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SEC T IO N  1

SPECIFICATIONS FOR ANALOGUE-TYPE M EASUREM ENT EQ UIPM ENT

Recommendation 0 .11

SPECIFICATIONS FOR MANUAL MAINTENANCE ACCESS LINES

1 General

1.1 Introduction

In order to m ore effectively carry out m anual m aintenance o f in te rnational circuits in an  au tom atic 
telephone netw ork, the follow ing in ternational m anual m aintenance access lines are recom m ended:

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

b) a m aintenance test position  or console access line w ith m ultiple access codes for bo th  voice 
com m unications a n d /o r  circuit testing;

c) a test line to term inate the Echo Suppressor Testing System (ESTS) (see R ecom m endation 0.141) 
responder; and

d) a loop test line with an initial to n e /q u ie t term ination  interval.

These test lines should be provided as m odular units so that each A dm inistration  m ay choose the num ber 
o f each type it wishes to install at a given centre.

1.2 Quiet termination test line

The quiet term ination  test line is a dialable test line that initially returns a nom inal 1020 Hz (or 820 Hz), 
— lOdBm O tone for 13 to 15 seconds. After the initial tone period, the test line should present a balanced 
600-ohm term ination  to sim ulate the nom inal exchange im pedance. This quiet term ination  should rem ain 
connected until the calling party  disconnects. This dialable test line is in tended to allow  one-m an m anual 1-way 
loss, 1-way noise (or noise with tone) m easurem ents and im pulse noise checks on any circuit from  the d istant 
switching centre.

1.3 Test an d /o r communications access line

The test a n d /o r  com m unications access line is a dialable access line in tended to be located at the circuit 
m aintenance test position o r test console location associated with the in te rnational sw itching centres. These access 
lines are expected to be used for voice com m unications between the circuit m ain tenance personnel at the 
appropria te  m aintenance elem ents and  as a test access po in t to m ake a variety o f m anual transm ission tests. These 
access lines are potential facilities as a fault report point (circuit) or fault report po in t (netw ork) a n d /o r  testing 
p o in t (transm ission).
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Separate access codes will be allocated for each o f  the access line types described below. This is to ensure
th a t if  an A dm inistration  wishes to  separate the various m ain tenance functions (i.e. transm ission testing, switching
testing and  fault reports) it can do so. These allocations should  not, however, stop those A dm inistrations that wish
to com bine one or m ore o f  the functions, using a single access code.

1.3.1 Transmission access test lines

The transm ission access test line is a dialable test line in tended  to be located at the circuit m aintenance test 
position  o r test console location associated w ith the in te rnational switching centres. These test lines are expected to 
be used as a test access po in t to  m ake a variety o f  m anual transm ission tests. They m ay also be used for voice 
com m unication purposes associated w ith the circuit testing.

The proposed dialling p lan  for these test lines enables a particu lar test position or console to be selected 
when the d istan t switching centre is equipped for this type o f dialling  access. If  the norm al test position num ber 
(access code) is busy, it is expected that the call should route to  an idle test position num ber via a hunting group. 
G enerally , the allocation o f access codes should allow the digits 21 (see § 2.4.2) to cause the incom ing test line call 
to  route to  the test position or m aintenance console norm ally  assigned to  the particu lar circuit group over which 
the incom ing call originated. Then the use o f digits 22 to  29 (non C C IT T  No. 6 signalling) w ould allow the 
m ain tenance personnel to m ake a test line call to  a specific test position  or m aintenance console at the distant 
location. This will allow both  flexibility in assigning the test positions and  consoles, and m ay also relieve the need 
for all test positions or consoles to  be equipped  w ith the sam e test equipm ent.

1.3.2 Other test an d /o r communication lines

A requirem ent exists for the provision o f lines for m anual switching and  signalling tests and for the 
provision o f facilities for a fault report (circuit) or a fault report (network). Codes will be allocated to these lines 
when the requirem ents are fully defined.

1.4 Echo suppressor test line

The echo suppressor test line is a dialable 4-wire test line intended to term inate the Echo Suppressor 
Testing System (ESTS) (see R ecom m endation 0 .141) responder on  an  in ternational switching centre. This test line 
will allow  the m aintenance personnel at the d istan t sw itching centre using the ESTS director equipm ent to m ake 
one-m an sem iautom atic 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 nom inal 1020 Hz (or 820 Hz), 
— lOdBm O tone for 13 to 15 seconds. A fter the initial tone period, the test line should present a balanced 
600-ohm term ination  to the “ R E T U R N ” direction for the next 13 to 15 seconds. The “G O ” direction should also 
be term inated  in a 600-ohm balanced term ination  during both  these first two intervals.

A fter the second interval, the 600-ohm term inations should be disconnected. Finally, the “G O ” and the 
“ R E T U R N ” directions should be connected (looped around) in the test responder at the correct level until 
released by the calling station.

The in tent o f this test facility is to provide a one-m an m anual m eans o f perform ing fast transm ission tests 
(level and noise) in both directions. It will also allow seizure and  rap id  testing by an au tom atic device at the 
calling station.

2 Method of access

2.1 In general, access arrangem ents should conform  to the R ecom m endation cited in [1]).

2.2 Access to the test lines at the incom ing in ternational exchange will be gained via the norm al exchange 
sw itching equipm ent on a 4-wire basis on all incom ing and  both-w ay circuits.

2.3 The wiring loss bu ild -ou t arrangem ents for the test lines should conform  to the R ecom m endation cited 
in [2],
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2.4 Address information

2.4.1 Address information sequence

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

i) C C IT T  Signalling System  No. 4

a) terminal seizing signal

b) code 13

c) code 12

d) digit 0

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

0 code 15

ii) C C IT T  Signalling System  No. 5

a) KP1

b) digit 7 (nonallocated  language digit)

c) code 12

d) _ digit 0

e) two digits associated with the particu lar in ternational test line type to  be accessed (see § 2.4.2 
below)

0  ST

iii) C C IT T  Signalling System  No. 6

The initial address message form at for access to testing devices is given in R ecom m endations Q.258 [3] 
and  Q.259 [4]. The X digit allocation should be as follows:

a) 3 (quiet term ination  test line)

b) 4 (echo suppressor test line)

c) 5 (loop-around  test line)

d) 6, 7 and 8 (transm ission access test line)

In System No. 6, the bits o f the access codes (bit pattern) sent on  the line need not be identical with
the actual access code num ber used by the m aintenance staff. As System No. 6 will m ainly be used
together with SPC exchanges, it will be possible to  translate  any access code in to  an app rop ria te  bit 
pattern.

iv) C C IT T  Signalling System  R I

a) KP

b) digits to  be agreed upon  between the A dm inistrations concerned

c) ST

v) C C IT T  Signalling System  R2

a) test call indicator

b) code 1-13

c) two digits associated with the particular in ternational test line type to  be accessed (see § 2.4.2
below)

d) code 1-15 (on request)

2.4.2 Test line codes fo r  C C IT T  Signalling System s Nos. 4, 5 and R2

i) quiet term in ation ....................................................................................................................................................... 64

ii) echo suppressor.......................................................    65

iii) loop -arou n d .....................................................................  66

iv) multiple address capability for transmission access test l i n e ..................................................................... 21-29
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3 Specifications for the test line apparatus

The follow ing specifications apply  over a tem perature range o f + 5  °C  to  + 5 0  °C.

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

a) The nom inal tone source frequency should fall w ithin either 804 to 820 Hz or 1004 or 1020 Hz. The
tone source frequency including tone source stability and  aging should rem ain w ithin either 802 to
825 Hz or 1002 to  1025 Hz.

b) Purity o f ou tpu t: ratio  o f to ta l ou tpu t to unw anted  signal at least 50 dB.

c) Long-term  level stability: ±  0.03 dB.

3.2 Transmitted level and  tim ing intervals (quiet term ination  and  loop-around  test lines)

a) The test tone level to be transm itted  should be —10 dBmO ±  0.1 dB.

b) Tone interval for quiet term ination  test line: 14 s ±  1.0 s. Tone and  quiet term ination  intervals for the
loop-around test line: 14 s ±  1.0 s.

3.3 Impedance

a) 600 ohm s, 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

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

b) ±  0.5 dB from  300 to 3000 Hz (transm ission access test line).

3.6 Loop-around test line level adjustm ent

The loop-around test line equipm ent shall provide the p roper bu ildout (loss or gain) in the loop-around 
m easurem ent path  to adjust its level to w ithin ±  0.1 dB o f the required nom inal value. The required nom inal 
value should be determ ined using R ecom m endation M.640 [5] and the reference level points at which the 
loop-around  test line is em ployed.

4 Signalling system test line test sequence

4.1 Circuit seizure

W hen an outgoing circuit is to be seized and  connected at the d istan t end to  one o f the in ternational test 
lines, the appropriate  address in form ation  is transm itted  in accordance with the specification for the signalling 
system in use (see § 2.4 above).

4.2 Test line answer

W hen access is gained to  the test line equipm ent, the answer signal (answer, no  charge if  System N o. 6)
will be transm itted . If  the test line is occupied, a busy indication  should be returned to the originating  end in
accordance with the norm al signalling for the circuit and  for the address concerned.

4.3 Test line not equipped

W hen a test line call is received at a sw itching centre no t equipped to handle that type o f test call, the 
called sw itching centre should respond with the standard  “unallocated  num ber” signal where available for the 
signalling system em ployed.
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Recommendation 0 .21

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

The details o f the specification for A TM E No. 1 are given in R ecom m endation 0.21 in Volum e IV. 1 o f the 
Green Book, G eneva, 1973. A TM E No. 1 was originally intended as an equipm ent fo r field tria l purposes. This 
field trial has been com pleted and has led to the developm ent o f the specification for A TM E No. 2 which is given 
in R ecom m endation 0 .22  o f this fascicle.

Recommendation 0 .2 2

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

1 General

The C C IT T  autom atic transm ission m easuring and signalling testing equipm ent (A TM E No. 2) is intended 
to m ake transm ission m easurem ents and signalling system functional tests 2) on all categories o f  in ternational 
circuits term inating in exchanges with 4-wire switching.

The ATM E No. 2 will consist o f two parts, nam ely:

1) directing equipm ent at the outgoing end, and

2) responding equipm ent at the incom ing end.

The responding equipm ent will be available in the following form s:

a) a signalling system functional testing and  transm ission m easuring device (Type a),

b) a signalling system functional testing device (Type b ) 3).

It is no t 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 m ust be established using an app rop ria te  test code. 
A rrangem ents will therefore be provided to force the transm ission o f the busy flash signal over the circuit under 
test by the incom ing in ternational exchange equipm ent. This may be carried ou t by exam ination  o f the test code 
in the exchange equipm ent or by the provision o f a separate responding equipm ent. The busy flash signal should 
be transm itted  as the result o f a sim ulation o f exchange or circuit congestion. For the purposes o f this 
specification, the equipm ent providing this busy test arrangem ent shall be referred to  as responding  equipm ent 
Type c.

The text o f this R ecom m endation has been established under the responsibility  o f Study G roups IV and  XI. Any 
m odification to this text m ust be subm itted for approval to these Study G roups.

2) The concept o f functional texts excludes m arginal testing.

3) The C C IT T  directs the a tten tion  o f  A dm inistrations to the advantages o f p rov id ing  sufficient signalling system functional
testing devices (Type b) to perm it several signalling system functional tests to be conducted  sim ultaneously  and  to perm it 
signalling system functional tests to be conducted  m ore frequently  than  transm ission  tests. (For the app lication  o f ATM E 
No. 2, see R ecom m endation M.150 [1].)
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R esponding equipm ent Type a is always required. Type b is op tional; when used in addition  to Type a, it 
is expected to  provide an  econom ical m eans for m aking m ore frequent signalling tests w ithout occupying the 
transm ission  m easuring equipm ent. Type c responding equipm ent is required in cases when the signalling system 
used on the circuits to  be tested provides a busy flash line signal.

F or both-w ay circuits, d irecting and  responding equipm ents are required at bo th  ends for m aking 
signalling system functional tests. F or transm ission m easurem ents over both-w ay circuits, the outgoing end is 
norm ally  that which is the responsibility  o f  the control station , and  the incom ing end is tha t which is the 
responsibility  o f the sub-control station. H ow ever, these m ay be interchanged by m utual agreem ent.

The equipm ent shall be o f m odular construction in o rder tha t only those features desired by the using 
A dm inistra tions need be included. The present specification already takes account o f operating  over circuits using 
C C IT T  Signalling Systems Nos. 3, 4, 6, R1 and  R2. It is believed tha t it m ay also ultim ately be possible to use it 
over circuits em ploying o ther types o f  signalling systems.

Results o f m easurem ents shall be recorded only at the outgoing end, that is by the directing equipm ent. 
How ever, arrangem ents can be m ade by the A dm inistrations or operating  agencies involved to send the results o f 
the m easurem ents to the A dm inistrations in charge o f the incom ing end and  other points as desired, by m utually 
acceptable means.

2 Kinds of measurements and tests

Transm ission m easurem ents o f  the follow ing kinds will be m ade in both directions o f transm ission:

a) absolute pow er level m easurem ent at 800 (or 1000) Hz;

b) absolute pow er level m easurem ent at 400, 800 (or 1000) and  2800 Hz (loss/frequency distortion);

c) noise m easurem ents.

In addition  to  tests o f the norm al signalling functions required in the process o f setting up  the test call,
line signals such as the follow ing will also be tested:

— clear back,

— forw ard transfer,

— busy flash (this requires a separate test call).

The equipm ent will be designed in such a way tha t further m easurem ents and  tests can be incorporated  at 
a later date.

3 Equipment for making transmission measurements and processing the results

The directing and  responding equipm ents shall each be provided with features for m aking absolute pow er 
level and  noise m easurem ents, as described below. In addition , the d irecting equipm ent shall have the capability 
o f  receiving the results o f  the m easurem ents m ade by both the directing and  responding equipm ents, m aking the 
necessary adjustm ents to  these results, as discussed below , and  converting the results to  the p roper form  for 
transm ission to the ou tpu t device. The ou tpu t device is also considered to  be part o f the directing equipm ent.

3.1 Absolute power level m easurements

3.1.1 Sending end

At the access po in t at the input to  the path  to be m easured there will be connected a sending equipment 
which will send a tone o f the app rop ria te  frequency and  level as specified in §§ 6.3 and  8.1 below.

3.1.2 M easuring end

At the access po in t at the ou tpu t from  the path to  be m easured there will be connected a m easuring device
whose specifications are given in §§ 6.3 and  8.1 below.

The m easuring device shall provide results in the form  o f a deviation, expressed in dB, from  the nom inal 
absolute pow er level o f the circuit at the virtual switching poin t at the receiving end. This assum es that for the 
respond ing  equipm ent (see § 3.3 below), the relative level at the receiving end virtual sw itching p o in t is —4 dBr. A
level higher than  nom inal shall be indicated  as positive “ +  ” and  a level lower than nom inal shall be indicated as
negative “ — ”. The transm ission param eters o f  the switched access path between the virtual sw itching po in t and 
the m easuring device shall be allow ed for (see the R ecom m endation cited in [2]).
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If  the equipm ent is capable o f  detecting an in terrup tion  or a condition  o f  instability  experienced during  a 
m easurem ent (see § 10.5 below) the result shall be indicated as shown in Table 3 /0 .2 2 .

3.2 Noise measurements

3.2.1 Sending end

At the access po in t at the input to the path to be m easured there will be connected  a 600-ohm s term inating  
resistance or a TASI locking tone in accordance with §§ 6.4.19 or 6.4.20 and  8.3 below.

3.2.2 M easuring end

At the access po in t at the ou tput from  the path  to be m easured, there will be connected a noise m easuring 
device whose specifications are given in § 8.2 below.

The noise m easuring device shall provide results in term s o f absolute pow er level w ith psophom etric
weighting referred to 0 level (dBmOp) assum ing for the responding equipm ent tha t the relative level at the
receiving end virtual switching poin t is —4 dBr (see § 3.3 below). The transm ission param eters o f the switched 
access path between the virtual switching po in t and  the noise m easuring device shall be allow ed for (see the 
R ecom m endation cited in [2]).

3.3 A djustm ent o f  results

Circuits that may be used in in ternational transit connections are operated  with a nom inal loss o f 0.5 dB, 
that is, the relative level at the receiving virtual switching po in t is —4.0 dBr. However, circuits which are not 
in tended to be used in in ternational transit connections may be operated with nom inal losses greater than  0.5 dB 
(see the R ecom m endation cited in [3]).

The results o f m easurem ent o f absolute pow er level deviations and  noise sent by the responding  equipm ent
to the directing end will assum e a —4.0 dBr virtual switching po in t for all circuits. Thus, a m easured value
corresponding to —5.0 dBm at the virtual switching po in t will always be transm itted  to the directing equipm ent as 
a deviation o f —1.0 dB. W here a circuit is operated with a nom inal loss greater than 0.5 dB, i.e. the actual relative 
level at the virtual switching po in t is m ore negative than  —4.0 dBr, the d irecting equipm ent shall apply the 
app rop ria te  correction to the results o f the m easurem ent o f absolute pow er level deviation and  noise received from  
the responding equipm ent.

3.4 Output

The outpu t shall be recorded by suitable m eans, to be decided by the A dm inistra tion  concerned. For 
absolute pow er level m easurem ents at 800 (or 1000) Hz the results shall be presented, with the app rop ria te  
algebraic sign, as deviations from  the nom inal absolute pow er level at the virtual sw itching point. The results o f 
m easurem ents at 400 and 2800 Hz shall be presented as deviations from  the m easured absolute pow er level at 800 
(or 1000) Hz. Results o f noise m easurem ents shall be expressed in dBm referred to 0 level (dBmOp).

An exam ple is given in Table 1 /0 .2 2  below for m easurem ents m ade by the responding equipm ent.

TABLE 1 /0 .22

Frequencies

Absolute power level 
at the receiving 

virtual switching 
point at 

responding equipm ent

Deviation transmitted 
from responding 

equipm ent to directing 
equipm ent (a relative 
level o f -4 .0  dBr at 
the virtual switching 

point is assumed)

Presentation

For circuit 
with nominal 
loss o f 0.5 dB

For circuit 
with nominal 

loss other 
than 0.5 dB, 

say 1.5 dB

800 Hz -3 .7  dBm +0.3 dB +0.3 + 1.3
400 Hz -4 .4  dBm -0 .4  dB -0 .7 -0 .7

2800 Hz -4 .6  dBm -0 .6  dB -0 .9 -0 .9

Absolute noise power at receiving Value transm itted from
virtual switching point at responding responding equipm ent to

equipment directing equipm ent (a
relative level o f -4 .0  dBr

at the virtual switching
point is assumed)

-4 6  dBm - 4 2  dBmOp - 4 2 -4 1
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D istinct ind ications will be given under the follow ing conditions:

a) the absolute pow er level deviation  exceeds the assigned m aintenance lim it;

b) the noise pow er value is outside the assigned m ain tenance lim it;

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

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

e) failure to com plete the test call;

f) failure to  meet the requirem ents o f the signalling tests.

In cases e) and  f) the po in t in the program m e at which a given failure occurs should be indicated.

The form  that the ou tpu t should take has not been specified, and  in ternational agreem ent on this po in t 
does not appear to be necessary, except concerning the follow ing p rin tou t conventions (see Table 3 /0 .2 2  
and  § 10.5 below):

Absolute pow er level o r noise pow er too  high to be m easured . .  .................................................  +  +  +
(prin tou t in terpretation  o f three C ode 11 signals)

A bsolute pow er level o r noise pow er too  low to be m e a su re d ............................................................... — — —
(prin tou t in terpretation  o f three Code 12 signals)

In terrup tion  in m easurem ent tone during absolute pow er level m e a s u re m e n ts ................. 9XX or 7XX 4)

Instability  during absolute pow er level m e a s u re m e n ts ................................................................  8XX or 6XX 4)

It should be noted tha t when an in terrup tion  and  instability  are bo th  detected during a pow er level 
m easurem ent only the in terrup tion  will be recorded in the p rin tou t and no indication o f the instability will be 
given (see § 10.5 below).

If  directed by the input program m e, the date and  tim e (to the nearest m inute) shall be recorded.

The possibility shall be included to provide a com plete record o f the results o f all m easurem ents and 
signalling tests and the identification o f all circuits which could not be m easured or tested because the circuit was 
occupied or because the responding equipm ent could not be reached. A different indication shall be given for each 
o f  the latter two categories.

In addition  a shortened record should be ob tainable which om its in form ation concerning circuits which 
were w ithin m aintenance limits and on which no instability or in terrup tion  was indicated.

3.5 Rem easurem ent and retest arrangements

A rrangem ents are required to provide an input data record for circuits which were occupied on initial 
m easurem ent or test and for circuits on which the responding equipm ent could not be reached. This input data 
record should be capable o f expansion to  include all circuits except those which are found to be within 
m ain tenance lim its and on which no instability or in terrup tion  was indicated. The input data  record shall be in 
such a form  tha t it may be used to control the directing equipm ent so as to perm it the reexam ination  of these 
circuits in any grouping as desired by the using A dm inistration.

4 Method of access

4.1 In general, access arrangem ents will conform  to the R ecom m endation cited in [4].

4.2 Outgoing international exchange

Access to the circuit for test at the outgoing in ternational exchange will be on a 4-wire basis as shown in
Figure 1 /0 .2 2  such that:

a) all line signalling equipm ent to be tested is included,

b) as much as possible o f the in ternational circuit will be m easured, in accordance with R ecom m enda­
tion M.640 [5].

XX represents the results o f the m easurem ent.
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Station A  (outgoing) Station B (incoming)

N ote  -  The connection between the directing equipm ent and the international circuit should be such that all line signalling 
equipm ent is included and allows as much as possible o f the international circuit to  be measured. The connection at the incoming 
international exchange between the international circuit and the responding equipm ent is made using the normal exchange switching 
equipm ent. 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

4.3 Incoming international exchange

Access to the responding equipm ents at the incom ing in ternational exchange will be gained via the norm al 
exchange switching equipm ent on a 4-wire basis as shown in Figure 1 /0 .22 .

4.4 Address information

The following address in form ation will be used to gain access to the responding  equipm ents at the 
incom ing in ternational exchange.

4.4.1 Address information sequence

4.4.1.1 C C IT T  Signalling System s Nos. 3 and 4

a) term inal seizing signal,

b) code 13,

c) code 12,

d) digit 0,

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

0 code 15.

4.4.1.2 C C IT T  Signalling System  No. 5

a) KP1, '

b) digit 7 (non-allocated language digit),

c) code 12,

d) digit 0,

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

0  ST.
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4.4.1.3 C C IT T  Signalling System  No. 6

The initial address message fo rm at for access to testing devices is given in R ecom m endations Q.258 [6]
and  Q.295 [7].

The X digit allocation should be as follows:

a) signalling system testing an d  transm ission m easuring device (called Type a ) ...................................... 1

b) signalling system testing device (called Type b) 5 ) ...........................................................................................  2

4.4.1.4 C C IT T  Signalling System  R1

a) KP,

b) digits to be agreed upon  between the A dm inistrations concerned,

c) ST.

4.4.1.5 C C IT T  Signalling System  R2

a) test call indicator,

b) code 1-13 (call to au tom atic test equipm ent),

c) two digits which will be associated with the particu lar testing o r m easuring device,

d) code 1-15 (end-of-pulsing).

4.4.2 Test codes fo r  C C IT T  Signalling System s Nos. 3, 4, 5 and  R2

i) signalling system testing and  transm ission device, called Type a ........................................................  61

ii) signalling system testing device, called Type b   62 5)

iii) signalling system busy fla sh  signal testing, called Type c .............................................................. 63
(except in system R2).

5 Operating principles

It shall be possible to  perform  any one, two or m ore o f the m easurem ents and tests m entioned in 
§ 2 above on the same circuit under the control o f the directing equipm ent w ithout releasing the connection except 
when the busy flash test is perform ed.

5.1 W hen the directing equipm ent has indicated to the responding equipm ent the k ind o f m easurem ent to be
m ade, the m esurem ent is first m ade at the directing equipm ent with the responding equipm ent sending a
m easurem ent tone or providing a 600-ohm term ination. The directing equipm ent then sends the m easurem ent tone 
o r provides a 600-ohm term ination  while the responding equipm ent m akes the m easurem ent.

5.2 D irecting equipm ent which has access to circuits equipped with echo suppressors must be provided with 
arrangem ents to transm it the echo suppressor disabling tone specified in § 8.3 below. A rrangem ents m ust be 
included  in the directing equipm ent to provide for the transm ission o f this tone only on circuits equipped with 
echo suppressors. These features m ay be om itted in equipm ents which do not have access to such circuits, but 
provision  m ust be m ade to  add them when required.

5.3 D irecting and responding equipm ent which has access to circuits on routes incorporating  a TASI system, 
o r to  circuits equipped with echo suppressors, must be provided with m eans for transm itting  the TASI locking 
tone as specified in § 8.3 below. M eans are required in the directing equipm ent to transm it this tone only on such 
routes or circuits. If  these features are not provided initially, arrangem ents m ust be m ade so that they can be 
added  when required.

6 Signalling system testing and transmission measuring procedure

6.1 Establishment o f  connection and signalling test sequence

6.1.1 W hen the outgoing circuit is seized, the appropria te  address in form ation  is transm itted  in accordance with 
the specification for the signalling system in use (see § 4.4 above).

If  a Type b device is not p rovided in an exchange it should be possible to gain access to  the Type a device using the code 
prov ided  for the signalling system testing device Type b.
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6.1.2 W hen access is gained to the responding equipm ent, the answ er signal (answ er, no  charge in S ignalling 
System No. 6) will be transm itted. If  the responding equipm ent is occupied, a busy ind ication  will be returned  to 
the directing equipm ent in accordance with norm al signalling arrangem ents for the circuit and  for the access 
arrangem ents concerned. I f  the busy indication  is received, this will be recorded by the directing equipm ent and 
the circuit released. (See § 3.4 above.)

6.1.3 If  no signal is received by the d irecting equipm ent w ithin 15 ±  5 seconds o f transm ission  o f the address 
in form ation, then a fault will be recorded and  the circuit released.

6.1.4 W hen the indication  that the answ er signal has been received is passed to  the directing  equipm ent and
transm ission m easurem ents are desired with a responding equipm ent Type a, transm ission m easurem ent cycles 
m ay take place as described in § 6.4 below. These cycles will end with the end o f  transmission measuring  
programme signal (C ode 15) transm itted  by the directing equipm ent, follow ed by the acknow ledgem ent signal 
(Code 13) transm itted  by the responding equipm ent in accordance with the norm al responding  sequence.

6.1.5 W hen the indication  tha t the answer signal has been received is passed to  the directing equipm ent and
transm ission m easurem ents are not desired, o r if  the responding equipm ent is o f Type b, o r if  the transm ission 
m easurem ent cycles have been com pleted and  a com plete signalling functional test is required , the directing 
equipm ent will transm it the forw ard transfer signal, o r if  this signal is not provided , the C ode 11 signal.

W here the forw ard transfer signal is part o f the signalling system it should  be used by the directing 
equipm ent to initiate the com plete signalling function test 6).

a) Forward transfer signal provided

If  transm ission m easurem ents have been m ade, a forw ard transfer signal will be in itiated  by the 
directing equipm ent 500 ±  100 ms after the end o f the transm ission  m easuring program m e signal. If  
transm ission m easurem ents have not been m ade or if Type b equipm ent is used, the transm ission o f 
the forw ard transfer signal will be initiated by the d irecting equipm ent 500 ±  100 ms after the 
indication  tha t the answer signal has been received is passed to  the directing e q u ip m e n t7). These 
sequences apply to circuits fitted or no t fitted with echo suppressors.

b) Forward transfer signal not provided

If  transm ission m easurem ents have been m ade the Code 11 signal will be transm itted  after the end o f 
the transm ission m easuring program m e signal. The directing equipm ent will transm it the TASI locking 
tone between the Code 15 and  C ode 11 signals on circuits equ ipped  w ith echo suppressors to ensure 
that they rem ain disabled. W hen the acknow ledgem ent to  the C ode 15 signal is recognized by the 
directing equipm ent the Code 15 com m and signal will be d isconnected and  the TASI locking tone will 
be connected w ithin 60 ms. W hen the end o f the com m and acknow ledgem ent signal is recognized by 
the directing equipm ent the TASI locking tone will be rem oved and  the C ode 11 com m and signal will 
be connected 55 ±  5 ms after the disconnection o f the TASI locking tone. If  transm ission m easure­
m ents have not been m ade or if  Type b equipm ent is used, the transm ission  o f the C ode 11 signal will 
be preceded by transm ission o f the echo suppressor disabling  tone as specified in §§ 6.4.1 to
6.4.3 below. W hen the acknow ledgem ent to  the Code 11 signal (return  o f C ode 13) is recognized by 
the directing equipm ent, the C ode 11 com m and signal will be disconnected.

6.1.6 If shortened signalling functional tests alone are desired, the directing  equipm ent will initiate a 
clear-forw ard signal on receipt o f the answ er signal if transm ission m easurem ents have no t been m ade, or on 
receipt o f the acknow ledgem ent signal (C ode 13) following the end o f transm ission m easuring program m e signal 
when transm ission m easurem ents have been made.

6.1.7 W hen a com plete signalling functional test is carried out, the ind ication  tha t a forw ard  transfer signal has 
been received will cause the responding equipm ent to initiate a clear-back signal. F or systems w ithout a forw ard 
transfer signal (see § 6.1.5 above) the receipt o f a Code 11 signal will in itiate the transm ission o f a clear-back 
signal 500 ±  100 ms after the com m and acknow ledgem ent signal.

The responding equipm ent will initiate a reansw er signal 500 ±  100 ms after the clear-back signal has 
been initiated 7).

It should be noted  that although the forw ard transfer signal m ay be p art o f  a signalling system , it m ay not be p rovided for 
in som e in ternational exchanges using such a signalling system. In these cases a com plete signalling function  test will not 
be possible, unless the use o f C ode 11 [see § 6.1.5, b)] is agreed on a b ilateral basis.

The transm ission o f  the line signals in itiated  by A TM E 2 equipm ent on the in te rnational circuit is perform ed by exchange 
line signalling equipm ent in accordance with norm al signalling procedures. C onsequently , the actual tim es at which the 
various signals are transm itted  and  received depend  upon  the signalling system em ployed and  the circuit p ropagation  tim e 
in any particu lar case.
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Note — It is possible tha t w ith a 500-ms gap between the in itiation  o f the clear-back and  reansw er signals 
a TA SI circuit m ay release the TA SI channel. This may also happen  in other parts o f the signalling test sequence.

I f  the clear-back signal is no t received by the directing equipm ent w ithin 5 to 10 seconds o f sending the 
forw ard  transfer signal o r the C ode 11 signal, or if the reansw er signal is no t received 5 to 10 seconds after the 
receip t o f  the clear-back signal, a fault will be recorded and  the circuit released.

