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CCIR

1. The International Radio Consultative Committee (CCIR) is the 
permanent organ of the International Telecommunication Union responsible 
under the International Telecommunication Convention "... to study technical 
and operating questions relating specifically to radiocommunications without 
limit of frequency range, and to issue recommendations on them..." (Inter
national Telecommunication Convention, Nairobi 1982, First Part, Chapter I, 
Art. 11, No. 83)?

2. The objectives of the CCIR are in particular:

a) to provide the technical bases for use by administrative radio conferences 
and radiocommunication services for efficient utilization of the radio-frequency 
spectrum and the geostationary-satellite orbit, bearing in mind the needs of the 
various radio services;

b) to recommend performance standards for radio system s and technical 
arrangements which assure their effective and compatible interworking in inter
national telecommunications;

e) to collect, exchange, analyze and disseminate technical information 
resulting from studies by the CCIR, and other information available, for the 
development, planning and operation of radio system s, including any necessary  
special measures required to facilitate the use of such information in developing 
countries.

*  See also the Constitution o f  the ITU, Nice, 1989, Chapter 1, Art. 11, No. 84.
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I l l

DISTRIBUTION OF TEXTS OF THE XVIIth PLENARY ASSEM BLY  
OF THE CCIR IN VOLUM ES I TO XV

Volumes and  Annexes I to  XV, X V IIth  P lenary Assembly, con tain  all the valid  texts o f  the C C IR  and  
succeed those o f the X V Ith Plenary Assembly, D ubrovnik , 1986.

1. R ecom m endations, R esolutions, O pinions are given in  Volumes I-X IV  and  R eports, D ecisions in the 
A nnexes to Volumes I-X II.

1.1 Numbering o f  texts

W hen a R ecom m endation, R eport, R esolution or O pinion is m odified, it retains its num ber to  w hich is 
added a dash and  a figure indicating how  m any revisions have been m ade. W ithin the text o f  R ecom m endations, 
R eports, R esolutions, O pinions and  Decisions, however, reference is m ade only to  the basic num ber (for exam ple 
R ecom m endation 253). Such a reference should be interpreted  as a reference to  the latest version o f the text, 
unless otherw ise indicated.

The tables which follow show only the original num bering o f  the curren t texts, w ithout any ind ication  o f 
successive m odifications tha t m ay have occurred. F or further in form ation  abou t this num bering scheme, please 
refer to  Volume XIV. '

1.2 Recom mendations

, N um ber V olum e N um ber V olum e N um ber V olum e

, 48 . X - l 368-370 V . 479 II
80 X -l 371-373 VI 480 III
106 III 374-376 VII 481-484 IV-1
139 X -l 377, 378 . I 485, 486 VII
162 III 380-393 IX-1 . 487-493 V III-2

• 182 I 395-405 IX-1 494 V III-1
215, 216 X -l 406 IV /IX -2 496 V III-2
218, 219 VIII-2 ■ 407, 408 ' X /X I -3 497 IX-1

239 I 4 1 1 ,4 1 2 X -l 498 X -l
. 240 III 415 X - l 500 XI-1

246 III 417 XI-1 501 X /X I -3
257 V III-2 419 XI-1 502, 503 X II
265 X /X I -3 428 V III-2 ■ 505 X II
266 XI-1 430, 431 X III 508 I
268 IX-1 433 I 509, 510 II
270 IX-1 434, 435 VI 513-517 II

275, 276 IX-1 436, III 518-520 III
283 IX-1 439 V III-2 521-524 IV-1
290 IX-1 441 V III-3 525-530 . V
302 IX-1 443 I 531-534 VI

