenders false operation rather than a
ratio of two levels. An appropriate expression for such a quantity might -be threshold level of
longitudinal interference and the unit might be in decibels with respect to 1 volt r.m.s., i.e. dBV.

5 Some test instruments are (for safety reasons) mounted in a nonconducting case and are effectively floating
with respect to earth potential. The application of the definition to such apparatus needs study.

6 Some guidance should be given concerning what earth should be used when testing a renter’s installation.

7 Study Group IV feels that the methods described in this Recommendation could be applied to items of
transmission equipment other than transmission testing equipment, e.g. data modems, etc.

Recommendation O.131

SPECIFICATION FOR A QUANTIZING DISTORTION MEASURING
APPARATUS USING A PSEUDO-RANDOM NOISE STIMULUS

1 Preamble

It is important that the characteristics of quantizing distortion measuring apparatus are specified with
sufficient precision to ensure that all future designs of measuring apparatus conforming to the recommended
specification shall be compatible with one another, i.e., they shall be capable of interworking and give results of
specified accuracy without the need for any special procedures or corrections to the measurement results. It is
considered equally important that all designs of measuring apparatus conforming to the recommended specifica-
tion shall be capable of interworking with existing designs of measuring apparatus already in use by various
Administrations, who will thus not be placed at any economic disadvantage. The following specification is based
on the proposals studied by Study Group XVIII and is specifically aimed at the foregoing compatibility
objectives.

Note — The question of interworking between 'existing designs of quantizing distortion measuring
apparatus is not, in itself, directly relevant to this specification, but it is worth recording that this topic has been
studied by the Federal Republic of Germany and the United Kingdom Post Office. Satisfactory rules have been
established to facilitate interworking between the different existing types of measuring apparatus which use a
band-limited pseudo-random noise source. Some information regarding procedures for interworking between
different designs of measuring apparatus is given in Supplement No. 3.4 {1] to the Series O Recommendations.

2 Testing method proposed

The method proposed is that described in Method 1 of the Recommendation cited in [2}. The proposed
noise source is band-limited pseudo-random noise having a probability density distribution of amplitudes which is
substantially near to a Gaussian distribution .

The receive measuring apparatus specified in § 3.2 may also be used to measure quantizing distortion using a sinusoidal test
signal in the frequency range 350-550 Hz (preferably at 420 = 20 Hz) instead of the pseudo-random noise stimulus. It
should be noted, however, that while the measurement is similar to method 2 described in {2], the obtained measurement
results are related to a bandwidth of 3.1 kHz and that no noise weighting is provided. It should also be noted that results
given by the pseudo-random.noise and sinusoidal methods may not be the same.
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The signal-to-total distortion power, including quantizing distortion, is measured as the ratio of the power
of received stimulus in the reference band, to the noise power in the measured band. A correction is included to
relate the measurement to the full PCM speech channel bandwidth.

The principle of the measurement is illustrated in Figure 1/0.131. -
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Vi \4 i AN
0 1000 4000 Hz
Frequency CCITT-37470
FIGURE 1/0.131
Principle of quantizing distortion measurement
3 Basic specification clauses

31 Send

The sending signal is a band-limited pseudo-random noise having the following characteristics:

3.1.1  Band limited noise stimulus

Approximately Gaussian distribution of the amplitudes within the bandwidth of the send filter. The
bandwidth can have any value from 100 Hz to 200 Hz between the 3-dB points (see§§ 3.1.4 and 3.1.5 below).

3.1.2  Number of spectral lines

Not less than 25 spectral lines with a’ spacing not greater than 8§ Hz measured at the output of the send
filter.

3.1.3  Peak-to-r.m.s. ratio

10.5 dB. Tolerance + 0.5 dB.

Note | — The requirements according to §§ 3.1.1 to 3.1.3 above may be accomplished by a noise stimulus
derived from the output of a 17-stage shift register with exclusive OR gating with the outputs of stages 3 and 17
returned to the input of stage 1. The shift register produces a maximally long sequence of (2!7 — 1) bits.
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The shift register is driven at a clock frequency f. Hz such that the spectral line spacing f, Hz of the output
signal is less than or equal to 8 Hz.

In order to meet the specified limits of the peak-to-r.m.s. ratio of the sent signal as given in § 3.1.3 above,
the clock frequency can be adjusted to:

f=/f£027 - 1)Hz

To keep the peak factor within the specified limits, a stability of the clock frequency f. on the order of 1%
is required.

Note 2 — Instead of using a shift register to generate the noise signal, other principles may be adopted as
long as the generated signal has the characteristics reccommended in §§ 3.1.1 and 3.1.3 above.

3.1.4  Frequency position of sent signal

Between 350 and 550 Hz.

3.1.5 Sending filter characteristics

The attenuation of the bandpass filter with reference to minimum attenuations should be as follows:

not lower than 350 Hz 3 dB point at lower frequency

not exceeding 550 Hz 3 dB point at upper frequency
" below 250 Hz greater than 55 dB

at 300 Hz greater than 20 dB

at 580 Hz greater than 6 dB

at 650 Hz greater than 20 dB

at 700 Hz greater than 40 dB

at 750 Hz greater than 50 dB

at and above 800 Hz greater than 60 dB

The response characteristic of a filter designed to these limits should give a bandwidth between 3-dB
points of at least 100 Hz. -

The performance requirements for the sending filter characteristics conforming to the above limits is given
in Figure 2/0.131.

3.1.6  Sending reference level range

0 dBmO to at least —55 dBmO for relative levels according to the Recommendation cited in [3] with a
setting accuracy of + 0.5 dB. ’

3.1.7  Output impedance

600 ohms balanced with a return loss of better than 30 dB over the frequency range 300-3400 Hz and a
signal balance ratio (Recommendation O.121) better than 46 dB over the frequency range 300-4000 Hz. For
frequencies below 300 Hz the signal balance ratio should be maintained at better than 46 dB and furthermore
should be 60 dB or better at 40 Hz.

3.2 Receive

3.2.1  Receive reference filter

Nominal bandwidth of reference path 350-550 Hz. (See Note below.)

The characteristic of the filter is chosen to prevent inaccuracy in the measurement of the received noise
stimulus in the presence of quantizing distortion and other system noise conditions. The filter should not diminish
the power of a noise band between 350 Hz and 550 Hz by more than 0.25 dB.
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Note — Refer to § 3.1.5 of this Recommendation, for bandpass characteristics.

FIGURE 2/0.131

Performance requirements for bandpass filter used in sending section
of quantizing distortion measuring apparatus

Note — The receive reference filter ideally restricts the bandwidth of the reference path to respond only to
the spectrum of the received noise stimulus. However, the bandwidth of 350-550 Hz is chosen to allow for the
need to interwork with test apparatus having a noise source bandwidth of up to 200 Hz.

3.2.2  Bandwidth of measuring path

At least 2.4 kHz (with a loss variation of less than 2 dB). The required bandpass characteristic of the filters
for measurement of distortion products is indicated below and is such that received noise stimulus does not affect
measurements. Attenuation with reference to the minimum attenuation:

150 Hz and below greater than 60 dB
650 Hz greater than 55 dB
700 Hz greater than 35 dB ,
750 Hz greater tﬁan 20 dB
800 Hz 3 dB or greater
3.4 kHz 3 dB or greater
3.5 kHz greater than 10 dB
3.6 kHz greater than 20 dB
3.7 kHz ~ greater than 40 dB
3.75 kHz greater than 50 dB
5.0 kHz and above greater than 60 dB
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The performance requirements for the measurement filter characteristic conforming to the above limits is
given in Figure 3/0.131. '
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Note — Refer to § 3.2.2 of this Recommendation, for bandpass characteristics.

FIGURE 3/0.131

Performance requirements for measuring path filter response used in receive section
of quantizing distortion measuring apparatus

323 Bandwidfh correction

The calibration of the test apparatus shall include a correction factor of appropriate value to relate the
signal to total distortion power measured to the total distortion power present in the full PCM channel bandwidth
of 3100 Hz. The correction factor is given by the following. expression, which assumes a uniform distribution of
distortion power over the channel bandwidth:

10 logq %O—O (dB)

where y is the effective noise bandwidth of the measuring filter in Hz.

3.2.4  Receiver input impedance

600 ohms balanced with .return loss greater than 30 dB over the. frequency range. 300-3400 Hz and a
signal-to-balance ratio exceeding 46 dB over the frequency range 300-4000 Hz. The signal balance ratio for
frequencies below 300 Hz shall be maintained at better than 46 dB and shall be 60 dB or better at 40 Hz.
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3.2.5  Input reference level range

0 dBmO to at least —55 dBmO for relative levels according to Recommendation G.232 [4].

3.2.6  Accuracy of the signal-to-total distortion ratio indication

For reference levels in the range —6 dBm0 to —S55 dBmO0 and an absolute distortion signal not less than
—72 dBmO: )

— Measuring range 10 dB to 40 dB: Accuracy + 0.5 dB.

— Measuring range 0 dB to 10 dB: Accuracy + 1.0 dB.

For refefenﬁe levels in the fange 0 dBm0 to ~6 dBmO:

— Measuring range 20 dB to 40 dB: Accuracy = 1.5 dB.

— Measuring range 0 dB to 20 dB: Accuracy + 2.0 dB.