W hen the reanswer signal is recognized, the directing equipm ent will initiate a clear-forw ard signal.

6.1.8 W hen the clear-forw ard signal is transm itted  (in accordance with § 6.1.6 or 6.1.7 above), a check should be 
m ade tha t the outgoing circuit has been released and  is available for future use. If  the outgoing circuit is not fully 
released w ithin 5 to 10 seconds o f  the in itiation  o f the clear-forw ard signal by the directing equipm ent, a fault will 
be recorded. It should be no ted  tha t the test for the release o f the circuit may not be possible on certain designs of 
equipm ent.

6.2 Busy flash  test

The busy flash signal m ay be tested by establishing a call using the address code specified in § 4.4 above, 
to  force transm ission o f a busy flash signal by the incom ing exchange equipm ent. O n receipt o f the busy flash 
signal the circuit will be released.

If  the busy flash signal is no t received w ithin 10 to 20 seconds o f transm ission o f the address inform ation 
then a fault will be recorded and  the circuit released.

N ote  — There is no need to  m ake such a test in S ignalling System No. 6 or in System R2.

6.3 Transmission measuring procedure and  exchange o f  information between directing and responding equipments

The signalling sequence for each individual m easurem ent cycle is specified in § 6.4 below and the 
frequencies and  codes in Tables 2 /0 .2 2 , 3 /0 .2 2  and  4 /0 .2 2 . An exam ple o f the signalling sequence for a cycle 
involving the m easurem ent o f absolute pow er level is show n in Figure 2 /0 .2 2 . The signalling scheme adopted for 
the com m and signals between directing and responding equipm ents consists o f m ulti-frequency signals transm itted 
in com pelled sequence; results are transm itted  from  the responding equipm ent to the directing equipm ent by 
m eans o f m ulti-frequency pulse-type signals.

In the fu ture it may be necessary to perform  m easurem ents with a tone level o f —10 dBmO in addition  to 
the 0 dBmO tone level now  specified. In these circum stances a signal will be sent to inform  the responding 
equipm ent o f the m easurem ent level to be used. (See Table 2 /0 .2 2  and  § 8.1 below.) It should be noted that the 
sensitivity o f the m easuring equipm ent m ust be arranged to accom m odate both levels.

The signal sender and  signal receiver chosen are those specified for the C C IT T  interregister Signalling 
System No. 5 and  the equipm ent used should be as specified in R ecom m endations Q .l53 [8] and  Q .l54 [9]. (See 
the A nnex to this R ecom m endation concerning the sensitivity o f 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 dBmO)
2 Measure absolute power level at 400 Hz I with a sent level indicated by the 800 (or 1000) Hz
3 Measure absolute power level at 2800 Hz 1 measurement command signal
4 Measure psophometric noise power (no TASI locking tone applied)8*
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 dBmO
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

a) 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
11
12

9
7
8 
6

13
11 (3-times)
12 (3-times)

15

Digits 1 , ...... 9, 0 (measurement results information)
+ (prefix for transmission measurements)
-  (prefix for transmission measurements) .
+ (prefix to indicate measurement tone interruption)
-  (prefix to  indicate m easurement tone interruption) 
+ (prefix to indicate m easurement tone instability)
-  (prefix to indicate m easurement tone instability) 

Command acknowledgement
(out o f  range a t the upper end  printed out as “ + +  + ” )
(out o f  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

1 700 + 900 '
2 700 + 1100
3 900 + 1100
4 700 + 1300
5 900 + 1300
6 1100 + 1300
7 700 + 1500
8 900 + 1500
9 1100 + 1500

10 1300 + 1500
11 700 + 1700
12 900 + 1700
13 1100 + 1700
14 1300 + 1700
15 1500 + 1700
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Time scale

Directing equipment end

Multi-frequency code 

0 More then 60 ms but less than 120 ms 

Locking tone 2800 Hz

Q  Not to  exceed 60 ms

Echo su p p re s so r  d isabling  to n e  2 1 0 0  Hz

Q  55 ± 5 ms gap

Responding equipment end a) CCITT No. 5 answer acknowledgement line signal.
b) CCITT No. 4 and No. 5 answer line signal.
c) 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 o f  transmission measuring cycles

6.4.1 W hen the indication  tha t the answ er signal has been received is passed to the directing equipm ent, the 
echo suppressor disabling tone will be transm itted  from  the d irecting equipm ent for 2 seconds ±  250 ms.

Note 1 — This period takes in to  account the delay necessary for connection to  a TASI channel, the tim e 
necessary for the assured disablem ent o f the echo suppressor, the long propagation  tim e likely to be experienced 
on satellite circuits and  the delays attribu tab le to the functioning o f the signalling system. For circuits no t using a 
line-signalling system involving an answer acknow ledgem ent 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 no t equipped 
with echo suppressors (see § 5 above), the procedure in § 6.4.1 will be om itted.

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

6.4.2 W hen the echo suppressor disabling tone is rem oved, the directing equipm ent will transm it a m ulti­
frequency com m and signal to  the responding equipm ent. The interval between cessation o f the tone and 
transm ission o f the com m and signal will be 55 ±  5 ms. If, how ever, the disabling tone has no t been sent (see 
§ 5 above) the m ulti-frequency com m and signal will be sent w ithin 60 ms, follow ing the indication  that the answer 
signal has been received.

6.4.3 W hen the com m and signal is received by the responding equipm ent a m ulti-frequency com m and 
acknow ledgem ent signal will be transm itted.

6.4.4 W hen the com m and acknow ledgem ent signal is recognized by the directing equipm ent, the com m and 
signal will be d isconnected and  the TASI locking tone, if  it is to  be sent (see § 5 above), will be connected 
w ithin 60 ms.

6.4.5 W hen the cessation o f the com m and signal is recognized by the responding equipm ent the com m and 
acknow ledgem ent signal is d isconnected and the m easurem ent tone is connected w ithin 60 ms.
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6.4.6 The tim e required for the directing equipm ent to detect the cessation o f  the com m and acknow ledgem ent 
signal and  connect the m easuring equipm ent will not be less than  60 nor m ore than  120 ms. How ever, it should be 
as close to 60 ms as possible to reduce the probability  o f TASI switching during noise m easurem ent.

6.4.7 The level m easurem ent should be com pleted w ithin 500 ms after connection o f  the m easuring equipm ent. 
W hen the m easurem ent is com pleted, the m easuring equipm ent will be d isconnected and  the TASI locking tone 
m entioned in § 6.4.4 above, if  present, will be disconnected.

6.4.8 Follow ing disconnection o f the TASI locking tone m entioned in § 6.4.7 above, a m ulti-frequency com m and 
signal will be connected. The interval between the tone and the signal will be 55 ±  5 ms. If, how ever, the TASI 
locking tone was no t sent, the com m and signal will be connected 55 ±  5 ms after the m easuring equipm ent has 
been disconnected.

6.4.9 W hen the m ulti-frequency com m and signal is recognized by the responding equipm ent, the m easurem ent 
tone will be rem oved and a m ulti-frequency com m and acknow ledgem ent signal will be transm itted . The interval 
between cessation o f the m easurem ent tone and  the com m encem ent o f the m ulti-frequency com m and acknow ­
ledgem ent signal will be 55 ±  5 ms.

6.4.10 The recognition o f the com m and acknow ledgem ent signal by the d irecting equipm ent will cause the 
d isconnection o f the com m and signal and the connection o f the m easurem ent tone w ithin 60 ms o f  the end o f the 
com m and signal.

6.4.11 W hen the cessation o f the m ulti-frequency com m and signal is detected by the responding  equipm ent, the 
com m and acknow ledgem ent signal will be disconnected and the TASI locking tone, if  prov ided  in the responding 
equipm ent, will be connected w ithin 60 ms o f the end o f the com m and acknow ledgem ent signal.

6.4.12 The tim e required for the responding equipm ent to detect the cessation o f  the com m and signal and
connect the m easuring equipm ent will no t be less than  60 nor m ore than  120 ms. H ow ever, it should be as close to 
60 ms as possible to reduce the probability  o f TASI sw itching during noise m easurem ent.

6.4.13 The m easurem ent should be com pleted w ithin 500 ms after the connection  o f  the m easuring equipm ent.
W hen the m easurem ent is com pleted, the m easuring equipm ent will be disconnected.

6.4.14 W hen the responding equipm ent is ready to transm it m easurem ent results in form ation  to the directing 
equipm ent, the TASI locking tone m entioned in § 6.4.11 above will be disconnected  if  it has been sent. The First 
m ulti-frequency pulse to be used for the transm ission o f results will follow  after an  interval o f 55 ±  5 ms from  
the disconnection o f the TASI locking tone. I f  the locking tone was no t sent, the First m ulti-frequency pulse will 
be sent w ithin 60 ms after disconnection o f the m easuring equipm ent.

6.4.15 M easurem ent result inform ation will be transm itted  as three m ulti-frequency pulses in the form  of a preFix 
follow ed by two digits o f Codes 1 to  10 as appropria te  (see Table 4 /0 .2 2 ). The last tw o digits will be sent in order 
o f signiFicance (m ost 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 equipm ent is provided with a TASI locking tone this tone will be applied  w ithin 60 ms 
after the th ird  m ulti-frequency pulse has been sent.

6.4.17 W hen the th ird  m ulti-frequency pulse is recognized by the directing equipm ent, the m easurem ent tone will 
be disconnected. A m ulti-frequency com m and signal will be sent by the directing equipm ent after an  interval o f 
55 ±  5 ms from  disconnection o f the m easurem ent tone. If  the responding equipm ent has sent the TASI locking 
tone m entioned in § 6.4.16 above, this tone will be disconnected on recognition by the responding equipm ent o f 
the m ulti-frequency com m and signal sent by the directing equipm ent. The responding equipm ent m ust send the 
com m and acknow ledgem ent signal 55 ±  5 ms after cessation o f the TASI locking tone. If  the m ulti-frequency 
com m and signal sent by the directing equipm ent is the start o f a new m easurem ent cycle the new test sequence
will proceed from  the po in t described in § 6.4.4 above and will consist o f a repetition  o f the sequence in §§ 6.4.4
to 6.4.17.

6.4.18 If  the foregoing test sequence com pletes the transm ission m easuring program m e, the m ulti-frequency 
com m and signal m entioned in § 6.4.17 above will be the end o f  programme signal.

6.4.19 In the case o f all noise m easurem ents, the m easurem ent tone m entioned in §§ 6.4.5, 6.4.9, 6.4.10
and  6.4.17 above must be replaced by a 600-ohm term inating  resistor.

6.4.20 In the case o f noise m easurem ents 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
m easured, the TASI locking tone m entioned in §§ 6.4.4, 6.4.11 and 6.4.16 m ust be applied.

6.4.21 In the case o f noise m easurem ents, the responding equipm ent is inform ed o f  the necessity for the TASI 
locking tone m entioned in § 6.4.20 above by the m ulti-frequency com m and signal, measure psophometric noise 
power (with T A S I locking tone applied) (see Table 2 /0 .2 2 ).

6.5 End-of-programme procedure

W hen transm ission m easurem ent is com plete the rem ainder o f 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 m ulti-frequency signal m ust consist o f two, and  only tw o, frequencies. If  one or m ore than  two 
frequencies are received by the d irecting equipm ent, the m easurem ent is recorded as faulty and  the connection is 
released. I f  one or m ore than  two frequencies are received by the responding equipm ent it shall be arranged to 
return  Code 15 in place o f the com m and acknow ledgem ent signal Code 13. The directing equipm ent will then 
recognize the signal, record the m easurem ents as a fault and  release the connection.

6.6.2 In the transm ission o f m easurem ent results, the code signals m ust com prise three, and  only three, digits. 
W hen this is no t the case, the m easurem ent is recorded as faulty, and the connection is released.

6.6.3 A rrangem ents m ust be provided at the directing equipm ent to m onitor the full duration  o f the program m e. 
In addition  to the tim e out requirem ents given in other parts o f this specification, if at any tim e the program m e 
fails to progress for a period o f 20 to 40 seconds then the test is recorded as faulty and the connection is released. 
An alarm  may be given to  the m aintenance staff.

7 Programming

The directing equipm ent will be program m ed by m anual m eans and  by punched tape or cards or m agnetic 
tape  at the option  of the using A dm inistration  or operating  agency. In form ation  to be supplied to the directing 
equipm ent will consist o f the following:

1) the identification  o f the circuit to be tested;

2) the k ind o f circuit (TASI, echo suppressor equipped, etc.) and the k ind o f signalling system;

3) sufficient address in form ation  to  identify the particu lar type o f responding equipm ent at the incom ing 
in ternational exchange;

4) the transm ission m easurem ents to be m ade, the nom inal values, and  the assigned m aintenance lim its;

5) w hether the results are to be recorded by the ou tpu t equipm ent;

6) indication  w hether or not the date and  tim e o f the test should be recorded by the ou tpu t equipm ent;

7) whether 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 tem perature range o f + 5  °C  to + 5 0  °C.

8.1 M easuring 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 dBmO ±  0.1 dB (or —10 dBmO ±  0.1 dB, see § 6.3 above). 

Purity o f  output: ratio o f total ou tpu t to unw anted signal at least 40 dB.

Im pedance: 600 ohm s balanced.

Balance with respect to earth: at least 46 dB between 300 and  3400 Hz 8)’ 9).

Return loss: at least 30 dB (at each o f the above-m entioned frequencies).

Pending the general adop tion  o f a m ethod for m easuring the balance with respect to earth , the m ethod to  be used is left for 
agreem ent between the constructor o f the equipm ent and  the A dm in istra tion  or private operating  agency concerned.

Any interface equipm ent provided to meet the signalling requirem ents o f the exchange, or for purposes o f contro lling  
functions with the A TM E No. 2, m ust be considered as part o f the A TM E No. 2 for the purpose o f  determ ining the 
b alance to earth.
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8.1.2 Receiving equipment

Frequency range: 390-2820 Hz.

Im pedance: 600 ohm s 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 ob tained 8)> 9).

Return loss: at least 30 dB at each o f the above sending equipm ent frequencies.

M easuring range: from  —9.9 dB to +5;1 dB relative to  the nom inal absolute pow er level o f the —4.0 dBr 
receiving virtual sw itching point. It should be borne in m ind tha t the nom inal value o f absolute pow er 
level at the receiving v irtual switching po in t will depend  on the absolute pow er level at the sending end 
which may be 0 dBmO 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 measurem ent step): 0.1 dB.

8.2 Noise measuring apparatus

Weighting: psophom etric with requirem ents as specified in R ecom m endation P.53 [10].

2800-Hz suppression: when noise m easurem ents are m ade on circuits involving a TASI system or on 
circuits equipped with echo suppressors, a stop filter for 2800 Hz m ust be inserted before carrying out the 
noise m easurem ent. The requirem ents for the filter are given in Figure 3 /0 .2 2 . W hen m easuring white 
noise with psophom etric w eighting the insertion o f the filter in the noise m easuring circuit shall no t cause 
a difference from  the reading w ithout the filter o f m ore than  1 dB.

M ethod o f  detection: the m ethod o f detection shall be such that if white G aussian  noise, o r a sine wave o f
any frequency between 390 and  2820 Hz is applied  at the inpu t in the absence o f the 2800-Hz stop filter 
m entioned above, for a period o f 375 ±  25 ms, the ou tpu t ind ication  will be the sam e in each case, w ithin 
±  1 dB, as that given by the C C IT T  psophom eter when the sam e white G aussian  noise or sine wave is 
applied at its input for a period o f 5 seconds.

M easuring interval: 375 ±  25 ms.

Impedance: 600 ohm s 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 8)’ 9).

Return loss: at least 30 dB from  40 to 5000 Hz.

M easuring range: —30 to —65 dBmOp.

Accuracy: ±  1 dB at calibrating frequency from  —30 to —55 dBmOp. Between —55 dBmOp and
— 65 dBmOp an accuracy o f ±  2 dB is allowed, but ±  1 dB rem ains desirable.

Resolution (smallest m easurem ent step): 1 dB.

8.3 Disabling and locking tones

— Echo suppressor disabling tone:
Frequency: 2100 Hz ±  15 Hz.
Level: —12 dBmO ±  1 dB.

— TASI locking tone:
Frequency: 2800 Hz ±  14 Hz.
Level: — lOdBmO ±  1 dB.

— For the two tones:
Im pedance: 600 ohm s balanced.
Balance with respect to earth : at least 46 dB between 300 and  3400 Hz 8)- 9).
Return loss: at least 30 dB from  300 to 3400 Hz.

Pending the general adoption  o f a m ethod for m easuring the balance with respect to earth , the m ethod to  be used is left for 
agreem ent between the constructor o f the equipm ent and the A dm inistra tion  or private operating  agency concerned.

Any interface equipm ent provided to meet the signalling requirem ents o f  the exchange, or for purposes o f  con tro lling  
functions with the A TM E No. 2, m ust be considered as part o f the A TM E No. 2 for the purpose o f  determ in ing  the 
balance to earth.
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The difference between the loss frequency charac­
teristic with the 2800-Hz stop-filter inserted and the loss 
frequency characteristic without the filter shall conform to 
the following limits:

difference not greater than 
3 dB

\  diffi 
/ ±0.
\ difference not greater than 
f  +3.0 dB o r -0 .3  dB

difference greater than 65 dB

(The characteristic with the filter inserted relative 
to  the characteristic w ithout the filter should not enter 
the hatched areas.)

30 Hz to  2.2 kHz and 
3.4 kHz to 20 kHz

2.2 kHz to  2.64 kHz 
2.96 kHz to  3.4 kHz

2.8 kHz ± 16 Hz

2.2 2.64 2.8 2.96 
Frequency

3 .4
CCITT -  37290

FIGURE 3/0 .22 

Performance requirements for 2800-Hz locking tone stop-filter

C alibration

9.1 Built-in calibration

The accuracy desired from  the A TM E m akes calib ration  equipm ent o f  laboratory-type accuracy necessary. 
Such accuracy is seldom  provided by norm al m aintenance equipm ent available to repeater station staff. Hence, 
built-in  calibration  features should be provided. Due regard should be paid  to  the ease o f m aintenance, and 
adequate access facilities should be provided.

9.2 Self-check

The responding and  directing equipm ents shall each incorporate  a local self-checking facility on the 
transm ission m easuring unit which will bring in a local alarm  and  disable the un it when it is out o f tolerance. 
This self-check should be applied  at least daily. If  they so wish, user A dm inistrations or operating agencies may 
incorporate  arrangem ents for m aking this self-check autom atically.

10 O ptional arrangem ents

10.1 Autom atic start

In the long term , the operation  o f the A TM E w ithout any atten tion  by technical personnel will be 
desirable. The addition  o f tim ed au tom atic start facilities to the A TM E is required  w hen unattended  operation  o f 
the A TM E is intended.

10.2 Timed autom atic selection o f  particular circuits or groups o f  circuits

It m ay be desirable to  select for test a particu lar circuit, o r g roup o f circuits, at specified tim es according 
to  a prearranged  program m e, for exam ple noise m easurem ent during busy and  non-busy hours.
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10.3 Autom atic repeat attem pt

It m ay be desirable to incorporate an  autom atic repeat test facility for circuits which have been rejected as 
faulty. The arrangem ent should perm it an autom atic repeat a ttem pt o f the relevant test cycle im m ediately follow ing 
the first test.

A test cycle is defined as a sequence o f  m easurem ents com m encing with C om m and Codes 1 to  6 and  no t 
C om m and C ode 13.

10.4 Switching pa d  test

A dm inistrations m ay use their A TM E No. 2 directing equipm ent to  test a pad-sw itching facility p rovided 
at the outgoing end o f an in ternational circuit.

Such testing m ust not involve any o ther A dm inistration  in m aking changes to their signalling, sw itching or 
A TM E equipm ent or to their operating  and  m aintenance procedures.

10.5 Interruption and  instability during level measurements

It may be desirable to  detect an in terrup tion  or a condition  o f  instability  during the level m easuring 
interval at the directing a n d /o r  the responding equipm ents. If  such ind ications are available they will always be 
recorded by the directing equipm ent (see § 3.4 above).

W hen an in terrup tion  and  instability are both  detected during a 500-ms m easuring period  only the 
indication  o f an in terruption  shall be transm itted  and recorded.

10.6 Nonavailability o f  responding equipment

It may happen  that, as a result o f a failure at the responding end, all attem pts m ade at the directing end to 
set up  a call w ith a particu lar responding equipm ent will be unsuccessful — there m ay be no reply or the busy 
tone may be received. As this state o f affairs could seriously affect the carry ing out o f a m easurem ent p rogram m e 
as p lanned , it w ould appear to be desirable to ensure either:

— tha t this situation should give rise to an alarm  signal if  the d irecting equipm ent is operating  under 
supervision;

— or tha t the directing equipm ent should be able autom atically  to select an alternative m easurem ent 
program m e if it is operating  w ithout supervision.

A N N E X  A 

(to R ecom m endation 0 .22)

Sensitivity of the signalling receiver

A .l The m ulti-frequency signal sender and receiver specified for A TM E No. 2 is given in R ecom m enda­
tions Q .l53 [8] and  Q .l54 [9] respectively, as used in C C IT T  Signalling System No. 5.

The sending level per frequency =  — 7 ±  1 dBmO and  therefore the nom inal receiving level at the 
— 4.0 dBr virtual switching po in t =  —11 dBm.

The operating lim its o f the m ulti-frequency receiver give a m inim um  m argin o f ±  7 dB on the nom inal 
absolute level o f each received signal (i.e. taken to m ean per frequency).

Therefore the receiver m inim um  operate level range at the —4.0 dB r v irtual sw itching po in t:

=  - 1 1  dBm ±  7 dB  

=  — 18 dBm to —4 dBm

A.2 The m axim um  circuit loss deviation from  nom inal over which the m ulti-frequency signals can be received 
is:

( - 1 1  -  1) -  ( - 1 8 )  =  + 6 .0  dB 

and  the m inim um  circuit loss deviation from  nom inal over which the m ulti-frequency signals can  be received is:

( - 1 1  +  1) -  ( - 4 )  =  - 6 .0  dB
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A.3 Therefore the circuit loss dev iation  lim its between which m ulti-frequency signals can be received is +  6.0 to 
— 6.0 dB abou t the nom inal loss, whereas A TM E No. 2 is capable o f  m easuring deviations greater than  these 
values (see § 8.1 o f this R ecom m endation).

A.4 A lthough the specification for the m ulti-frequency signal receiver (R ecom m endation Q .l54 [9]) stipulates 
th a t a received signal may vary ±  7 dB abou t the nom inal receive level o f —7 dBmO, R ecom m endation Q .l54 [9] 
also states tha t the receiver shall no t operate to  a signal 17 dB below  the nom inal received signal level, which 
m eans tha t in the range —14 to —24 dBmO the receiver m ay or m ay no t operate. It is to be expected therefore 
th a t som ew here w ithin this range the receiver will cease to operate.

A.5 In practice m ulti-frequency receivers are set up  to operate to a m inim um  signal level in this range o f —14 
to — 24 dBmO. Therefore signalling w ould norm ally be possible over a circuit w ith a loss greater than  that given in 
§ A.3 above. In those cases where the m ulti-frequency receiver fails to  operate the circuit test w ould still be 
recorded as m entioned in § 6.6.3 o f this R ecom m endation.

References

[1] C C IT T  R ecom m endation R outine maintenance schedule fo r  international public telephony circuits, Vol. IV,
Fascicle IV. 1, Rec. M.150.

[2] C C IT T  R ecom m endation Four-wire switched connections and  four-w ire m easurements on circuits, Vol. IV,
Fascicle IV. 1, Rec. M.640, § 2.

[3] C C IT T  R ecom m endation Stability and echo, Vol. I l l ,  Fascicle III. 1, Rec. G.131, § 2.1.

[4] C C IT T  R ecom m endation Four-wire switched connections and  four-w ire m easurements on circuits, Vol. IV,
Fascicle IV. 1, Rec. M.640, § 2.1 b).

[5] C C IT T  R ecom m endation Four-wire switched connections and  four-wire measurements on circuits, Vol. IV,
Fascicle IV. 1, Rec. M.640.

[6] C C IT T  R ecom m endation Telephone signals, Vol. VI, Fascicle VI.3, Rec. Q.258.

[7] C C IT T  R ecom m endation Overall tests o f  Signalling System  No. 6, Vol. VI, Fascicle VI.3, Rec. Q.295.

[8] C C IT T  R ecom m endation M ultifrequency signal sender, G reen Book, Vol. VI-2, Rec. Q.153, ITU,
G eneva, 1973.

[9] C C IT T  R ecom m endation M ultifrequency signal receiver, G reen Book, Vol. VI-2, Rec. Q .l54, ITU,
G eneva, 1973.

[10] C C IT T  R ecom m endation Psophometers (apparatus fo r  the objective measurem ent o f  circuit noise), G reen
Book, Vol. V, Rec. P.53, ITU , G eneva, 1973.

Recommendation 0 .31

SPECIFICATION FOR AN AUTOMATIC MEASURING EQUIPMENT 
FOR SOUND-PROGRAMME CIRCUITS

1 General

The C C IT T  autom atic m easuring equipm ent for sound-program m e circuits is capable o f rapidly m easuring 
all relevant param eters necessary for checking the quality o f such circuits. The m easuring results are recorded by 
m eans o f an  analogue recorder a n d /o r  digital receiver. The results o f the m easurem ents are suitable for subsequent 
docum entation  and  not only perm it an im m ediate decision by the staff in the field on w hether the sound- 
p rogram m e circuit or sound-program m e connection respectively can be used for service, bu t they also provide the 
basis for later exact evaluation by the responsible transm ission engineer.

The overall tim e for the m easurem ents am ounts to  136 seconds. It is thus short enough to  check the quality 
also o f  in ternational chains o f sound-program m e circuits interconnected on a short-term  basis during the 
p repara to ry  and  lining-up period according to R ecom m endation N.4 [1]. M easurem ents for this purpose, m ade by 
the ISPCs involved in accordance with R ecom m endations N.12 [2] and N.13 [3], do no t require any preceding 
agreem ent.
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2 Quality criteria to be checked

W ith the C C IT T  au tom atic m easuring equipm ent for sound-program m e circuits the follow ing quality  
criteria can be checked:

a =  deviation o f the received absolute pow er level o f the 0.8-kHz reference frequency 
nom inal value;

from  the

b =  weighted and  unw eighted noise;

c =  nonlinear d isto rtion  m easured selectively as harm onic d isto rtion  o f the 2nd order (£2 ) and
3rd order (k3) and  as a difference tone d istortion  o f the 3rd o rder (d3);

d =  com pandor functioning test;

e =  loss/frequency distortion.

The com plete m easuring program m e com prises three subroutines w hich can be chosen individually . The 
quality criteria to  be checked are allotted to the subroutines in the follow ing way:

Subroutine 1: s +  a

Subroutine 2: b +  c + d

Subroutine 3: e

where

in subroutine 1, 5 is the station coding o f the sending unit.

W ithin the subroutine the tim ing o f the program m e in the sending unit and  in the receiving un it is
synchronized by m eans o f a series o f pulses provided by a generator w ithin the equipm ent.

3 Specifications

3.1 Sending unit

3.1.1 Start, stop and time base fo r  synchronization and selection o f  measuring mode

By m eans o f a locking press-button in the sending unit the m easuring program m e for single or perm anen t 
m ode o f operation  can be started. The tim ing o f the m easuring program m e is contro lled  by a pulse generator. The 
sm allest tim e base tha t can be program m ed is fixed at 1.33 second. The synchronizing frequency related to this 
tim e base gives 0.75 Hz and has to be kept w ithin ±  1%. A second press-button  offers the possibility  o f stopping 
the m easuring program m e. By the activation o f this press-button a m eans is provided w hereby the locking 
m echanism  of the start press-button for perm anent operation  is sim ultaneously released. Start, synchronization  
and  stop o f the receiving unit are triggered by coded pulses (1.3 kHz at —12 dBmO).

Every subroutine is preceded by coded pulses which serves as a start signal. By m eans o f a special stop 
signal which is triggered by pressing the stop bu tton , the progress o f the m easuring program m e can be in te rrup ted  
at any tim e and another program m e, selected with the aid o f a switch, can be started instead. O perating  the stop 
buttoh  will also reset the tim e pulse generator to the starting condition.

The start and  stop signals consist o f four pulses whose duration  can be fixed at 60 ms (value O) or 120 ms 
(value L) by m eans o f digital coding. The tim e between the beginning o f every pulse w ithin the coded signal is 
240 ms.

The coding of the pulses is as follows:

a) S tart signals for:

— Subroutine 1: O OOL

— 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 o f  digital codes, and  are transm itted  in 
the same tim e sequence.

The sending of the coded signal (duration  960 ms) which is contro lled  by the tim e pulse generator m ust be 
delayed 370 ms (in order to com ply with the tim e pulse duration  o f 1330 ms).

Fascicle IV.4 — Rec. 0 .31 23



3.1.2 Station  coding

The m easuring program m e is preceded by the code o f the sending station using the M orse alphabet. For 
this purpose 19 tim ing intervals are allocated. The station code is sent by keying a 0.8-kHz tone between a level o f 
— 32 dBmO and the reference test level. The duration  o f  M orse dots and  dashes shall be abou t 10% and  35% 
respectively, o f one tim ing interval.

3.1.3 Test level sent fo r  the m easurem ent o f  level at the reference frequency and level/frequency response (quality
criteria s, a and  e)

The test level sent for loss m easurem ents at the reference frequency (0.8 kHz) and  for the m easurem ent o f 
level/frequency  response should be —12 dBmO (see R ecom m endation N.21 [4]). The m easurem ents o f level/ 
frequency response are to be carried out with the aid o f a sweep generator covering the frequency range from  
0.03-16 kHz. Each octave — the First one beginning at 0.05 kH z — is m arked by short pulses (1.3 k H z / —12 dBmO 
from  50 to 100 ms duration). The speed o f this sequence o f operations for the frequency range from  30-16 000 Hz 
w hich covers 9.06 octaves should be 5 seconds/octave so th a t the recording device dealt w ith in § 3.2.7 below 
records one octave over 10 mm and  3.3 mm respectively.