305, 306 IX-1 444 IX-1 535-538 VII
310, 311 V 446 IV-1 539 V III-1

313 VI 450 X -l 540-542 V III-2
314 II 452, 453 V 546-550 V III-3
326 I 454-456 III 552, 553 V III-3

328, 329 , I 457, 458 V II 555-557 IX-1
331, 332 I 460 VII 558 IV /IX -2
335, 336 III 461 X III 559-562 ' X - l

337 . I 463 IX-1 565 XI-1
338, 339 III 464-466 IV-1 566 X /X I -2

341 V . 467, 468 X -l 567-572 X II
342-349 III 469 X /X I -3 573, 574 X III
352-354 IV-1 470-472 XI-1 575 I
355-359 IV /IX -2 473, 474 X II 576-578 II
362-364 II 475, 476 . , V III-2 579, 580 IV-1

. 367 ■ II 478 VIII-1 581 V



IV

1.2 Recom mendations (cont.)

N um ber V olum e N um ber V olum e N um ber V olum e

582, 583 VII 625-631 V III-2 676-682 . V
584 VIII-1 632, 633 V III-3 683, 684 VI

585-589 V III-2 634-637 IX 685, 686 VII
591 V III-3 638-641 X -l 687 VIII-1

592-596 IX-1 642 X -l 688-693 V III-2
597-599 X -l 643, 644 X -l 694 V III-3

600 X /X I -2 645 X - l +  X II 695-701 • IX-1
601 XI-1 646, 647 X -l 702-704 1 X -l
602 X /X I -3 648, 649 X /X I -3 . 705 x - l (1)

603-606 X II 650-652 X /X I -2 706-708 X -l
607, 608 X III 653-656 XI-1 709-711 ' XI-1
609-611 II 657 X /X I -3 712 . X /X I -2
612, 613 III 658-661 X II 713-716 X /X I -3

614 IV-1 . 662-666 X III 717-721 X II
615 IV /IX -2 667-669 I 722 X II

616-620 ' V 670-673 IV-1 723, 724 X II
622-624 ' VIII-1 674, 675 IV /IX -2

1.3 , Reports

N um ber V olum e N um ber V olum e N um ber V olum e

19 III 319 VIII-1 472 . X - l
122 XI-1 322 v i  O 473 1 X /X I -2
137 IX-1 324 i 476 XI-1

, 181 I 327 - h i 478 XI-1
183 III 336* V 481-485 XI-1
195 III 338 V 488 X II
197 111 . 340 V I 0 ) 491 X II
203 I l l  * 342 VI 493 X II
208 IV-1 345 III 496, 497 X II
209 IV /IX -2 347 III 499 V III-1
212 IV-1 349 . III 500, 501 V III-2
214 IV-1 354-357 III 509 V III-3
215 X /X I -2 358 . VIII-1 516 X -l

. . 222 II 363, 364 VII 518 VII
224 II 3 7 1 ,3 7 2 I 521, 522 I
•226 II 375, 376 . IX-1 525, 526 I
227* -V - 378-380 IX-1 528 I

228, 229 V 382 IV /IX -2 533 I
238, 239 V ■ .384 IV-1 535, 536 II
249-251 VI 386-388 IV /IX -2 538 II

252 VI o 390, 391 IV-1 540, 541 II
253-255 VI 393 IV /IX -2 543 II
258-260 VI 395 II 546 II
262, 263 VI 401 X -l 548 II
265, 266 . VI 404 XI-1 549-551 III

267 VII 409 XI-1 552-558 ' IV-1
270, 271 VII 4 1 1 ,4 1 2 X II 560, 561 IV-1
272, 273 I 430-432 VI ■ 562-565 • V
275-277 I 435-437 III 567 V

279 I 439 V II 569 V
285 IX-1 443 IX-1 571 VI

287* IX-1 445 IX-1 574, 575 VI
289* IX-1 448, 449 IV /IX -2 576-580 VII
292 X -l 451 IV-1 584, 585 V lII-2
294 X /X I -3 453-455 IV-1 588 V III-2
300 X -l 456 II 607 IX-1

302-304 X - l 458 X -l 610* IX-1
311-313 XI-1 463, 464 X -l 612-615 IX -1

314 X II 468, 469 X /X I -3 622 X /X I -3

* N o t  reprinted, see D ubrovn ik , 1986. 

(')  Published  separately.