Note 1 — These limits include the inaccuracies which are caused by:

— the effective bandwidth of the measuring filter,

the receive reference filter,

the attenuator in the measuring path,
— the characteristics of the indicating circuit.

Note 2 — For reference level ranges 0 dBm0 to —6 dBmO, the wider tolerances are not only required by
the measuring apparatus but reflect also the characteristics of PCM coders and decoders when operated near the
overload point. '
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(1] Considerations of interworking between different designs of apparatus for measuring quantizing distortion,
Orange Book, Vol. IV.2, Supplement No. 3.4, ITU, Geneva, 1977.

12} CCITT Recommendation Performance characteristics of PCM channels at audio frequencies, Vol. 111,
Fascicle 111.3, Rec. G.712, § 9.

[3] CCITT Recommendation 12-channel terminal equipments, Vol. 111, Fascicle I11.2, Rec. G.232, § 11.
[4] CCITT Recommendation 12-channel terminal equipments Vol. 111, Fascicle I11.2, Rec. G.232.

Recommendation 0.132

SPECIFICATION FOR A" QUANTIZING DISTORTION
MEASURING EQUIPMENT USING A SINUSOIDAL TEST SIGNAL

1 Introduction

This specification gives basic clauses describing the essential features to be provided in test equipment
using a sinusoidal test signal for quantizing distortion measurements on PCM channels. It is important that the
characteristics of quantizing distortion measuring apparatus of this type are sufficiently specified to ensure that
they are capable of interworking and that they will give results of sufficient accuracy. This specification is based
on a general statement of the method described as Method 2 in the Recommendation cited in [1].

2 Testing method

The testing method consists of applying a sine-wave signal to the input port of a PCM channel and
measuring the ratio of the received signal to distortion power, using the proper noise weighting (see § 3.3.4 below).
The method also requires the use of a narrow-band rejection filter in the receiver equipment to block the
sinusoidal test signal from the distortion measuring circuits so that the distortion power may be measured.
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3 Specifications
3.1 Test signal frequencies

A test signal in either of two frequency bands may be required depending on the test-signal rejection filter
being used to make the measurement. The preferred test frequencies are either 820 Hz or 1020 Hz. However, other
frequencies in the rejection band of the test-signal rejection filter (such as 804 Hz or 850 Hz) may be used.

3.2 Characteristics of the signal source

3.2.1  Signal level rénge

At least —45 to +5 dBmO for relative levels according to the Recommendation cited in [2] with a setting
accuracy of + 0.2 dB. ‘

3.2.2  Output circuit characteristics (over frequency range 300 to 3400 Hz)

Impedance balanced, earth-free . .. ... ...... e e 600 ohms
Returnloss . .. ... ... ... e e e R > 30 dB
Signal balance ratio . ... . . . . ... L > 40 dB
323 Distortion and spurious modulation ratio . . . ... ... ... L > 50 dB

3.2.4  Frequency accuracy and stability

The accuracy and stability of the test signal frequency shall be appropriate to the frequency used and its
position with respect to the rejection band of the filter concerned. The accuracy and stability must in any case be
such that the frequency is never a submultiple of the PCM sampling rate.

33 Characteristics of the measuring instrument

3.3.1  Measuring range and accuracy

10 to 40 dB signal-to-distortion ratio with an accuracy of = 1.0 dB.

3.3.2  Input signal range

At least —55 to +5 dBmO for relative levels according to the Recommendation cited in [2].

3.3.3  Input circuit characteristics (over frequency range 300 to 3400 Hz )

Impedance balanced, earth-free . . . . . ... ... . ... .. ... 600 ohms
Return 1oss . . . . . . . L e > 30 dB
Signal balance ratio . . . . . . . .. L e > 46 dB

The signal balance ratio for frequencies below 300 Hz shall be maintained at better than 46 dB and shall
be 60 dB or better at 40 Hz.

3.3.4 Measuring filter

The value of the distortion signal shall be weighted by the standard CCITT noise weighting filter for
telephony (see Recommendation P.53 [3]). Alternatively, C-message weighting may be used (see [4]). A calibration
correction factor may be necessary when C-message weighting is used. The manufacturing tolerances on the
characteristics of these filters may have to be less than is permitted in their respective specifications, in order to
achieve the measuring accuracy in § 3.3.1.

3.3.5  Test-signal reject filter

Either of two test-signal rejection filters may be provided, with characteristics as given in Table 1/0.132.
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TABLE 1/0.132

Test-signal reject filter characteristics -

804 to 850 Hz test-signal reject filter

Frequency Loss

< 325 Hz <0.5dB
< 570 hz < 1.0 dB
< 690 Hz < 3.0dB

800 to 855 Hz > 50 dB (rejection band)

> 1000 Hz ) <3.0dB
> 1105 Hz <1.0dB
> 1360 Hz < 0.5dB

1004 to 1020 Hz test-signal reject filter

Frequency Loss

< 400 Hz < 0.5dB

< 700 Hz < 1.0dB

< 860 Hz <3.0dB .

1000 to 1025 Hz > 50 dB (rejection band)

> 1180 Hz < 3.0dB

> 1330 Hz <1.0dB

> 1700 Hz < 0.5dB

Detector characteristics

An r.m.s. or quasi-r.m.s. detector having sufficient accuracy to meet the accuracy objective must be used

for measuring the distortion signal.

337

Bandwidth correction

The calibration of the measuring instrument shall include a correction factor of appropriate value to

account for the loss in effective noise bandwidth due to the test-signal reject filter. The correction factor assumes a
uniform distribution of distortion power over the frequency range involved and is of the following form:

+5°C

I

(2]
(3]

(4]
[5]

80

Effective bandwidth of standard noise weighting

ti dB) = 10 1
Correction (dB) 810 Effective bandwidth of the measuring instrument

Operating environment

The electrical performance requirements shall be met when operating at temperatures within the range of
to +40 °C and relative humidity of 45% to 75% (see [5)).

References

CCITT Recommendation Performance characteristics of PCM channels at audio frequencies, Vol. 111,
Fascicle 111.3, Rec. G.712, § 9. ’ : .

CCITT Recommendation /2-channel terminal equipments, Vol. 111, Fascicle 111.2, Rec. G.232, § 11.

CCITT Recommendation Psophometers (apparatus for the objective measurement of circuit noise), Vol. V,
Rec. P.53. .

Noise-measuring instruments for telecommunication circuits, Green Book, Vol. IV.2, Supplement No. 3.2,

ITU, Geneva, 1973.
1EC Publication No. 359.
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Recommendation O.141

DESCRIPTION AND BASIC SPECIFICATION FOR A SEMIAUTOMATIC
IN-CIRCUIT ECHO SUPPRESSOR TESTING SYSTEM (ESTS)

1 General

The CCITT semiautomatic in-circuit echo suppressor testing system (ESTS) is intended to test the
sensitivity-related operational characteristics of echo suppressors assigned to all categories of international circuits.

The ESTS is suitable for testing echo suppressors complying with Recommendation G.161 [1] of the
Orange Book. It may also be found suitable for certain applications on circuits employing echo suppressors
complying with Recommendation G.164 [2].

The ESTS will consist of two parts: a) directing equipment at the outgoing end and b) responding equipment
at the incoming end. The directing equipment will be manually connected to the circuit under test after a
connection has been established to a responder at the incoming end. The responding equipment will be accessed
via a test call over the circuit under test.

In order to simplify the test equipment design and its operation, quantitative measurement results will not
be given. The two-way circuit loss, noise and the echo suppressor tests will be made and reported on a pass/fail
basis. The test results shall be indicated only at the outgoing end by the directing equipment. The Administrations
in charge of the incoming end need not be notified of the test results except as required to eliminate a deficiency
evidenced by the test results. ‘

The ESTS shall be capable of testing a full echo suppressor located at either the outgoing or incoming end
as well as both echo suppressors when split echo suppressors are used. This equipment can be used on any circuit
routed completely on terrestrial facilities, or any circuit routed on terrestrial facilities and not more than one
satellite link.

2 Kinds of tests

A loss. test will be made in both directions of transmission to ensure that the circuit loss is within + 2.5 dB
of nominal value.

A noise test will be made in both directions of transmission to determine if the circuit noise exceeds
—40 dBmOp and is therefore likely to interfere with echo suppressor measurements.

The suppression and break-in sensitivities of the echo suppressor(s) are tested to ensure that they are
within established limits. :

3 Method of access

3.1 Qutgoing international exchange

Access to the circuit under test at the outgoing international exchange will be on a 4-wire basis on the
exchange side of the near-end echo suppressor.

The attachment of the directing equipment to the circuit under test will be done on a manual basis, such as
at a testboard.

3.2 Incoming .international exchange

Access to the responding equipment, by the circuit under test, at the incoming international exchange will
be gained via the normal exchange switching equipment on a 4-wire basis.

33 Address information

The address information to be used to gain access to the responding equipment at the incoming
international exchange is specified in Recommendation O.11, § 2.4,
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4 Operating principles

4.1 After a switched connection has been established at the incoming end between the circuit under test and
the responding equipment, the directing equipment is attached to the circuit at the outgoing end. It shall then be
possible to make any number of circuit loss, circuit noise and echo suppressor tests without releasing the
connection. '

4.2 The tests shall be manually initiated at the outgoing end, which can either be accomplished on a
test-by-test basis or the full overall test sequence can be programmed and initiated by a single control.