3.1.4 Test level sent fo r  nonlinear distortion measurements

The sent level o f the test frequencies corresponds to  the peak program m e level (see the R ecom m endation 
cited in [5]), that is, the single tones for the nonlinear d istortion  m easurem ents lead to the same peak loading as 
the double tone for the difference tone factor m easurem ents (single tone o f + 9  dBmO equivalent to
2.2 Vr ms =  3.1 Vp0 and  double tone each o f + 3  dBmO equivalent to  (because it is stuck to  “2” in the Orange 
Book) 2 x 1.1 Vr ms =  2 x 1.55 Vp0 referred to  =  3.1 Vp0 a zero relative level point). In order to  avoid overload 
o f  carrier-frequency transm ission systems, only frequencies below  2 kH z (with regard to  circuits equipped with 
equipped  with pre- and  de-em phasis techniques) are applied  and  the duration  o f transm ission is autom atically  
reduced to the length o f a single tim ing pulse 2). The follow ing test frequencies should be used:

a) For the measurem ent o f  nonlinear distortion in the lower audio-frequency range:

Cj =  0.09 kH z/-I-9 dBmO for the ^ -m easu rem en t;

c2 =  0.06 k H z /+  9 dBmO for the ^ -m easurem ent.

b) For the m easurem ent o f  nonlinear distortion in the carrier-frequency range o f  a frequency division 
multiplex channel:

c3 =  0.8 k H z /+  3 dBmO and 1.42 k H z / +  3 dBmO for the ^-m easurem ent.

c) For the m easurem ent o f  nonlinear distortion in the m edium  audio-frequency range:

c4 = 0.8 k H z /+  9 dBmO for the /:2' m easurem ent;

c5 — 0.533 k H z /+  9 dBmO for the k3-m easurem ent.

3.1.5 Signal sent fo r  compandor functioning te s t3) (quality criterion d )

In order to detect a noncom plem entary  behaviour o f regulating am plifiers in com pandors a 0.8-kHz signal 
is injected, the level o f which is switched between the values + 6 , —6, + 6  dBmO for three consecutive tim ing 
intervals.

1) It shall be possible for the signal sent for the m easurem ent o f  nonlinearity  d isto rtion  to be included in or om itted from  the
test cycle at will (for exam ple, under contro l o f  a switch). W hether or no t the non linearity  d isto rtion  m easurem ent is
adm issible m ust be determ ined for each circuit by the users o f  the equipm ent, and in a m anner ensuring th at the 
p rescrip tions o f R ecom m endation  N.21 [4] are respected.

2) O ther m ethods are under study by the C C ITT.

3) This test is in tended for provisional use. A change will be necessary when, after fu rther study, the C C IT T  issues
R ecom m endations for com pandors and  ap p ro p ria te  m ethods o f their testing.
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3.1.6 R em ote control o f  the sending unit

Provision should be m ade for sending up to 16 com m and signals. These signals m ay be applied  to the 
sending equipm ent in either b inary  code or by applying earth  to 16 signal paths. In  case o f b inary  coding for 
starting the com plete m easuring program m e the coded signal LOOL should be used in  add ition  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 m eans o f  a selective process. A
guard  circuit sim ilar to the one norm ally used for signal receivers is required  to  protect against false operation . In
com bination  with the above-m entioned guard  circuit the 4-bit code chosen offers a highly reliable p rotection 
against the possibility that the starting m echanism  m ight be activated by sound-program m e signals. Thus, the 
receiving unit can rem ain continuously connected to a sound-program m e circuit and  can record  the m easuring 
program m e w ithout intervention by an  operator.

The tim ing schedule m ust be in conform ity with the requirem ents specified for the sending unit (see
§ 3.1.1 above).

The tim e pulse generator shall be triggered after the reception o f the start signal. R eception o f  the stop 
signal shall cause the tim e pulse generator to  be reset to the starting condition.

3.2.2 M easuring ranges

The m easuring device should have a logarithm ic characteristic, and  a linear m easuring range o f ±  10 dB 
referred to the respective centre-of-range should be provided.

For the particu lar m easuring function the following centres-of-range should be provided:

— station coding, level m easurem ent at 0.8 kH z and  m easure o f level/frequency  response
(s, a, e ) ..............................................................................................................................................................  - 1 2  dBmO

— noise level weighted (ft,) and unw eighted (b2)   —51 dBmO
(signal/no ise ratio , referred to + 9  d B m O .................................................................  60 dB)

— nonlinear distortion

k2- and /^-m easurem ents ( c , , c2, c4, c5) .................................  — 31 dBmO
(ratio, referred to + 9  dBmO ................................................................................................................... 40 dB)

^-m easu rem en t (c3) ............................................................  — 37 dBmO
(ratio, referred to +  3 dBmO ..............................    40 dB)

— level step signal ( d ) ................................................. '   0 dBmO

The quality criteria a, c, d  and e are expressed in term s o f r.m.s. values.

3.2.3 Noise measurements

The quality criteria bx and b2 (weighted and unweighted noise m easurem ents) are m easured in a quasi-peak 
mode. The dynam ic properties o f the rectifier circuitry and the netw ork for w eighted noise m easurem ent ( b f  
should meet the requirem ents o f C C IR  R ecom m endation 468-2 [6].

3.2.4 Provision o f  filters and their characteristics

Two bandpass Filters should be provided for selecting the non linear d isto rtion  products, one for 0.18 kH z 
and the other for 1.6 kHz. They should be used as follows:

0.18-kHz fd te r

— for /^-m easurem ent o f 0.09 kHz (c ,),

— for /^-m easurem ent o f 0.06 kH z (c2),

— for ^ -m easu rem en t o f 0.8/1.42 kH z (c3);

1.6-kHz fd te r

— for /^-m easurem ent o f 0.8 kH z (c4),

— for /^-m easurem ent o f 0.533 kH z (c5).
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W ith the 0.18 kH z filter only the lower ^ -p ro d u c t (2 x 0.8 kH z —1.42 kH z =  0.18 kH z) is m easured. The 
m easurem ent o f the upper d3-product at 2.04 kH z ( =  2 x 1.42 kH z -  0.8 kHz) is no t m ade. To com pensate for 
this, tw o tim es the lower d3-product at 0.18 kH z is taken.

The bandpass filters should m eet the follow ing selectivity requirem ents:

— passband  defined by insertion  loss values less than  1 dB:

0.18 kH z filter: ±  3 Hz
1.6 kH z filter: ±  24 Hz referred to  the centre frequency

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

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

3.2.5 Additional markers provided at digital receivers

A dditional m arkers can be generated in the digital receiver as required by m aking use o f the octave 
m arkers received from  the sending un it as a tim ing base.

3.2.6 Programming o f  digital receivers

W here a digital receiver is used it shall be possible to program m e it so as to check tha t the circuits tested 
meet the required tolerances.

3.2.7 Recording device

The transien t response tim e o f the recording device should no t exceed 200 ms. In connection  with the
rectifier circuitry o f the receiving unit for noise m easurem ents the requirem ents o f C C IR  R ecom m en­
dation  468-2 [6] should be fulfilled.

Paper width and speed m ay be chosen according to national standards. The follow ing values have proved 
to be practicable:

— paper w idth 100 m m ;

— paper speed 2 m m /s  and 2 /3  m m /s.

These paper speeds should be m anually  adjustable.

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

In addition  to the recording device it w ould be desirable to provide appropria te  access points for the use
o f an oscilloscope.

3.3 Sequence o f  operations

The sequence o f operations o f the m easuring program m e and  the associated tim e units is shown in 
A nnex A.

3.4 Long-term m easurements o f  noise

3.4.1 Autom atic measurem ents

A fter a period o f 10 tim e intervals following the end o f a com plete m easuring program m e, and w ithout 
receipt o f a start signal, the receiver will autom atically  com m ence long-term  noise m easurem ents. W eighted noise 
will be m easured over a period o f 60 tim e intervals and  unw eighted noise over a period o f 20 tim e intervals. The 
sam e centre-of-range as given in § 3.2.2 above for noise, weighted and  unw eighted will be used.

3.4.2 M anual measurem ents

In order to m ake m easurem ents o f weighted or unw eighted noise continuously for unspecified periods of 
tim e, it m ust be possible to m ake the tim ing m echanism  inoperative. W here an analogue receiver is used, a 
m anually  controlled switch should be provided, so tha t the centre-of-range can be changed by 10 dB in either 
direction.
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According to the lining-up procedure for sound-program m e circuits using the constan t voltage m ethod the

3.5 M atching characteristics

According to the lining-up procedure for sound-program m e circuits using the constan t voltage m ethod the 
follow ing im pedances are to be provided:

— ou tpu t im pedance o f the sending un it < 1 0  ohm s,

— inpu t im pedance o f the receiving un it >  20 kohms.

Both values may be changed by in ternal switching to 600 ohm s if, for the lin ing-up o f the sound- 
program m e circuit, the im pedance m atching m ethod is applied. It should be possible to  adjust the sending and  
receiving units by m eans o f a switch to the following relative levels:

+  6 dBr =  nom inal value at the repeater stations o f A dm inistrations;

0 dBr 4) =  nom inal value at the studios o f b roadcasting  organizations.

3.6 Accuracy o f  sending and receiving units

3.6.1 Sending unit

a) Individual frequency oscillators

— level tolerance ...........................................................................................................   ±  0.2 dB

— frequency tolerance .......................................................................................................................... <  1.0%

— harm onic d istortion  at 2 / and 3f     ., . . < 0 .1 %

b) Sweep frequency oscillator

— level tolerance at 0.8 k H z .........................................................  ±  0.2 dB

— level/frequency response referred to 0.8 k H z ............................................................................ ±  0.2 dB

3.6.2 Receiving unit

Tolerances, including recording device:

— mid-scale value —12 dBmO and  0 d B m O    ±  0.3 dB

— mid-scale value —51 dBmO and —31 d B m O     ±  1.0 dB

O perational stability should be reached within 15 m inutes after sw itching on. As far as the details o f the 
division o f the tolerances are concerned, reference is m ade to the values given in [7].

The tolerances may then be reduced by calibrating the sending and  receiving units when in terconnected  on 
a loop basis (in o rder to com pensate residual errors).

For certain purposes a level o f  —3 dBr or lower m ay be used.
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A N N E X  A  

(to R ecom m endation 0.31)

TABLE A -l/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)

Time
intervals

Sending unit Receiving unit

Frequency
kHz

Level
dBmO Measuring function Centre of 

range dBmO

1 1.3 - 1 2 Coded start signal No. 1

1 Pause

19 0.8
Morse

- 3 2 / - 1 2
Code

Station coding using Morse alphabet - 1 2

1 Pause

4 0.8 - 1 2 Measurement o f reference level - 1 2

2 Pause

1 1.3 - 1 2 Code start signal No. 2

2 Pause

5 Noise power weighted by psophom eter filter -5 1

5 Noise power unweighted -5 1

2 Pause

1 0.09 +9 k 2 -level with 0.18 kHz filter -3 1

1 Pause

1 0.06 +9 k 3 -level with 0.18 kHz filter -3 1

2 Pause

1 0.8
1.42

+3
+3

d 3 -level with 0.18 kHz filter -3 7

2 Pause

1 0.8 +9 k 2 -level with 1.6 kHz filter -3 1

1 Pause

1 0.533 +9 k 3 -level with 1.6 kHz filter -3 1

2 Pause

3 0.8 + 6 /—6 /+ 6 Com pandor test 0

4 Pause with reserve

1 1.3 - 1 2 Coded start signal No. 3

1 Pause

35 0.03 ... 16 
with freque 

at each octai 
at 0.0

-1 2  
;ncy marks 
/e beginning 
5 kHz

Level/frequency response -1 2

2 Pause

Total
102
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APPENDIX I 

(to Recom m endation 0.31)

Example of the record of measurements made by a typical model of the automatic measuring equipment
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Recommendation 0 .3 2

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

1 General

An equipm ent designed in accordance with this R ecom m endation is intended for use on stereophonic pairs 
o f  sound-program m e circuits. The equipm ent is very sim ilar to  the equipm ent specified in R ecom m endation 0.31. 
The stereophonic and  m onophon ic equipm ents are com patib le for the testing o f m onophonic sound-program m e 
circuits.

The differences between the m onophonic and the stereophonic equipm ent are as follows:

The m onophonic equipm ent (R ecom m endation 0 .31) m easures 5 different param eters in 136 seconds; the 
stereophonic set m easures the sam e 5 param eters in channels A and  B o f the stereophonic pa ir; in addition it 
m easures the level and  phase difference between channels A and  B, and  the crosstalk at three specified frequencies 
between the two channels. The overall tim e for the stereophonic m easurem ents therefore am ounts to approxim ate­
ly 371 seconds.

2 Quality criteria and measuring routines

2.1 Quality criteria to be checked

Table 1 /0 .3 2  gives the various quality criteria, designated by the letters a to including the criteria of 
R ecom m endation 0.31.

2.2 M ain routines

The m easuring program m es for m onophon ic and  for stereophonic circuits can be chosen as m ain routines, 
the m onophon ic program m e being in accordance with the com plete m easuring program m e o f Recom m enda­
tion 0 .31.

Each m ain routine consists o f the subroutines show n in Table 2 /0 .3 2  which can be chosen individually (in 
subroutine 1, s is the station coding o f the sending unit).

2.3 Subroutines

2.3.1 Subroutine 1 (station coding and  m onophonic quality  criterion a)

A station coding signal is sent in accordance with § 3.1.2 below followed by m easurem ent o f the level o f 
channel A at the reference frequency.

2.3.2 Subroutine 2 (m onophonic criteria b, c, and d )

Subroutine 2 com prises three steps:

1) m easurem ent o f the weighted and unw eighted noise level o f channel A (bu and  b2)\

2) nonlinear d istortion  o f channel A m easured selectively as harm onic d istortion  o f the 2nd and 3rd 
order and  as a difference tone distortion  o f the 3rd order (c, . . .  c5);

3) com pandor functioning test o f channel A (d).

2.3.3 Subroutine 3 (m onophonic criterion e)

M easurem ent o f the level/frequency response o f channel A.

2.3.4 Subroutine 4 (m onophonic quality criterion a and  stereophonic quality criterion / )

Subroutine 4 com prises 3 steps: the first step checks received level at the reference frequency in channel B 
(m onophon ic criterion corresponding to subroutine 1). The second and  th ird  steps are used to  determ ine the 
sum  ) and difference (f 2) levels o f channels A and  B. Both m easured values serve for the polarity  check and 
the approxim ate assessm ent o f phase differences exceeding the range fixed in subroutine 8 (stereophonic 
criterion  h). In the case o f negligible level and  phase differences between channels A and  B, the resulting sum 
level m ust 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 tha t it is no t indicated. If  the channels are o f opposite po larity  (AO =  180°), the 
sum level and the difference level behave inversely.

Large phase differences can be estim ated from  Table 3 /0 .3 2 .
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TABLE 1/0.32 
(Previously Table A /0.32)

Measurement of quality criteria a to /', sender and receiver requirements

Quality criteria

Reference Sender Receiver

Sender Receiver Frequency
(kHz)

Power level 
(dBmO)

Centre of 
range 

(dBmO)

Filter 
LP =  Low Pass 
BP =  Band Pass 

(kHz)

M
on

op
ho

ni
c 

m
ea

su
re

m
en

t

s Station coding 3.1.2 0.8 —3 2 /—12 - 1 2 -

a Level at the reference 
frequency 3.1.3 3.2.2 0.8 - 1 2 - 1 2 20 LP

b b , 
b 2 Noise level weiShted Noise level unweighted 3.2.3 -

- -5 1
- 5 1

CCIR 
Rec. 468-2 [1] 

20 LP

c

Cl
c*
c 3
C4
C5

k 2
k 3

Nonlinear distortion d 3 
k 2
k 3

3.1.4 3.2.4

0.09 
0.06 

0.8 + 1.42 
0.8 
0.533

+9 
+9 

+ 3 + 3 
+9 
+9

-3 1
- 3 1
-3 7
-3 1
-3 1

0.18 BP 
0.18 BP 
0.18 BP
1.6 BP
1.6 BP

d Compandor test 3.1.5 0.8 + 6 /—6/+ 6 0 20 LP

e Level/frequency response 3.1.3 0.03 -  16 —12 - 1 2 20 LP

St
er

eo
ph

on
ic

 
m

ea
su

re
m

en
t f f l

u

Polarity check 
Level sum ■ 
Level difference 3.1.3 2.3.4 0.8 ' 

0.8
- 1 2
- 1 2

-1 2
-1 2

20 LP 
20 LP

g Level difference 3.1.3 2.3.7 0.03 -  16 - 1 2 0 dB 20 LP

h Phase difference 3.1.3 3.2.5 0.03 -  16 -1 2 25°

i
*1
*2
*3

180 Hz
Crosstalk at 1600 Hz 

9000 Hz
3.1.6 3.2.6

0.18
1.6
9

- 1 2
- 1 2
- 1 2

- 5 2
- 5 2
- 5 2

0.18 BP 
1.6 BP 
9 BP

TABLE 2/0.32 
(Previously Table B/0.32)
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TABLE 3/0.32 
(Previously Table C /0.32)

Sum level 
An g  (dB)

Difference level 
A/ijr) (dB)

Phase difference 
A4>

+6.0 —oo 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 :

Ans = 3 dB +  10 log [1 — cos (180 — AO)]
AnD =  3 dB +  10 log (1 — cos AO)

2.3.5 Subroutine 5 (m onophonic criteria b, c and  d)

M easurem ent o f weighted and  unw eighted noise levels and  non linear d isto rtion  and  com pandor func­
tion ing  test, as specified in subroutine 2, bu t for channel B.

2.3.6 Subroutine 6 (m onophonic criterion e)

M easurem ent o f  the level/frequency response o f channel B. (C orresponds to  subroutine 3 for channel A.)

2.3.7 Subroutine 7 (stereophonic criterion g)

The level difference between channels A and  B, determ ined as a function o f  the frequency.

2.3.8 Subroutine 8 (stereophonic criterion h)

The phase difference between channels A and  B, m easured as a function o f  the frequency.

2.3.9 Subroutine 9 (stereophonic criterion z)

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

3 Specifications

The follow ing specifications for carrying out the m easurem ents of the m onophon ic quality criteria a to e 
are identical with those laid dow n in R ecom m endation 0.31 fo r the m onophonic version o f such equipm ent.

3.1 Sending unit

3.1.1 Start, stop and  time base fo r  synchronization and selection o f  measuring mode

By m eans o f a locking press-button  in  the sending un it the m easuring program m e for single or perm anent 
m ode o f  opera tion  can be started. The tim ing o f the m easuring program m e is controlled  by a pulse generator. The 
sm allest tim e base tha t can be program m ed is fixed at 1.33 second. The synchronizing frequency related to this 
tim e base is 0.75 Hz and  has to  be kept w ithin ±  1%. A second press-button offers the possibility o f stopping the 
m easuring program m e. By the activation o f this press-button a m eans is provided whereby the locking m echanism  
o f the start press-button for perm anent operation  is sim ultaneously released. S tart, synchronization and  stop o f the 
receiving unit are triggered by coded pulses (1.3 kH z at —12 dBmO).
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Every subroutine is preceded by coded pulses which serve as a start signal. By m eans o f  a special stop 
signal which is triggered by pressing the stop bu tton , the progress o f the m easuring program m e can be in terrupted  
at any tim e and another program m e, selected with the aid  o f a switch, can be started  instead. O perating  the stop 
bu tton  will also reset the tim e pulse generator to  the starting  condition.

The start and stop signals consist o f four pulses whose duration  can be fixed a t 60 ms (value O) or 120 ms 
(value L) by m eans o f digital coding. The tim e between the beginning o f every pulse w ithin the coded signal is 
240 ms.

The coding o f the pulses is as follows:

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 o f digital codes, and  are transm itted  in 
the sam e time sequence.

The sending o f the coded signal (duration  960 ms) which is contro lled  by the tim e pulse generator m ust be
delayed 370 ms (in order to  com ply with the tim e pulse duration  o f 1330 ms).

3.1.2 Station coding

The m easuring program m e is preceded by the code o f the sending station  using the M orse alphabet. For 
this purpose, 19 tim ing intervals are allocated. The station code is sent by keying a 0.8-kHz tone between a level 
o f  —32 dBmO and the reference test level. The duration  o f M orse dots and  dashes shall be about 10% and 35% 
respectively, o f one tim ing interval.

3.1.3 Test level fo r  the measurements o f  level a t the reference frequency and  level/frequency response

The test level sent for level m easurem ents at the reference frequency (0.8 kH z) and  for the m easurem ents 
o f level/frequency response should be —12 dBmO (see R ecom m endation N.21 [2]). The m easurem ents o f level/ 
frequency response are to be carried out with the aid o f a sweep generator com prising  the frequency range from  
0.03 to 16 kHz. Each octave — beginning at 0.05 kH z — is m arked by short pulses (1.3 k H z / —12 dBmO from  50 
to 100 ms duration). The speed o f this sequence o f operations for the frequency range from  30-16 000 Hz which 
covers 9.06 octaves should be 5 seconds/octave so tha t 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 fo r  nonlinear distortion measurements u

The sent level o f the test frequencies corresponds to the peak program m e level (see the R ecom m endation 
cited in [3]), that is, the single tones for the nonlinear d istortion  m easurem ents lead to  the sam e peak loading as 
the double tone for the difference tone factor m easurem ents (single tone o f  + 9  dBmO, equivalent to
2.2 Vr ms =  3.1 Vp0 and double tone each o f + 3  dBmO, equivalent to  2 x 1.1 Vr ms =  2 x 1.55 Vp0 =  3.1 Vp0 
referred to a zero relative level point). In order to avoid overload o f carrier-frequency

It shall be possible for the signal sent for the m easurem ent o f nonlinearity  d isto rtion  to  be included in o r om itted  from  the 
test cycle at will (for exam ple, under control o f  a switch). W hether o r not the non linearity  d isto rtion  m easurem ent is 
adm issible m ust be determ ined for each circuit by the user o f  the equ ipm ent, and  in a m anner ensuring  that the 
prescrip tions o f R ecom m endation N.21 [2] are respected.
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transm ission systems, only frequencies below  2 kHz (with regard to circuits equipped with pre- and de-em phasis 
techniques) are applied  and  the duration  o f transm ission is autom atically  reduced to the length o f a single tim ing 
pulse 2). The follow ing test frequencies should be used:

a) For the m easurem ent o f  nonlinear distortion in the lower audio-frequency range 

c, =  0.09 k H z /+  9 dBmO for the ^ -m easurem ent,

c2 =  0.06 k H z /+  9 dBmO for the /^-m easurem ent.

b) For the m easurem ent o f  nonlinear distortion in the carrier-frequency range o f  a frequency division 
multiplex channel

c3 =  0.8 k H z /+  3 dBmO and  1.42 k H z /+  3 dBmO for the ^ -m easurem ent.

c) For the m easurem ent o f  nonlinear distortion in the m edium  audio-frequency range 

c4 = 0.8 k H z /+  9 dBmO for the /^-m easurem ent,

c5 =  0.533 k H z /+  9 dBmO for the /^-m easurem ent.

3.1.5 Signal sent fo r  compandor functioning te s t3)

In order to detect a noncom plem entary  behaviour o f regulating am plifiers in com pandors a 0.8-kHz signal 
is injected, the level o f which is switched between the values + 6 , —6, + 6  dBmO for three consecutive tim ing 
intervals.

3.1.6 Crosstalk between channels A and B

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

3.1.7 Rem ote control o f  the sending unit

Provision should be m ade for sending up to 16 com m and signals. These signals may be applied to the
sending equipm ent in either b inary  code or by applying earth  to  16 signal paths. In the case o f binary  coding for
starting  the m onophonic or stereophonic m ain 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 m eans o f a selective process. A 
guard  circuit sim ilar to the one norm ally used for signal receivers is required to protect against false operation. In 
com bination  with the above-m entioned guard circuit the 4-bit code chosen offers a highly reliable protection 
against the possibility that the starting m echanism  m ight be activated by sound-program m e signals. Thus, the 
receiving unit can rem ain continuously  connected to a sound-program m e circuit and  can record the m easuring 
program m e w ithout intervention by an operator.

The tim ing schedule m ust be in conform ity with the requirem ents specified for the sending un it (see § 3.1.1
above).

The tim e pulse generator shall be triggered after the reception o f the start signal. R eception o f the stop 
signal shall cause the tim e pulse generator to be reset to the starting condition.

O ther m ethods are under study by the CM TT.

This test is in tended for provisional use. A change will be necessary w hen, after fu rther study, the C C IT T  issues 
R ecom m endations for com pandors and  appropria te  m ethods o f their testing.
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3.2.2 M easuring ranges

The m easuring device should have a logarithm ic characteristic, and  a linear m easuring range o f ±  10 dB 
referred to the respective centre-of-range should be provided.

For the particu lar m easuring function the centres-of-range as indicated  in Table 1 /0 .3 2  should be 
provided.

3.2.3 Noise measurements

The quality criteria bx and b2 (weighted and unweighted noise m easurem ents) are m easured in a quasi-peak 
m ode. In this case, the dynam ic properties o f the rectifier circuitry and  the netw ork for w eighted noise 
m easurem ent (6 ,)  should meet the requirem ents o f C C IR  R ecom m endation 468-2 [1].

3.2.4 Provision o f  filters and their characteristics

Two bandpass filters should be provided for selecting the nonlinear d isto rtion  products, one for 0.18 kHz 
and  the o ther for 1.6 kHz. They should be used as follows:

0.18-kHz filter

— for /^-m easurem ent 0-09 kH z (c ,),

— for /^-m easurem ent o f 0.06 kH z (c2),

— for ^ -m easu rem en t o f 0.8/1.42 kH z (c3);

1.6-kHz filter

— for /^-m easurem ent o f 0.8 kHz (c4),

— for /^-m easurem ent o f 0.533 kH z (c5).

W ith the 0.18-kHz filter only the lower ^ -p ro d u c t (2 x 0.8 kH z —1.42 kH z =  0.18 kHz) is m easured. The 
m easurem ent o f the upper ^ -p ro d u c t at 2.04 kH z ( =  2 x 1.42 kHz — 0.8 kHz) is no t m ade. To com pensate for 
this, tw o times the lower d3-product at 0.18 kH z is taken.

The bandpass filters should meet the following selectivity requirem ents:

— passband defined by insertion loss values less than  1 dB:

0.18 kHz filter: ±  3 Hz
1.6 kHz filter: ±  24 Hz referred to centre frequency;

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

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

3.2.5 M easurement o f  the phase difference between channels A and B

The phase difference between channels A and B is m easured as a function o f the frequency. For this 
purpose, a phase discrim inator is required which is independent o f the level difference between the two channels. 
Because o f the chosen linear scale o f 5°/cm  and the recom m ended recording w idth, the m easurem ent range is 
lim ited to  0-50°. Larger phase differences can be estim ated from  the stereophonic criterion /  o f subroutine 4.

3.2.6 M easurement o f  crosstalk between channels A and B

The crosstalk ratio between channels A and B at the m easuring frequencies o f  180, 1600 and  9000 Hz is
m easured selectively. The filters for the first two frequencies may be the same as those used for the nonlinearity
m easurem ents in subroutines 2 and 5.

One additional filter is required for 9 kHz.

This bandpass filter should meet the following selectivity requirem ents:

— passband defined by insertion loss values o f <  1 dB: ±  0.8 kH z referred to  the centre frequency;

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

The m easurable signal-to-crosstalk ratio is confined to the critical range between 30 and 50 dB.
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3.2.7 A dditional markers provided a t digital receivers

A dditional m arkers can  be generated in the digital receiver as required, by m aking use o f  the octave 
m arkers received from  the sending un it as a tim ing base.

3.2.8 Programming o f  digital receivers

W here a digit receiver is used, it shall be possible to  p rogram m e it so as to check tha t the circuits tested 
m eet the required tolerances.

3.2.9 Recording device

The transien t response tim e o f the recording device should no t exceed 200 ms. In connection  with the 
rectifier circuitry o f the receiving un it for noise m easurem ents the requirem ents o f  C C IR  R ecom m enda­
tion  468-2 [1] should  be fulfilled.

Paper w idth and  speed m ay be chosen according to  national standards. The follow ing values have proved 
to  be practicable:

— Paper w idth 100 mm.

This value yields (on the 20-dB level range) a level scale o f 2 dB /10  mm.

— Paper speed 2 m m /s  and  2 /3  m m /s.

These paper speeds should be m anually  adjustable.

In addition  to the recording device it w ould be desirable to provide app rop ria te  access points for the use 
o f an  oscilloscope.

3.3 Sequence o f  operations in the programme

The sequence o f operations o f the stereophonic m easuring program m e including all subroutines is shown 
in A nnex A. The first and  second tim e pulse o f each subroutine are provided for the start signal and  a pause, 
respectively.

3.4 Long-term m easurements o f  noise

3.4.1 Autom atic measurements

A fter com pletion o f the m onophon ic or stereophonic m ain routines, au tom atic long-term  m easurem ents o f 
noise are perform ed on channel A and  channel B respectively, w ithout in itiation  or control by the sending unit. 
The sequence should be as follows:

time intervals receiver program m e channel

10 ....................................................................................  pause

60 ....................................................................................  weighted n o i s e ......................................  A

20 ....................................................................................  unw eighted n o is e ...................................  A

2 ....................................................................................  pause

60 ....................................................................................  weighted n o i s e ......................................  B

20 ....................................................................................  unw eighted n o is e ...................................  B

3.4.2 M anual m easurem ents

In order to m ake m easurem ents o f  weighted or unw eighted noise continuously for unspecified periods o f 
tim e it m ust be possible to m ake the tim ing m echanism  inoperative. W here an analogue receiver is used, a 
m anually  contro lled  switch should be provided, so tha t the centre-of-range can be changed by 10 dB in either 
direction.
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3.5 M atching characteristics

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

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

follow ing im pedances are to be provided:

— ou tpu t im pedance o f the sending un it <  10 ohm s,

— inpu t im pedance o f the receiving un it >  20 kohm s.

Both values m ay be changed by in ternal sw itching to  600 ohm s if, for the lin ing-up o f  the sound- 
program m e circuit, the im pedance m atching m ethod is applied. It should be possible to  ad just the sending and  
receiving units by m eans o f a switch to  the follow ing relative levels:

+  6 dBr =  nom inal value at the repeater stations o f A dm inistrations;

0 dBr 4) =  nom inal value at the studios o f b roadcasting  organizations.

3.6 Accuracy o f  sending and  receiving units

3.6.1 Sending unit

a) Individual frequency oscillators

— level to lerance ...........................................................................................................    ±  0.2 dB

— frequency tolerance .................................................................................................    <  1.0%

— harm onic d istortion  at 2 /a n d  3 / ......................................................................................................... <  0.1%

b) Sweep frequency oscillator

— level to lerance at 0.8 k H z ................................................................................   ±  0.2 dB
3

— level frequency response referred to 0.8 k H z .................................................................................  ±  0.2 dB

3.6.2 Receiving unit

Tolerances, including recording device:

— m id-scale value — 12 dBmO and 0 d B m O ........................................................................................... ±  0.3 dB

— m id-scale value —51 dBmO and —31 d B m O ........................................................................................... ±  1.0 dB

O perational stability should be reached w ithin 15 m inutes o f sw itching on. As far as the details o f the 
division o f the tolerances are concerned, reference is m ade to  the values given in [4].

The tolerances m ay then be reduced by calibrating the sending and  receiving units when interconnected on 
a loop basis.