V

1.3 Reports (cont.)

N um ber V olum e N um ber V olum e N um ber V olum e

624-626 XI-1 790-793 IV /IX -2 972-979 I
628, 629 XI-1 795 X -l 980-985 II

630 . X /X I -3 798, 799 X -l 987, 988 II
631-634 X /X I -2 801, 802 XI-1 989-996 III
635-637 X II 803 X /X I -3 997-1004 IV-1

639 X II 804, 805 XI-1 1005, 1006 IV /IX -2
642, 643 X II 807-812 X /X I -2 1007-1010 V
646-648 X II 814 X /X I -2 1011, 1012 VI

651 I 815, 816 X II 1016, 1017 VII
654-656 I 818-823 X II 1018-1025 VIII-1

659 I 826-842 I 1026-1033 V III-2
662-668 I 843-854 II 1035-1039 V III-2
670, 671 I 857 III 1041-1044 V III-2
672-674 II 859-865 III 1045 V III-3
676-680 II 867-870 IV-1 1047-1051 V III-3
682-685 II 872-875 IV-1 1052-1057 IX-1

687 II 876, 877 IV /IX -2 1058-1061 X -l
692-697 II 879, 880 V 1063-1072 X -l
699, 700 II 882-885 ■ V 1073-1076 ’ X /X I -2
701-704 III 886-895 VI . 1077-1089 XI-1

706 IV-1 896-898 VII 1090-1092 X II
709 IV /IX -2 899-904 VIII-1 1094-1096 X II
710 IV-1 908 V III-2 1097-1118 I

712, 713 IV-1 9 1 0 ,9 1 1 V III-2 1119-1126 II
714-724 V ' 913-915 V III-2 1127-1133 III
725-729 VI 917-923 V III-3 1134-1141 IV-1
731, 732 V II - 925-927 V III-3 1142, 1143 IV /I X -2
735, 736 VII 929 V III-3  ( ’) 1144-1148 V

738 VII • 930-932 IX-1 1149-1151 VI
739-742 VIII-1 934 IX-1 1152 VII
743, 744 V III-2 936-938 IX-1 1153-1157 VIII-1
748, 749 V III-2 940-942 IX-1 , 1158-1168 V III-2

751 V III-3 943-947 X - l 1169-1186 V III-3
' 760-764 V III-3 950 X /X I -3 1187-1197 IX-1

766 V III-3 951-955 X /X I -2 1198 X - l  (>)
770-773 V III-3 956 XI-1 1199-1204 X - l  '
774, 775 V III-2 958, 959 XI-1 1205-1226 XI-1

778 VIII-1 961, 962 XI-1 1227, 1228 X /X I -2
780* ‘ IX-1 963, 964 X /X I -3 1229-1233 X /X I -3

781-789 IX-1 965-970 X II 1234-1241 X II

* N o t  reprinted, see D ubrovn ik , 1986. 

( ’) Published separately.

1.3.1 N ote concerning Reports

The individual foo tno te “A dopted unan im ously” has been d ropped  from  each R eport. R eports in 
Annexes to  Volumes have been adopted  unanim ously  except in cases w here reservations have been m ade 
which will appear as individual footnotes.

1.4 Resolutions

N um ber V olum e N um ber V olum e N um ber V olum e

4 VI 62 I 86, 87 X IV
14 VII 63 VI 88 I
15 I 64 X -l 89 X III
20 VIII-1 71 I 95 X IV
23 X III 72, 73 V 97-109 X IV
24 X IV 74 VI 110 . I
33 X IV 76 X -l I l l ,  112 VI
39 X IV 78 X III 113, 114 X III
61 X IV 79-83 X IV



VI

1.5 Opinions

N um ber V olum e N um ber V olum e N um ber V olum e

2 I 45 VI . 73 VIII-1
11 I 49 VIII-1 74 X -l +  X /X I -3
14 IX-1 50 IX-1 75. ' X I -1 +  X /X I -3
15 X -l 51 . X -l ' ' 77 X IV
16 X /X I -3 ' 56 IV-1 79-81 X IV