43 A fail or pass indication for each test shall be provided to the outgoing end. In order to avoid possible
ambiguities in the interpretation of the test results, all suppressor tests [i.e. tests €) to 1) in § 5.3.3 below] should be
made during any test sequence.

4.4 The echo suppressor tests should be made only after the two-way loss tests are completed satisfactorily. A
programmed test sequence should not continue beyond a failed loss test.

5 Testing procedure
5.1 Establishment of connection

5.1.1  When the outgoing circuit is seized, the appropriate address information is transmitted (see § 3.3 above).

5.1.2  When the access is gained to the responding equipment, the answer signal will be transmitted. If the
responding equipment is occupied, a busy indication will be returned to the outgoing end in accordance with
normal signalling arrangements for the circuit.

5.1.3  Upon receipt of the answer signal the directing equipment is manually attached to the circuit under test
and the tests initiated as described in § 5.2 below.

5.1.4 The responding equipment will transmit a high level monitor tone at the time of access. This can be
monitored at the outgoing end to assure that the responding equipment has been accessed and activated.

5.1.5 When the tests are completed the attachment of the directing equipment to the circuit under test is
removed and the circuit is immediately released. '

5.1.6 The responding equipment shall automatically time out and initiate a clear back if it has been accessed
continuously for more than 15 minutes.

5.2 Test initialization

5.2.1 Each test is initiated by the sending of an associated multi-frequency command signal from the directing to
the responding equipment. Before sending a multi-frequency command signal, the directing equipment shall
assume a quiescent state so as to avoid interference with the proper detection of the command signal by the
responding equipment.

522 Upon the detection of a valid multi-frequency (MF) command signal at any time, the responding
equipment shall be returned to its quiescent state. Immediately after the cessation of the command signal the
responding equipment will send a 610-Hz acknowledgement signal for a period of 500 + 25 ms. The responding
equipment will also begin sending a monitor tone and other test tones as required for the tests described below.
The responding equipment shall time out and return to its quiescent state 10 seconds after the cessation of an MF
command signal.

5.2.3  After sending an MF command signal the directing equipment shall be conditioned to detect the receipt of
the acknowledgement signal for an interval of time up to 1400 ms. If acknowledgement is not received by the
directing equipment during this interval a failure shall be indicated and the test should not proceed any further.

5.24 600 + 30 ms after the cessation of the acknowledgement signal the directing equipment shall begin
sending test and/or monitor tones for the various tests as described below.

53 Test description

5.3.1 Tone detection will be made by the directing equipment for the purpose of determining whether a test
passed or failed during a 375 + 25 ms test interval. This interval will begin 1000 + 50 ms after the directing
equipment begins sending test and/or monitor tones. This delay is required to permit the exchange of test and
monitor tones on circuits with long delay (one satellite and long terrestrial facilities).
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5.3.2 . The responding equipment shall be designed to send a monitor tone whenever it is not receiving a monitor
tone from the responding equipment, except during the near-to-far loss and noise tests. For the near-to-far loss
and noise tests the responding equipment shall stop sending a monitor tone to indicate to the directing equipment
a test failure condition. '

5.3.3  Under the control of the directing equipment the ESTS will be capable -of making 12 tests from the near
end. . :

a) ‘near-to-far loss,

b) far-to-near loss,

¢) near-to-far noise,

d) far-to-near noise,

.e) near-end suppressor non-operate,
f) near-end suppressor operate,

g) near-end break-in non-operate,
h) near-énd break-in opevrate,

i) far-end suppressor non-operate,
j) far-end suppressor operate,

k) far-eﬁd break-in non-operate,

1) far-end break-in operate.

5.3.4 These tests are descrlbed below. The descrlptlons begin at the cessation of the acknowledgement signal as
referred to in § 5.2.4 above. For all tests the responding equipment has started sending monitor and any required
test tones as noted in § 5.2.2 above.

5.3.5  Near-to-far loss test

The responding equipment is silent. The directing equipment sends a —10 dBmO test tone at 820 Hz for
100 = 10 ms. If the test tone is within + 2.5 dB of —10 dBm0 as measured at the far end, the responding
equipment will send high level monitor tone. The detection of monitor tone by the directing equipment during the
test interval will indicate that the test has passed. .

5.3.6  Far-to-near loss test

The responding equipment is sending a — 10 dBmO test tone at 1020 Hz. The directing equipment measures
the test tone during the test interval. If the test tone is within + 2.5 dB of —10 dBm0, the test has passed.

5.3.7  Near-to-far noise test

The responding equipment is silent. The directing equipment terminates the transmit path in 600 ohms. Six
hundred milliseconds after transmitting the acknowledgement signal, the responding equipment measures the noise
during the following 375 + 25 milliseconds. If the noise is below —40 dBmOp, the responding equipment will
send a high level monitor tone. The detection of this monitor tone by the directing equipment during the test
interval will indicate that the test has passed.

5.3.8  Far-to-near noise test

The responding equipment terminates its transmit path in 600 ohms. The direcﬁng equipment measures the
noise during the test interval and if the noise is below —40 dBmOp the test has passed.

5.3.9  Near-end suppressor non-operate test

The responding equipment is sending a monitor tone and a —40 dBmO test tone at 1020 Hz. The directing
equipment starts sending a monitor tone. Upon detection of the monitor tone from the directing equipment, the
responding equipment stops sending its monitor tone. The absence of the monitor tone received from the
responding equipment during the test interval indicates to the directing equipment that the near-end suppressor
has not operated and that the test has passed.
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53.10 Near-end suppressor operate test

The responding equipment is sending a monitor tone and a —26 dBmO0 test tone at 1020 Hz. The directing
equipment starts sending a monitor tone. If the near-end suppressor has operated, the monitor tone from the
directing equipment will not reach the responding equipment. The responding equipment will therefore continue
sending a monitor tone and the detection of this monitor tone by the directing equipment during the test interval
will indicate that the test has passed.

5.3.11 Near-end break-in non-operate test

The responding equipment is sending a monitor tone and a —15 dBmO0 test tone at 1020 Hz. After the
detection of the 1020-Hz test tone sent out by the responding equipment, the directing equipment starts sending a
high level monitor tone and a —20 dBmO test tone at 820 Hz. If break-in does not occur at the near-end
suppressor, the monitor tone from the directing equipment will not reach the responding equipment. The
responding equipment will therefore continue sending a monitor tone and the detection of this monitor tone by
the direction equipment during the test interval will indicate that the test has passed.

5.3.12 Near-end break-in operate test

The responding equipment is sending a monitor tone and a —15 dBmO test tone at 1020 Hz. After the
detection of the 1020-Hz test tone sent out by the responding equipment the directing equipment starts sending a
high-level monitor tone [see § 6.1.2 ¢) below] and a — 10 dBmO test tone at 820 Hz. If break-in does occur at the
near-end ‘suppressor, the monitor tone from the directing equipment will reach the responding equipment. The
responding equipment, upon detection of the monitor tone from the directing equipment, will stop sending its
monitor tone and this absence of monitor tone during the test interval will indicate to the directing equipment that
the test has passed.

5.3.13 Far-end suppressor non-operate test

The responding equipment is sending a monitor tone. The directing equipment starts sending a —40 dBm0
test tone at 1020 Hz. If the far-end suppressor does not operate, the monitor tone from the responding equipment
will continue to reach the directing equipment, and the detection of the monitor tone by the directing equipment
during the test interval will indicate that the test has passed.

5.3.14 Far-end suppressor operate test

The responding equipment is sending a monitor tone. The directing equipment starts sending a —26 dBm0
test tone at 1020 Hz. If the far-end suppressor does operate, the monitor tone from the responding equipment will
be prevented from reaching the directing equipment, and this absence of monitor tone during the test interval will
indicate to the directing equipment that the test has passed.

5.3.15 Far-end break-in non-operate test

The responding equipment is silent. The directing equipment starts sending a —10 dBmO test tone at
1020 Hz. Fifty milliseconds after detection of the 1020-Hz test tone from the directing equipment, the responding
equipment starts sending a high level monitor tone and a —15 dBmO test tone at 820 Hz. If break-in does not
occur at the far-end suppressor, the monitor tone from the responding equipment will be prevented from reaching
the directing equipment and this absence of monitor tone during the test interval will indicate to the directing
equipment that the test has passed.

5.3.16 Far-end break-in operate test

The responding equipment is silent. The directing equipment starts sending a —20 dBmO test tone at
1020 Hz. Fifty milliseconds after detection of the 1020-Hz test tone from the directing equipment, the responding
equipment starts sending a high level monitor tone and a —15 dBmO test tone at 820 Hz. If break-in does occur at
the far-end suppressor, the monitor tone from the responding equipment reaches the directing equipment and
detection of the monitor tone by the directing equipment during the test interval will indicate that the test has
passed.
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6 Specifications for transmission measuring equipment

The following specifications apply over a temperature range of +5°C to +50°C.

6.1 Sending apparatus of the directing and responding equipment

6.1.1  Signal and tone frequencies
a) test tones: 820 £ 9 Hz
1020 + 11-Hz,
b) monitor tone: 510 + 5.5 Hz,
¢) acknowledgement signal: 610 = 6.5 Hz.