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

(to R ecom m endation 0 .32)

TABLE A -l/0 .32

Sequence of operations of stereophonic main routine measuring programme

Sending unit Receiving unit

Sub­
routine

Time
intervals Frequency

(kHz)
Level

(dBmO)
Loaded
channel Measuring function Channel

Centre 
o f range 
(dBmO)

1 1 1.3 - 1 2 A Start signal No. 1 A _
1 - - - Pause - -

19 0.8 - 3 2 / - 1 2 A Station coding A - 1 2
1 - - - Pause -
4 0.8 - 1 2 A Measurement o f 

reference level
A - 1 2

2

28

Pause

2 1 1.3 - 1 2 A Start signal No. 2 A _
2 - - - Pause - -
5 - — — Weighted noise 

(psophom eter filter)
A -5 1

5 - - -  ' Unweighted noise A - -5 1
2 - - Pause - -
1 0.09 +9 A k 2 -level 

(0.18 kHz filter)
A -3 1

1 - - - Pause - -
1 0.06 +9 A k  3 -level 

(0.18 kHz filter)
A -3 1

2 - - - Pause — -  ■
1 0.8/1.42 + 3 /+ 3 A d  3 -level 

(0.18 kHz filter)
A -3 7

2 - - - Pause • - -
1 0.8 +9 A k 2 -level 

(1.6 kHz filter)
A -3 1

1 - - - Pause - -
1 0.533 +9 A k  3 -level 

(1.6 kHz filter)
A -3 1

2 - - - Pause - . ■ -
3 0.8 + 6 /-6 /+ 6 A Com pandor test A 0
4

35

Pause with reserve

3 1 1.3 - 1 2 A Start signal No. 3 A
1 - - - Pause - -

35 0.03 to  16 - 1 2 A Level/frequency
response

A - 1 2

2

39

Pause

4 1 1.3 - 1 2 A Start signal No. 4 A
1 — - - Pause - -
2 0.8 - 1 2 B Measurement of 

reference level
B - 1 2

1 _ _ _ Pause - -

2 0.8 - 1 2 A, B Sum level A, B - 1 2
1 — - _ Pause - -

2 0.8 - 1 2 A, B Difference level A, B - 1 2
2

12

Pause
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TABLE A-1/0.32 - (end)

Sending unit Receiving unit

Sub­
routine

Time
intervals Frequency

(kHz)
Level

(dBmO)
Loaded
channel Measuring function Channel

Centre 
o f range 
(dBmO)

5 1 1.3 - 1 2 A Start signal No. 5 A __
2 - - - Pause - -
5 — — — Weighted noise 

(psophom eter filter)
B -5 1

5 - - - Unweighted noise B -5 1
2 - - - Pause - -

1 0.09 +9 B k  2 -level 
(0.18 kHz filter)

B -3 1

1 - - - Pause - -

1 0.06 +9 B A: 3-level 
(0.18 kHz filter)

B -3 1

2 - - Pause - -

1 0.8/1.42 + 3 /+ 3 B d 3 -level 
(0.18 kHz filter)

B -3 7

2 - - Pause - -

1 0.8 +9 B k  2 -level 
(1.6 kHz filter)

B -3 1

1 - - Pause - -

1 0.533 +9 B k  3 -level 
(1.6 kHz filter)

B -3 1

2 - - - Pause - -

3 0.8 + 6 /- 6 /+ 6 B Compandor test B 0
4

35

Pause with reserve

6 1 1.3 - 1 2 A Start signal No. 6 A _
1 - Pause - -

35 0.03 to 16 12 B Level/frequency response B - 1 2
2

39

Pause

7 1 ' 1.3 - 1 2 ' A Start signal No. 7 A
1 - - - Pause -

35 0.03 to 16 - 1 2 A, B . Level difference/ 
frequency response

A, B 0

2

39

Pause

8 1 1.3 - 1 2 A Start signal No. 8 A _
1 - - - Pause - -

35 0.03 to 16 - 1 2 A, B Phase difference/ 
frequency response

A, B 25°

2

39

Pause

9 1 1.3 -1 2 A Start signal No. 9 A _
1 - - Pause - -

2 0.18 12 A Crosstalk level 
(0.18 kHz filter)

B - 5 2

1 - - - Pause -  . -

2 1.6 -1 2 A Crosstalk level 
(1.6 kHz filter)

B - 5 2

1 - - - Pause - -

2 9.0 - 1 2 A Crosstalk level 
(9 kHz filter)

B - 5 2

2

12

Pause

1 to 9 278

Duration o f 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 o f this Recommendation see Recommendation P.53 o f  
Volume V and for information on this and other noise measuring 

instruments, see Supplement No. 3.2 o f Volume IV.2 o f the Green B o o k )

Recommendation 0 .51

VOLUME METERS

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

Recommendation 0 .61

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

The requirements for the characteristics o f  a simple interruption counter equipment capable o f 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 o f  this specification an interruption shall be regarded as a break in transmission or drop 
in the level o f  a test tone below a designated threshold.

1.2 dead time

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

2.1 General

All in terrup tions above 3.5 ms shall be detected. In terrup tions o f less than  2 ms shall no t be recognized
n o r restora tion  o f the signal for less than  2 ms. In terrup tions separated by m ore than  4 ms shall be detected
separately.

2.2 Interruption detection threshold

The instrum ent shall be capable o f adjustm ent to  threshold levels o f  6 and  10 dB. The accuracy o f  the
instrum ent at these threshold levels shall be ±  1 dB.

2.3 Input conditions

2.3.1 The detector shall respond to a test signal o f 2000 Hz ±  100 Hz (see also § 5).

2.3.2 The instrum ent shall be capable o f adjustm ent for inpu t levels between +  10 dBm  and  —30 dBm.

2.4 Input impedance

— balanced, earth  free.

2.4.1 Signal balance ratio in the band  300 Hz to 6 k H z ..........................................................................................  >  50 dB

2.4.2 Impedances

2.4.2.1 Low im pedance ...........................................................................................................................................................  600 ohm s

R eturn loss at 2 kH z .................................................................................................................................................  >  30 dB

R eturn loss in the band  300 Hz to 6 kH z ...........................................................................................................  >  25 dB

2.4.2.2 High im p e d a n c e   approx. 20 kohm s

T apping  loss across 600 o h m s   <  0.25 dB

2.5 D ead time

2.5.1 The dead tim e o f an electronic instrum ent shall be 3 ms ±  1 ms.

2.5.2 The dead tim e o f an instrum ent with m echanical counters shall be 125 ms ±  25 ms.

2.5.3 A switch shall be provided on the electronic instrum ent giving an  op tional 125 ms ±  25 ms dead tim e to
enable com parable tests to be m ade with instrum ents using m echanical counters.

2.6 Auxiliary logic output

An auxiliary ou tpu t from  the detector shall be provided wired to a suitable socket giving a logic ou tpu t for 
com puter access or auxiliary equipm ent. The ou tpu t from  this socket shall be a tw o-state digital signal:

logic “0” : signal level above the threshold;

logic “ 1” : in te rruption , signal level below  the threshold.

The ou tpu t levels shall be as supplied by TTL (Transistor —T ransistor Logic) in tegrated  circuits. The
ou tpu t im pedance shall be less than 2000 ohm s, the precise value depending  on the requirem ents o f individual
A dm inistrations.

2.7 Timing clock (optional)

A tim ing clock shall be provided which shall lim it the test du ration  to any period  up  to  one hour. A 
m anual position shall be provided on the clock for special testing purposes when test periods o f  greater than  one 
hour are required.
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3 The counter

3.1 General

All in terrup tions o f greater than  3 ms shall be recorded. The in terruptions shall be recorded on a single
counter which shall have at least a three digit display. At the end o f the testing period the counter display shall
hold  its accum ulated total.

3.2 Power fa ilure

In the event o f a pow er failure the counter shall hold its accum ulated total and resum e the count when the 
pow er supply is restored. Should it prove im possible to meet this requirem ent a visual indication  shall be provided 
to show tha t a pow er failure has taken place.

4 General

4.1 Working conditions

The instrum ent shall meet the above requirem ents under the follow ing conditions:

— Tem perature range: +  5 ° C t o  + 4 0  °C ;

— Relative hum idity: 45% to 75% (see [1]).

5 Simultaneous measurements

The m easurem ent o f in terrup tions may be provided in an instrum ent which also makes m easurem ents o f 
o ther transient im pairm ents, e.g., am plitude and  phase hits. A test signal frequency o f 1020 Hz ±  10 Hz may be 
used to facilitate the integration  o f several m easurem ents o f transien t phenom ena in such a com bined instrum ent. 
In all other respects, the m easurem ent of in terrup tions shall be in accordance with the principles o f this 
R ecom m endation.

Reference

[1] IEC  Publication No. 359.

Recommendation 0 .6 2

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

The requirem ents for the characteristics o f a sophisticated in terrup tion  counter equipm ent capable of 
detecting short breaks in transm ission on audio channels are described below and m ust be adhered to in o rder to 
ensure com patibility  between equipm ents standardized by the C C IT T  and  produced by different m anufacturers.

1 Definitions

1.1 interruption

For the purpose o f this specification an in terrup tion  shall be regarded as a break in transm ission or drop 
in the level o f a 2-kHz test tone below  a designated threshold.

1.2 dead time

The dead tim e is defined for the purpose o f this specification as the tim e after which the counter is ready 
to record another in terrup tion  follow ing the end o f the preceding in terruption .
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2 The detector

2.1 General

The detector shall be capable o f recognizing an in terruption having a nom inal du ra tion  o f 0.3 ms in 
accordance with the probability  curve given in Figure 1 /0 .62 .

This m eans tha t all breaks exceeding 0.5 ms and 3 dB below the threshold  to  which the instrum ent 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 norm al 
test signal level at the input to detector.

The accuracy o f the instrum ent at these threshold levels shall be as follows:

3, 6 and 10 dB: ±  1 dB

20 dB: ±  2 dB.

2.3 Input conditions

2.3.1 The detector shall respond to a test signal o f 2000 Hz ±  100 Hz.

2.3.2 The instrum ent shall be capable o f adjustm ent for input levels between +  10 dBm  and —30 dBm.

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

— balanced, earth free.

2.3.3.1 Signal balance r a t i o ....................................................................................................................................................  >  50 dB

1) Low im p e d a n c e .....................................................................................................................      600 ohm s
Return loss ...........................................................................................................................................................  >  30 dB

2) High im p e d a n c e .........................................................................................................................  approx. 20 kohm s
T apping loss across 600 o h m s   <  0.25 dB

2.4 Auxiliary detector output

A socket shall be provided perm itting the connection o f the detector logic ou tpu t to an outside recording 
device such as a tape recorder or a com puter. The ou tput from  this connector shall have a tw o-state digital signal:

logic “0” : signal level above the threshold;

logic “ 1” : in terruption , signal level below the threshold.

The ou tpu t levels shall be as supplied by TTL integrated circuits.

The ou tput im pedance shall be less than 2000 ohm s, the precise value depending  on the requirem ents o f 
individual Adm inistrations.

2.5 Dead time

The instrum ent shall have at least two dead times:

1) shortest possible, in accordance with the curve in Figure 1 /0 .6 2 ;

2) 125 ms ±  25 ms for special testing purposes.
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Break length cciTT-37310

FIGURE 1/0.62 

Probability curve for the detection of an interruption

2.6 Visual indication

A visual indication  shall be provided showing the condition  o f interruption.

3 The counter

3.1 General

The detected in terruptions shall be divided into the follow ing tim e 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 m in,

5) 1 m in and  over (optional).

Facility for adjusting to o ther tim e groupings may be provided at the option  o f the A dm inistrations. The 
coun t shall be presented on a visual display.

3.2 Power fa ilure

In  the event o f a pow er failure any loss o f counting inform ation  should be clearly indicated on a display 
for later observation.

4 General

4.1 Working conditions

The instrum ent shall meet the above requirem ents under the follow ing conditions:

-  Tem perature range: + 5 ° C t o  + 4 0  °C ;

— Relative hum idity: 45% to 75% (see [1]).

Reference

[1] IEC  Publication No. 359.
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Recommendation 0 .71  J)

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

The requirem ents for the characteristics o f an instrum ent capable o f  assessing the im pulsive noise 
perform ance o f  telephone-type circuits are described below and  m ust be adhered  to  in o rder to  ensure 
com patibility  o f results ob tained by equipm ents standardized by the C C IT T  and  p roduced  by d ifferent m anufac­
turers.

1 Principle of operation

The instrum ent will record the num ber o f  tim es tha t the instantaneous voltage o f  the inpu t signal exceeds a 
predeterm ined threshold during the period o f m easurem ent. The m axim um  rate at w hich the instrum ent can record 
im pulses exceeding the threshold is 8 ±  2 counts per second. The threshold  level is ca lib rated  in  term s o f the 
r.m.s. value o f a sinusoidal inpu t signal (dBm) whose peak value is ju st sufficient to  cause the instrum ent to 
operate the counting mechanism .

2 Definition

2.1 dead time

F or the purpose o f this specification the dead tim e is defined as the tim e after which the counter is ready 
to  register another pulse follow ing the start o f the preceding pulse.

3 Specification clauses

3.1 Input impedance

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

3.1.2 high im pedance with a tapp ing  loss not exceeding 0.1 dB over the frequency range 200-3400 Hz.

3.2 Input balance

W ith a pulse which is 60-dB higher than  the threshold setting applied  between the m idpo in t o f the source
im pedance and the earth  term inal o f the instrum ent the counter shall no t operate.

3.3 Operate-level range

The m inim um  operate-level range to  which the instrum ent 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 o f a sine wave having a pow er o f 1 m W  in 600 ohms).
The threshold shall be adjustable in 3 dB steps ( ±  0.5 dB) and the thresholds for positive and  negative polarities
o f  input pulse shall not differ by m ore than  0.5 dB.

3.4 D ead time

W hatever values o f dead tim e are included in a particular instrum ent, a value o f 125 ±  25 ms shall be 
provided in all cases.

3.5 A ttenuation/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, m inim um  attenuation  
17 dB;

]) The text o f  this R ecom m endation has been established under the responsibility  o f  Study G ro u p s IV, XV II and  jo in t Study 
G ro u p  C M BD . Further e laboration  o f this R ecom m endation  shall be the jo in t responsibility  o f  these Study G roups.
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— above 3250 Hz, the rise in a ttenuation  shall be com patib le with the sensitivity requirem ent indicated in 
§ 3.7 below.

3.5.2 Optional bandwidths

By m eans o f additional filters the equipm ent m ay provide other op tional bandw idths.

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

O ne o f the filters shall have the follow ing characteristics:

F lat w ithin ±  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 o ff at about 18 dB per octave.

For m easurem ents o f im pulsive noise in the 75 b it/s  return  channel, a filter w ith the follow ing 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 o ff at abou t 18 dB octave.

3.6 Calibration

W ith the instrum ent sw itched to  the f la t  condition, a continuous sinusoidal 1000-Hz signal applied to the 
inpu t at a voltage equivalent to 0 dBm in 600 ohm s, and  with the operate level control set to 0 dBm the 
instrum ent shall be adjusted by m eans o f a calibration control to  register 8 ±  2 counts per second. W hen the 
inpu t signal is reduced in level to — 1 dBm  the instrum ent shall no t count.

W hen the input level is reduced to any value w ithin the operate level range, the operate level setting at 
which the instrum ent just fails to  count shall not differ from  the actual input level by m ore than 1 dB.

3.7 Sensitivity

W ith the instrum ent calibrated  in accordance with § 3.6 in the f la t  condition  and the operate level set to 
0 dBm , rectangular pulses o f either polarity  o f 50 m illiseconds duration  having a peak am plitude o f 1.21 V with 
an  in terval between pulses in excess o f the dead tim e shall be applied  to the instrum ent and cause the counter to 
operate  at the correct rate. W hen the w idth o f these pulses is gradually  reduced, the counter shall count at the 
correct rate when the pulses have a duration  o f 50 m icroseconds but shall not count when the pulses are 
20 m icroseconds.

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.

3.9 Timer

A built-in tim er capable o f switching off the instrum ent after a predeterm ined tim e shall be provided. This 
tim er shall be adjustable from  5 to 60 m inutes in steps o f 1 m inute.

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

4 Working conditions

The instrum ent shall meet the above requirem ents under the follow ing conditions:

— Tem perature range: + 5 ° C t o  + 4 0  °C ;

— Relative hum idity: 45% to 75% (see [1]).

Reference

[1] IEC  Publication No. 359.
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Recommendation 0 .7 2

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

(For the text o f this R ecom m endation see R ecom m endation H.16 o f V olum e III.)

Recommendation 0.81

SPECIFICATION FOR A GROUP-DELAY MEASURING SET 
FOR AUDIO CIRCUITS

The requirem ents for the characteristics o f a group-delay m easuring set for audio  circuits which are 
described below m ust be adhered to in order to ensure com patibility  betw een equipm ents standard ized  by the 
C C IT T  and produced by different m anufacturers.

1 Measuring principle

In the case o f group-delay distortion  m easurem ents over a line (straightaw ay m easurem ents), a signal for 
phase dem odulation  is required on the receiving side whose frequency corresponds exactly to the m odulation  
(split) frequency on the transm itting  side and  whose phase does not change during  the m easurem ent. W ith the 
proposed  m easuring principle, this frequency is generated in a split-frequency oscillator in the receiver whose 
frequency is controlled with the aid o f a reference carrier having a fixed frequency o f 1.8 kHz. The reference 
carrier is am plitude m odulated with the same m odulation  frequency as the m easuring carrier and  is transm itted  
over the path to be m easured in periodical alternation  with the m easuring carrier. D uring the changeover from  
m easuring carrier to reference carrier no phase or am plitude surge m ust occur in the sending signal. For the sake 
o f identification the reference carrier is furtherm ore am plitude m odulated  with an identifying signal.

If  the path  to be m easured has different group delay a n d /o r  a ttenuation  for the m easuring carrier and  the 
reference carrier, a phase a n d /o r  am plitude surge appears at the ou tput o f the path to be m easured at the carrier 
changeover po in t within the receiver. This phase or am plitude surge is evaluated by the receiver o f the m easuring 
set. Thus, the receiver is provided with a phase m easuring device for the purpose o f group-delay  m easurem ents. 
This m easuring device includes the above-m entioned frequency controlled split-frequency oscillator whose phase is 
autom atically  adjusted to the m ean value derived from  the phases o f the split-frequencies transm itted  with the 
m easuring and the reference carriers. The split frequency voltage fed to the phase m eter is taken from  the ou tpu t 
o f an am plitude dem odulator which can sim ultaneously be used for m easuring am plitude variations. In order to 
recognize the actual m easuring frequency on the receiving side — particularly  during sweep m easurem ents — a 
frequency discrim inator may be provided.

If the frequency o f the m easuring carrier differs from  the frequency o f the reference carrier during the 
m easurem ent and  if the path to be m easured has different group-delay and  attenuation  values for the two 
frequencies, a square-wave signal appears at the outputs o f the phase m eter, the am plitude dem odulato r and  the 
frequency discrim inator in the receiver, whose am plitudes are p roportional to the respective m easuring results 
— referred to the frequency o f the reference carrier — and whose frequency corresponds to the carrier changeover 
frequency on the transm itting  side. These three square-wave signals are subsequently evaluated with the aid of 
contro lled  rectifiers and  allow indications, together with the correct signs, o f differences in group-delay d istortion , 
attenuation  and m easuring frequency between m easuring and reference carrier frequencies.
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2 Technical details

2.1 Transmitter

The m odulation  split frequency shall be 41.66 Hz ( =  1000 H z/24). W ith the aid o f this signal the reference 
an d  m easuring carriers are am plitude m odulated  to  a m odulation  dep th  o f 40%. Both sidebands are transm itted. 
T he m odulation  disto rtion  factor shall be sm aller than  1%. The changeover from  m easuring carrier to reference 
carrie r is carried out w ithin a sw itching tim e o f  < 1 0 0  m icroseconds. The changeover frequency is rigidly tied to 
the m odulation  frequency by b inary  frequency division and  is 4.166 Hz (41.66 H z /10). The carrier changeover 
occurs a t the m inim um  o f the m odulation  envelope. D eviations o f <  ±  0.2 m illiseconds are adm issible. The 
carrie r frequency which is no t transm itted  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 
m odu la tion  (split) frequency. The assigned frequency 166.6 Hz is derived by m ultiplying the m odulation  (split) 
frequency by four or by dividing 1 kH z by six. The rectangular-shaped identifying signal derived from  1 kHz 
th rough  frequency division can be used for direct m odulation  after having passed through an  RC lowpass filter 
w ith a tim e constan t o f T  =  0.43 m illiseconds since a pure sinusoidal form  is not required in this case. The 
m odu la tion  depth is 20%. The identifying signal is only transm itted  during the last 24 m illiseconds o f the reference 
carrie r sending time. The shape o f the different signals on the transm itting  side show n as a function  o f tim e and 
the ir respective form s can be seen from  Figure 1 /0 .81 .

Signal

Sending tim e of reference frequency 
120 ms

A L

Sending tim e o f measure frequency 
120 ms

Changeover 
signal 4 .166  Hz

Time constant T * 0,43 ms

X If vnnnt

Carrier changeover poin t 
Deviation from  envelope 

minimum <  ± 0.2 ms

24 ms i 30 ms i i 24 ms i

Identifying 
signal 166.6 Hz

M odulation signal 
41 .66  Hz 

(split frequency only)

Complete modulation 
signal

Combined generator 
o u tp u t signal

Gating signal of 
-  receiver to  suppress 

CCITT-3 7 3 2 0  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 .8 1 )

The signal com ing from  the path  to  be m easured is dem odulated  and  the m odulation  frequency o f 
41.66 Hz so obtained is filtered out by a bandpass filter. This m odulation  voltage is rectangularly  phase 
m odu lated , the frequency o f the phase m odulation  being equivalent to  the changeover frequency, 4.166 Hz. The 
phase deviation is p ropo rtional to the group-delay difference between the m easuring carrier and  the reference 
carrier. The phase dem odulation  is carried out in a phase m eter whose second inpu t is fed, for exam ple, by a 
1-kHz oscillator via a frequency div ider 24/1 . This oscillator form s a closed-phase contro l loop  involving the 
phase m eter and a low pass filter which suppresses the changeover frequency. Thus, the m odulation  frequency 
generated  in the receiver corresponds exactly to  the m odulation  frequency com ing from  the transm itter.
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Measuring

amplitude dem odulator 
bandpass filter, identifying frequency 
frequency discriminator 
phase meter 
controlled oscillator 
A n d  circuit 
gates
controlled rectifiers 
see Figure 1/0 .81 

13 measuring object

FIGURE 2/0.81 

Principle of group-delay measuring set

1 oscillator, measure frequency 14
2 oscillator, reference frequency 17
3 oscillator, 1 kHz 18
4 ,9 ,1 2 ,2 1  frequency dividers 19
5 ,1 0  amplitude m odulators 20
6 ,1 5 ,2 2  low pass filter 23
7 gate, identifying signal 2 4 ,2 5 ,2 6
8 carrier changeover switch 2 7 ,2 8 ,2 9
1 1 ,1 6  bandpass filter, m odulation frequency A to F signals

At the ou tput o f the phase meter a 4.166-Hz square-wave voltage is ob ta ined , w hose am plitude is 
p roportional to the m easuring result. In o rder to enable a, correct evaluation  o f  this signal, a controlled  
rectification is required. The control voltage is derived from  the m odulation  (split) frequency w hich is generated in 
the receiver by frequency division (10/1). The correct phase position with regard to  the transm itting  signal is 
enforced with the aid o f the identifying signal 166.6 Hz. The controlled rectifier is connected bo th  to  an  indicating 
instrum ent and to the direct current output.

2.2.2 Am plitude measurements

If  the am plitude m easurem ent is to  be referred also to  the reference carrier, the signal at the ou tpu t o f the 
am plitude dem odulator (4.166-Hz square-w ave proportional to A a) can be subsequently evaluated  as already 
described in the case o f the group-delay m easurem ents. Furtherm ore, it is possible to indicate the respective 
absolute carrier am plitude.

2.2.3 Frequency measurements

For sweep m easurem ents it is necessary to generate in the receiver a voltage which is p ropo rtional to the 
m easuring frequency. This can be achieved with the aid o f a frequency d iscrim inator which, in tu rn , supplies its 
ou tpu t voltage to a controlled rectifier. The indicated m easuring result is the frequency difference between the 
m easuring carrier and the reference carrier. O ptionally , only the m easuring carrier frequency m ay be indicated.

2.2.4 Blanking o f  transient distortion

Due to the carrier changeover it may happen  that transien t d isto rtions occur in the path  to  be m easured as 
well as in the receiver. These interfering signals can effectively be blanked out by m eans o f gate circuits. The gates 
will release the ensuing m easuring devices only during those periods which are indicated  in Figure 1 /0 .8 1 .
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3 General

The transm itter ou tpu t and  the receiver inpu t m ust be earth  free and  balanced. It m ust be possible to apply 
a m axim um  direct current o f approxim ately  100 mA to the connected  m easuring instrum ents for the purpose o f 
loop  holding.

4 Specifications for a group-delay measuring set for audio circuits

4.1 General

4.1.1 Accuracy o f group-delay m easurem ents (see also § 4.2.1 below):

— 200 Hz to 400 H z ................................................................  <  ±  100 m icroseconds
— 400 Hz to 600 H z ................................................................  <  ±  30 m icroseconds
— 600 Hz to 1 kH z  ............................................................   . <  ±  10 m icroseconds
— 1 kH z to 20 kH z  ..................................................   . <  ±  5 m icroseconds

±  3% of 
m easuring range

O utside a tem perature range o f + 1 5  °C  to  + 3 5  °C  the stated accuracy may be affected by variations of 
the m odulation  frequency, causing a m easuring error o f 4% instead o f 3% (see § 4.1.4 below).

The additional erro r due to  am plitude variations shall not exceed:

— variations up to 10 d B .......................................... ......................................................................  ±  5 m icroseconds
— variations up to 20 d B ................................................................................................  ± 1 0  m icroseconds
— variations up to 30 d B .................................................................................................................  ± 2 0  m icroseconds

4.1.2 M easuring frequency     200 Hz to 20 kHz

4.1.2.1 M easuring frequency accuracy:

— in tem perature range + 1 5  °C  to + 3 5  ° C .................  <  ±  1% o f actual frequency reading ±  10 Hz
— in tem perature range + 5  °C  to + 5 0  °C  .................  <  ±  2% o f actual frequency reading ±  10 Hz

4.1.3 Reference f re q u e n c y ............................................................ ...................................................................................  1.8 kHz

(plus a vernier adjustm ent to avoid coincident interfering tones).

There should be an op tion  to include two additional reference frequencies to  increase accuracy at the edges 
o f the band.

4.1.3.1 Reference frequency accuracy:

— in tem perature range + 1 5  °C  to  + 3 5  ° C ................................................................................................. <  ±  1%
— in tem perature range + 5  °C  to + 5 0  °C  ................................................................................................... <  ±  3%

4.1.4 M odulation  frequency (1 kH z : 2 4 )2):

— in tem perature range + 1 5  °C  to + 3 5  °C  . .  ...........................................................................  41.66 Hz ±  0.5%
— in tem perature range + 5  °C  to 50 ° C .......................................................................................... 41.66 Hz ±  1%

4.1.4.1 M odulation  d e p th 2* ................................................................................................   m = 0.4 ±  0.05

4.1.4.2 M odulation  distortion  factor 2)’ 3)   <  1%

4.1.5 Identifying frequency (1 kH z : 6) derived from  m odulation  frequency 2 )   166.6 Hz

4.1.5.1 M odulation  depth 2 ) ...................................................................................................................................... m = 0.2 ±  0.05

4.1.5.2 Sending tim e o f identifying s ig n a l2 ) ........................................  24 m illiseconds term inating  with the end of
the sending tim e o f the reference frequency

4.1.5.3 The com m encem ent o f the identifying signal shall cause a decrease in the am plitude o f the carrier (as 
show n in Figure 1 /0 .81).

1 * The m easurem ent range is taken to be the indicated value at full-scale deflection on the range in use.

2) R equirem ents that have to be m et on g rounds o f com patibility  betw een equipm ents m ade by different m anufacturers.

3) The m odulation  d isto rtion  factor is taken to  be:

r.m.s. value o f unw anted  sidebands
r.m.s. value o f w anted sidebands

x 100%.
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4.1.6 C hangeover frequency (1 kH z : 240) derived from  m odulation fre q u en c y 2* .......................................  4.166 Hz

4.1.6.1 C arrier changeover tim e 2) ...........................................................................................  Less than  100 m icroseconds

4.1.6.2 D eviation between carrier changeover po in t and envelope m inim um  2* <  ±  0.2 m illiseconds

4.1.7 Range o f  environmental conditions

4.1.7.1 Power supply voltage variation  .....................................................................................................  + 1 0  to —15%

4.1.7.2 T em perature r a n g e ................................................................................................................................ + 5 ° C  to + 5 0 ° C

4.1.7.3 Relative hum idity r a n g e ......................................................................................................................  45% to 75% (see [1])

4.1.8 A dditional requirements

4.1.8.1 Speaker a r ra n g e m e n ts ................................................................................   O ptional

4.1.8.2 Internal check. In ternal checking circuits shall be provided to verify the p ro p er opera tion  o f the
group-delay /frequency  and attenuation /frequency  distortion m easurem ent functions, using app rop ria te  outputs
from  the sender.

4.2 Sender

4.2.1 E rror in troduced by the sender in the overall accuracy o f the group-delay m easurem ent (as indicated in 
§ 4.1.1 above) shall not ex ceed 2*:

— 200 Hz to 400 H z .......................................................................... ... .........................................  ± 1 0  m icroseconds
-  400 Hz to 600 H z ................................................................................ ! .  ............................... ±  3 m icroseconds
-  600 Hz to 20 k H z .........................................................................................................................  ±  1 m icrosecond

4.2.2 Range o f send levels (average carrier power) (the m axim um  send level m ay be
restricted as an o p t i o n )    . —40 dBm  to + 1 0  dBm

4.2.2.1 Send level a c c u r a c y    <  ±  0.5 dB
at the reference frequency ....................................   <  ±  0.3 dB

4.2.3 O utput im pedance (frequency range 200 Hz to 20 kHz):

— balanced, earth free ............................................; . . . . ■   ; . . . 600 ohms

4.2.3.1 Return l o s s ....................................................................................................................................................... . >  40 dB

4.2.3.2 Signal balance r a t i o .............................................................................   >  46 dB

4.2.4 H arm onic distortion o f send s i g n a l ......................................................................................................... < 1 %  (40 dB)

4.2.5 Spurious d istortion o f send s ig n a l    < 0 . 1 %  (60 dB)

4.2.6 Frequency sweep r a t e .......................................................................... A djustable from  10 H z/sec  to 100 H z/sec. At
least four sweep rates shall be provided

4.2.7 Preventing possible response o f dial tone r e c e iv e rs .................................................................................  . O ptional

4.2.8 Provision for loop h o ld in g ................................................................................................................................................... Yes

4.2.9 A rrangem ents shall be included in the sender so that when required, p rior to  m easurem ent, the test and
reference carrier frequencies can be m easured to a resolution o f 1 Hz. This m ay be achieved by providing suitable
outputs at the sender for use with an external frequency counter.