22, 23 VI 59 ■ X - l 82 VI
. 26-28 VII 63 X IV 83 XI-1

32 . I . 64 I 84 X IV
35 I 65 X IV 85 VI
38 XI-1 66 III 87, 88 X IV
40 XI-1 67-69 VI ‘ 89 IX-1
42 VIII-1 '7 1 -7 2  ' VII 90 s X /X I -3
43 V III-2

1.6 Decisions

N um ber V olu m e N um ber V olum e , N um ber V olum e

■2 ' IV-1 60 XI-1 87 IV /IX -2
4, 5 . V 63 III 88, 89 IX-1

6 VI 64 IV-1 90, 91 XI-1
9 VI 65 VII 93 X /X I -2
11 VI 67, 68 X II 94 X -l

18
X -l +  X I-1 + 69 VIII-1 95 X-1 +  XI-1

X II ' 70 IV-1 96, 97 X -l
27 I 71 V III-3 98 X - l  +  X II
42 XI-1 72 X -l +  XI-1 99 X -l
43 X /X I -2

76
IV-1 +  X - l  + 100 I

51 X /X I -2 XI-1 +  X II . 101 . II
53, 54 . I 77 X II 102 V

56 I 78, 79 X -l 103 VIII-3
57 VI 80 XI-1 105 X IV

. 58 XI-1 81 V III-3 106 XI-1
59 X /X I -3 83-86 VI

2. Questions (Vols. X V -1, XV-2, XV-3, XV-4)

2.1 Numbering o f  texts - .

Q uestions are num bered in a different series fo r each Study G roup : where applicable a dash and  a figure 
added after the num ber o f the Q uestion indicate successive m odifications. The num ber o f a Q uestion is com pleted 
by an Arabic figure indicating the relevant S tudy Group. For exam ple:
— Q uestion 1/10 w ould indicate a Q uestion o f Study G roup  10 w ith its text in the original state;
— Q uestion 1-1/10 w ould indicate a Q uestion o f Study G roup  10, whose text has been once m odified from  the 

orig inal; Question 1-2/10 w ould be a Q uestion o f Study G roup  10, w hose text has had  two successive 
m odifications. ,

Note — The num bers o f the Q uestions o f Study G roups 7, 9 and  12 start from  101. In the case o f Study 
G roups 7 and  9, this was caused by the need to m erge the Q uestions o f  form er Study G roups 2 and  7 and  Study 
G roups 3 and  9, respectively. In  the case o f Study G roup  12, the renum bering was due to the requirem ent to 
transfer Q uestions from  other Study G roups.

2.2 Assignm ent o f  Questions

In  the plan shown on page II, the relevant Volume XV in which Q uestions o f each Study G roup  can be 
found  is indicated. A sum m ary tab le o f all Q uestions, w ith their titles, form er and  new num bers is to be found in 
V olum e XIV.



VII

2.3 References to Questions

As detailed in R esolution 109, the Plenary Assembly approved the Q uestions and  assigned them  to the 
Study G roups for consideration. The Plenary Assembly also decided to d iscontinue Study Program m es. 
Resolution 109 therefore identifies those Study Program m es which were approved  for conversion into new 
Q uestions o r for am algam ation w ith existing Questions. It should be no ted  th a t references to Q uestions and  Study 
Program m es contained in the texts o f  R ecom m endations and  Reports o f Volum es I to X III  are still those which 
were in force during the study period  1986-1990.

W here appropriate , the Q uestions give references to  the form er Study Program m es o r Q uestions from  
which they have been derived. N ew  num bers have been given to those Q uestions w hich have been derived from  
Study Program m es or transferred  to  a different Study G roup.