6.1.2  Signal and tone levels

a) for loss measurements:
—-10 = 0.1 dBmO,

b) for test tones:
—10 £ 0.2 dBmO (directing equipment only),
—15 = 0.2 dBmO (responding equipment only),
—20 % 0.2 dBmO (directing equipment only),
—26 £ 0.2 dBmO,
—40 = 0.2 dBmO,

-+

c¢) for monitor tone:
—42 £+ 0.5 dBmO (normal level),
—29 + 0.5 dBmO (high level),
bd) for acknowledgement signal:
—29 = 0.5 dBm0.

6.1.3 lmpedance

600 ohms balanced with impedance balance ratio (Recommendatlon 0.121) of at least 46 dB between 300
and 3400 Hz. Return loss of at least 20 dB between 300 and 3400 Hz.

6.1.4  Distortion and spurious-modulation supression

Better than 25 dB.

6.2 Receiving apparatus of the directing and responding equipment

6.2.1  Measuring ranges

a) for loss measurement:
from —7.5 + 0.2 dBmO0 to —12.5 £ 0.2 dBmO,
b) for noise measurement:

test threshold —~40 + 1.0 dBmOp measured with psophometric weighting as specified in Recommenda-
tion P.51 {3],

¢) for monitor tone and acknowledgement signal detection:

test threshold of —54 + 2.0 dBm0 measured with selective receivers having sufficient discrimination
to reject other tones and noise that may be present on the circuit under test.

6.2.2  Test interval

375 £ 25 ms.
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6.2.3  Impedance

600 ohms balanced with signal balance ratio of at least 46 dB between 300 and 3400 Hz. Return loss of at
least 30 dB between 300 and 3400 Hz.

7 Command signals from the directing equipment to the responding equipment

Each test shall be initiated by the sending of a unique multi-frequency (MF) command signal from the
directing equipment to the respondmg equipment.

The signal sender and signal receiver are those specified for the CCITT No. 5 Interregister Signalling
System and the equipment used should be as specified in Recommendations Q.153 [4] and Q.154:[5], except that
the MF command signals will be sent for 500 + 100 ms and that the MF receiver shall respond to MF command
signals between —26 dBm0 and —3 dBm0.

CODE No. FREQUENCY (Hz) TEST

1 700 + 900 Near-to-far loss

2 700 + 1100 Far-to-near loss

3 900 + 1100 Near-to-far noise

4 700 + 1300 » Far-to-near noise

5 900 + 1300 Near-end suppressor non-operate

6 1100 + 1300 Near-end suppressor operate

7 700 + 1500 : Near-end break-in non-operate

8 900 + 1500 Near-end break-in operate

9 1100 + 1500 ) . Far-end suppressor non-operate

10 1300 + 1500 Far-end suppressor operate

11 700 + 1700 Far-end break-in non-operate

12 900 + 1700 Far-end break-in operate

Referénces : ‘

f1] CCITT Recommendation Echo-suppressor suitable for circuits having either short or long propagation times,

Orange Book, Vol. 111-1, Rec. G.161, ITU, Geneva, 1977.
2] CCITT Recommendation Echo suppressors, Vol. 111, Fascicle 111.1, Rec. G.164. ‘
[3] CCITT Recommendation Artificial voices, artificial mouths, artificial ears, Vol. V, Rec. P.51.

[4] CCITT Recommendation Mulliﬁ'equency signal sender, Green Book, Vol. VI.2, Rec. Q.153, ITU,
Geneva, 1973. ) .

[5] CCITT Recommendation Multifrequency signal receiver, Green Book, Vol. VI.2, Rec. Q.154, ITU,
Geneva, 1973. '
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SECTION 2
SPECIFICATIONS FOR DIGITAL-TYPE MEASUREMENT EQUIPMENT

Recommendation O.151

SPECIFICATION FOR INSTRUMENTATION TO MEASURE BIT-ERROR-RATIO
: ON DIGITAL SYSTEMS !

The requirements for the characteristics of bit-error ratio instrumentation which are described below must
be adhered to in order to ensure compatibility between equipments standardized by the CCITT, and produced by
different manufacturers.

1 General

The instrumentation is designed to measure the bit-error ratio of digital transmission systems by the direct
comparison of a pseudo-random test pattern with an identical locally generated test pattern.

2 Test patterns

2.1 Pseudo-random pattern for systems using a 2'° — 1 pattern length

This pattern is to be produced by means of a shift register incorporating appropriate feedback (see
Figure 1/0.151 and Table 1/0.151.):

Number of shift register stages . . . . . ... ... ... ... ... .. e 15

Pattern length . . . . . . . . . ... 215 — 1 = 32767 bits

Feedback . .............. e e e e taken from the 14th and 15th stage via an
exclusive-OR-gate to the first stage

Longest sequence of zeros .. . . . . B ‘ 15 (inverted signal)

This Recommendation is the joint responsibility of Study Groups 1V, XVII and XVIII.
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TABLE 1/0.151
Status of the shift register stages during the transmission of the first 47 bits

vl 2l3lels]e)l2]e|lalw]|nf2]n|wu|n
RN R RN R R R R 0
IR R R R R R R R 0
NI EE EE R R R RN EE RN R R 0
! 0
) .
! .
| 0

1% |olo|lo]Jo|lojojo|o|lo|lofjo|loafof 1] 0
15 Jojolojofo|ojofo]jo|o|lofo}o [ o]?1 0
16 | 1[o]oflolofo]lo|olo|o|o]o]o]|o]o 1
17 |[of1|o|lofo]o]o]o|]o|ofo|lo]o|o]o 1
-
] 1
| :
1 .
| . 1
26 o|lolofoflofololoflolojololol1r]o 1
30 [1]o]loflofo]o|lo]lo|lo]ojolo]o]|o]n 0
31t {1|1]o]o]lo|lofoflofo|lc]jolo|lo}lo]o 1
32 {o]l1}l1]lolojolojolololoflojojo]o 1
' ’ 1
) .
| :
| 1
¢3 Jolo|o|lojo|lo|lofoflo|lo]o]lo]1]1]o0 1
4 | 1|ojolofofojo|lofojojo|ofo || 0
45 ol tlolo|lofjo{o]lotofololoflo]|lol}ln 0
46 [1lo]lrjo]lo]|o|o|o|o|o]jofofofo]o 1
47 Jolt1lo|1[ofo ! oloflo|ofjoflo]o|o]o 1

“~ o —{ 0 p------ — o 0 D—»

E 1 2 .4 15

CCITT-37510

Note — The clock pulse connection is not shown.

a b c Truth table for exclusive OR-gate (E):
1 0 1 aand b: gate inputs

0 \ : c: gate output

o o0 | o

1 1 0

FIGURE 1/0.151

Circuit example for a 15-stage shift register with D-flipflops and an exclusive-OR-gate
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22 Pseudo-random pattern for systems using 2% — 1 pattern length

This pattern is to be produced by means of a shift register incorporating appropriate feedback (see
Figure 2/0.151):

Number of shift register stages . . . . ... ... ... ... ... .. ... . 23
Pattern length . . ... ................ e e e 223 — 1 = 8388607 bits
Feedback . ... ......... ... . ... ... .... taken from the 18th and 23rd stages via an
: . exclusive-OR-gate to the first stage
Longest sequence of zeros . . . .. ... .. ... ... .. L e 23 (inverted signal)
b a
4o o ——---- —] o oMol ol oHo
E 1 2 18 19 20 21 22 23
Note — The clock pulse connection is not shown. CCITT-39300
a b c Truth table for exclusive OR-gate (E):
1 0 1 a and b: gate inputs
c: gate output
0 1 1
o o | o
1 1 0

FIGURE 2/0.151
Circuit example for a 23-stage shift register with D-flipflops and an exclusive-OR gate

23 Fixed patterns (optional)
Fixed patterns of all ones and alternating ones and zeros may be provided.

3 Bit rate

The bit rates in accordance with CCITT Recommen'dations are indicated in Table 2/0.151.

TABLE 2/0.151

Bit rates, pertinent Recommendations and pseudo-random test paiterns

" Bit rate Recommendation conespondiﬁg Recommendation corresponding Bit rate tolerance Test
(kbit/s) to multiplex system : to digital line section/line system pattern
1544 G.733 [1] G.911 [8] + 50 10°°
2048 G.732 2] G.912 (9] +50-10°°
15 —
6312 G.743 [3] G.913 [10] o +30-10°° e
8448 G.742 [4], G.745 [5] G.914 [11] +30-10°°
320064 G.752 [6] G.915[12] +10-107° 2151
34368 G.751 [T G.916 [13] £20-10° 23 -1
44736 G.752 [6] G.917 [14] +20 107 215-1
139264 G.751 [7] G.918 [15] ’ +15-107° 23 -1

Note — Normally only 'the appropriate combination of bit rates — either 2048 kbit/s, 8448 kbit/s, etc. or
1544 kbit/s, 6312 kbit/s, etc. — will be provided in a given instrumentation.-
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4 Interfaces

The interface characteristics (impedances, levels, codes, etc.) should be in accordance with Recommenda-
tion G.703 [16].

In addition to providing for terminated measurements the instrumentation shall also be capable of
monitoring at protected test points on digital equipment. Therefore, a high impedance and/or additional gain
should be provided to compensate for the loss at monitoring points already provided on some equipments.