2* R equirem ents that have to  be met on grounds o f  com patibility  between equipm ents m ade by d ifferent m anufacturers.
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4.3 Receiver

4.3.1

4.3.1.1

4.3.2

4.3.2.1

4.3.2.2

4.3.3

Inpu t level r a n g e .......................................................................

D ynam ic range o f r e c e iv e r ...................................................

In p u t im pedance (frequency range 200 Hz to  20 kHz): 

— balanced, earth  free ......................................................

Return l o s s .................................................................................

Signal balance r a t i o ............................................................   .

— 40 dBm  to  + 1 0  dBm 

........................ 30 dB

600 ohm s

>  40 dB

>  46 dB

Range for m easuring group-delay 
frequency d istortion

0 to  ±  100, ±  200, ±  500 m icroseconds 
0 to  ±  1, ±  2, ±  5, ±  10 m illiseconds

4.3.3.1 Accuracy o f group-delay m easurem ents in accordance w ith §§ 4.1.1 and  4.2.1 above.

4.3.4

4.3.4.1 

4.3.5

4.3.5.1

M easuring range for attenuation /frequency
distortion  m easurem ents   0 ±  2, ±  5, ±  10 ±  20, ±  50 dB 4)

Accuracy ( +  5 °C  to  + 5 0  ° C ) .......................   ±  0.1 dB ±  3% o f m easuring range

M easuring range for inpu t level m easurem ents at the reference frequency . . + 1 0  dBm  to —20 dBm

Accuracy ( + 1 5 ° C t o  + 3 5  °C ) 
( +  5 °C  to  + 5 0  °C ) .

±  0.25 dB 
±  1 dB

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

4.3.7 M easuring ranges for frequency m easurem ents

4.3.7.1 Accuracy o f frequency in d ic a tio n s .......................

4.3.8 Provision for lo o p -h o ld in g .....................................

Noise im m unity

200 Hz to 4 kH z 
200 Hz to 20 kHz

±  2% ±  10 Hz

.................  Yes

4.3.9

4.3.9.1 There shall be an op tion  to include a low pass filter to  reduce the effect o f in terfering frequencies above 
4000 Hz, for exam ple, m etering pulses.

The group-delay /frequency  d istortion  o f the filter shall not exceed 5 m icroseconds at 2600 Hz and  
30 m icroseconds at 2800 Hz relative to the group delay a t 1000 Hz. The attenuation /frequency  d istortion  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 o f the erro r in indication  due to  a white noise level at 26 dB per 4-kHz band  below  the 
m ean carrier level o f the received test signal shall not exceed 20 m icroseconds when the sweep rate does not 
exceed 25 Hz per second.

W hen testing an  apparatu s for its ability to meet this requirem ent, the g roup-delay /frequency  d istortion  o f 
the test object shall not vary at a rate exceeding 1.5 ms per 100 Hz.

4.3.9.3 The error in ind ication  due to discrete tones ±  150 Hz around  either test o r reference signals shall not 
exceed ±  20 m icroseconds and  for ±  200 Hz shall not exceed ±  2 m icroseconds w hen the level o f such 
in terfering  frequency is 26 dB below  the m ean carrier level o f the received test signal.

Reference

[1] IEC  Publication No. 359.

Bibliography

C O E N N IN G  (F.): Progress in the Technique o f G roup  Delay M easurem ents, N T Z  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 0 .8 2

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

The requirem ents for the characteristics o f a group-delay m easuring set for da ta  circuits which are 
described below m ust be adhered to  in order to  ensure com patibility  betw een equipm ents standard ized  by the 
C C IT T , and produced by different m anufacturers.

1 M easuring principle

In the case o f group-delay distortion  m easurem ents over a line (straightaw ay m easurem ents), a signal for 
phase dem odulation  is required on the receiving side whose frequency corresponds exactly to  the m odulation  
(split) frequency on the transm itting  side and  whose phase does not change during the m easurem ent. W ith the 
proposed  m easuring principle, this frequency is generated in a split-frequency oscillator in the receiver whose 
frequency is contro lled  with the aid o f a reference carrier. The reference carrier is am plitude m odulated  with the 
sam e m odulation  frequency as the m easuring carrier and is transm itted  over the path  to  be m easured in periodical 
alternation  with the m easuring carrier. D uring the changeover from  m easuring carrier to reference carrier no phase 
or am plitude surge m ust occur in the sending signal. F or the sake o f identification  the reference carrier is 
furtherm ore am plitude m odulated with an identifying signal.

If  the path  to be m easured has d ifferent group delay a n d /o r  attenuation  for the m easuring carrier and  the 
reference carrier, a phase a n d /o r  am plitude surge appears at the ou tpu t o f the path  to  be m easured at the carrier 
changeover po in t w ithin the receiver. This phase or am plitude surge is evaluated by the receiver o f the m easuring 
set. Thus, the receiver is provided with a phase m easuring device for the purpose o f  group-delay  m easurem ents. 
This m easuring device includes the above-m entioned frequency contro lled  split-frequency oscillator whose phase is 
autom atically  adjusted to the m ean value derived from  the phases o f the split frequencies transm itted  w ith the 
m easuring and  the reference carriers. The split-frequency voltage fed to  the phase m eter is taken from  the ou tpu t 
o f an am plitude dem odulator which can sim ultaneously be used for m easuring am plitude variations. In  order to 
recognize the actual m easuring frequency on the receiving side — particularly  during  sweep m easurem ents — a 
frequency discrim inator may be provided.

If  the frequency o f the m easuring carrier differs from  the frequency o f the reference carrier during the 
m easurem ent and  if the path  to be m easured has d ifferent group-delay and  attenuation  values fo r the two 
frequencies, a square-wave signal appears at the outputs o f the phase m eter, the am plitude dem odulato r and  the 
frequency d iscrim inator in the receiver, whose am plitudes are p roportional to  the respective m easuring results 
— referred to the frequency o f the reference carrier — and  whose frequency corresponds to  the carrier changeover 
frequency on the transm itting  side. These three square-wave signals are subsequently evaluated with the aid o f 
controlled  rectifiers and  allow indications, together w ith the correct signs, o f differences in group-delay  d istortion , 
attenuation  and  m easuring frequency between m easuring and  reference carrier frequencies.

2 Technical details

2.1 Transmitter

The m odulation split frequency shall be 416.66 Hz ( =  10 000 H z/24). W ith the aid o f  this signal the 
reference and  m easuring carriers are am plitude m odulated to a m odulation  depth  o f 40%. Both sidebands are 
transm itted. The m odulation  distortion  factor shall be sm aller than 1%. The changeover from  m easuring carrier to 
reference carrier is carried out within a switching tim e o f < 1 0 0  m icroseconds. The changeover frequency is 
rigidly tied to the m odulation  frequency by binary  frequency division and is 41.66 Hz (416.6 H z /10). The carrier 
changeover occurs at the m inim um  o f the m odulation envelope. D eviations o f <  ±  20 m icroseconds are 
adm issible. The carrier frequency which is not transm itted  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 
m odulation  (split) frequency. The assigned frequency o f 1666 Hz is derived by m ultiplying the m odulation  (split) 
frequency by four or by dividing 10 kH z by six. The rectangular-shaped identifying signal derived from  10 kHz 
through frequency division can be used for direct m odulation  after having passed through an RC lowpass filter 
w ith a tim e constant o f T  =  43 m icroseconds since a pure sinusoidal form  is not required in this case. The 
m odulation depth is 20%. The identifying signal is only transm itted  during the last 2.4 m illiseconds o f the 
reference carrier sending time. The shape o f the different signals on the transm itting  side show n as a function  o f 
tim e and their respective form s can be seen from  Figure 1 /0 .82 .
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Signal

Sending tim e o f reference frequency 
12 ms

Sending tim e of measure frequency 
12 ms

Changeover 
signal 41 .66  Hz

Time constant T = 43 microseconds 

--------------------
1 2,4 ms 1 *

Carrier changeover poin t ' 
Deviation from envelope 

minimum <  ± 20 microseconds

i 2,4 ms 3 ms 2.4 ms

Marker signal 
1666 Hz

Modulation signal 
416 .6  Hz (split 
frequency only)

Complete
m odulation

signal

Combined 
generator 

o u tpu t signal

Gating signal of 
receiver to  suppress 

CCITT -  3 7 3 4 0  transient distortion

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 com ing from  the path to be m easured is dem odulated  and  the m odulation frequency of
416.6 Hz so obtained is filtered out by a bandpass filter. This m odulation  voltage is rectangularly phase 
m odulated , the frequency o f the phase m odulation  being equivalent to the changeover frequency, 41.66 Hz. The 
phase deviation is p roportional to the group-delay difference between the m easuring carrier and  the reference 
carrier. The phase dem odulation  is carried out in a phase m eter whose second input is fed, for exam ple, by a 
10-kHz oscillator via a frequency divider 24/1. This oscillator form s a closed-phase control loop involving the 
phase m eter and a lowpass filter which suppresses the changeover frequency. Thus, the m odulation  frequency 
generated in the receiver corresponds exactly to the m odulation  frequency com ing from  the transm itter.

At the ou tpu t o f the phase m eter a 41.66-Hz square-wave voltage is obtained, whose am plitude is 
p ropo rtional to the m easuring result. In o rder to enable a correct evaluation o f this signal, controlled rectification 
is required. The control voltage is derived from  the m odulation (split) frequency which is generated in the receiver 
by frequency division (10/1). The correct phase position with regard to the transm itting  signal is enforced with the 
aid o f the identifying signal 1666 Hz. The controlled rectifier is connected both to an indicating instrum ent and to 
the direct current output.

2.2.2 Am plitude measurements

If the am plitude m easurem ent is to be referred also to the reference carrier, the signal at the ou tpu t o f the 
am plitude dem odulator (41.66-Hz square-wave p roportional to Aa) can be subsequently evaluated as already 
described in the case of the group-delay m easurem ents. Furtherm ore, it is possible to indicate the respective 
absolute carrier am plitude.

2.2.3 Frequency measurements

For sweep m easurem ents it is necessary to generate in the receiver a voltage which is p roportional to the 
m easuring frequency. This can be achieved with the aid o f a frequency d iscrim inator which, in tu rn , supplies its 
ou tpu t voltage to a contro lled  rectifier. The indicated m easuring result is the frequency difference between the 
m easuring carrier and  the reference carrier. O ptionally , only the m easuring carrier frequency may be indicated.
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Measuring

1 generator, measuring frequency
2 generator, reference frequency
3 oscillator, 10 kHz
4 ,9 ,  12, 21 frequency dividers 
5 ,1 0  amplitude modulators
6, 15, 22 low-pass filter
7 gate, marker signal
8 carrier changeover switch
1 1 ,1 6  bandpass filter, m odulation frequency
13 measuring object

14 amplitude dem odulator
17 bandpass filter, marker frequency
18 frequency discriminator
19 phasemeter
20 controlled oscillator
23 A n d  circuit
24, 25, 26 gates
27, 28, 29 controlled rectifiers
A to F signals see Figure 1 /0 .82

FIGURE 2 /0 .8 2  

Principle of group-delay measuring set

2.2.4 Blanking o f  transient distortion

Due to the carrier changeover it may happen that transien t distortions occur in the path  to be m easured as 
well as in the receiver. These interfering signals can effectively be b lanked out by m eans o f gate circuits. The gates 
will release the ensuing m easuring devices only during those periods which are indicated  in Figure 1 /0 .82 .

3 G eneral

The transm itter ou tpu t and the receiver input shall provide 135 and 150 ohm s conditions which m ust be 
balanced and earth  free. In addition , 75 ohm s unbalanced conditions shall be provided.

4 Specifications for a group-delay m easuring set for the range 5 to 600 Hz

4.1 General

4.1.1 Accuracy o f group-delay m easurem ents (see also § 4.2.1 below):

5 kHz to 10 kHz 
10 kH z to 50 kHz 
50 kH z to 300 kHz 

300 kH z to 600 kHz

±  5 
± 2 
±  1

m icroseconds
m icroseconds
m icrosecond

<  ±  0.5 m icrosecond

±  3% of 
m easuring range 

(see N ote 1 at the end o f 
this R ecom m endation)

Outside a tem perature range o f +  5 °C  to + 4 0  °C  the stated accuracy m ay be affected by variations o f the 
m odulation  frequency, causing a m easuring error o f 4% instead o f 3% (see § 4.1.4 below).
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The additional erro r due to  am plitude variations shall no t exceed:

variations up  to  10 d B ................ .................................................................................................  ± 0 .5  m icrosecond
variations up  to 20 dB .«................................................    ± 1 .0  m icrosecond
variations up  to 30 d B ..................................................................................................................  ±  2.0 m icroseconds

4.1.2 M easuring f r e q u e n c y ..................................... ....................................................................................  5 kH z to 600 kH z

4.1.2.1 M easuring frequency accuracy:

— in tem perature range + 5  °C  to  + 4 0  ° C ...........................................  <  ±  1% ±  500 Hz o f actual reading
— in tem perature range +  5 ° C to +  50 ° C ...........................................  <  ±  2% ±  500 Hz o f actual reading

4.1.3 Reference frequency s w i tc h a b le ................................................................................................................   25 kHz
(See N ote 2 at the end o f this R ecom m endation) 84 kHz

432 kHz

4.1.3.1 Reference frequency accuracy:

— in tem perature range + 5 ° C  to + 4 0  °C    <  ±  1%
— in tem perature range +  5 ° C to +  50 0 C   <  ±  3%

4.1.4 M odulation  frequency accuracy 0 :

— in tem perature range + 5  °C  to + 4 0  °C  ..........................................................................  416.66 Hz ±  0.5%
— in tem perature range + 5 ° C t o  + 5 0  °C  ..........................................................................  416.66 Hz ±  1%

4.1.4.1 M odulation  depth 1 1 .............................. • •     • ........................................................................... 0.4 ±  0.05

4.1.4.2 M odulation d istortion  f a c t o r  ................................................................................................................................  < 1 %
(See N ote 3 at the end o f this R ecom m endation)

4.1.5 Identifying frequency (derived from  m odulation  f re q u e n c y )   1.666 kHz

4.1.5.1 M odulation  depth ] ) .............................................................................................. ................................................ 0.2 ±  0.05

4.1.5.2 Sending tim e o f identifying signal n ...............................................  2.4 m illiseconds term inating  w ith the end o f
the sending tim e o f the reference frequency

4.1.5.3 The identifying signal shall com m ence with an increase in the am plitude o f the carrier as shown in 
Figure 1 /0 .82 .

4.1.6 C hangeover frequency 1) (derived from  m odulation  f r e q u e n c y ) ....................................... .................... 41.66 Hz

4.1.6.1 C arrier changeover tim e o ..............................................................................................  less than  100 m icroseconds

4.1.6.2 D eviation between carrier changeover po in t and  envelope m inim um  n <  ±  0.02 m illisecond

4.1.7 Range o f  environmental conditions

4.1.7.1 Power supply voltage varia tion  ..................................................................................................................................  ±  10%

4.1.7.2 T em perature r a n g e ................................................................................................................................  + 5 ° C  to + 4 0  °C
T em perature range for storage and t r a n s p o r t ..........................................................................  — 40 °C  to + 7 0  °C

4.1.7.3 Relative h u m i d i t y .............................................................................................................................  45% to 75% (see [1])

4.1.8 Additional facilities

4.1.8.1 Speaker facilities  ................................................................................  O ptional

4.1.8.2 In ternal checking circuit shall be provided to verify the p roper operation  o f the group-delay and
attenuation  distortion m easurem ent functions using app rop ria te  ou tpu ts from  the sender.

R equirem ents that have to be m et on grounds o f com patibility  betw een equipm ents m ade by different m anufacturers.
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4.1.8.3 Facilities for fitting external filters to  reduce interference from  ad jacent traffic
b a n d s ..................................................................................................................................................................  O ptional

(See N ote 4 at the end 
o f this R ecom m endation)

4.2 Sender

4.2.1 E rror in troduced by the sender in the overall accuracy o f the group-delay  m easurem ents (as indicated  in 
§ 4.1.1 above) shall not exceed

— 5 kH z to 10 kH z ................................................................................................................  ± 0 .5  m icrosecond
— 10 kH z to 50 k H z ................................................................................................................ ± 0 .2  m icrosecond
— 50 kH z to 300 k H z ...............................................................................................................  ± 0 .1  m icrosecond
— 300 kH z to 600 k H z ................................................................................................................ ±  0.05 m icrosecond

4.2.2 Range o f send levels (average carrier power)     —40 dBm  to + 1 0  dBm
(The m axim um  send level m ay be restricted as an option.)

4.2.2.1 Send level a c c u r a c y    <  ±  0.5 dB
At the reference f r e q u e n c y     <  ±  0.3 dB

4.2.3 O utput im pedance (frequency range 5 to 600 kHz):

4.2.3.1 Balanced, earth  f r e e   135, 150 ohm s
R eturn loss .................................................................................................................................................  >  30 dB
Signal balance ratio  ................................................................................................................................  >  40 dB

4.2.3.2 U n b a la n c e d .................................................................................................................................................  75 ohm s
R eturn loss .......................................................................... .............................. ........................................  >  40 dB

4.2.4 H arm onic d istortion o f send signal .................................................................................................. < 1 %  (40 dB)

4.2.5 Spurious distortion  o f send s i g n a l .......................   <  0.1% (60 dB)

4.2.6 Frequency sweep r a t e ....................................................................... A djustable from  0.2 k H z/sec  to  10 kH z/sec.
A t least 6 sweep rates shall be provided

4.2.7 A facility shall be included in the sender so that, if  required, p rio r to  m easurem ent the test and  reference 
carrier frequencies can be m easured to a resolution o f 1 Hz. This may be achieved by providing suitable ou tputs 
at the sender for use with an external frequency counter.

4.3 Receiver

4.3.1 Input level r a n g e .........................................................................................................................  —40 dBm  to +  10 dBm

4.3.1.1 D ynam ic range o f r e c e iv e r ......................................................... .......................................................................... 30 dB

4.3.2 Input im pedance (frequency range 5 to 600 kHz):

4.3.2.1 Balanced, earth  f r e e ................................................................................................................................  135, 150 ohm s
Return loss .................................................................................................................................................  >  30 dB
Signal balance ratio ................................................................................................................................  >  40 dB

4.3.2.2 U n b a la n c e d .................................................................................................................................................  75 ohm s
R eturn loss , .............................................................................................................................................. >  40 dB

4.3.3 Range for m easuring group-delay /frequency  d istortion: 0 to  ± 1 0 ,  ± 2 0 ,  ±  50, ± 1 0 0 ,  ±  200, ±  500, 
±  1000 m icroseconds.

4.3.3.1 Accuracy o f group-delay m easurem ents in accordance with §§ 4.1.1 and  4.2.1 above.

]> Requirements that have to be met on grounds of compatibility between equipments made by different manufacturers.
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4.3.4 M easuring ranges for attenua tion /frequency  d istortion m easurem ent: 0 to ± 2 ,  ± 5 ,  ±  10, ±  20, 
±  50 dB 2\

4.3.4.1 Accuracy ( +  5 °C  to + 5 0  ° C ) .......................................................................  ±  0.1 dB ±  3% o f m easuring range

4.3.5 M easuring range for inpu t level m easurem ents
at the reference frequency ..................................................................................................  —20 dBm to + 1 0  dBm

4.3.5.1 Accuracy ( +  5 ° C  to + 4 0  °C)
( +  5 °C  to  + 5 0  °C )

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

4.3.7 M easuring range for frequency m e asu rem en ts ................................................................................... 5 to 60 kH z
50 to 150 kHz 

150 to 600 kHz

4.3.7.1 Accuracy o f frequency in d ic a t io n ...........................................................................................................  ±  2% ±  500 Hz

Note 1 — M easuring range — indicated value at full-scale deflection on the range in use.

Note 2 — It was originally proposed to use a fixed reference frequency o f 1800 Hz. D ue to the fact that 
the instrum ent for higher frequencies shall be applicable in three m ain frequency ranges (6 kH z to 54 kHz, 60 kH z 
to  108 kHz, 312 kH z to 552 kH z), three reference frequencies have to be provided which are in the m iddle o f the 
respective frequency band.

Note 3 — M odulation  d istortion  factor:

r.m.s. value o f unw anted sidebands ^  iq 0% 
r.m.s. value o f w anted sidebands

Note 4 — A dm inistrations requiring to m ake m easurem ents in the 60-108 kH z or 312-552 kHz ranges 
w ithout rem oving traffic from  adjacent groups or supergroups in their national section should add  a clause:

“To m inim ize the effect o f interference to m easurem ents arising from traffic on adjacent groups or 
supergroups, the m anufacturer shall provide a facility whereby an A dm inistration  can insert in the frequency 
d iscrim inator path a zero-loss bandpass filter having a passband  app rop ria te  to the test being m ade and having an 
im pedance o f 75, 135 or 150 ohm s.”

A dm inistrations should note that they will be responsible for a national instruction giving the relevant 
details o f the filter and am plifier arrangem ent to be used, taking note o f the m anufacturer’s in form ation or the 
signal levels at this point.

Reference

[1] I EC Publication No. 359.

Bibliography

C O E N N IN G  (F.): Progress in the Technique o f G roup  Delay M easurem ents, N T Z  Communications Journal, 
Vol. 5, pp. 256-264, 1966.

Recommendation 0.91

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

Introduction

The m ost com m only found single-frequency com ponents o f phase jitter on transm itted  data signals are 
those o f ringing current, com m ercial a.c. pow er and  the second to fifth harm onics o f these. Since the peak phase 
deviation caused by such com ponents rarely exceeds 25° peak-to-peak (i.e. low index phase m odulation) only one 
p a ir o f significant sidebands is produced for each sinusoidal com ponent. H ence the m ain phase jitter m odulation 
usually exists w ith ±  300 Hz o f 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).

±  0.25 dB 
±  1 dB
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Since random  noise can cause w hat w ould appear to  be a significant am oun t o f  phase jitter, a  m essage 
w eighted noise m easurem ent should  always be m ade in conjunction  w ith phase jitte r  m easurem ents. A lso, because 
quantizing noise can cause a significant phase jitter reading, care m ust be exercised in the choice o f  the carrier 
frequency and  in the filtering to suppress the effect o f noise on the m easurem ent.

The follow ing specifications for phase jitter m easuring equipm ent are proposed.

1 M easuring principle

A sinusoidal tone, free o f phase jitter, is applied  to the circuit un d er test at norm al d a ta  transm ission  level. 
The phase jitter m easuring receiver processes the received tone as follows:

1) ban d  lim it around  carrier frequency;

2) am plify and am plitude-lim it carrier to  rem ove am plitude m odu la tion ;

3) detect the phase m odulation  (jitter);

4) display filtered jitte r  (up to  about 300 Hz) on a peak-to-peak ind icating  m eter o r digital display.

2 Proposed specifications

2.1 M easurem ent accuracy

Objective is better than  ±  5 per cent o f the m easured value plus ±  0.2 degrees.

2.2 Transmitter

a) Test signal frequency .............................................................

b) Send l e v e l ....................................................................................

c) O utput im pedance (frequency range 300 Hz to 6 kHz)

— balanced, earth  free (other im pedances optional)

R eturn l o s s .................................................................................
Signal balance r a t i o ................................................................

d) Phase jitter at s o u r c e ..................................................................

2.3 Receiver

a) M easurem ent range

At least as great a s ..........................................................................   0.2 to  30 degrees peak-to-peak

b) Sensitivity and  frequency range

The receiver should be capable o f m easuring the phase jitte r  o f signals at in p u t levels between
— 40 and  + 1 0  dBm and  frequencies between 990 and  1030 Hz.

c) Inpu t selectivity

Power line hum  protection: highpass filter with a nom inal cu to ff frequency o f  400 Hz w ith a t least 
12 dB per octave slope.

Protection for lim iter against channel noise: lowpass filter w ith a nom inal cu to ff frequency o f 1800 Hz 
with at least 24 dB per octave slope.

d) Inpu t im pedance (frequency range 300 Hz to 6 kHz)

— balanced, earth  free

Signal balance r a t i o .............................................................................................................................................  >  50 dB

1) Low im pedance (other im pedances optional) ..............................................................................  600 ohm s
R eturn l o s s .................................................................................................................................................... > 30 dB

2) High im p e d a n c e   approx. 20 kohm s
T apping  loss across 600 o h m s .........................................................................................................  <  0.25 dB

Note — D efinitions and  m easurem ent to be in accordance w ith R ecom m endation 0.121.

1020 ±  10 Hz 

— 30 dBm  to 0 dBm

600 ohm s

>  30 dB
>  40 dB

<  0.1 degree peak-to-peak
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2.4 M odulation measurement weighting characteristics

The phase jitter m odulation  is m easured on a weighted basis defined as follows:

Jitter com ponents between 20 and  300 Hz are m easured with full sensitivity. Cutoffs are provided below 
20 Hz and  above 300 Hz. The weighting characteristic m ay be m easured by a 2-tone test as follows: if  a pure ]) 
1000 Hz, + 1 0  dBm tone is applied  to  the input and  a second pure u tone 20 dB lower in level is added to this 
tone, values o f phase jitter shall be observed according to the frequency o f this added tone as shown in 
Table 1 /0 .91 . O ther weighting selections may be provided on a sw itchable basis.

TABLE 1/0.91 
(Previously table A /O .91)

Frequency o f the second tone 
(Hz)

Phase jitter 
(degrees)

988 and 1012 Less than 10
760-980 and 1020-1240 11.5 ±0.7

700 and 1300 . 11.5
-1 .5

Below 500 |
998-1002 } Less than 3

Above 1500 J

2.5 Amplitude-to-phase conversion

W ith the second tone at 1100 Hz, an external attenuato r is used to insert flat loss in 10 dB steps up to 
50 dB between the sources o f the tones and the receiver. The spread o f the readings should not exceed 0.7 degrees. 
All o f the requirem ents in Table 1 /0 .91  should also be met at any o f the flat loss settings up to 50 dB. Also, a 
10 per cent m odulated (20 Hz-300 Hz) AM signal in the operating  level range o f the set applied in place o f the 
above tones should cause less than 0.2 degrees jitter indication.

2.6 Noise rejection

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

2.7 Test fo r  peak detection

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

a) A pply the two tones as described in § 2.4 above with the second tone at approxim ately 1240 Hz. 
M easure and  record the r.m.s. value o f the dem odulated signal being fed to the peak detector. The 
signal from  this po in t is norm ally provided as an ou tpu t for spectrum  analysis.

b) Rem ove only the second tone and  apply a band  lim ited (to at least 2 kHz) G aussian noise signal 
along with the 1000-Hz carrier. A djust the level o f the G aussian noise for the same 11.5-degree reading 
on the m eter as in a). M easure the r.m.s. value o f the dem odulated  signal being fed to the peak 
detector. This value shall lie between 52 and  58 per cent o f the value recorded in a).

A single frequency signal with a total non linear d istortion  atleast 40 dB below  the level o f the fundam ental signal.
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2.8 Time to display correct reading

It is desirable that the display be w ithin 5% ±  0.2 degrees o f its final value w ithin 4 seconds o f application  
o f the test signal.

2.9 Operating environment

The electrical perform ance requirem ents shall be met when operating  at tem peratures w ithin the range o f 
+  5 ° C t o  + 4 0  °C  and relative hum idity o f 45% to 75% (see [1]).

Reference

[1] IEC Publication No. 359.

Recommendation 0 .9 5

SPECIFICATION FOR AN INSTRUMENT TO COUNT PHASE AND AMPLITUDE HITS

1 General

This specification provides the outline requirem ents for an instrum ent to be used for counting  phase and 
am plitude hits on telephone-type circuits. The instrum ent will independently  count the num ber o f  phase hits and 
the num ber o f am plitude hits that occur in a given period o f time.

Phase or am plitude hits are defined as. sudden positive or negative changes in phase or am plitude o f an 
observed test signal which exceed a specified threshold and persist for a period  o f tim e greater than  a specified 
duration .

The specifications given below for the transm itter and  receiver inpu t section shall co rrespond  with §§ 2.2 b) 
to 2.2 d) and  §§ 2.3 b) to 2.3 d) o f R ecom m endation 0.91 in order to facilitate the com bination  o f this instrum ent 
with a phase jitter m eter conform ing to R ecom m endation 0.91 in one set.

2 Transmitter

2.1 Test signal f re q u e n c y ............................................................

2.2 Send level .....................................................................

2.3 Output impedance (frequency range 300 Hz to 6 kHz)

— balanced, earth  free (other im pedances optional)

Return l o s s .................................................................................
Signal balance r a t i o ................................................................

2.4 Phase jitter at source ..............................................................

3 Receiver input section

3.1 Sensitivity and frequency range

The receiver should be capable o f m easuring with input levels between —40 and  + 1 0  dBm and 
frequencies between 990 and  1030 Hz.

3.2 Selectivity

Power line hum  protection — high-pass filter with a nom inal cu to ff frequency o f 400 Hz with at least 
12 dB per octave slope.

1020 ±  10 Hz 

— 30 dBm  to 0 dBm

. . 600 ohm s

>  30 dB
>  40 dB

<  0.1 degree peak-to-peak 
(see R ecom m endation 0 .91)
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I f  the filter is no t located directly at the instrum ent input, hum  voltages equal to o r sm aller than  the test 
signal shall not result in m easurem ent errors greater than  those with the filter in fron t o f  the set.

P rotection for lim iter against channel noise — low -pass filter w ith a nom inal cu to ff frequency o f 1800 Hz 
w ith at least 24 dB per octave slope.

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

— balanced, earth  free

Signal balance r a t i o ...............................................................................................................   >  50 dB

1) Low im pedance (other im pedance o p t i o n a l ) ..........................................................................................  600 ohm s
R eturn loss ...........................................................................................................................................................   >  30 dB

2) High im p e d a n c e .......................................................................................................................... approx. 20 kohm s
T apping  loss across 600 o h m s    <  0.25 dB

4 Phase hit detection characteristics

4.1 Threshold settings

Settings from  5° to  45° in steps o f 5° shall be provided with an accuracy o f ±  0.5°, ±  10% referred to the 
selected threshold ,). A dditional settings m ay be optionally  provided.

4.2 Guard interval

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

W ith a threshold setting o f 20°, phase hits shall be counted correctly if the test signal is changed in phase 
by 25° for a du ration  o f 5 ms or more. W hen the duration  o f the 25° phase changes is gradually  reduced until the 
phase hit counter stops counting, the corresponding duration  o f the phase changes o f the test signal shall be 
4 ms ±  10%.