/
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STUDY GROUP 10

B R O A D C A ST IN G  SER V IC E (SO U N D )

Terms o f  reference:

To study:

— technical aspects o f  the broadcasting  service and  the broadcasting-satellite service when these services are used 
fo r sound;

— the special problem s o f broadcasting  in the Tropical Zone, tak ing  in to  account the standards required  for 
good quality service; interference in the shared bands; power required  for an  acceptable service; design o f 
suitable transm itting  an tennas; receiving equipm ent; optim um  conditions for u tilization  o f  the frequency 
bands and other associated questions; ,

— standards for audio-frequency equipm ent, including recording, to  facilitate the in te rnational exchange o f 
program m es.

, 1986-1990 Chairman: C. T E R Z A N I (Italy)

Vice-Chairmen: A. K E LL E R  (France)
O. P. K H U S H U  (India)
H. K U SSM A N N  (G erm any (Federal R epublic of))

As from  the next study period , in  conform ity with R esolution 61 adopted  at the X V IIth  P lenary  Assembly,
D usseldorf (M ay-June 1990), the scope o f the w ork which will be undertaken  and  the nam es o f the C hairm an  and
V ice-Chairm en are as follows. ,

STUDY GROUP 10

B R O A D C A ST IN G  SER V IC E (SO U N D )

Scope: .

In ternational exchange o f program m es and  the technical and  operating  aspects o f  the b roadcasting  and  
broadcasting-satellite services, including audio  frequency and recording equipm ent, as well as the overall 
perform ance o f the m eans of delivering signals to  the general public, w here they are used for sound , d a ta  and  
ancillary  services accom panying sound.

1990-1994 Chairman: C. T E R Z A N I (Italy)

Vice-Chairmen: H. K U SSM A N N  (G erm any (Federal R epublic of))
A. K E L L E R  (France)
K. P. RA M A SW A M Y  (India)
M. Y U N U S K H A N  (Pakistan)

IN T R O D U C T IO N  BY  T H E  C H A IR M A N , S T U D Y  G R O U P  10

1. Organization of work

D uring the study period 1986-1990, Study G roup  10 held its In terim  M eeting in G eneva from  3 to 
17 N ovem ber 1987 and  its Final M eeting in G eneva from 9 to 23 O ctober 1989, under the chairm anship  o f Mr. 
C. Terzani (Italy), assisted by the three V ice-Chairm en, Mr. A. Keller (France), Mr. O. P. K hushu (Ind ia) and 
Mr. H. K ussm ann (G erm any (Federal R epublic of)).

M r. K hushu having resigned, he was replaced by Mr. Ram aswam y (India). The X V IIth Plenary Assembly 
also appo in ted  a fourth V ice-C hairm an, Mr. Yunus K han (Pakistan).

The Interim  and  Final M eetings were attended, respectively, by 198/223 delegates from  the adm in istra tions 
o f  28/33 countries, 15/12 recognized private operating  agencies, 3 /4  scientific o r industrial organizations and 2 /8  
in te rnational organizations. .
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The Study G roup  set up  the follow ing W orking G roups:

— Working Group 10A: A m plitude-m odulation sound broadcasting , chaired  by M r. G. Petke (G erm any (Federal
R epublic of)); , '

— Working Group 10B: F requency-m odulation sound broadcasting , chaired by M r. A. K eller (France);

— Working Group IOC: A udio-frequency characteristics o f sound-broadcasting  signals, chaired by M r. G. Steinke 
(G erm an D em ocratic R epublic);

— Editorial Group: Liaison with CM V and  review o f texts, chaired by Mr. A. G ourbeille (France) at the In terim
M eeting and Mr. A. Kom ly (France) at the F inal M eeting. v

Study G roup 10 also set up  the follow ing Jo in t W orking G roups with S tudy G roup  11: ,

— Joint Working Group 10-11D: S ound-data broadcasting , chaired by Prof. F. C appuccini (Italy), at the F inal
M eeting; . '

— Joint Working Group 10-11R: R ecording o f sound broadcasting  and  television program m es, chaired by 
Mr. P. Z accarian (CBS);

— Joint Working Group 10.-1 IS :  B roadcasting-satellite service, chaired by M r. R. F. Z eitoun (C anada).