5 Error-ratio measuring range

The receiving equipment of the instrumentation should be capable of measuring bit-error ratios in the
range 10~% to 10-8 In addition, it should be possible to measure bit-error ratios of 10-° and 10~'°; this can be
achieved by providing the capability to count cumulative errors.

6 Mode of operation

The mode of operation should be such that the signal to be tested is first converted into a unipolar
(binary) signal in the error measuring instrument and subsequently the bit comparison is made also with a
reference signal in binary form.

Facilities may optionally be provided to allow the direct comparison at line code (e.g. AMI or HDB-3) with
correspondingly coded reference signals. In the case of such measurements polarity distinction is possible, so that
errors caused-by the injection or omission of positive or negative pulses can be determined separately.
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Recommendation O.161

SPECIFICATION FOR AN IN-SERVICE CODE VIOLATION MONITOR
FOR DIGITAL TRANSMISSION SYSTEMS

1 General

This specification describes an in-service code violation monitor for the first and second level in the digital
transmission hierarchy.

The codes to be monitored are alternate mark inversion (AMI), high density bipolar with a maximum of 3
consecutive zeros (HDB3) and the pseudo-ternary code B6ZS.

2 Definition of code violation
2.1 AMI

Two consecutive marks of the same‘polarity. This may not be the absolute number of errors.
2.2 HDB3 .

Two consecutive bipolar violations of the same polarity. This may not be the absolute number of érrors.

23 B6ZS

Two consecutive marks of the same polarity excluding violations caused by the zero substitution code.

3 Input signal

31 Interface

The code violation monitor shall be capable of operating at the following interfaces:
a) at 1544 kbit/s corresponding to the Recommendation cited in [1];
b) at 6312 kbit/s corresponding to the Recommendation cited in [2];
c) at 2048 kbit/s corresponding to the Recommendation cited in [3];
d) at 8448 kbit/s corresponding to the Recommendation cited in [4].

3.2 Instrument operation

3.2.1 The instrument may be equipped to monitor only one or two of the listed codes and operate at the
appropriate bit rates for those codes.

33 Input sensitivity

3.3.1 The instrument is required to operate satisfactorily under the following input conditions.

3.3.1.1 Input impedances and levels in accordance with Recommendation G.703 [5].
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3.3.1.2 The instrument shall also be capable of monitoring at protected test points on digital equipment.
Therefore, a high impedance input and/or additional gain of 30 dB (40 dB — see Note) shall be provided to
compensate for the loss at the monitoring points already provided on some equipment.

Note — As an option for instruments operating at an interface of 1544 kbit/s corresponding to the
Recommendation cited in [1], the additional gain, where provided, shall be 40 dB.

3.3.1.3 Additionally, the instrument is required to operate satisfactorily, in both the terminated and monitor mode,
when connected to an interface output in accordance with Recommendation G.703 [5] via a length of cable which
can have an insertion loss of 0 dB to 6 dB at the half bit rate of the signal. The insertion loss of the cable at other
frequencies will be proportional to 1/f.

34 Input impedance

3.4.1 The instrument shall have a return loss better than 20 dB under the conditions listed in Table 1/0.161.

TABLE 1/0.161

]nstrume;(ltt) i(t)})serating at Test conditions
1544 100 ohm, nonreactive 20 kHz to 1.6 MHz
2048 75/120/130 ohm, nonreactive 40 kHz to 2.5 MHz
6312 75/110 ohm, nonreactive ’ 100 kHz to 6.5 MHz
8448 75 ohm, nonreactive 100 kHz to 10.0 MHz

35 Signal input gating

3.5.1 The instrument shall incorporate a sampling éircuit, operated from the incoming digital signal, such that
the instrument senses only the voltages which are present during a short gating period at the midpoint of each
digit time slot. -

3.6 Input jitter tolerance

3.6.1 The instrument shall be able to tolerate the lower limit of maximum tolerable input jitter specified in the
appropriate paragraph of Recommendation G.703 {5].

4 Display

41 The instrument shall incorporate an indicator to show the presence of a digital signal of correct amplitude
and bit rate.

4.2 The code violation rate shall be indicated in the range 1 in 10 to at least 1 in 10° Indication of code
violations, occurring in the input signal and detected as defined in § 2 above, shall be determined by counting the
number of code violations that occur during the period of at least 10° digit time slots.

4.3 It shall be possible to indicate the sum of the code violations. This facility will not be required at the same
time as the code violation rate is being counted and displayed.

44 The count capacity shall be 99 999 and a separate indicator shall be given if the count exceeds this figure.

4.5 The counting sequence shall be started by operating a “start” control and shall be stopped by a “stop”
control. :

4.6 The counter, and its display, shall be capable of being reset.

5 Instrument check

5.1 A check facility shall be provided. This facility is to enable a check to be made of the display, counter and
recorder output and optionally of the instrument input circuits.

5.2 Where the optional check of the input circuits is provided, the method of introducing code violations into
the input digital signal shall be agreed. The violations shall be as defined in § 2 above.
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6 Recorder output

6.1 An output signal may optionally be provided by the instrument to enable the status of the digital signal to
be recorded externally in analogue and/or digital form.

6.2 For the analogue output, the signal shall vary corresponding to the measured resulit.
6.3 If the instrument has an analogue output, appropriate means for calibrating the external recorder shall be
provided. ' ’

6.4 A possible arrangement relating the status of the digital input signal to the d.c. output signal is given in
Table 2/0.161. The actual arrangement will depend upon the count period specified for the instrument (see § 4.2
above). ‘

TABLE 2/0.161

Status Deflection Tolerance
(mA or volts) | (mA or volts)

No signal 0

Valid signal 5 +0.2
Violation rate 2> 1 X 10-3 | 2 +0.2
Violation rate >>1X 10-¢ 2.5 +0.2
Violation rate >>1 X 10-5 3 +0.2
Violation rate =21 X 10-6 35 +0.2
Single code violations A 4 +0.2

6.5 For the digital output of the measurement result, wheré provided, a parallel signal in binary coded decimal

(BCD) form with transistor-transistor logic (TTL) levels shall be used.

7 Operating environment

7.1 The electrical performance requirements shall. be met when operating at temperatures within the range of
+5°C to +40 °C and relative humidity of 45% to 75% (see [6]).

References :
M CCITT Recommendation General aspects of interfaces, Vol. I11, Fascicle I11.3, Rec. G.703, § 2.
[2] Ibid., § 3. ’
[3] Ibid., § 6.
[4] Ibid., § 7. ‘
[5] CCITT Recommendation General aspects of interfaces, Vol. 111, Fascicle I11.3, Rec. G.703.
[6] IEC Publication No. 359.

Recommendation 0.162

SPECIFICATION FOR AN INSTRUMENT TO MONITOR THE FRAME
ALIGNMENT SIGNAL OF FRAME STRUCTURES THAT ARE IN ACCORDANCE WITH
RECOMMENDATION G.732
(FRAME ALIGNMENT SIGNAL MONITOR)

1 General

1.1 This specification describes an in-service frame alignment signal monitor for frame structures that are in
accordance with Recommendation G.732 [1]).

1.2 The instrument is required to monitor a 2048-kbit/s HDB3 encoded signal, display any inherent alarm
condition in the signal and be capable of counting errors in the frame alignment signal.
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1.3 The instrument may also, if so desired, count and display HDB3 code violations as a separate facility.

1.4 HDB3 decoding strategy

When necessary, the received digital signal shall be decoded by the instrument in a manner such that,
when sampling the signal, on recognition of 2 consecutive zeros (spaces) followed by a bipolar violation, the
decoder shall substitute 4 consecutive zeros in place of the bipolar violation and the 3 preceding digits.

2 Input signal

2.1 Interface

The instrument shall be capable of operating with the interface at 2048 kbit/s corresponding to the

Recommendation cited in [2]. N

2.2 Input sensitivity

2.2.1  The instrument is required to operate satisfactorily under the following input conditions.
2.2.1.1 Input impedances and levels in accordance with Recommendation G.703 [3].

2.2.1.2 The instrument shall also be capable of monitoring at protected test points on digital equipment.
Therefore, a high impedance input and/or additional gain of 30 dB shall be provided to compensate for the loss
at the monitoring points already provided on some equipment.

2.2.1.3 Additionally the instrument is required to operate satisfactorily, in both the terminated and monitor mode,
when connected to an interface output in accordance with Recommendation G.703 [3] via a length of cable which
can have an insertion loss of 0 dB to 6 dB at the half bit rate of the signal. The insertion loss of the cable at other
frequencies will be proportional to /1.

23 Input impedance

2.3.1  The instrument shall have a return loss of better than 20 dB against a nonreactive 75/120/130-ohm resistor
over a frequency range of 40 kHz to 2500 kHz. ’

2.4 Signal input gating

2.4.1 The instrument shall incorporate a timing recovery circuit, operated from the incoming digital signal, such
that the instrument senses only the voltages which are present during a short gating period at the midpoint of each
digit time slot.

2.5 Input jitter tolerance

2.5.1 The instrument shall be able to tolerate the lower limit of maximum tolerable input jitter specified in
Recommendation G.703 [3].

3 Facilities
3.1 The instrument shall incorporate fault indications to meet the alarm strategies of equipments meeting

Recommendation G.732 [1].