4.3 H it rate o f  change

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

W ith a threshold  setting o f 20°, a phase hit shall be counted when the phase o f a test signal is linearly 
varied by 100° in a tim e interval o f 20 ms or less. A phase hit shall no t be counted  when the phase o f the test 
signal is linearly varied by 100° in a tim e interval o f 50 ms or more. The sam e requirem ents shall be met with 
100° changes o f opposite polarity.

4.4 Am plitude o f  phase conversion

An 8 dB am plitude hit o f either polarity  shall no t cause a phase hit to be counted at thresholds o f 10° or
m ore.

5 Amplitude hit detection characteristics

5.1 Threshold settings

Settings o f 2, 3 and  6 dB shall be provided with an accuracy o f ±*0.5 dB. A dditional settings not 
exceeding 9 dB m ay be optionally  provided.

This specification should not preclude the use o f  existing instrum ents which have to lerances o f  ±  2° ±  5% on the accuracy 
o f  the threshold  setting.
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5.2 Guard interval

A guard interval shall be provided by electronic gating or other equivalent m eans to  prevent the counter 
from  registering am plitude hits shorter than 4 ms. The guard interval shall be tested as follow s:

W ith a threshold  of 2 dB, am plitude hits shall be counted correctly if the test signal is changed in 
am plitude by 3 dB for a duration  o f 5 ms or more. W hen the duration  o f the 3-dB am plitude changes is gradually  
reduced until the am plitude hit counter stops counting, the corresponding duration  o f  the am plitude changes o f 
the test signal shall be 4 ms ±  10%.

5.3 H it rate o f  change

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

W ith a threshold  setting o f 2 dB, an am plitude hit shall be counted  w hen the level o f a test signal is 
linearly varied by 4 dB in a tim e interval o f 200 ms or less. An am plitude hit shall not be counted  when the 
am plitude o f the test signal is linearly varied by 4 dB in a tim e interval o f 600 ms or m ore. The sam e requirem ents 
shall be met with 4-dB changes o f opposite polarity.

5.4 Phase to amplitude conversion

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

6 Count capacity

The counting apparatus shall be equipped with independent phase and  am plitude hit counters each having 
a register capacity o f at least 9999 counts.

7 Counting rate and dead time

The m axim um  counting rate for either phase or am plitude hits shall be approxim ately  8 counts per second, 
which can be accom plished with a dead tim e o f 125 ±  25 ms after each recognized phase or am plitude hit. For 
the purpose o f this specification, the dead tim e is defined as the tim e interval tha t starts when a phase or 
am plitude hit exceeds the threshold, and  ends when the phase or am plitude counter is ready to register ano ther 
phase or am plitude hit. This characteristic shall be tested as follows:

W ith a threshold setting o f 20°, phase hits having a duration  o f approxim ately  5 ms shall be counted  
correctly when the repetition rate is 5 hits per second or less. W hen 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 
requirem ent shall apply to the am plitude hit counter with a threshold o f 2 dB when 3 dB am plitude hits having a 
duration  of approxim ately 5 ms are applied.

8 Interruption of the test signal

If transm ission o f the signal is in terrupted and the received test signal drops in level by 10 dB or m ore, the 
phase and am plitude hit detectors shall be blocked from  counting until 1 ±  0.2 s after the test signal is restored. 
There shall be a m axim um  of 1 phase hit and  1 am plitude hit recorded with each in terrup tion  o f the test signal.

9 Timer

A tim er accurate to ±  5% shall be provided for the convenience o f the operator.Periods o f 5, 15 and  
60 m inutes and continuous operation  should be provided under switch control if the tim er is not continuously 
adjustable.
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10 Auxiliary logic output

A uxiliary tw o-state logic ou tputs shall be provided from  the phase and  am plitude detectors for recording 
o r com puter processing o f phase and  am plitude hit activity. A logic “ 1” sigal shall be ou tpu t when the hit is 
present and  a logic “0” signal at other times. The ou tpu t levels shall be com patib le with TTL (Transistor-Tran- 
sistor Logic) integrated circuits. The ou tput im pedance shall be less than  2000 ohm s or as specified by individual 
A dm inistrations.

11 Operating environment

The electrical perform ance requirem ents shall be met w hen operating  at tem peratures w ithin the range of 
+  5 °C  to  + 4 0  °C  and  relative hum idity o f 45% to 75% (see [1]).

12 Simultaneous measurements

The m easurem ent o f am plitude and  phase hits m ay be provided in one instrum ent which also makes 
m easurem ents o f other transien t im pairm ents e.g. im pulse noise, in terruptions. Therefore, in order to facilitate the 
in tegration  o f several m easurem ents o f transien t phenom ena into one instrum ent, the m easurem ent o f in te rrup ­
tions in accordance with the principles o f R ecom m endation 0 .61 , but m ade with a test signal frequency of 
1020 Hz ±  10 Hz could be included in such a com bined instrum ent.

Reference

[1] IEC Publication No. 359.

Recommendation 0.111

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

1 General

The equipm ent described below is com patible with the m easuring m ethod described in [1],

2 Principle of operation

The instrum ent shall be capable o f m easuring the error in the reconstituted frequency o f a carrier channel 
in the following modes:

Test 1: M easurement o f  frequency shift A  ->• B (A H z): transmitting from  A and measuring at B (see 
Figure l / O . l l l )

The sinusoidal test frequencies having a 2 : 1 harm onic relationship  are transm itted  sim ultaneously from  A. 
At B these two test signals, each shifted in frequency by an am ount A Hz, are m odulated  together in such 
a way as to detect A, the frequency shift in the AB direction.

Test 2: M easurement o f  loop frequency shift (A +  A ' Hz) transmitting and measuring at A with the channels 
looped at B (see Figure 2 /0 .1 1 1 )

This test is carried out in a sim ilar m anner to Test 1 and  the loop frequency shift (A +  A' Hz) is detected.
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F IG U R E  1 /0 .1 1 1

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

FIG U R E  2 /0 .1 1 1

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 while the opera to r is still located at 
po in t A. This m easurem ent can be accom plished in two ways:

Test 3a: M easurem ent o f  frequency shift B -*• A (A ' Hz) transmitting and  measuring at A with B looped via 
a harmonic producing unit [see Part a) o f  Figure 3 /0 .1 1 1 ]

A sinusoidal test frequency is transm itted  from A and received at B where it passes th rough a harm onic 
producing unit. This received signal and its second harm onic are then returned to A, both  undergoing a 
frequency shift of A' Hz where they are m odulated together in such a way as to detect A', the frequency 
shift in the B -*• A direction.
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a) M easu rem en t o ffreq u en cy  sh ift on a carrier chann el B ^ A , 
transm itting  and  m easuring a t A with B  looped  via an harm onic producing  unit

End A End B (no indication)

Sender 
2040 Hz 

off

1020 Hz only

Receiver

0

Receiver

0

Test signal T

i j
Indication Af (b ->A)

Sender on 
1020 Hz + 
2040 Hz

L .  J
C CITT-37390

b )  Frequency sh ift o f  the return chann el B~>-A

End A

I______________I
Indication
Af (A-»B) +  A f(B -A ) =  Af (A -> B -A )

End B 
Indication Af (a ->-B)

c) Frequency sh ift m easu rem ent o f  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: M easurem ent o f  frequency shift B  -*■ A, transmitting and  m easuring a t A with an instrument a t B, 
which sends out two test tones having harm onic relationship as in Test 1, initiated  by receiving a single 
1020-Hz tone from  A [see Part b) o f  Figure 3 /0 .111].

A sinusoidal test signal having a frequency o f  1020 Hz is transm itted  from  A and  received at B. If  the 
receiver detects only a single tone at B, a generator producing  1020 Hz and  2040 Hz (harm onic 
relationship) is connected to  line B -► A, enabling  the frequency shift m easurem ent to  be m ade in  that 
direction.

If the receiver at B detects a m easuring signal consisting o f the two test tones 1020 Hz and  2040 Hz (level 
difference <  6 dB), the line is looped back at B autom atically  allow ing the m easurem ent described as 
Test 2 [see Part c) o f Figure 3 /0 .111].

The use o f the frequency shift m easuring equipm ent for Tests 3a and  3b requires the transm ission o f a 
single 1020-Hz tone from  A B. Therefore this facility could be provided as an op tion  for the instrum ent for this 
type o f m easurem ent. The specification o f the equipm ent at B (harm onic producer o r switched generator) should 
be left open for bilateral agreem ent between A dm inistrations.

3 Transmitting equipment

The equipm ent shall transm it sinusoidal test signals as follows:

3.1 Frequencies

a) 1020 and  2040 Hz ±  2%. These two frequencies shall be in exact harm onic relationship.

Note — If  this transm itting  equipm ent is in tended to be used in phase jitter m easurem ents, an 
accuracy o f ±  1% will be required.

b) op tional additional ou tpu t for A dm inistrations wishing to  cooperate Figure 3 /0 .111  type m easure­
m ents .......................................................................................................................................................... 1020 Hz ±  2%.

3.2 Level

The r.m.s. total ou tpu t pow er o f the transm itted  signal shall be adjustable in the range 0 dBm to 
— 30 dBm. W here two frequencies are transm itted  the difference between the two levels shall be less than 0.5 dB.

3.3 Impedance (frequency range 300 Hz to 6 kHz)

— balanced, earth  free

3.3.1 Return l o s s .....................

3.3.2 Signal balance ratio  . .

4 Receiving equipment

The receiving equipm ent shall accept the two test tones and  shall indicate the frequency shift on a m eter or
o ther suitable indicator.

4.1 M easuring ranges

Full-scale m easuring ranges o f 0-1 Hz and  0-10 Hz shall be provided. The algebraic sign o f the shift shall 
also be indicated.

4.2 M easuring accuracy

— ±  0.05 Hz on 0-1 Hz range,

— ±  0.5 Hz on 0-10 Hz range.

4.3 The m eter or ind icator shall be such that frequency shifts dow n to ± 0 .1  Hz shall be readable.

4.4 It shall be possible to determ ine frequency shifts o f less than 0.1 Hz by a suitable add itional visual facility.

600 ohm s

>  30 dB

>  50 dB
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4.5 Input level

The receiving equipm ent 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  tha t test signals are 
being received.

4.6 Impedance (frequency range 300 Hz to 6 kHz)

— balanced, earth  f r e e ...........................................................................................................................................  600 ohm s

4.6.1 R eturn l o s s ......................................................................................................................................................................... >  30 dB

4.6.2 Signal balance r a t i o ........................................................................................................................................................ >  50 dB

4.7 Input frequency

The receiving equipm ent shall operate correctly with test signals up  to ±  2% from  nom inal frequency as 
app lied  at the transm itting  end and  having experienced a frequency shift o f up to ± 1 0  Hz in the transm ission 
circuit concerned.

4.8 Level difference

W hen the tw o-frequency test signal is transm itted  the receiving equipm ent shall operate correctly when,
due to the insertion loss/frequency characteristic o f the circuit, the two frequencies arrive at the input to the
receiving equipm ent with a level difference o f up  to 6 dB.

4.9 Recorder output

A d.c. ou tpu t for operating  a recorder shall be provided.

4.10 Noise im m unity

The r.m.s. value o f the erro r in the indication  due to a 300-3400 Hz band  o f white noise 26 dB bjslow the
level o f the received test signal shall not exceed ±  0.05 Hz.

5 Working conditions

The instrum ent shall meet the above requirem ents under the follow ing conditions:

— tem perature range: + 5 ° C t o  + 4 0  °C ;

— relative hum idity: 45% to 75% (see [2]).

References

[1] M ethod fo r  measuring the frequency shift introduced by a carrier channel, G reen Book, Vol. IV.2, 
Supplem ent No. 2.10, ITU, G eneva, 1973.

[2] I EC Publication No. 359.

Recommendation 0.121

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

This Recom m endation defines the quantities:

— im pedance balance ratio ,

— signal balance ratio,

— com m on-m ode rejection ratio ,

applicable to 2-term inal netw orks and  prescribes the m easuring techniques to be used for m aintenance. Limits for 
these quantities and  the m easurem ent frequencies will be given in the recom m endations for transm ission test 
equipm ent if it is considered app rop ria te  and desirable. In § 4 guidance is given regarding the construction o f the 
test-bridge.
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1 Definition of impedance balance ratio

The impedance balance ratio o f  a 2-term inal netw ork is a m easure o f  the degree o f sym m etry with respect 
to  the earth potential o f the im pedance presented by the netw ork to  the circuit connected  to  it. It is m easured 
according to the scheme shown in Figure 1 /0 .121 and, by definition, is given by the follow ing expression:

20 log 10 (dB )

FIGURE 1/0.121  

Measurement of impedance balance ratio

The voltages kj and V2 are m easured with high-im pedance voltm eters, and in such a way tha t the balance 
is not disturbed. The actual values o f the internal im pedance and e.m.f. o f the generato r G are irrelevant if V, is 
m easured. However, it m ust not be overlooked that the design o f the equipm ent being tested m ay im pose a lim it 
to  the perm issible m agnitude o f the longitudinal excitation. The dotted  com ponent is required only if the input 
im pedance o f the equipm ent being tested is m uch greater than Z, the nom inal im pedance o f  the circuit. W hen the 
equipm ent being tested is a signal generator V2 must be m easured selectively if it is required  to m easure the 
im pedance balance ratio while the signal generator is working.

2 Definition of common-mode rejection ratio

The com m on-m ode rejection ratio is, by definition, given by the follow ing expression: It m ay be m easured 
according to the scheme shown in Figure 2 /0 .1 2 1 , the input term inals being short circuited and  then energized 
together at the same time. This ratio is also appropria te  to signal receivers.

20 log 10 (dB )
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FIGURE 2/0.121 

Measurement of common-mode rejection ratio

The rem arks concerning the generator G m ade under § 1 are applicable to this test.

3 S ignal balance ratio

The signal balance ratio is relevant to 2-term inal devices such as signal generators and  signal receivers and 
is a characteristic additional to and  different from  the im pedance balance ratio.

The signal balance ratio  is an  overall m easurem ent o f  the symm etry o f a device and  includes the influence 
o f  the im pedance balance ratio as well as the influence o f unw anted longitudinal voltages produced by a generator 
o r the influence o f  the com m on-m ode rejection ratio  o f a receiver.

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

3.1 Definition o f  signal balance ratio  for sinusoidal signal generators

In the case o f  a signal generator, the signal balance ratio  is a m easure o f the am ount o f (unw anted) 
longitudinal signal generated by the equipm ent being tested. It is m easured according to the scheme shown in 
F igure 3 /0 .121  and , by definition, is given by the following expression:

20 log 10 (dB)

Vi

/
Signal 

generator 
being tested

T

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 o f the various voltages and  a separate generator 
is no t required.

3.2 Definition o f  signal balance ratio for sinusoidal signal receivers

In the case o f signal receivers, the signal balance ratio  is a m easure o f the sensitivity o f  the receiver to 
(unw anted) longitudinal signal. (This signal balance ratio is som ew hat related to the com m on-m ode rejection ratio  
bu t they are no t the same.) The signal balance ratio  o f a signal receiver is m easured according to  the scheme 
show n in Figure 4 /0 .1 2 1  and , by defin ition , is given by the expression:

20 log
10

2 1
Vl.

(dB )

FIGURE 4/0.121  

Measurement of receiver signal balance ratio

Sim ilar rem arks concerning the generator G and the dotted  com ponent Z  to  those m ade 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  w hich the value o f V2 
required by the definition can be obtained, and a separate high-im pedance voltm eter is not required in order to 
m easure V-,.

4 Inherent balance of the measuring arrangement

The recom m ended test-bridge com prises two im pedances and  a cen tre-tapped inducto r arranged  as 
ind icated  in Figure 5 /0 .121  and yields the equivalence.

I

CCITT-3 7 4 5 0

FIGURE 5/0.121  

Inherent balance of the measuring arrangement

The coil should be iron-cored with an accurate centre-tapped connection , bo th  the tightly-coupled half 
w indings being com pletely symm etrical.
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It should be noted that the inheren t balance o f the m easuring arrangem ent m ust be determ ined and  found 
to  be sufficiently good before a m easurem ent is m ade. This may be done by replacing the equipm ent being tested 
with a second test-bridge. The inherent im pedance balance ratio  o f the m easuring arrangem ent should be 20 dB 
greater than  the im pedance balance ratio  to be m easured for the specim en. This balance should also be obtained 
w hen the connections at a and  b are reversed. This perm its an accuracy on the order o f ±  1 dB.

N O T E

Points requiring further study concerning balance about earth

1 The study should be extended to 4-term inal networks.

2 Study G roup  XVI is currently  studying w hether an additional im pedance balance is necessary, with which
the equipm ent being tested is excited transversely and  the longitudinal response m easured, i.e. the reverse o f what 
is illustrated in this R ecom m endation (though not exactly the reciprocal). This is concerned with, crosstalk 
phenom ena between circuits in pair-type cables. Should the need arise, a m ore precise nam e for the m easure may 
be needed to preserve the distinction and  avoid confusion between these two im pedance balance m easurem ents.

3 In the definition and m easurem ent o f signal balance ratio  for sinusoidal generators, the principle o f 
allow ing the equipm ent itself to provide the source presents no difficulty. However, further study is required 
before the principle can be extended to cover generators o f non-sinusoidal signals (e.g. pulse generators).

4 In the case o f signal receivers designed to receive and  m easure sinusoidal signals and calibrated to indicate
their level, there is no great difficulty in m easuring the signal balance in the way described in this R ecom m enda­
tion. However, the definition gives rise to difficulties o f in terpre tation  for other types o f signal receiver in which 
the indicated quantity  is not a linear, continuous function o f the level o f the input signal, e.g. in terruption  
counters, group-delay m easuring sets, harm onic d istortion m easuring sets, etc., and further study is required.

a) In the particu lar case o f the im pulse m easuring set a suitable m ethod o f defining and  m easuring the 
signal balance ratio m ight be as given in Figure 6 /0 .1 2 1 :

Impulse 
measuring set

Voltage measurement 1

For a given threshold setting note that value of Vo which just 
starts the counter. Some signal generators are calibrated to 
give a direct indication of this quantity (when correctly 
terminated).

Impulse 
measuring set

Voltage measurement 2

With the same threshold setting as in 1, energize the counter 
longitudinally via the test-bridge and note that value of V\ 
which just starts the counter. (Do not overlook the possible 
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:

b) For the other classes o f receiver the quantity  to be specified m ay be the absolute level o f the 
longitudinal signal V, which introduces unacceptable errors o r engenders false opera tion  rather than  a 
ratio  o f two levels. An appropria te  expression for such a quantity  m ight be threshold level o f  
longitudinal interference and the unit m ight be in decibels with respect to I volt r.m.s., i.e. dBV.

5 Some test instrum ents are (for safety reasons) m ounted in a nonconducting  case and  are effectively floa ting
with respect to earth  potential. The application  o f the definition to such appara tu s  needs study.

6 Some guidance should be given concerning w hat earth should be used when testing a ren ter’s installation.

7 Study G roup  IV feels that the m ethods described in this R ecom m endation could be applied  to items o f
transm ission equipm ent o ther than transm ission testing equipm ent, e.g. data  m odem s, etc.

Recommendation 0.131

SPEC IFIC A T IO N  FOR A Q U A N TIZIN G  D ISTO R TIO N  M EA SU R IN G  
APPARATUS U SIN G  A PSEU D O -R A N D O M  N O ISE  ST IM U LU S

1 Preamble

It is im portan t that the characteristics o f quantizing d istortion m easuring apparatus are specified with 
sufficient precision to ensure that all future designs o f m easuring apparatus conform ing to the recom m ended 
specification shall be com patible with one another, i.e., they shall be capable o f interw orking and  give results o f 
specified accuracy w ithout the need for any special procedures or corrections to the m easurem ent results. It is 
considered equally im portan t that all designs o f m easuring apparatus conform ing to the recom m ended specifica­
tion shall be capable of interw orking with existing designs o f m easuring apparatus already in use by various 
A dm inistrations, who will thus not be placed at any econom ic disadvantage. The follow ing specification is based 
on the proposals studied by Study G roup XVIII and is specifically aim ed at the foregoing com patibility  
objectives.

Note -  The question o f interw orking between existing designs o f quantizing d istortion  m easuring 
apparatus is not, in itself, directly relevant to this specification, but it is w orth recording tha t this topic has been 
studied by the Federal Republic o f G erm any and the United K ingdom  Post Office. Satisfactory rules have been 
established to facilitate interw orking between the different existing types o f m easuring apparatus which use a 
band-lim ited  pseudo-random  noise source. Some inform ation regarding procedures for interw orking between 
different designs o f m easuring apparatus is given in Supplem ent No. 3.4 [1] to the Series O R ecom m endations.

2 Testing method proposed

The m ethod proposed is that described in M ethod 1 o f the R ecom m endation cited in [2]. The proposed 
noise source is band-lim ited pseudo-random  noise having a probability  density d istribution  o f am plitudes which is 
substantially  near to a G aussian distribution  n.

The receive m easuring appara tus specified in § 3.2 may also be used to m easure quantiz ing d istortion  using a sinusoidal test 
signal in the frequency range 350-550 Hz (preferably at 420 ±  20 Hz) instead o f the pseudo-random  noise stim ulus. It 
should be noted, however, that while the m easurem ent is sim ilar to m ethod 2 described in [2], the ob tained  m easurem ent 
results are related to a bandw idth  o f 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 m ethods may not be the same.
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The signal-to-total d isto rtion  pow er, including quantizing d isto rtion , is m easured as the ratio  o f the pow er 
o f  received stim ulus in the reference band , to  the noise pow er in the m easured band. A correction is included to 
relate the m easurem ent to the full PCM  speech channel bandw idth .

The principle o f the m easurem ent is illustrated in F igure 1 /0 .131 .

Receiver

F IG U R E  1 /0 .1 3 1  

Principle of quantizing distortion measurement

3 Basic specification clauses

3.1 Send

The sending signal is a band-lim ited pseudo-random  noise having the follow ing characteristics:

3.1.1 Band lim ited noise stimulus

A pproxim ately G aussian d istribution  o f the am plitudes w ithin the bandw idth  o f the send Filter. The 
bandw idth  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 o f  spectral lines

N ot less than 25 spectral lines with a spacing not greater than  8 Hz m easured at the ou tpu t o f the send
filter.

3.1.3 Peak-to-r.m.s. ratio

10.5 dB. Tolerance ±  0.5 dB.

Note 1 — The requirem ents according to §§ 3.1.1 to 3.1.3 above m ay be accom plished by a noise stim ulus 
derived from  the ou tpu t o f a 17-stage shift register w ith exclusive O R  gating with the ou tputs o f stages 3 and  17 
returned  to  the input o f stage 1. The shift register produces a m axim ally long sequence o f  (217 — 1) bits.
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The shift register is driven at a clock frequency f c Hz such that the spectral line spacing f s Hz o f  the ou tpu t 
signal is less than or equal to  8 Hz.

In order to  meet the specified lim its o f the peak-to-r.m .s. ratio o f the sent signal as given in § 3.1.3 above, 
the clock frequency can be adjusted to:

f c =  f s (217 -  1) Hz

To keep the peak factor w ithin the specified lim its, a stability o f the clock frequency f c on  the order o f 1% 
is required.

Note 2 -  Instead o f using a shift register to generate the noise signal, o ther princip les m ay be adop ted  as 
long as the generated signal has the characteristics recom m ended in §§ 3.1.1 and  3.1.3 above.

3.1.4 Frequency position o f  sent signal 

Between 350 and 550 Hz.

3.1.5 Sending filter  characteristics

The attenuation  o f the bandpass filter w ith reference to m inim um  attenuations should  be as follows:

not lower than 350 Hz 3 dB po in t at lower frequency

not exceeding 550 Hz 3 dB poin t 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 o f a filter designed to  these limits should give a bandw idth  between 3-dB 
points o f at least 100 Hz.

The perform ance requirem ents for the sending filter characteristics conform ing to the above lim its 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 R ecom m endation cited in [3] with a
setting accuracy o f ±  0.5 dB.

3.1.7 Output impedance

600 ohm s balanced with a return loss o f better than 30 dB over the frequency range 300-3400 Hz and  a
signal balance ratio (R ecom m endation 0 .121) better than  46 dB over the frequency range 300-4000 Hz. For
frequencies below 300 Hz the signal balance ratio  should be m aintained at better than  46 dB and  furtherm ore 
should be 60 dB or better at 40 Hz.

3.2 Receive

3.2.1 Receive reference fd te r

N om inal bandw idth  o f reference path  350-550 Hz. (See N ote below .)

The characteristic o f the Filter is chosen to prevent inaccuracy in the m easurem ent o f the received noise 
stim ulus in the presence o f quantizing distortion and other system noise conditions. The filter should  not dim inish 
the pow er o f a noise band  between 350 Hz and  550 Hz by m ore than 0.25 dB.
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Frequency cc in-37481

N ote  -  R efer to  § 3.1.5 o f  th is  R eco m m en d a tio n , for b andpass  ch arac te ris tics.

F IG U R E  2 /0 .1 3 1

Performance requirements for bandpass Alter used in sending section 
of quantizing distortion measuring apparatus

Note  -  The receive reference filter ideally restricts the bandw idth  o f the reference path to respond only to 
the spectrum  o f the received noise stimulus. However, the bandw idth  o f 350-550 Hz is chosen to allow for the 
need to interw ork with test apparatus having a noise source bandw idth  o f up to 200 Hz.

3.2.2 Bandwidth o f  measuring path

At least 2.4 kHz (with a loss variation o f less than 2 dB). The required bandpass characteristic o f the filters 
for m easurem ent o f distortion products is indicated below and is such that received noise stim ulus does not affect 
m easurem ents. A ttenuation with reference to the m inim um  attenuation :

150 Hz and below greater than 60 dB

650 Hz greater than  55 dB

700 Hz greater than  35 dB

750 Hz greater than 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 perform ance requirem ents for the m easurem ent filter characteristic conform ing to  the above lim its is 
given in Figure 3 /0 .131 .

N ote  -  R efer to  § 3.2.2 o f th is  R eco m m en d a tio n , for b andpass  charac te ristics.

F IG U R E  3 /0 .1 3 1

Performance requirements for measuring path filter response used in receive section 
of quantizing distortion measuring apparatus

3.2.3 Bandwidth correction

The calibration o f the test apparatus shall include a correction factor o f appropria te  value to relate the 
signal to total distortion power m easured to the total distortion power present in the full PCM  channel bandw idth  
o f 3100 Hz. The correction factor is given by the following expression, which assumes a uniform  d istribu tion  of 
d istortion  power over the channel bandw idth:

in  , 3100 .10 log10 —  (dB)

where y  is the effective noise bandw idth o f the m easuring filter in Hz.

3.2.4 Receiver input impedance

600 ohm s 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 m aintained 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  R ecom m endation G.232 [4].

3.2.6 Accuracy o f  the signal-to-total distortion ratio indication

For reference levels in the range —6 dBmO to —55 dBmO and  an absolute d istortion signal not less than 
— 72 dBmO:

— M easuring range 10 dB to 40 dB: Accuracy ±  0.5 dB.

— M easuring range 0 dB to 10 dB: Accuracy ±  1.0 dB.

For reference levels in the range 0 dBmO to —6 dBmO:

— M easuring range 20 dB to 40 dB: Accuracy ±  1.5 dB.

— M easuring range 0 dB to 20 dB: Accuracy ±  2.0 dB.

Note 1 — These limits include the inaccuracies which are caused by:

— the effective bandw idth  o f the m easuring Filter,

— the receive reference Filter,

— the attenuato r in the m easuring path,

— the characteristics o f  the indicating circuit.

Note 2 — For reference level ranges 0 dBmO to — 6 dBmO, the w ider tolerances are not only required by 
the m easuring apparatus bu t reflect also the characteristics o f PCM  coders and decoders when operated  near the 
overload point.
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Recommendation 0 .132

SPEC IFIC A T IO N  FO R A Q U A N TIZIN G  D ISTO R TIO N  
M EA SU R IN G  E Q U IP M E N T  U SING A SIN U SO ID A L  TEST SIG NAL

1 Introduction

This speciFication gives basic clauses describing the essential features to be provided in test equipm ent 
using a sinusoidal test signal for quantizing distortion  m easurem ents on PCM  channels. It is im portan t that the 
characteristics o f quantizing d istortion  m easuring apparatus o f this type are sufficiently specified to ensure that 
they are capable o f interw orking and  that they will give results o f sufFicient accuracy. This specification is based 
on a general statem ent o f the m ethod described as M ethod 2 in the R ecom m endation cited in [1].

2 Testing method

The testing m ethod consists o f applying a sine-wave signal to the input port o f a PCM  channel and 
m easuring the ratio o f the received signal to distortion  power, using the p roper noise weighting (see § 3.3.4 below). 
The m ethod also requires the use o f a narrow -band rejection filter in the receiver equipm ent to block the 
sinusoidal test signal from  the d istortion m easuring circuits so that the d istortion  pow er may be m easured.
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3 Specifications

3.1 Test signal frequencies

A test signal in either o f two frequency bands m ay be required depending  on the test-signal rejection filter 
being used to m ake the m easurem ent. The preferred test frequencies are either 820 Hz or 1020 Hz. However, other 
frequencies in the rejection band  o f the test-signal rejection filter (such as 804 Hz or 850 Hz) m ay be used.

3.2 Characteristics o f  the signal source

3.2.1 Signal level range

At least —45 to + 5  dBmO for relative levels according to  the R ecom m endation cited in [2] w ith a setting 
accuracy o f ±  0.2 dB.

3.2.2 Output circuit characteristics (over frequency range 300 to 3400 Hz)

Im pedance balanced, e a r th - f r e e .....................................................................................   600 ohm s

R eturn loss  ............................................................................................    >  30 dB

Signal balance ratio  .  ...........................................................................................    s* 40 dB

3.2.3 D istortion and  spurious m odulation  r a t i o ........................................................................................................... >  50 dB

3.2.4 Frequency accuracy and stability

The accuracy and  stability o f the test signal frequency shall be ap p rop ria te  to the frequency used and  its 
position with respect to the rejection band  o f the filter concerned. The accuracy and  stability m ust in any case be 
such that the frequency is never a subm ultiple o f the PCM  sam pling rate.

3.3 Characteristics o f  the measuring instrument

3.3.1 M easuring range and accuracy

10 to 40 dB signal-to-distortion ratio  with an accuracy o f ±  1.0 dB.

3.3.2 Input signal range

At least — 55 to + 5  dBmO for relative levels according to the R ecom m endation cited in [2],

3.3.3 Input circuit characteristics (over frequency range 300 to 3400 Hz )

Im pedance balanced, e a r th - f r e e ............................................................................................................................  600 ohm s

Return l o s s ..................................................................................................  >  30 dB

Signal balance r a t i o ............................................................................................................................................   >  46 dB

The signal balance ratio  for frequencies below 300 Hz shall be m ain ta ined  at better than  46 dB and shall
be 60 dB or better at 40 Hz.