2. Texts produced by the Study Group

Following the order in which the texts appear in Volum e X, the R ecom m endations and  R eports are listed 
first, g rouped according to  subject m atter, follow ed by the Q uestions, Study Program m es, R esolutions, O pin ions 
and  Decisions.

Following the decisions o f  the X V IIth  P lenary Assembly, Q uestions have generally been abolished and  the 
Study Program m es have becom e Q uestions.

In accordance with the decisions taken a t the X V Ith P lenary Assem bly (D ubrovnik , 1986), the texts 
relating to satellite b roadcasting  and  to  sound and television recording will ap p ear in Parts 2 and  3 o f  Volum es X 
and  X I, respectively.

The new R ecom m endation 705 and  the A nnex thereto on H F  transm itting  an tenna characteristics and  
patterns will be published separately.

2.1 Recom mendations and Reports

2.1.1 Am plitude-m odulation sound broadcasting

This subject was dealt w ith in W orking G roup  10A, chaired by M r. G. Petke (G erm any (Federal 
R epublic of)), which at the In terim  and  F inal M eetings o f Study G ro u p  10 considered 26 /34  contributions, 
drafted  18/28 docum ents and  set up  4 /6  D rafting G roups, respectively.

R ecom m endation 559 on objective m easurem ent o f R F  pro tec tion  ratios in broadcasting  was 
radically revised, in particu lar by deleting the section on the graphical m ethod and  adding  a short text on 
the subject in the new section on the num erical m ethod, while R ecom m endation  560 on R F  pro tection  
ratios was am ended at the Interim  M eeting by the addition  o f in fo rm ation  on fading prediction  as well as 
an annex relating to p lanning  param eters in band  7.

R ecom m endation 598 on the factors influencing coverage in B and 6 (M F) was am ended by the 
addition  o f four annexes, derived from  R eport 616 and  the annexes thereto.

The note at the end o f R ecom m endation 411 (fading allow ances in H F  broadcasting) was updated , 
and  the results o f experim ents carried out in the People’s R epublic o f  C h ina were added in R ecom m enda
tion 498 on ionospheric cross-m odulation.

The Interim  M eeting drafted  new R ecom m endation 702 on synchronization  and  m ultiple frequency 
use per program m e in H F  broadcasting , to replace R ecom m endations 205-2 and  410, which were 
cancelled.

R ecom m endation 80 (transm itting  an tennas in H F  broadcasting) was condensed and  revised, and  
Reports 32 and  1062 were annexed to it; R ecom m endation 414 (presen tation  o f  an tenna  diagram s) was 
cancelled and replaced by a new R ecom m endation 705 with an A nnex contain ing  all necessary details for 
the calculation o f HF an tenna characteristics and patterns, which will be published separately, along with 
the associated com puter program s, thereby constituting a new edition  o f  the C C IR  Book o f A ntenna 
Diagrams.
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New Recom m endation 703 on the characteristics o f AM sound broadcasting  reference receivers 
m arks the com pletion o f  IW P 10/7’s w ork; it will be brought to the atten tion  o f the IEC.

Slight am endm ents were m ade to Recom m endation 640 on the SSB system in H F  broadcasting , 
and  the Study G roup approved  R ecom m endation 706 on a  d a ta  system in m onophon ic  AM  sound  
broadcasting, setting out the specifications for such a system, which will be brought to  the atten tion  o f the 
1EC.

With regard to broadcasting  in the Tropical Zone, R ecom m endation  139 on transm itting  an tennas 
was slightly am ended at the Interim  M eeting.