3.2 A possible fault indicétion plan is illustrated in § 3.3 below. All fault indicators are normally extinguished.

33 Fault indication plan

3.3.1  Input signal failure

A fault indication shall be given if more than 10 consecutive zeros are detected.
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3.3.2  Alarm indication signal (AIS)
_ The instrument shall recognize a signal containing less than 3 zeros in a 2 frame period (512 bits) as a
valid AIS signal and the appropriate indicator shall be lit.

The strategy for the detection of the presence of an AIS shall be such that the AIS is detectable even in the
presence of a code violation rate of 1 in 10°. However, a signal with -all bits in the 1s state, except the frame
alignment signal (FAS), shall not be mistaken for a valid AIS.

3.33 Frame

" 3.3.3.1 In the event of a loss of frame alignment, as defined in the Recommendation cited in [4], the instrument
shall recognize the loss and the appropriate indicator shall be lit.

3.3.3.2 In the event of recovery of frame alignment, as defined in the Recommendation cited in [4], the indicator
shall be extinguished.

3.3.4  Errors in the frame alignment signal

3.3.4.1 The instrument shall have a means of indicating error rates, eg. 1 x 1073, 1 x 1074 1 x 10-° and
illuminate the appropriate indicator.

The indication of error rates occurring in the received decoded signal and detected as incorrect frame
alignment signals shall comply with the limits given in Table 1/0.162. The requirements in the table shall apply
on the assumption that the average error rates are present for the whole of the counter measurement period.

TABLE 1/0.162

Probability of indication illuminating or extinguishing
Error rate Average error rates within the periods stated below
indication in decoded signal
Illuminate Extinguish
1X 103 50% within 0.3 s 5% within 0.3 s
1X10-3 5% 104 5% within 0.3 s -
1X10-¢ - 95% within 0.3 s
. 1X10-4 50% within 3 s 5% within 3 s
1X10-4 5X10-3 5% within 3 s -
1X10-5 - 95% within 3 s
1X10-5 50% within 30 s 5% within 30 s
1X10-s 5X 106 5% within 30 s -
1X10-6 - 95% within 30 s

3.3.4.2 It shall also be possible to count the sum of the errors indicated. The count capacity shall be 99 999. A
separate indication shall be given if the count exceeds this figure.

3.3.5  Multiframe

3.3.5.1 In the event of a loss of multiframe alignment, as defined in the Recommendation cited in [5], the
instrument shall recognize the loss and the appropriate indicator shall be lit.

3.3.5.2 In the event of recovery of multiframe alignment, as defined in the Recommendation cited in [5], the
indicators shall be extinguished.

3.3.5.3 If time slot 16 is used for common channel signalling, the multiframe alignment signal is not present in a
nominal input signal to the instrument. In this case it shall be possible to inhibit the loss of multiframe indicator
in order to prevent false alarm indications. :

3.3.6  Distant alarm
The instrument shall recognize the distant alarm condition as defined in Recommendation G.732 [1] (bit 3

of time slot 0 in frames alternate to those containing the frame alignment signal for at least 2 consecutive
occasions and recognized within 4 consecutive occasions) and the appropriate indicator shall be lit.
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3.3.7 Distant multiframe alarm

3.3.7.1 The instrument shall recognize the distant mujtiframe alarm condition as defined in Recommenda-
tion G.732 [1] (bit 6 of time slot 16, frame O for at least 2 consecutive occasions and recognized within 3 consecu-
tive occasions) and the appropriate indicator shall be lit.

3.3.7.2 If time slot 16 is used for common channel s1gnalhng, bit 6 will be continuously in state 1. In this case it
shall be possible to inhibit the distant multiframe alarm in order to prevent false alarm indications.

34 Code violation detection

3.4.1 Definition of an HDB3 code violation

Two consecutive bipolar violations of the same polarity. This may not be the absolute number of errors.

3.42 When used as an HDB3 code violation detector the instrument shall incorporate an 1nd1cator to indicate
the presence of a digital signal of correct amplitude and bit rate.

3.43 The code violation rate shall be indicated in the range 1 in 10 to at least 1 in 10° Indications of code
violations occurring in the input signal and detected as defined in § 3.4.1 above, shall be determined by counting
the number of code violations that occur during the period of at least 10° time slots.

3.4.4 It shall be possible to indicate the sum of the code violations. This facility will not be required at the same
time as the code violation rate is being counted and displayed.

3.45 The count capacity shall be 99 999 and a separate indication shall be given if the count exceeds this figure.

3.5 Lamp lock — Lamp auto reset

3.5.1 A facility shall be provided whereby the fault indication lamps either clear automatically when the fault
condition clears or remain lit until a manual reset is operated.

4 Display

4.1 The counting sequence shall be started by operating a “start” control and shall be stopped by a “stop”
control.

4.2 The counter, and its display, shall be capable of being reset.

5 Alarm function check

5.1 A method of introducing fault conditions into the incoming digital signal, in order to check the correct
functioning of the instrument, shall be considered.

’

6 Recorder output

6.1 An output signal may optionally be provided by the instrument to enable the status of the digital signal to
be recorded externally in analogue and/or digital form.

6.2 For the analogue output, the signal shall vary corresponding to the measured result.
6.3 If the instrument has an analogue output, appropriate means for calibrating the external recorder shall be
provided.

6.4 A possible arrangement relating the status of the digital input signal to the d.c. output signal is given in
Table 2/0.162. This is appropriate to the first order multiplex when the instrument is used to monitor the frame
alignment signal When used as a code violation monitor (§ 3.4) the instrument shall give a d.c. output signal as
proposed in Table 3/0.162. The actual arrangement will depend upon the count period specified for the
instrument (see § 3.4.3).

6.5 For the digital output of the measurement result, where- provided, a parallel signal in binary coded decimal
(BCD) form with transistor-transistor logic (TTL) levels shall be used.

96 Fascicle IV.4 — ‘Rec. 0.162



71

TABLE 2/0.162

Status Deflection Tolerance
(mA or volts) { (mA or volts)
Input signal fail 0
Valid signal 5 +0.2
AIS ' 1 +0.2
Frame . 1.5 +0.2 .
Errors 21 in 103 ‘ » 2 . . x0.2
Errors 21 in 10 2.5 +0.2
Errors 21 in 105 ' 3 +0.2
Multiframe alarm ) 35 *+0.2
Distant alarm 7 : 4 -+0.2
Distant multiframe alarm . ] 4.5 +0.2
TABLE 3/0.162
Status Deflection Tolerance
(mA or volts) | (mA or volts)

. No signal 0

Valid signal 5 +0.2

Violation rate 3> 1 in 10° . 2 I o2

Violation rate >>1 in 10¢ 2.5 +0.2

Violation rate 2>1 in 105 . 3 : +0.2

Violation rate >1 in 106 3.5 +0.2

Single code violations 4 +0.2

Operating environment

The electrical performance requirements shall be met when operating at témperatures within the range of

+5°C to +40°C and relative humidity of 45% to 75% (see [6]).

(1]

(21
B3]
[4]

(51
(6]

References

CCITT Recommendation Characteristics of primary PCM multiplex equipment operating at 2048 kbit/s,
Vol. 111, Fascicle II1.3, Rec. G.732. .

CCITT Recommendation General aspects of interfaces, Vol. 111, Fascicle 111.3, Rec. G.703, § 6.
CCITT Recommendation General aspects of interfaces, Vol. 111, Fascicle 111.3, Rec. G.703.

CCITT Recommendation Characteristics of prtmary PCM multiplex equipment operarmg at 2048 kbit/s,
Vol. I11, Fascicle 111.3, Rec. G.732, § 2.5.

Ibid., § 4.2.3.
IEC Publication No. 359.

Fascicle 1IV.4 — Rec¢. 0.162 97



Recommendation O.171

SPECIFICATION FOR INSTRUMENTATION TO MEASURE
TIMING JITTER ON DIGITAL EQUIPMENT

1 Introduction

1.1 General

1.1.1 The instrumentation specified below will be used to measure timing jitter on digital equipment. This
instrumentation, which consists of a jitter measuring circuit and a test signal source, is shown in a general form in
Figure 1/0.171. While essential requirements are given for the instrumentation, the realization of the equipment
configuration is not covered and should be given careful consideration by the designer and user. An error ratio
meter may also be required for certain types of measurements.

Test signal source
l— - — - — - ——
Modulation source| !
(see Note) I
1

l External
modulation

Clock generator

_ji_
|
|
|
|
|
|
|
|
]

]
1
1
. ]
l External timing reference
1
1
1
'

Modulated 1 I
clock l ¢
' Data
Pattern generator )>—>{ Unit under test ———(—» Jmercrirr\::;urlng __( Agzltzﬂ:e
’ t G.703 [9] G.703 [9]
I J input port — output port orTT-38100

Note - The modulation source, to test to the series G.700 Recommendations, may be provided within the clock
generator and/or the pattern generator, or it may be provided separately.