3.3.4 M easuring fd te r

The value o f the d istortion  signal shall be weighted by the standard  C C IT T  noise w eighting filter for 
telephony (see R ecom m endation P.53 [3]). A lternatively, C-message weighting may be used (see [4]). A calibration  
correction factor may be necessary when C-message weighting is used. The m anufacturing to lerances on the 
characteristics o f these filters may have to be less than  is perm itted in their respective specifications, in order to 
achieve the m easuring accuracy in § 3.3.1.

3.3.5 Test-signal reject fd te r

Either o f two test-signal rejection filters may be provided, with characteristics as given in Table 1 /0 .132 .
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TA B LE 1 /0 .1 3 2  

Test-signal reject filter characteristics

804 to  850 H z test-signal re jec t filter

F req u en cy Loss

<  325 Hz
<  570 hz
<  690 H z 

800 to  855 H z
>  1000 H z
>  1105 H z
>  1360 H z

<  0.5 dB
<  1.0 dB
<  3.0 dB

>  50 dB (re jec tio n  band )
<  3.0 dB
<  1.0 dB
<  0.5 dB

1004 to  1020 H z test-signal re jec t filter

F req u en cy Loss

<  400 H z
<  700 H z
<  860 H z 

1000 to  1025 H z
> 1 1 8 0  H z
>  1330 H z
>  1700 H z

<  0.5 dB
<  1.0 dB
<  3.0 dB

>  50 dB (re jec tio n  band)
<  3.0 dB
<  1.0 dB
<  0.5 dB

3.3.6 Detector characteristics

An r.m.s. or quasi-r.m .s. detector having sufficient accuracy to meet the accuracy objective m ust be used 
for m easuring the d istortion signal.

3.3.7 Bandwidth correction

The calibration of the m easuring instrum ent shall include a correction factor o f appropriate  value to 
account for the loss in effective noise bandw idth  due to the test-signal reject filter. The correction factor assumes a 
uniform  distribution  o f distortion  pow er over the frequency range involved and is o f the following form :

, ,  N , Effective bandw idth of standard noise weighting
Correction (dB) =  10 log -----— -t—tct:— r jr-------------- :---:—r — — ;10 Effective bandwidth of the measuring instrum ent

4 O perating  environm ent

The electrical perform ance requirem ents shall be met when operating  at tem peratures within the range of 
+  5 °C  to  + 4 0  °C  and relative hum idity o f 45% to 75% (see [5]).
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Recommendation 0.141

D E SC R IPTIO N  AND BASIC SPEC IFIC A T IO N  FOR A SE M IA U T O M A TIC  
IN -C IR C U IT  E C H O  SU PP R E S SO R  TESTIN G SY STEM  (ESTS)

1 General

The C C IT T  sem iautom atic in-circuit echo suppressor testing system (ESTS) is in tended  to test the 
sensitivity-related operational characteristics o f echo suppressors assigned to all categories o f  in te rnational circuits.'

The ESTS is suitable for testing echo suppressors com plying with R ecom m endation G.161 [1] o f the 
O range Book. It may also be found suitable for certain applications on circuits em ploying echo suppressors 
com plying with R ecom m endation G.164 [2],

The ESTS will consist o f two parts: a) directing equipment at the outgoing end and  b) responding equipment 
at the incom ing end. The directing equipm ent will be m anually connected to the circuit under test after a 
connection has been established to a responder at the incom ing end. The responding  equipm ent will be accessed 
via a test call over the circuit under test.

In order to simplify the test equipm ent design and its operation , quantita tive m easurem ent results will not 
be given. The two-way circuit loss, noise and the echo suppressor tests will be m ade and  reported  on a p a ss /fa il 
basis. The test results shall be indicated only at the outgoing end by the directing equipm ent. The A dm inistrations 
in charge of the incom ing end need not be notified o f the test results except as required  to elim inate a deficiency 
evidenced by the test results.

The ESTS shall be capable o f testing a full echo suppressor located at either the outgoing or incom ing end 
as well as both echo suppressors when split echo suppressors are used. This equipm ent can be used on any circuit 
routed com pletely on terrestrial facilities, or any circuit routed on terrestrial facilities and  not m ore than one 
satellite link.

2 Kinds of tests

A loss test will be m ade in both directions o f transm ission to ensure that the circuit loss is w ithin ±  2.5 dB 
of nom inal value.

A noise test will be m ade in both directions o f transm ission to determ ine if the circuit noise exceeds 
— 40 dBmOp and is therefore likely to interfere with echo suppressor m easurem ents.

The suppression and break-in sensitivities o f the echo suppressor(s) are tested to ensure that they are 
within established limits.

3 Method of access

3.1 Outgoing international exchange

Access to the circuit under test at the outgoing in ternational exchange will be on a 4-wire basis on the 
exchange side o f the near-end echo suppressor.

The attachm ent o f the directing equipm ent to the circuit under test will be done on a m anual basis, such as 
at a testboard.

3.2 Incoming international exchange

Access to the responding equipm ent, by the circuit under test, at the incom ing in ternational exchange will 
be gained via the norm al exchange switching equipm ent on a 4-wire basis.

3.3 Address information

- The address inform ation to be used to gain access to the responding equipm ent at the incom ing 
in ternational exchange is specified in R ecom m endation 0 .11 , § 2.4.
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4 Operating principles

4.1 A fter a switched connection  has been established at the incom ing end between the circuit under test and 
the responding equipm ent, the d irecting equipm ent is attached to  the circuit at the outgoing end. It shall then be 
possible to m ake any num ber o f circuit loss, circuit noise and  echo suppressor tests w ithout releasing the 
connection .

4.2 The tests shall be m anually  initiated  at the outgoing end, which can either be accom plished on a
test-by-test basis o r the full overall test sequence can be program m ed and  initiated  by a single control.

4.3 A fail o r pass indication  for each test shall be provided to the outgoing end. In order to  avoid possible
am biguities in the in terpretation  o f the test results, all suppressor tests [i.e. tests e) to  1) in § 5.3.3 below] should be 
m ade during  any test sequence.

4.4 The echo suppressor tests should be m ade only after the two-way loss tests are com pleted satisfactorily. A
program m ed test sequence should not continue beyond a failed loss test.

5 Testing procedure

5.1 Establishment o f  connection

5.1.1

5.1.2

W hen the outgoing circuit is seized, the app rop ria te  address in form ation  

W hen the access is gained to  the responding equipm ent, the answer

is transm itted  (see § 3.3 above), 

signal will be transm itted. If  the
responding  equipm ent is occupied, a busy indication  will be returned to the outgoing end in accordance with 
norm al signalling arrangem ents for the circuit.

5.1.3 U pon receipt o f the answ er signal the directing equipm ent is m anually  attached to the circuit under test
and  the tests initiated  as described in § 5.2 below.

5.1.4 The responding equipm ent will transm it a high level m onitor tone at the tim e o f access. This can be
m onitored  at the outgoing end to assure that the responding equipm ent has been accessed and activated.

5.1.5 W hen the tests are com pleted the attachm ent o f the directing equipm ent to the circuit under test is
rem oved and  the circuit is im m ediately released.

5.1.6 The responding equipm ent shall autom atically  tim e out and  initiate a clear back if it has been accessed 
continuously  for m ore than 15 m inutes.

5.2 Test initialization

5.2.1 Each test is initiated by the sending o f an associated m ulti-frequency com m and signal from  the directing to 
the responding equipm ent. Before sending a m ulti-frequency com m and signal, the directing equipm ent shall 
assum e a quiescent state so as to avoid interference with the proper detection o f the com m and signal by the 
responding  equipm ent.

5.2.2 U pon the detection o f a valid m ulti-frequency (M F) com m and signal at any tim e, the responding 
equipm ent shall be returned to its quiescent state. Im m ediately after the cessation o f the com m and signal the 
responding  equipm ent will send a 610-Hz acknow ledgem ent signal for a period o f 500 ±  25 ms. The responding 
equipm ent will also begin sending a m onitor tone and  other test tones as required for the tests described below.
The responding equipm ent shall tim e out and return to its quiescent state 10 seconds after the cessation o f an M F
com m and signal.

5.2.3 After sending an M F com m and signal the directing equipm ent shall be conditioned to detect the receipt of 
the acknow ledgem ent signal for an interval o f tim e up to 1400 ms. If acknow ledgem ent is not received by the 
directing equipm ent during this interval a failure shall be indicated  and the test should not proceed any further.

5.2.4 600 ±  30 ms after the cessation o f the acknow ledgem ent signal the directing equipm ent shall begin 
sending test a n d /o r  m onitor tones for the various tests as described below.

5.3 Test description

5.3.1 Tone detection will be m ade by the directing equipm ent for the purpose o f determ ining w hether a test 
passed or failed during a 375 ±  25 ms test interval. This interval will begin 1000 ±  50 ms after the directing 
equipm ent begins sending test a n d /o r  m onitor tones. This delay is required to perm it the exchange o f test and 
m onito r tones on circuits with long delay (one satellite and long terrestrial facilities).
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5.3.2 . The responding equipm ent shall be designed to send a m onitor tone w henever it is not receiving a m onitor 
tone from  the responding equipm ent, except during the near-to-far loss and  noise tests. For the near-to -far loss 
and  noise tests the responding equipm ent shall stop sending a m onitor tone to indicate to the directing equipm ent 
a test failure condition.

5.3.3 U nder the control o f the directing equipm ent the ESTS will be capable o f m aking 12 tests from  the near 
end.

a) near-to-far loss,

b) far-to-near loss,

c) near-to-far noise,

d) far-to-near noise,

e) near-end suppressor non-operate ,

0 near-end suppressor operate,

g) near-end break-in non-operate,

h) near-end break-in operate,

i) far-end suppressor non-operate ,

j) far-end suppressor operate,

k) far-end break-in non-operate ,

1) far-end break-in operate.

5.3.4 These tests are described below. The descriptions begin at the cessation o f the acknow ledgem ent signal as 
referred to in § 5.2.4 above. For all tests the responding equipm ent has started sending m onitor and  any required 
test tones as noted in § 5.2.2 above.

5.3.5 Near-to-far loss test

The responding equipm ent is silent. The directing equipm ent sends a —10 dBmO test tone at 820 Hz for 
100 ±  10 ms. If the test tone is within ±  2.5 dB of — lOdBmO as m easured at the far end, the responding 
equipm ent will send high level m onitor tone. The detection o f m onitor tone by the directing equipm ent during the 
test interval will indicate that the test has passed.

5.3.6 Far-to-near loss test

The responding equipm ent is sending a —10 dBmO test tone at 1020 Hz. The directing equipm ent measures 
the test tone during the test interval. If the test tone is within ±  2.5 dB o f —10 dBmO, the test has passed.

5.3.7 Near-to-far noise test

The responding equipm ent is silent. The directing equipm ent term inates the transm it path in 600 ohms. Six 
hundred milliseconds after transm itting the acknow ledgem ent signal, the responding equipm ent m easures the noise 
during the following 375 ±  25 milliseconds. If the noise is below —40 dBmOp, the responding equipm ent will 
send a high level m onitor tone. The detection o f this m onitor tone by the d irecting equipm ent during the test 
interval will indicate that the test has passed.

5.3.8 Far-to-near noise test

The responding equipm ent term inates its transm it path in 600 ohms. The directing equipm ent m easures 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 equipm ent is sending a m onitor tone and a —40 dBmO test tone at 1020 Hz. The directing 
equipm ent starts sending a m onitor tone. U pon detection of the m onitor tone from  the directing equipm ent, the 
responding equipm ent stops sending its m onitor tone. The absence o f the m onitor tone received from  the 
responding equipm ent during the test interval indicates to the directing equipm ent that the near-end suppressor 
has not operated and  that the test has passed.
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5.3.10 Near-end suppressor operate test

The responding equipm ent is sending a m onitor tone and  a —26 dBmO test tone at 1020 Hz. The directing 
equ ipm ent starts sending a m onitor tone. If  the near-end suppressor has operated , the m onitor tone from  the 
d irecting  equipm ent will no t reach the responding equipm ent. The responding  equipm ent will therefore continue 
sending a m onitor tone and  the detection o f this m onitor tone by the directing equipm ent during the test interval 
will indicate that the test has passed.

5.3.11 Near-end break-in non-operate test

The responding equipm ent is sending a m onitor tone and  a —15 dBmO test tone at 1020 Hz. After the 
detection  o f the 1020-Hz test tone sent ou t by the responding equipm ent, the directing equipm ent starts sending a 
high level m onitor tone and  a —20 dBmO test tone at 820 Hz. If  break-in  does no t occur at the near-end 
suppressor, the m onitor tone from  the directing equipm ent will no t reach the responding equipm ent. The 
responding  equipm ent will therefore continue sending a m onitor tone and  the detection o f this m onitor tone by 
the d irection equipm ent during the test interval will indicate tha t the test has passed.

5.3.12 Near-end break-in operate test

The responding equipm ent is sending a m onitor tone and  a —15 dBmO test tone at 1020 Hz. After the 
detection  o f the 1020-Hz test tone sent out by the responding equipm ent the directing equipm ent starts sending a 
high-level m onitor tone [see § 6.1.2 c) below] and  a —10 dBmO test tone at 820 Hz. If  break-in does occur at the 
near-end  suppressor, the m onitor tone from  the directing equipm ent will reach the responding equipm ent. The 
responding  equipm ent, upon  detection o f  the m onitor tone from  the d irecting equipm ent, will stop sending its 
m on ito r tone and  this absence o f m onitor tone during the test interval will indicate to the directing equipm ent that 
the test has passed.

5.3.13 Far-end suppressor non-operate test

The responding equipm ent is sending a m onitor tone. The directing equipm ent starts sending a 
test tone at 1020 Hz. If  the far-end suppressor does not operate, the m onitor tone from  the responding 
will continue to reach the d irecting equipm ent, and  the detection o f the m onitor tone by the directing 
during  the test interval will indicate tha t the test has passed.

5.3.14 Far-end suppressor operate test

The responding equipm ent is sending a m onitor tone. The directing equipm ent starts sending a —26 dBmO 
test tone at 1020 Hz. If the far-end suppressor does operate, the m onitor tone from  the responding equipm ent will 
be prevented from  reaching the directing equipm ent, and  this absence o f m onito r tone during the test interval will 
indicate to the directing equipm ent that the test has passed.

5.3.15 Far-end break-in non-operate test

The responding equipm ent is silent. The directing equipm ent starts sending a — lOdBm O test tone at 
1020 Hz. Fifty m illiseconds after detection o f the 1020-Hz test tone from  the directing equipm ent, the responding 
equipm ent starts sending a high level m onito r tone and  a —15 dBmO test tone at 820 Hz. If  break-in does not 
occur at the far-end suppressor, the m onitor tone from  the responding equipm ent will be prevented from  reaching 
the d irecting equipm ent and  this absence o f m onitor tone during the test interval will indicate to the directing 
equipm ent that the test has passed.

5.3.16 Far-end break-in operate test

The responding equipm ent is silent. The directing equipm ent starts sending a —20 dBmO test tone at 
1020 Hz. Fifty m illiseconds after detection o f the 1020-Hz test tone from  the directing equipm ent, the responding 
equipm ent starts sending a high level m onitor tone and  a —15 dBmO test tone at 820 Hz. If  break-in does occur at 
the far-end suppressor, the m onitor tone from  the responding equipm ent reaches the directing equipm ent and 
detection  o f the m onitor tone by the directing equipm ent during the test interval will indicate that the test has 
passed.

— 40 dBmO 
equipm ent 
equipm ent
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The follow ing specifications apply over a tem perature range o f + 5  °C  to  + 5 0  °C.

6.1 Sending apparatus o f  the directing and  responding equipment

6.1.1 Signal and  tone frequencies

a) test tones: 820 ±  9 Hz
1020 ±  11-Hz,

b) m onitor tone: 510 ±  5.5 Hz,

c) acknow ledgem ent signal: 610 ±  6.5 Hz.

6.1.2 Signal and  tone levels

a) for loss m easurem ents:

—10 ±  0.1 dBmO,

b) for test tones:

— 10 ±  0.2 dBmO (directing equipm ent only),

— 15 ±  0.2 dBmO (responding equipm ent only),

— 20 ±  0.2 dBmO (directing equipm ent only),

— 26 ±  0.2 dBmO,

— 40 ±  0.2 dBmO,

c) for m onitor tone:

— 42 ±  0.5 dBmO (norm al level),

— 29 ±  0.5 dBmO (high level),

d) for acknow ledgem ent signal:

- 2 9  ±  0.5 dBmO.

6.1.3 Impedance

600 ohm s balanced with im pedance balance ratio  (R ecom m endation 0 .121) o f at least 46 dB between 300 
and  3400 Hz. R eturn loss o f 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 o f  the directing and responding equipment

6.2.1 Measuring ranges

a) for loss m easurem ent:

from  —7.5 ±  0.2 dBmO to —12.5 ±  0.2 dBmO,

b) for noise m easurem ent:

test threshold —40 ±  1.0 dBmOp m easured with psophom etric w eighting as specified in R ecom m enda­
tion P.51 [3],

c) for m onitor tone and  acknow ledgem ent signal detection:

test threshold o f — 54 ±  2.0 dBmO m easured with selective receivers having sufficient d iscrim ination  
to reject other tones and  noise tha t may be present on the circuit under test.

6.2.2 Test interval 

375 ±  25 ms.

6 Specifications for transmission measuring equipment
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6.2.3 Im p ed a n ce

600 ohm s balanced with signal balance ratio o f at least 46 dB between 300 and  3400 Hz. R eturn loss o f 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 o f a unique m ulti-frequency (M F) com m and signal from  the 
directing  equipm ent to the responding equipm ent.

The signal sender and signal receiver are those specified for the C C IT T  No. 5 Interregister Signalling 
System and  the equipm ent used should be as specified in R ecom m endations Q .l53 [4] and Q .l54 [5], except that 
the M F com m and signals will be sent for 500 ±  100 ms and tha t the M F receiver shall respond to M F com m and 
signals between —26 dBmO and —3 dBmO.

C O D E  N o . F R E Q U E N C Y  (H z) TE ST

1 700 +  900 N ear-to -far loss

2 700 +  1100 F ar-to-near loss

3 900 +  1100 N ear-to-far noise

4 700 -(- 1300 F ar-to -near noise

5 900 +  1300 N ear-end suppressor non-operate

6 1100 +  1300 N ear-end suppressor operate

7 700 +  1500 N ear-end break-in non-operate

8 900 +  1500 N ear-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

References
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[3] C C IT T  Recom m endation Artificial voices, artificial mouths, artificial ears, Vol. V, Rec. P.51.
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SEC TIO N  2

SPECIFICATIONS FOR DIGITAL-TYPE MEASUREM ENT EQ UIPM ENT

Recommendation 0.151

SPEC IFIC A T IO N  FO R IN STR U M EN TA TIO N  TO  M EA SU R E BIT-ERRO R-RA TIO
O N  DIG ITA L SY STEM S 1)

The requirem ents for the characteristics o f b it-error ratio  instrum entation  which are described below m ust 
be adhered to in order to ensure com patibility  between equipm ents standard ized  by the C C IT T , and  produced  by 
different m anufacturers.

1 General

The instrum entation  is designed to m easure the b it-error ratio o f digital transm ission systems by the d irect 
com parison o f a pseudo-random  test pattern  with an identical locally generated test pattern .

2 Test patterns

2.1 Pseudo-random pattern fo r  systems using a 215 — 1 pattern length

This pattern  is to be produced by m eans o f a shift register incorporating  ap p ro p ria te  feedback (see
Figure 1/0.151 and Table 1 /0 .151.):

N um ber o f shift register s ta g e s ..................................................................................................   15

Pattern le n g th    215 — 1 =  32 767 bits

Feedback ..................................................   taken from  the 14th and  15th stage via an
exclusive-O R -gate to the first stage

Longest sequence o f zeros      15 (inverted signal)

T h is  R e c o m m e n d a t io n  is th e  j o i n t  re s p o n s ib i l i ty  o f  S tu d y  G r o u p s  IV , X V II  a n d  X V II I .
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Status of the shift register stages during the transmission of the first 47 bits

TABLE 1/0.151

~z— 1

▼
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0

2 0 1 1 1 1 1 1 1 1 . 1 1 1 1 1 1 0

3 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 0

0

0

I
I

14 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1

15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

16 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

17

i
1

0 1 0 0 0 0 0 0 0 0 0 0 0 0 0

i
i

2 9 o 0 0 0 0 0 0 0 0 0 0 0 0 1 0

30 1 0 0 0 0 ■ 0 0 0 0 0 0 0 0 0 1

31 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0

3 2

1
I

0 1 1 0 0 0 0 0 0 0 0 0 0 0 0

1
l

4 3 0 0 0 0 0 0 0 0 ■ 0 0 0 0 1 1 0

4 4 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1

4 5 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1

4 6 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0

* 7 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0

1

E 1 2 14 15
CCITT-3 7 5 1 0

N ote  — T he  clock p u lse  co n n ec tio n  is n o t show n.

a b c Truth table for exclusive OR-gate (E):

I 0  ̂ a and b: gate inputs
c: gate output

0 1 1

0 0 0

I I  0

F IG U R E  1 /0 .151

Circuit example for a 15-stage shift register with D-flipflops and an exclusive-OR-gate 
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2.2 Pseudo-random pattern fo r  system s using 2 23 — 1 pattern length

This pattern  is to  be produced by m eans o f a shift register incorporating  ap p ro p ria te  feedback (see 
Figure 2 /0 .151 ):

N um ber o f shift register s t a g e s ....................................................................................................................................  23

Pattern l e n g t h ...................................................... .........................................................................  223 -  1 =  8 388 607 bits

Feedback ...........................................................................................  taken  from  the 18th and  23rd stages via an
exclusive-OR -gate to  the first stage

Longest sequence o f zeros .  ........................... ... . .  .............................................................  23 (inverted signal)

E 1 2 18

Note -  The clock pulse connection is not shown.

19 20 21 22 23
CCITT-39300

1 0 

0 1 

0 0 

1 1

Truth table for exclusive OR-gate (E):

a and b: gate inputs 
c: gate output

FIGURE 2/0.151

Circuit example for a 23-stage shift register with D-flipflops and an exclusive-OR gate

2.3 Fixed patterns (optional)

Fixed patterns o f all ones and  alternating  ones and  zeros may be provided.

3 Bit rate

The bit rates in accordance with C C IT T  R ecom m endations are indicated  in Table 2 /0 .151 .

TABLE 2/0.151

Bit rates, pertinent Recommendations and pseudo-random test patterns

Bit rate 
(kbit/s)

Recommendation corresponding 
to multiplex system

Recommendation corresponding 
to digital line section/ line system

Bit rate tolerance Test
pattern

1544 G.733 [1] G.911 [8] ±  50 ■ 10~6

215-1
2048 G.732 [2] G.912 [9] ±  50 • 10-6

6312 G.743 [3] G.913 [10] ±  30 • 10'6

8448 G.742 [4], G.745 [5] G.914 [11] ±  30 • 10~6

32 064 G.752 [6] G.915 [12] ±  10 • 10~6 2>5-l

34 368 G.751 [7] G.916 [13] ±  20 • 10~6 223 -1

44 736 G.752 [6] G .917 [14] ±  20 • 10“6 215—1

139 264 G.751 [7] G.918 [15] ±  15 • 10-6 223 -1

Note — N orm ally only the appropriate  com bination  o f bit rates — either 2048 k b it/s , 8448 k b it/s , etc. or 
1544 k b it/s , 6312 k b it/s , etc. — will be provided in a given instrum entation .
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4 Interfaces

The interface characteristics (im pedances, levels, codes, etc.) should be in accordance with R ecom m enda­
tion  G.703 [16].

In addition  to providing for term inated m easurem ents the instrum entation  shall also be capable of 
m onitoring  at protected test points on digital equipm ent. Therefore, a high im pedance a n d /o r  additional gain 
should  be provided to com pensate for the loss at m onitoring points already provided on some equipm ents.

5 Error-ratio measuring range

The receiving equipm ent o f the instrum entation  should be capable o f m easuring b it-error ratios in the 
range 10~3 to 10~8. In addition , it should be possible to m easure b it-error ratios of 10~9 and  10~10; this can be 
achieved by providing the capability  to count cum ulative errors.

6 Mode of operation

The m ode o f operation  should be such that the signal to be tested is first converted into a un ipo lar 
(binary) signal in the error m easuring instrum ent and subsequently the bit com parison is m ade also with a 
reference signal in b inary form.

Facilities m ay optionally be provided to allow the direct com parison at line code (e.g. AM I or HDB-3) with 
correspondingly  coded reference signals. In the case o f such m easurem ents polarity distinction is possible, so that 
errors caused by the injection or om ission o f positive or negative pulses can be determ ined separately.
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Recommendation 0.161

SPEC IFIC A T IO N  FO R AN IN -SER V IC E C O D E  V IO LA TIO N  M O N IT O R  
FO R DIG ITA L T R A N SM ISSIO N  SY STEM S

1 General

This specification describes an in-service code violation m onitor for the first and second level in the digital 
transm ission hierarchy.

The codes to be m onitored are alternate m ark inversion (AM I), high density b ipo lar w ith a m axim um  o f 3 
consecutive zeros (HDB3) and  the pseudo-ternary code B6ZS.

2 Definition of code violation

2.1 A M I

Two consecutive m arks o f the same polarity. This m ay not be the absolute num ber o f errors.

2.2 HDB3

Two consecutive b ipolar violations o f the same polarity. This m ay no t be the absolute num ber o f errors.

2.3 B 6Z S

Two consecutive m arks o f the same polarity excluding violations caused by the zero substitu tion  code.

3 Input signal

3.1 Interface

The code violation m onitor shall be capable o f operating  at the follow ing interfaces:

a) at 1544 k b it/s  corresponding to the R ecom m endation cited in [1];

b) at 6312 k b it/s  corresponding to the R ecom m endation cited in [2];

c) at 2048 k b it/s  corresponding to the R ecom m endation cited in [3];

d) at 8448 k b it/s  corresponding to the R ecom m endation cited in [4].

3.2 Instrum ent operation

3.2.1 The instrum ent may be equipped to m onitor only one or two o f the listed codes and  operate at the 
appropria te  bit rates for those codes.

3.3 Input sensitivity

3.3.1 The instrum ent is required to operate satisfactorily under the follow ing inpu t conditions.

3.3.1.1 Input im pedances and  levels in accordance with R ecom m endation G.703 [5].
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3.3.1.2 The instrum ent shall also be capable o f m onitoring a t protected test points on digital equipm ent. 
Therefore, a high im pedance inpu t a n d /o r  additional gain o f 30 dB (40 dB -  see N ote) shall be provided to 
com pensate for the loss at the m onitoring poin ts already provided  on some equipm ent.

Note — As an op tion  for instrum ents operating at an  interface o f 1544 k b it/s  corresponding to  the 
R ecom m endation cited in [1], the additional gain, where provided, shall be 40 dB.

3.3.1.3 A dditionally , the instrum ent is required to  operate satisfactorily, in both  the term inated  and m onitor mode, 
w hen connected to  an interface ou tpu t in accordance with R ecom m endation G.703 [5] via a length o f cable which 
can have an insertion loss o f 0 dB to 6 dB at the ha lf bit rate o f the signal. The insertion loss o f the cable at other 
frequencies will be p roportional to  ]/f.

3.4 Input impedance

3.4.1 The instrum ent shall have a return  loss better than 20 dB under the conditions listed in Table 1 /0 .161.

TABLE 1/0.161

Instrument operating at 
kbit/s 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

3.5 Signal input gating

3.5.1 The instrum ent shall incorporate a sam pling circuit, operated  from  the incom ing digital signal, such that 
the instrum ent senses only the voltages which are present during a short gating period at the m idpoin t o f each 
digit tim e slot.

3.6 Input jitte r  tolerance

3.6.1 The instrum ent shall be able to  tolerate the lower lim it o f m axim um  tolerable inpu t jitter specified in the 
ap p rop ria te  paragraph  o f R ecom m endation G.703 [5].

4 Display

4.1 The instrum ent shall incorporate an ind icator to show the presence o f a digital signal o f correct am plitude
and  bit rate.

4.2 The code violation rate shall be indicated in the range 1 in 103 to at least 1 in 106. Ind ication  o f code 
v io lations, occurring in the input signal and detected as defined in § 2 above, shall be determ ined by counting the 
num ber o f code violations that occur during the period o f at least 106 digit tim e slots.

4.3 It shall be possible to indicate the sum o f the code violations. This facility will no t be required at the same
tim e as the code violation rate is being counted and displayed.

4.4 The count capacity shall be 99 999 and a separate ind icator shall be given if the count exceeds this figure.

4.5 The counting sequence shall be started by operating  a “sta rt” control and shall be stopped by a “stop”
control.

4.6 The counter, and  its display, shall be capable o f being reset.

5 Instrument check

5.1 A check facility shall be provided. This facility is to  enable a check to be m ade o f  the display, counter and
recorder ou tput and optionally  o f the instrum ent input circuits.

5.2 W here the op tional check o f the inpu t circuits is provided, the m ethod o f in troducing code violations into 
the inpu t digital signal shall be agreed. The v iolations shall be as defined in § 2 above.
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6.1 An outpu t signal may optionally  be provided by the instrum ent to  enable the status o f  the digital signal to
be recorded externally in analogue a n d /o r  digital form.

6.2 For the analogue outpu t, the signal shall vary corresponding  to the m easured result.

6.3 If  the instrum ent has an analogue output, app rop ria te  m eans for calibrating  the external recorder shall be
provided.

6.4 A possible arrangem ent relating the status o f the digital input signal to  the d.c. o u tpu t signal is given in 
Table 2 /0 .161 . The actual arrangem ent will depend upon  the count period specified for the instrum ent (see § 4.2 
above).

TABLE 2/0.161

6 Recorder output

Status
Deflection 

(mA or volts)
Tolerance 

(mA or volts)

No signal 0

Valid signal 5 ± 0 .2

Violation rate ^  1 x 10~3 2 ± 0 .2

Violation rate ^  1 X 10~4 2.5 ±  0.2

Violation rate ^ 1  X 10“5 3 ± 0 .2

Violation rate ^ l x  10~6 3.5 ± 0 .2

Single code violations 4 ±  0.2

6.5 For the digital ou tpu t o f the m easurem ent result, where provided, a parallel signal in b inary  coded decim al
(BCD) form  with transisto r-transisto r logic (TTL) levels shall be used.

7 Operating environment

7.1 The electrical perform ance requirem ents shall be met when operating at tem peratures w ithin the range of
+  5 °C  to + 4 0  °C  and  relative hum idity o f 45% to 75% (see [6]).
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Recommendation 0 .162

SPEC IFIC A T IO N  FOR AN IN STR U M E N T  TO M O N IT O R  T H E  FRAM E 
A LIG N M EN T SIG N A L O F  FRAM E STRU CTU RES THAT ARE IN ACCO RD A N CE W ITH

R E C O M M EN D A T IO N  G.732 
(FRA M E A LIG N M EN T SIG N A L M O N ITO R )

1 General

1.1 This specification describes an  in-service fram e alignm ent signal m onitor for fram e structures tha t are in
accordance with R ecom m endation G.732 [1]).