Study G roup  10 approved  a new R eport 1201 on H F transm itters using a single channel, as well as 
am ending a num ber o f o ther Reports. In R eport 516 (field-strength resulting from  several electrom agnetic 
fields), the results o f research conducted  in the USSR were added  to  supplem ent the studies carried  out in  
Italy  and H ungary. R eport 401 (transm itting  antennas in LF and  M F  broadcasting) was updated  and  
condensed in the light o f  com m ents received from  Study G roup  6. A m endm ents were also m ade to 
R eport 458 (broadcasting  system characteristics), R eport 1059 (characteristics o f SSB systems in H F  
broadcasting) and  R eport 1061 (transm ission o f  supplem entary in fo rm ation  in  AM  sound  broadcasting), 
which will be brought to  the atten tion  o f  the IEC , as well as to  R eport 1060 on energy saving m ethods and  
the ir influence on reception quality. ,

On the subject o f  sound broadcasting  in the Tropical Z one, m inor am endm ents were m ade to 
R eport 304 on fading characteristics and  R eport 472 on SSB reception.

R eport 32-5, 461, 616-3, 617-2, 619 and 1062 were cancelled.

In all, Study G roup  10 approved  4 new R ecom m endations and  1 new  R eport, am ended 8 R ecom 
m endations and  8 R eports and  cancelled 3 R ecom m endations and  6 R eports, fo r a to ta l o f  20 R ecom m en
dations and 14 R eports concerning am plitude-m odulation  sound broadcasting .

It was also noted th a t it w ould be useful if  an IEC  W orking G roup  could  investigate the problem  
o f  m easurem ents on  transm itting  antennas.

2.1.2 Frequency-modulation sound broadcasting

This subject was dealt w ith in W orking G roup  10B, chaired  by Mr. A. K eller (France), w hich at 
the Interim  and Final M eetings o f Study G roup  10 considered 44/53 contribu tions, d rafted  14/18 d ocu 
m ents and set up 6 /9  D rafting  G roups, respectively.

R ecom m endation 642 on lim iters for high-quality sound-program m e signals was slightly am ended
at the Interim  M eeting. O n the basis o f  the w ork o f IW P 10/7, the W orking G roup  p roposed  a new
R ecom m endation 704 on the characteristics o f FM  receivers fo r m onophon ic  and  stereophonic reception  
using p ilot-tone and p o la r m odulation  systems.

A m endm ents were m ade to R ecom m endation 412 on p lann ing  standards and  to  R ecom m enda
tion  643 on the system for au tom atic  tun ing  o f receivers, while a new R ecom m endation 707 was approved  
on  the em ission o f m ultisound  in terrestrial television systems. The tw o la tte r R ecom m endations will b e  
brought to the attention  o f  the IEC.

A m endm ents were m ade to  R eport 1066 on control o f  m odu la tion  level and  R eport 1064 on
particu lar cases o f interference. R eport 1202 was approved  on the p ro tec tion  ratios in the case o f  the sam e
program m e and  synchronized signals, based on contributions by F rance an d  Italy.

R eport 464 (po larization  o f em issions), R eport 945 (m ethods for the assessm ent o f  m ultiple 
interference), R eport 946 (p lanning  constraints), R eport 300 (stereophonic or m ulti-d im ensional sound) and  
R eport 463 (transm ission o f  several sound  program m es with a single transm itter) were am ended.

A new R eport 1203 was produced on digital sound b roadcasting  to  m obile, po rtab le  and  fixed 
receivers using terrestrial transm itters, as well as a new R eport 1198 on com patib ility  between the 
b roadcasting  service in the b and  87.5-108 M Hz and the aeronautical services in the b an d  108-137 M Hz. 
This text, which is o f considerable value, particularly  as regards m ethods o f  p red ic ting  poten tia l 
incom patibilities, needs to  be studied in depth  by JIW P  8-10/1 with a view to m erging it w ith Study 
G roup  8’s R eport 929 to prov ide a text, along with a R ecom m endation, w hich will now  be dea lt w ith by 
the new Study G roup  12.



Finally, R eport 795 on the transm ission o f two or m ore sound program m es or inform ation 
channels in terrestrial television was com pletely revised, with, in annex, a d raft new Recom m endation for 
television system M.

In the field Of frequency-m odulation  sound  broadcasting, therefore Study G roup  10 approved 
2 new  Recom m endations and  3 new Reports and  am ended 3 R ecom m endations and 8 R eports, for a total 
o f  9 R ecom m endations and  15 Reports.