FIGURE 1/0.171
Simplified block diagram for measuring timing jitter

1.1.2  Certain requirements in this specification are provisional and are still under study. These are individually
indicated. :

1.2 Interfaces

1.2.1 The instrumentation shall be capable of operating at one or more of the following bit rates and
corresponding interfaces. However, for all bit rates the signal applied to the input of the jitter measuring circuit
should be a nominal rectangular pulse. Other signal shapes may produce intersymbol interference thus affecting
measurement accuracy.

a) 1544 kbit/s corresponding to the Recommendation cited in (11
b) 6312 kbit/s corresponding to the Recommendation cited in [2];
C) 2048 kbit/s corresponding to. the Recommendation cited in [3];
d) 8448 kbit/s corresponding to the Recommendation cited in [4];
e) 32064 kbit/s corresponding to the Recommendation cited in [5];
f) 44 736 kbit/s corresponding to the Recommendation cited in [6];
g) 34368 kbit/s corresponding to the Recommendation cited in {7];
h) 139264 kbit/s corresponding to the Recommendation cited in [8].
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1.2.2  As an option the jitter measuring circuit shall be capable of measuring jitter at a clock output port when
such an access is provided on digital equipment.

13 Interface impedances

1.3.1 The jitter measuring circuit and signal source shall have a return loss better than 20 dB under the
conditions listed in Table 1/0.171.

TABLE 1/0.171

Return loss test conditions

?kiltzirtz;‘s(; Test condi}ions
1544 100 ohm nonreactive 20 kHz to 1.6 MHz
2048 75/120/130 ohm nonreactive 40 kHz to 2.5 MHz
6312 75/110 ohm nonreactive 100 kHz to 6.5 MHz
8448 75 ohm nonreactive 100 KHz to 10 MHz
32064 75 ohm nonreactive 500 kHz to 40 MHz
34368 75 ohm nonreactive 500 kHz to 40 MH:z
44736 75 ohm nonreactive 500 kHz to 50 MHz
139264 75 ohm nonreactive 7 MHz to 210 MHz

2 Test signal source

Tests of digital equipment may be made with either a jittered or a non-jittered digital signal. This will
require the pattern generator, clock generator and modulation source shown in Figure 1/0.171.

2.1 Modulation source

The modulation source, to test to the Series G.700 Recommendations, may be provided within the clock
generator and/or pattern generator or it may be provided separately.

2.2 Clock generator

2.2.1 It shall be possible to phase modulate the clock generator from the modulation source and to indicate the
peak-to-peak phase deviation of the modulated signal

The generated peak-to-peak jitter and the modulating frequencies shall meet the requirements -of
Figure 2/0.171 and Table 2/0.171.

222 The modulating input sensitivity of the clock generator shall be at least:
a) 2 volts peak-to-peak into 600 ohms for bit rates up to and including 8448 kbit/s,
b) 1 volt peak-to-peak into 75 ohms for bit rates up to and including 139 264 kbit/s.

2.2.3 The minimum output level of ‘the modulated clock signal and the external timing reference signal shall be
1 volt p-p into 75 ohms.

2.2.4  Accuracy of the clock generator

- Accuracy requirements are still under study.

Fascicle 1IV.4 — Rec. O.171 99



23

Amplitude of generated jitter

AZ
t - t f >
’ ’ Frequency ’ CCITT-381 7;
FIGURE 2/0.171
Generated jitter amplitude versus jitter frequency
TABLE 2/0.171
Generated jitter amplitude versus jitter frequency
Bit rate A, = Minimum value of generated A, = Minimum value of generated
(kbit/s) jitter from f; to f, jitter from f; to f,
1544 10.0 UI from 2 Hz to 200 Hz 05Ul from 4 kHzto 40kHz
2048 10.0 UI from 2 Hz to 2400 Hz 0.5 UI from 45 kHzto 100 kHz
6312 10.0 UI from 2 Hz to 1600 Hz 0.5 Ul from 32 kHzto 160 kHz
8448 10.0 UI from 2 Hz to 400 Hz 0.5 UI from 8.5 kHz to 400 kHz
32064 10.0 UI from 2 Hz to 1600 Hz 0.5UI from 32 kHzto 800 kHz
34368 10.0 UI from 2 Hz to 1000 Hz 0.5 Ul from 20 kHzto 800 kHz
44736 16.0 UI from 2 Hz to 3200 Hz 0.5 UI from 100 kHz to 4500 kHz
139264 10.0 UI from 2 Hz to 500 Hz 0.5 UI from 10 kHz to 3500 kHz
(1844?)) V 10.0 UI from 2 Hz to 10.7 kHz 0.5 UI from 200 kHz to 400 kHz
ow

Note 1 to Figure 2/0.171 and Table 2/0.171 — Amplitude of jitter specified as peak-to-peak value in unit

intervals (UI).

Note 2 to Figure 2/0.171 and Table 2/0.171 - f, lies between f, and f, (see Figure 3/0.171 and Table
3/0.171). It is not defined here since it is not significant in the context of the requirements of the clock

generator.

Pattern generator

following facilities.
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Note — When test signals are applied to the input of a digital demultiplexer, they must contain the frame
alignment signal and justitication control bits. Other measurement techniques are available which do not require
the addition of the frame alignment signal or justification control bits.

2.3.1  Patterns

The pattern generator shall be capable of providing the following patterns:

2.3.1.1 For use at digit rates of 1544 kbit/s, 2048 kbit/s, 6312 kbit/s, 8448 kbit/s, 32 064 kbit/s and 44 736 kbit/s,
a pseudo-random pattern of 2! — 1 bit length corresponding to Recommendation O.151, § 2.1.

Note — Longer pseudo-random patterns may be necessary for jitter measurements on digital line systems
and digital line sections [10].

2.3.1.2 For use at digit rates of 34 368 kbit/s and 139 264 kbit/s, a pseudo-random pattern of 22> — 1 bit length
corresponding to Recommendation O.151, § 2.2;

2.3.1.3 For use at all digit rates, a 1000 1000 repetitive pattern;
2.3.1.4 As an option and for use at all digit rates:

a) two freely programmable 8-bit patterns capable of being alternated at a low rate (e.g. from 10 Hz to
100 Hz),

b) a freely programmable 16-bit pattern.

2.3.2 Generation errors

The detailed specification of pattern generator parameters, to be compatible with the jitter measuring
circuit specification, is under study.

3 Jitter measuring circuit

3.1 . Input sensitivity

The jitter measuring circuit is required to operate satisfactorily under the following input conditions:
a) The specification for equipment output ports listed in Recommendation G.703 [9].

b) The jitter measuring circuit shall also be éapable of measuring at protected test points on digital
equipment. Therefore, an additional gain of 30 dB (40 dB) shall be provided to compensate for the .
flat loss at the monitoring points already provided on some equipment.

Note I — As an option for instrumentation operating at an interface of 1544 kbit/s (corresponding
to [1]) the additional gain, where provided, shall be 40 dB.

Note 2 — The influence of the additional gain of 40 dB and of frequency dependent cable loss on the
measurement accuracy is under study.

3.2 Measurement ranges

3.2.1  The jitter measuring circuit shall be capable of measuring peak-to-peak jitter. The measurement ranges to
be provided are to be optional but for reasons of compatibility the jitter amplitude/jitter frequency response of the
jitter measuring circuit shall meet the requirements of Figure 3/0.171 and Table 3/0.171 where f| to f; are the
frequencies defining the jitter frequencies to be measured.

3.2.2 When measuring peak-to-peak jitter it shall also be possible to count the number of occasions and the
period of time for which a given selectable threshold of jitter is exceeded. It shall be possible to record these
events by means of an external counter, or an internal counter as an option.

3.2.3 It shall be possnble to set the threshold of § 3.2.2 at any selected measurement value within the measuring
range of the jitter measuring circuit.

3.2.4 As an option, the jitter measuring circuit shall be capable of measuring r.m.s. jitter. In such cases it shall
be possible to measure 3.0 unit intervals (UI) at jitter frequencies up to f;, and 0.15 UI at jitter frequencnes from f;
to f, of Figure 3/0.171 and Table 3/0.171, the measurement ranges being optional.

3.2.5 Where the option in § 3.2.4 is not provided, the analogue output can be used to make r.m.s. measurements
with an external meter.
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Amplitude of measured jitter

A,
'1 '2 fJ fL
Frequency CCITT-38180
FIGURE 3/0.171 -
Measured jitter amplitude versus jiiter frequency
TABLE 3/0.171 )
Measured jitter amplitude versus jitter frequency
Bit rate A, = Maximum value of jitter A, = Maximum value of jitter
(kbit/s) to be measured from f; to f, to be measured from f; to f,
1544 10.0 UI from 10 Hz to 200 Hz 03 Ulfrom 7 kHzto 40kHz
2048 10.0 UI from 20-Hz to 2400 Hz 0.5 Ul from 45 kHzto 100 kHz
6312 10.0 UI from 10 Hz to 1600 Hz 0.5UI from 32 kHzto 160 kHz
8448 10.0 UI from 20 Hz to 400 Hz 0.5 UI from 8.5 kHzto 400 kHz
32064 10.0 UI from 60 Hz to 1600 Hz 0.5 UI from 32 kHzto 800 kHz
34368 10.0 UI from 100 Hz to 1000 Hz 0.5 UI from 20 kHzto 800 kHz
44736 16.0 UI from 10 Hz to 3200 Hz 0.5 UI from 100 kHz to 4500 kHz
139264 10.0 UI from 200 Hz to 500 Hz 0.5 UI from 10 kHz to 3500 kHz.
8448 10.0 UI from 20 Hz to 10.7 kHz 0.5 UI from 200 kHz to 400 kHz
(low Q)

Note to Figure 3/0.171 and Table 3/0.171 — Amplitude of jitter specified as peak-to-peak value in unit
»intervals (UI).