1.2 The instrum ent is required to m onitor a 2048-kbit/s HDB3 encoded signal, display any inherent alarm
condition in the signal and  be capable o f counting errors in the fram e alignm ent signal.
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1.3 The instrum ent m ay also, if  so desired, count and  display HDB3 code v io lations as a separate facility.

1.4 HD B3 decoding strategy

W hen necessary, the received digital signal shall be decoded by the instrum ent in a m anner such that, 
when sam pling the signal, on recognition o f 2 consecutive zeros (spaces) followed by a b ipo lar violation, the 
decoder shall substitute 4 consecutive zeros in place o f the b ipo la r violation and the 3 preceding digits.

2 Input signal

2.1 Interface

The instrum ent shall be capable o f operating  with the interface at 2048 k b it/s  corresponding to the 
R ecom m endation cited in [2]. ^

2.2 Input sensitivity

2.2.1 The instrum ent is required to operate satisfactorily under the following input conditions.

2.2.1.1 Input im pedances and levels in accordance with R ecom m endation G.703 [3].

2.2.1.2 The instrum ent shall also be capable o f m onitoring at protected test points on digital equipm ent.
Therefore, a high im pedance input a n d /o r  additional gain o f 30 dB shall be provided to  com pensate for the loss
at the m onitoring points already provided on some equipm ent.

2.2.1.3 A dditionally  the instrum ent is required to  operate satisfactorily, in both the term inated  and  m onitor mode, 
when connected to an interface ou tpu t in accordance with R ecom m endation G.703 [3] via a length o f cable which 
can have an insertion loss o f 0 dB to_6 dB at the ha lf bit rate o f the signal. The insertion loss o f the cable at other 
frequencies will be p roportional to ]/f

2.3 Input impedance

2.3.1 The instrum ent shall have a return loss o f better than  20 dB against a nonreactive 75/120/130-ohm  resistor
over a frequency range o f 40 kH z to 2500 kHz.

2.4 Signal input gating

2.4.1 The instrum ent shall incorporate a tim ing recovery circuit, operated  from  the incom ing digital signal, such
tha t the instrum ent senses only the voltages which are present during a short gating period at the m idpoint o f each 
digit tim e slot.

2.5 Input jitter  tolerance

2.5.1 The instrum ent shall be able to to lerate the lower lim it o f m axim um  tolerable input jitte r specified in 
R ecom m endation G.703 [3].

3 Facilities

3.1 The instrum ent shall incorporate fault indications to  m eet the alarm  strategies o f equipm ents meeting 
R ecom m endation G.732 [1].

3.2 A possible fault indication p lan is illustrated in § 3.3 below. All fault indicators are norm ally extinguished.

3.3 Fault indication plan

3.3.1 Input signal fa ilure

A fault indication  shall be given if m ore than  10 consecutive zeros are detected.
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3.3.2 Alarm  indication signal (A IS )

The instrum ent shall recognize a signal contain ing  less than  3 zeros in a 2 fram e period  (512 bits) as a 
valid AIS signal and  the app rop ria te  ind icator shall be lit.

The strategy for the detection o f the presence o f an  AIS shall be such th a t the AIS is detectable even in the 
presence o f a code v iolation rate o f 1 in 103. However, a signal w ith all bits in the Is state, except the fram e 
alignm ent signal (FAS), shall not be m istaken for a valid AIS.

3.3.3 Frame

3.3.3.1 In the event o f  a loss o f fram e alignm ent, as defined in the R ecom m endation cited in [4], the instrum ent 
shall recognize the loss and  the appropria te  ind icator shall be lit.

3.3.3.2 In the event o f  recovery o f fram e alignm ent, as defined in the R ecom m endation cited in [4], the ind icator 
shall be extinguished.

3.3.4 Errors in the fra m e  alignm ent signal

3.3.4.1 The instrum ent shall have a m eans o f  indicating  error rates, e.g. 1 x 10-3 , 1 x 10~4, 1 x 10-5 and 
illum inate the app rop ria te  indicator.

The indication  o f error rates occurring in the received decoded signal and  detected as incorrect fram e 
alignm ent signals shall com ply with the limits given in Table 1 /0 .162 . The requirem ents in the tab le shall apply 
on the assum ption that the average error rates are present for the whole o f the counter m easurem ent period.

TABLE 1/0.162

Error rate 
indication

Average error rates 
in decoded signal

Probability of indication illuminating or extinguishing 
within the periods stated below

Illuminate Extinguish

IX 10-3 50% within 0.3 s 5% within 0.3 s
1 X 10-3 5 X IO- 4 5% within 0.3 s -

1X10-4 - 95% within 0.3 s

l x  10-4 50% within 3 s 5% within 3 s
1 x 10-4 5 x 10-5 5% within 3 s -

l x  10-5 - 95% within 3 s

1 x 10-5 50% within 30 s 5% within 30 s
1 x 10-5 5 x 10-6 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 M ultiframe

3.3.5.1 In the event o f a loss o f m ultifram e alignm ent, as defined in the R ecom m endation cited in [5], the 
instrum ent shall recognize the loss and  the appropria te  ind icator shall be lit.

3.3.5.2 In the event o f recovery o f m ultifram e alignm ent, as defined in the R ecom m endation cited in [5], the 
indicators shall be extinguished.

3.3.5.3 If  tim e slot 16 is used for com m on channel signalling, the m ultifram e alignm ent signal is not present in a 
nom inal input signal to the instrum ent. In this case it shall be possible to inhibit the loss o f m ultifram e ind icator 
in order to prevent false alarm  indications.

3.3.6 Distant alarm

The instrum ent shall recognize the d istan t alarm  condition  as defined in R ecom m endation  G.732 [1] (bit 3 
o f tim e slot 0 in fram es alternate to those contain ing the fram e alignm ent signal for at least 2 consecutive
occasions and recognized within 4 consecutive occasions) and  the app rop ria te  ind icato r shall be lit.
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3.3.7 D istant m ultifram e alarm

3.3.7.1 The instrum ent shall recognize the d istant m ujtifram e alarm  condition  as defined in R ecom m enda­
tion  G.732 [1] (bit 6 o f  tim e slot 16, fram e 0 for at least 2 consecutive occasions and  recognized w ithin 3 consecu­
tive occasions) and  the app rop ria te  ind icato r shall be lit.

3.3.7.2 I f  tim e slot 16 is used for com m on channel signalling, b it 6 will be continuously  in state 1. In  this case it 
shall be possible to inhibit the d istan t m ultifram e alarm  in order to  prevent false alarm  indications.

3.4 Code violation detection

3.4.1 Definition o f  an H D B3 code violation

Two consecutive b ipo la r violations o f  the same polarity . This m ay no t be the absolute num ber o f errors.

3.4.2 W hen used as an HDB3 code violation detector the instrum ent shall incorporate an  ind icator to  indicate 
the presence o f a digital signal o f correct am plitude and  b it rate.

3.4.3 The code violation rate shall be indicated  in the range 1 in 103 to at least 1 in 106. Ind ications o f code 
v io lations occurring in the inpu t signal and  detected as defined in § 3.4.1 above, shall be determ ined by counting 
the num ber o f code violations tha t occur during the period  o f  at least 106 tim e slots.

3.4.4 It shall be possible to  indicate the sum o f the code violations. This facility will no t be required at the same 
tim e as the code violation rate is being counted and  displayed.

3.4.5 The count capacity  shall be 99 999 and  a separate ind ication  shall be given if  the count exceeds this figure.

3.5 Lam p lock — Lam p auto reset

3.5.1 A facility shall be provided whereby the fault ind ication  lam ps either clear autom atically  when the fault
cond ition  clears o r rem ain lit until a m anual reset is operated.

4 Display

4.1 The counting sequence shall be started  by operating  a “sta rt” control and  shall be stopped by a “stop”
control.

4.2 The counter, and  its display, shall be capable o f being reset.

5 A larm  function  check

5.1 A m ethod o f in troducing fault conditions into the incom ing digital signal, in order to check the correct
function ing  o f the instrum ent, shall be considered.

6 Recorder ou tpu t

6.1 An output signal may op tionally  be provided by the instrum ent to enable the status o f the digital signal to 
be recorded externally in analogue a n d /o r  digital form.

6.2 F or the analogue ou tpu t, the signal shall vary corresponding to  the m easured result.

6.3 I f  the instrum ent has an  analogue ou tput, app rop ria te  m eans for calibrating the external recorder shall be
provided.

6.4 A possible arrangem ent relating the status o f the digital inpu t signal to the d.c. ou tpu t signal is given in 
T able 2 /0 .1 6 2 . This is app rop ria te  to  the first order m ultiplex when the instrum ent is used to  m onito r the fram e 
alignm ent signal. W hen used as a code violation m onitor (§ 3.4) the instrum ent shall give a d.c. ou tpu t signal as 
p roposed  in Table 3 /0 .1 6 2 . The actual arrangem ent will depend  upon  the count period specified for the 
instrum ent (see § 3.4.3).

6.5 For the digital ou tpu t o f the m easurem ent result, where provided, a parallel signal in b inary  coded decimal
(BCD ) form  with transisto r-transisto r logic (TTL) levels shall be used.
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TABLE 2/0.162

Status
Deflection 

(mA or volts)
Tolerance 

(mA or volts)

Input signal fail 0

Valid signal 5 ± 0 .2

AIS 1 ± 0 .2

Frame 1.5 ± 0 .2

Errors ^  1 in 103 2 ± 0 .2

Errors ^>1 in 104 2.5 ±  0.2

Errors ^ 1  in 105 3 ±  0.2

Multiframe alarm 3.5 ± 0 .2

Distant alarm 4 ± 0 .2

Distant multiframe alarm 4.5 ± 0 .2

TABLE 3/0.162

Status Deflection 
(mA or volts)

Tolerance 
(mA or volts)

No signal 0

Valid signal 5 ± 0 .2

Violation rate 1 in 103 2 ± 0 .2

Violation rate ^ 1  in 104 2.5 ± 0 .2

Violation rate ^ 1  in 10s 3 ± 0 .2

Violation rate ^ 1  in 106 3.5 ± 0 .2

Single code violations 4 ± 0 .2

7 Operating environment

7.1 The'electrical perform ance requirem ents shall be met when operating  at tem peratures w ithin the range o f 
+  5 ° C t o  + 4 0  °C and  relative hum idity o f 45% to 75% (see [6]).

References

[1] C C ITT  R ecom m endation Characteristics o f  primary PCM  m ultiplex equipment operating a t 2048 kb it/s,
Vol. I l l ,  Fascicle III.3, Rec. G.732.

[2] C C ITT  R ecom m endation General aspects o f  interfaces, Vol. I l l ,  Fascicle III.3 , Rec. G.703, § 6.

[3] C C IT T  R ecom m endation General aspects o f  interfaces, Vol. I l l ,  Fascicle I II .3, Rec. G.703.

[4] C C IT T  R ecom m endation Characteristics o f  primary PCM  multiplex equipment operating at 2048 kb it/s,
Vol. I l l ,  Fascicle III.3 , Rec. G.732, § 2.5.

[5] Ibid., § 4.2.3.

[6] IEC Publication No. 359.

Fascicle IV.4 — ReC. 0 .1 6 2  97



Recommendation 0 .171

SPECIFICATION FOR INSTRUMENTATION TO MEASURE 
TIMING JITTER ON DIGITAL EQUIPMENT

1 Introduction

1.1 General

1.1.1 The instrum entation  specified below  will be used to m easure tim ing jitte r  on digital equipm ent. This 
instrum enta tion , which consists o f a jitter m easuring circuit and  a test signal source, is show n in a general form  in 
Figure 1 /0 .171 . W hile essential requirem ents are given for the instrum entation , the realization o f  the equipm ent 
configuration  is not covered and  should be given careful consideration  by the designer and  user. An error ratio 
m eter m ay also be required for certain types o f m easurem ents.

.  Analogue 
v output

CCITT-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 C ertain  requirem ents in this specification are provisional and  are still under study. These are individually 
indicated.

1.2 Interfaces

1.2.1 The instrum entation  shall be capable o f operating  at one or m ore o f the follow ing bit rates and 
co rresponding  interfaces. However, for all bit rates the signal applied  to the input o f the jitte r  m easuring circuit 
should  be a nom inal rectangular pulse. O ther signal shapes may produce intersym bol interference thus affecting 
m easurem ent accuracy.

a) 1544 k b it/s  corresponding to the R ecom m endation cited in [1];

b) 6312 k b it/s  corresponding to  the R ecom m endation cited in [2];

c) 2048 k b it/s  corresponding to the R ecom m endation cited in [3];

d) 8448 k b it/s  corresponding to the R ecom m endation cited in [4];

e) 32 064 k b it/s  corresponding to  the R ecom m endation cited in [5];

f) 44 736 k b it/s  corresponding to  the R ecom m endation cited in [6];

g) 34 368 k b it/s  corresponding to  the R ecom m endation cited in [7];

h) 139 264 k b it/s  corresponding to the R ecom m endation cited in [8].

Test signal source

Modulation source 
(see Note)

1
1

1
V

External 1
^modulation!

Clock generator 1 ______
1

1

Modulated >
clock

r 1
) Data

Pattern generator - 1 ------) ---------►
• G .703  [9]

External timing reference

G .703  [9] 
output port
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1.2.2 As an op tion  the jitter m easuring circuit shall be capable o f m easuring jitte r  a t a clock o u tpu t po rt when 
such an access is provided on digital equipm ent.

1.3 Interface impedances

1.3.1 The jitte r  m easuring circuit and  signal source shall have a retu rn  loss better than  20 dB under the 
conditions listed in Table 1 /0 .171 .

TABLE 1/0.171 

Return loss test conditions

Bit rate 
(kbit/s) 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 MHz

32064 75 ohm nonreactive 500 kHz to 40 MHz

34368 75 ohm nonreactive 500 kHz to 40 MHz

44 736 75 ohm nonreactive 500 kHz to 50 MHz

139264 75 ohm nonreactive 7 MHz to 210 MHz

2 Test signal source

Tests o f digital equipm ent may be m ade with either a jittered  or a non-jittered  digital signal. This will
require the pattern  generator, clock generator and  m odulation  source show n in F igure 1 /0 .171 .

2.1 M odulation source

The m odulation  source, to  test to  the Series G.700 R ecom m endations, m ay be provided w ithin the clock 
generator a n d /o r  pattern  generator o r it may be provided separately.

2.2 Clock generator

2.2.1 It shall be possible to phase m odulate the clock generator from  the m odulation  source and  to  indicate the 
peak-to-peak phase deviation o f the m odulated signal.

The generated peak-to-peak jitter and  the m odulating  frequencies shall meet the requirem ents o f 
Figure 2 /0 .171  and  Table 2 /0 .171 .

2.2.2 The m odulating input sensitivity o f the clock generator shall be at least:

a) 2 volts peak-to-peak into 600 ohm s for bit rates up  to  and including 8448 k b it/s ,

b) 1 volt peak-to-peak into 75 ohm s for bit rates up  to and including 139 264 kb it/s .

2.2.3 The m inim um  output level o f 'th e  m odulated clock signal and the external tim ing reference signal shall be
1 volt p-p into 75 ohms.

2.2.4 Accuracy o f  the clock generator 

Accuracy requirem ents are still under study.
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CCITT-38170

. ' 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 A2 = Minimum value of generated
(kbit/s) jitter from /0 to f 2 jitter from / 3 t o / 4

1544 10.0 UI from 2 Hz to 200 Hz 0.5 UI from 4 kHz to 40 kHz

2048 10.0 UI from 2 Hz to 2400 Hz 0.5 UI from 45 kHz to 100 kHz

6312 10.0 UI from 2 Hz to 1600 Hz 0.5 UI from 32 kHz to 160 kHz

8448 10.0 UI from 2 Hz to 400 Hz 0.5 UI from 8.5 kHz to 400 kHz

32 064 10.0 UI from 2 Hz to 1600 Hz 0.5 UI from 32 kHz to 800 kHz

34368 10.0 UI from 2 Hz to 1000 Hz 0.5 UI from 20 kHz to 800 kHz

44 736 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

8448 10.0 UI from 2 Hz to 10.7 kHz 0.5 UI from 200 kHz to 400 kHz
(low Q)

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 -  / ,  lies between / 0 a n d /2 (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.

2.3 Pattern generator

The jitter m easuring circuit will norm ally be used with any suitable pattern  generator providing the 
follow ing facilities.
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N ote  — W hen test signals are applied  to the input o f a digital dem ultiplexer, they m ust contain  the fram e 
alignm ent signal and  justitication  control bits. O ther m easurem ent techniques are available which do no t require 
the addition  o f the fram e alignm ent signal or justification  contro l bits.

2.3.1 Patterns

The pattern  generator shall be capable o f providing the following patterns:

2.3.1.1 For use at digit rates o f 1544 k b it/s , 2048 k b it/s , 6312 k b it/s , 8448 k b it/s , 32 064 k b it/s  and  44 736 k b it/s , 
a pseudo-random  pattern  o f 215 — 1 b it length corresponding to  R ecom m endation 0 .151 , § 2.1.

Note  — Longer pseudo-random  patterns may be necessary for jitte r  m easurem ents on digital line systems 
and  digital line sections [10].

2.3.1.2 For use at digit rates o f 34 368 k b it/s  and 139 264 k b it/s , a pseudo-random  pattern  o f  223 — 1 bit length 
corresponding to R ecom m endation 0 .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 program m able 8-bit patterns capable o f being alternated  at a low rate (e.g. from  10 Hz to 
100 Hz),

b) a freely program m able 16-bit pattern.

2.3.2 Generation errors

The detailed specification o f pattern  generator param eters, to be com patib le w ith the jitte r  m easuring 
circuit specification, is under study.

3 Jitter measuring circuit

3.1 Input sensitivity

The jitter m easuring circuit is required to  operate satisfactorily under the follow ing inpu t conditions:

a) The specification for equipm ent ou tpu t ports listed in R ecom m endation G.703 [9].

b) The jitter m easuring circuit shall also be capable o f m easuring at p rotected  test points on digital 
equipm ent. Therefore, an additional gain o f 30 dB (40 dB) shall be provided to  com pensate for the 
flat loss at the m onitoring points already provided on some equipm ent.

Note I — As an option  for instrum entation  operating at an  interface o f  1544 k b it/s  (corresponding 
to [1]) the additional gain, where provided, shall be 40 dB.

Note 2 — The influence o f the additional gain o f 40 dB and  o f frequency dependent cable loss on the 
m easurem ent accuracy is under study.

3.2 M easurement ranges

3.2.1 The jitter m easuring circuit shall be capable o f m easuring peak-to-peak jitter. The m easurem ent ranges to 
be provided are to be optional but for reasons o f com patibility  the jitter am p litu d e /jitte r  frequency response o f the 
jitte r  m easuring circuit shall meet the requirem ents o f Figure 3 /0 .171  and  Table 3 /0 .171  where f x to f A are the 
frequencies defining the jitter frequencies to  be measured.

3.2.2 W hen m easuring peak-to-peak jitter it shall also be possible to count the num ber o f  occasions and  the
period o f tim e for which a given selectable threshold o f jitter is exceeded. It shall be possible to record these
events by m eans o f an external counter, or an internal counter as an option.

3.2.3 It shall be possible to set the threshold o f § 3.2.2 at any selected m easurem ent value w ithin the m easuring 
range o f the jitter m easuring circuit.

3.2.4 As an option , the jitter m easuring circuit shall be capable o f m easuring r.m.s. jitter. In such cases it shall 
be possible to m easure 3.0 unit intervals (U I) at jitter frequencies up to f 2, and  0.15 UI at jitte r  frequencies from  /, 
to f 4 o f Figure 3 /0 .171  and Table 3 /0 .1 7 1 , the m easurem ent ranges being optional.

3.2.5 W here the option  in § 3.2.4 is not provided, the analogue ou tpu t can be used to m ake r.m.s. m easurem ents 
with an external meter.
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FIGURE 3/0.171  

Measured jitter amplitude versus jitter frequency

TABLE 3/0 .171  

Measured jitter amplitude versus jitter frequency

Bit rate 
(kbit/s)

A, = Maximum value of jitter 
to be measured from/I to f 2

A2 = Maximum value of jitter 
to be measured from / 3 to ^

1544 10.0 UI from 10 Hz to 200 Hz 0.3 UI from 7 kHz to 40 kHz

2048 10.0 UI from 20 Hz to 2400 Hz 0.5 UI from 45 kHz to 100 kHz

6312 10.0 UI from 10 Hz to 1600 Hz 0.5 UI from 32 kHz to 160 kHz

8448 10.0 UI from 20 Hz to 400 Hz 0.5 UI from 8.5 kHz to 400 kHz

32 064 10.0 UI from 60 Hz to 1600 Hz 0.5 UI from 32 kHz to 800 kHz

34368 10.0 UI from 100 Hz to 1000 Hz 0.5 UI from 20 kHz to 800 kHz

44 736 16.0 UI from 10 Hz to 3200 Hz 0.5 UI from 100 kHz to 4500 kHz

139 264 10.0 UI from 200 Hz to 500 Hz 0.5 UI from 10 kHz to 3500 kHz

8448 
(low Q)

10.0 UI from 20 Hz to 10.7 kHz 0.5 UI from 200 kHz to 400 kHz

Note to Figure 3/0.171 and Table 3/0.171 -  Amplitude of jitter specified as peak-to-peak value in unit 
intervals (UI).

3.3 M easurement bandwidths

3.3.1 The basic jitter m easuring circuit shall contain filters to  band  lim it the jitter frequencies to  be m easured at 
the various bit rates. A dditional filters shall be provided to further lim it the bandw idth  for the m easurem ent of 
specified jitter spectra as defined in the Series G.700 R ecom m endations and  for other uses. These additional filters 
m ay be either internal o r external to  the jitter m easuring circuit. The filters are to be connected between the phase 
detector and  the m easuring device. The bandw idth  o f the jitter m easuring circuit and the filters shall be in 
accordance with Table 4 /0 .171 .
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Jitter measurement bandwidths and highpass filter cutoff frequencies

TABLE 4/0.171

Bit rate 
(kbit/s)

Jitter measurement bandwidth Additional filters 
3 dB point

/o
(lower 3 dB 

point) 
(Hz)

f c

(Hz)

A

(kHz)

/s
(upper 3 dB 

point) 
(kHz)

Highpass filter 
No. 1

Highpass filter 
No. 2

1554 2 10 40

OOOV
/ 10 Hz 8 kHz

2048 . 2 20 100 <  200 20 Hz 700 Hz 
18 kHz

6312 2 10 160 <  320 10 Hz 
60 Hz

24 kHz 
32 kHz

8448 2 20 400 <  800 20 Hz 3 kHz 
80 kHz

32 064 2 60 800 <  1600 60 Hz 160 kHz

34 368 2 100 800 <  1600 100 Hz 10 kHz

44 736 2 10 4500 <  9000 10 Hz 900 kHz

139 264 2 200 3500 <  7000 200 Hz 10 kHz

Note I -  The accuracy of the instrument is specified between frequencies/ an d /4.

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/sand 8448 kbit/s.

3.3.2 Frequency response o f  jitter  measuring circuit and filters

The response o f all filters within the passband shall be such that the accuracy requirem ents o f the jitter 
m easuring circuit are met.

At frequencies below the lower 3-dB point, the attenuation  o f the highpass filtration  shall rise with a value 
greater than, or equal to, 20 dB per decade.

At frequencies above the upper 3-dB poin t the attenuation  o f the low pass filtration  shall rise with a value 
greater than, or equal to, 60 dB per decade.

However, the m axim um  attenuation o f  the filters shall be at least 60 dB.

Note — The effect of nonsinusoidal jitte r on the requirem ents for the filters is still under study.

3.4 M easurement accuracy

3.4.1 General

The m easuring accuracy o f the jitte r  m easuring circuit is dependent upon  several factors such as fixed 
intrinsic error, frequency response and pattern  depending error o f the in ternal reference tim ing circuits. In 
addition  there is an error which is a function o f 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 o f Table 5 /0 .171  and  Y an error o f 0.01 UI p-p (0.002 UI r m s) which applies if  internal 
tim ing extraction is used.

3.4.2 Fixed error

For the system bit rates and for the indicated test sequences the fixed erro r o f the jitte r m easuring circuit 
shall be as listed in Table 5 /0 .171  when m easured at any jitter frequency between f  and / 4 o f Figure 3 /0 .1 7 1 .
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TABLE 5/0.171 

Fixed error in jitter measurements

Bit rate 
(kbit/s)

Jitter in UI for given patterns

1000 1000 2 1 5 - 1 PRBSa) 223 - 1 PRBSa) Clock input

p-p r.m.s. p-p
t

r.m.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

8448 <  0.005 <  0.002 <  0.025 <  0.004 <  0.004 <  0.001

32 064 Under study _

34 368 <  0.025 <  0.01 <  0.055 <  0.015 <  0.02 <  0.01

44 736 Under study

139 264 <  0.03 <  0.015 <  0.085 <  0.02 <  0.025 <  0.015

a) The pseudo-random binary sequence (PRBS) test pattern shall be encoded to suit the system under test, e.g. HDB3 at 2048 kbit/s.

3.4.3 Error at other frequencies

At jitter frequencies between f  and  / 4 other than  1 kH z, the error additional to  tha t defined in § 3.4.1 
above shall be as listed in Table 6 /0 .1 7 1 .

Note -  The limits o f m easuring accuracy o f the jitte r  m easuring circuit given in § 3.4 are provisional and 
are still under study.

TABLE 6/0.171 

Frequency response error

Bit rate
Measurement bandwidth

Additional error referring to error 
at 1 kHz(kbit/s) / ,

(Hz)
f*

(kHz)

1544 10 40 ±  4% /, to 1 kHz; ±  2% to / 4

2048 20 100 ± 2  % f} to /4

6312 10 160 ± 4 % / ,  to 1 kHz; ±  2% to /4

8448 20 400 ± 2  %y; to 300 kHz 
±  3% 300 kHz to / 4

32 064 60 800 ±  2% 60 Hz to 300 kHz

34368 100 800 ±  3% 300 kHz to / 4

44 736 10 4500 ±  4% 10 Hz to 200 Hz 
±  2% 200 Hz to 300 kHz 
±  3% 300 kHz to 1 MHz 
±  5% 1 MHz to 3 MHz 
±  10% >  3 MHz139 264 200 3500
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3.5 Additional facilities

3.5.1 Analogue output

The jitter m easuring circuit shall provide, after filtration , an analogue ou tp u t signal to  enable m easure­
m ents to  be m ade externally to  the jitter m easuring circuit.

3.5.2 Reference tim ing signal

A reference tim ing signal for the phase detector is required. F or end-to-end  m easurem ents it m ay be 
derived in the jitter m easuring circuit from  any input pattern . For loop-m easurem ents it m ay be derived from  a 
suitable clock source.

4 Operating environment

The electrical perform ance requirem ents shall be met when operating  at tem peratures w ithin the 
range + 5 ° C t o  +  40 °C and relative hum idity o f 45% to 75% (see [11]).
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PART II

SUPPLEMENTS TO SERIES O RECOMMENDATIONS

(Section 3 o f the Supplem ents to Series M, N and O R ecom m endations)
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3 Measuring equipment specifications

Supplement No. 3.1

MEASURING INSTRUMENT REQUIREMENTS.
SINUSOIDAL SIGNAL GENERATORS AND LEVEL-MEASURING INSTRUMENTS

(F o r this Supplem ent, see page 530, Volum e IV.2 o f the Green Book)

Supplement No. 3.2

NOISE MEASURING INSTRUMENTS FOR TELECOMMUNICATION CIRCUITS 

(For this Supplem ent, see page 534, Volum e IV.2 o f the Green Book)

Supplement No. 3.3

PRINCIPAL CHARACTERISTICS OF VOLUME INDICATORS

(For this Supplem ent, see page 548, Volum e IV.2 o f the Green Book)

Supplement No. 3.4

CONSIDERATION OF INTERWORKING BETWEEN DIFFERENT 
DESIGNS OF APPARATUS FOR MEASURING QUANTIFYING DISTORTION

(For this Supplem ent, see page 85, Volum e IV. 1 o f the Orange Book)

Supplement No. 3.5

TEST FREQUENCIES ON CIRCUITS ROUTED OVER PCM SYSTEMS

1 Introduction

It should be noted that sm all errors in level m easurem ent can arise on circuits routed over PCM  systems 
where the test frequency is a subm ultiple o f the PCM  sam pling rate. The m agnitude o f this erro r has a theoretical 
m axim um  of ±  0.15 dB at 800 Hz on systems with a sam pling rate o f 8000 Hz em ploying 8-bit coding 1 \  The 
error at 1000 Hz will be slightly greater since the erro r increases as the test frequency approaches the PCM  
sam pling rate.

It should be noted that som e PCM  systems used by A dm inistrations in the in te rnational netw ork (e.g. R ecom m enda­
tion M.675 [1], SPA D E) em ploy 7-bit coding. In this case the theoretical m axim um  erro r will be ±  0.3 dB.
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Studies w ithin Study G roup  IV during the Study Period 1973-1976 confirm ed tha t no significant problem s 
in m aintenance had  been encountered  due to this effect and  therefore any retrospective action to m odify existing 
tests or test equipm ent was unnecessary.

However, Study G roup  IV felt that in the fu ture it would be prudent, where possible, to  avoid 
subm ultiples o f the PCM  sam pling rate for any new tests o r test equipm ent to be included in the C C IT T  
R ecom m endations and expressed a preference for the choice o f an offset o f 20 Hz (i.e., reference test frequencies 
o f 820 or 1020 Hz). The studies revealed tha t som e A dm inistrations already em ployed reference test frequencies 
offset from  the nom inal 800 or 1000 Hz by varying am ounts but w ithin the ranges 804-860 Hz and  1004-1020 Hz.

2 Considerations for new measuring equipment specifications

The follow ing should be considered for new m easuring equipm ent specifications in the Series O R ecom ­
m endations:

i) M easuring circuits or instrum ents which utilize the reference test frequencies should provide, if 
possible, for m easurem ent o f any frequencies w ithin the nom inal ranges 800-860 Hz a n d /o r  
1000-1020 Hz.

ii) The nom inal values o f 820 Hz a n d /o r  1020 Hz are preferred for test frequency generating circuits or 
instrum ents that provide reference test frequencies. The specified frequency tolerance should be 
established bearing in m ind the needs o f the particu lar test concerned and so as to avoid subm ultiples 
o f the PCM  sam pling rate.

Reference

[1] C C IT T  R ecom m endation Lining up and maintaining international dem and assignment circuits (SPADE), 
Vol. IV, Fascicle IV. 1, Rec. M.675.
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