33 Measurement bandwidths

3.3.1  The basic jitter measuring circuit shall contain filters to band limit the jitter frequencies to be measured at
the various bit rates. Additional filters shall be provided to further limit the bandwidth for the measurement of
specified jitter spectra as defined in the Series G.700 Recommendations and for other uses. These additional filters
may be either internal or external to the jitter measuring circuit. The filters are to be connected between the phase
detector and the measuring device. The bandwidth of the jitter measuring circuit and the filters shall be in
accordance with Table 4/0.171.
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TABLE 4/0.171

Jitter measurement bandwidths and highpass filter cutoff frequencies

Jitter measurement bandwidth Additional .ﬁlters
3 dB point
Bit rate
(kbit/s) Jo /i % %
(lower 3 dB (upper 3 dB Highpass filter Highpass filter
point) point) No. 1 No. 2
(Hz) (Hz) (kHz) (kHz)
1554 2 10 40 < 80 10 Hz 8 kHz
) 700 Hz
. . <
2048 2 20 100 7 < 200 20 Hz 18 kHz
’ 10 Hz 24 kHz
6312 2 10 160 < 320 60 Hz 32 kHz
8448 - 3 kHz
) 2 20 400 < 800 20 Hz 80 kHz
32064 2 60 800 < 1600 60'Hz 160 kHz
34368 2 100 800 < 1600 100 Hz 10 kHz
44736 2 10 4500 < 9000 10 Hz 900 kHz
139264 2 200 3500 < 7000 200 Hz 10 kHz

Note I — The accuracy of the instrument is specified between frequencies £, and f,.

Note 2 — Two values are specified for highpass filter No. 1 at 6312 kbit/s and highpass filter No. 2 at 2048 kbit/s, 6312 kbit/s and 8448 kbit/s.

3.3.2  Frequency response of jitter measuring circuit and filters
The response of all filters within the passband shall be such that the accuracy requirements of the jitter
measuring circuit are met.

At frequencies below the lower 3-dB point, the attenuation of the highpass filtration shall rise with a value
greater than, or equal to, 20 dB per decade.

At frequencies above the upper 3-dB point the attenuation of the lowpass filtration shall rise with a value
greater than, or equal to, 60 dB per decade.

However, the maximum attenuation of the filters shall be at least 60 dB.

Note — The effect of nonsinusoidal jitter on the requirements for the filters is still under study.

3.4 Measurement accuracy

341 General

The measuring accuracy of the jitter measuring circuit is dependent upon several factors such as fixed
intrinsic error, frequency response and pattern depending error of the internal reference timing circuits. In
addition there is an error which is a function of the actual reading.

The total error at 1-kHz jitter frequency (excluding the error due to frequency response) shall be less than
+ 5% of reading £ X £ Y

where X is the fixed error of Table 5/0.171 and Y an error of 0.01 UI p-p (0.002 UI . .) which applies if internal
timing extraction is used.

3.4.2  Fixed error

For the system bit rates and for the indicated test sequences the fixed error of the jitter measuring circuit
shall be as listed in Table 5/0.171 when measured at any jitter frequency between /, and f, of Figure 3/0.171.
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TABLE 5/0.171

Fixed error in jitter measurements

Jitter in UI for given patterns
?k“‘)l’t‘,“s‘)’ 1000 1000 215—1 PRBS? ' 223-1PRBS? Clock input
p-p r.m.s. p-p ° rm.s. p-p r.m.s. p-p r.m.s.
1544 < 0.005 < 0.002 < 0.025 < 0.004 < 0.004 < 0.001
2048 < 0.005 < 0.002 < 0.025 < 0.004 < 0.004 < 0.001
6312 < 0.005 < 0.002 < 0.025 < 0.004 < 0.004 < 0.001
48448 < 0.005 < 0.002 < 0.025 < 0.004 . < 0.004 < 0.001
32064 Under study _
34368 < 0.025 <0.01 < 0.055 <0.015 ‘ < 0.02 < 0.01
44736 Under study
139264 <0.03 < 0.015 ‘ <0085 | <002 | <0.025 <0.015

¥ The pseudo-random binary sequence (PRBS) test pattern shall be encoded to suit the systemunder test, e.g. HDB3 at 2048 kbit/s.

3.43  Error at other frequencies

At jitter frequencies between f; and f; other than 1 kHz, the error additional to that defined in § 3.4.1
above shall be as listed in Table 6/0.171.

Note — The limits of measuring accuracy of the jitter measuring circuit given in § 3.4 are provisional and
are still under study.

TABLE 6/0.171

Frequency response error

Measurement bandwidth

Bit rate Additional error referring to error
(kbit/s) 7, £, at 1 kHz .
: (Hz) (kHz)
1544 10 40 * 4% f, to 1 kHz; + 2% to f,
2048 20 100 +2%f, to f,
6312 10 160 + 4% f, to | kHz; = 2% to f,
' + 2% f, to 300 kHz
8448 20 400 + 3% 300 kHz to £,
320064 60 800 =+ 2% 60 Hz to 300 kHz"
. 34368 100 800 =+ 3% 300 kHz to f;
+ 4% 10 Hz to 200 Hz
44736 10 4500 + 2% 200 Hz to 300 kHz
+ 3% 300 kHz to 1 MHz
. + 5% 1 MHz to 3 MHz
139264 200 ] 3500 +10% > 3 MHz
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3.5.1

Additional facilities

Analogue output

The jitter measuring circuit shall provide, after filtration, an analogue output signal to enable measure-

ments to be made externally to the jitter measuring circuit.

3.5.2

Reference timing signal

A reference timing signal for the phase detector is required. For end-to-end measurements it may be

derived in the jitter measuring circuit from any input pattern. For loop-measurements it may be derived from a
suitable clock source.

4

Operating environment

The electrical performance requirements shall be met when operating at temperatures within the

range +5°C to +40 °C and relative humidity of 45% to 75% (see [11]).

(1]
(2]
131
[4]
Bl
- 6]
(71
(8]
9
[10]

[t1]
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PART II

SUPPLEMENTS TO SERIES O RECOMMENDATIONS

(Section 3 of the Supplements to Series M, N and O Recommendations)
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3 Measuring equipment specifications

Supplement No. 3.1

MEASURING INSTRUMENT REQUIREMENTS.
SINUSOIDAL SIGNAL GENERATORS AND LEVEL-MEASURING INSTRUMENTS

~(For this Supplement, see page 530, Volume 1V.2 of the Green Book)

Supplement No. 3.2

NOISE MEASURING INSTRUMENTS FOR TELECOMMUNICATION CIRCUITS

(For this Supplement, see page 534, Volume IV.2 of the Green Book)

Suppliement No. 3.3

PRINCIPAL CHARACTERISTICS QF VOLUME INDICATORS

(For this Supplement, see page 548, Volume IV.2 of the Green Book)

Supplement No. 3.4

CONSIDERATION OF INTERWORKING BETWEEN DIFFERENT
yh
DESIGNS OF APPARATUS FOR MEASURING QUANTIFYING DISTORTION

(For this Supplement, see page 85, Volume IV.1 of the Orange Book)

Supplement No. 3.5

TEST FREQUENCIES ON CIRCUITS ROUTED OVER PCM SYSTEMS

1 Introduction

It should be noted that small errors in level measurement can arise on circuits routed over PCM systems
where the test frequency is a submultiple of the PCM sampling rate. The magnitude of this error has a theoretical
maximum of =+ 0.15 dB at 800 Hz on systems with a sampling rate of 8000 Hz employing 8-bit coding V. The

error at 1000 Hz will be slightly greater since the error increases as the test frequency approaches the PCM
sampling rate. '

D 1t should be noted that some PCM systems used by Administrations in the international network (e.g. Recommenda-

tion M._675 [1], SPADE) employ 7-bit coding. In this case the theoretical maximum error will be + 0.3 dB.
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Studies within Study Group IV during the Study Period 1973-1976 confirmed that no significant problems
in maintenance had been encountered due to this effect and therefore any retrospective action to modify existing
tests or test equipment was unnecessary.-

However, Study Group IV felt that in the future it would be prudent, where possible, to avoid
submultiples of the PCM sampling rate for any new tests or test equipment to be included in the CCITT
Recommendations and expressed a preference for the choice of an offset of 20 Hz (i.e., reference test frequencies
" of 820 or 1020 Hz). The studies revealed that some Administrations already employed reference test frequencies
offset from the nominal 800 or 1000 Hz by varying amounts but within the ranges 804-860 Hz and 1004-1020 Hz.

2 Considerations for new measuring equipment specifications

The following should be considered for new measuring equipment specifications in the Series O Recom-
mendations:

i) Measuring circuits or instruments which utilize the reference test frequencies should provide, if
possible, for measurement of any frequencies w1th1n the nominal ranges 800-860 Hz and/or
1000-1020 Hz.

il) The nominal values of 820 Hz and/or 1020 Hz are preferred for test frequency generating circuits or
instruments that provide reference test frequencies. The specified frequency tolerance should be
established bearing in mind the needs of the particular test concerned and so as to avoid submultiples
of the PCM sampling rate. ' '

Reference

[1] CCITT Recommendation Lining up and maintaining international demand assignment circuits (SPADE)
Vol. 1V, Fascicle V.1, Rec. M.675. :
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