2.1.3 Audio-frequency characteristics o f  sound-broadcasting signals

This subject was dealt with in W orking G roup  10C, chaired by Mr. G. Steinke (G erm an D em o
cratic  Republic), which at the In terim  and  F inal M eetings o f  Study G roup  10 considered 32 /40  con tribu
tions, produced 15/30 docum ents and  set up  3 /5  D rafting  G roups, respectively.

R ecom m endation 562 on subjective assessm ent o f sound quality  was am ended by the addition  in 
A nnex I o f a paragraph  on the subjective assessm ent o f  m ulti-dim ensional sound systems. R ecom m enda
tion  644 on audio  quality  param eters was am ended, in particu lar by the addition  o f a new A nnex on 
special m ethods o f m easurem ent o f audio  quality  param eters.

Study G roup  10 is subm itting for approval by the Plenary Assembly a new R ecom m endation 708 
on determ ination  o f the electro-acoustical properties o f studio m onitor headphones, w hich will be brought 
to  the attention  o f AES, the IE C  and  ISO. The tolerances for such headphones are extrem ely low, in order 
to  guarantee high quality. .

R ecom m endation 647 on the digital audio  interface for studios was am ended so as to define the 
m ethod for including the status o f signals, and  was supplem ented by a new annex on developm ent o f the 
digital audio  interface, fo r fu rther consideration. AES is invited to  send representatives to  the m eetings at 
which this subject will be discussed.

R eport 1072 on sound systems for h igh-definition and  enhanced  television and  R eport 798 on 
sim ulated program m e signals were both  am ended. Several new  R eports were approved , nam ely 
R eport 1199 (low bit-rate digital audio  coding systems), R eport 1200 (effect o f  p ropagation  delay on sound 
broadcasting  operations), R eport 1204 (au tom atic  synchronization  o f  video and  audio  after transm ission) 
and  R eport 1237 on satellite news gathering (to be published in Volume X II).

The Study G roup  also cancelled R eport 465-3 on loudness, R eport 797-2 on listening room s,
R eport A E /10  on the m easurem ent o f  non-linear d istortion  and  R eport A F /10  on studio m onitor 
headphones.

Close cooperation  with the IEC  on the technical aspects o f  audio  frequency signals is highly 
desirable.

In sum m ary, in the field o f audio-frequency characteristics o f  sound-broadcasting  signals, Study
G roup  10 approved 1 new R ecom m endation and  4 new R eports, am ended 4 R ecom m endations and
2 Reports and  cancelled 4 R eports, for a to ta l o f 7 R ecom m endations and  13 Reports.

2.1.4 Sound-data broadcasting

This subject was dealt at the service level w ith in Jo in t W orking G roup  10-1 ID , w hich was set up 
a t the Final M eetings, under the chairm anship  o f Professor F. C appuccin i (Italy).

The Jo in t W orking G roup  exam ined 14 contributions on m atters w ithin the scope o f Study 
G roup  10, in 5 Sub-W orking G roups.

The texts p roduced, which were d rafted  in collaboration  with W orking G roups 10A and  10B, 
include R ecom m endation 706 on d a ta  system in m onophon ic AM sound b roadcasting  (AM DS), 
R eport 795 on the transm ission o f two or m ore sound  program m es in terrestrial television an d  R eport 463 
on the sim ultaneous transm ission o f several sound program m es with a single transm itter in  FM sound 
broadcasting.

The G roup  also requested the C C IR  Secretariat to include add itiona l in form ation in the booklet 
describing teletext systems, incorporating  the latest in form ation on the recom m ended systems.
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Finally, Jo in t W orking G roup  10-1 ID  proposed tha t the necessary arrangem ents be m ade for all 
w ork on data b roadcasting to be assigned to the G roup  and  fo r all the C C IR  texts relating to  d a ta  
broadcasting  to be grouped  together in a single separate Volume. T hat action  will be studied by 
JIW P  10-11/5, which will subm it proposals for consideration  by Study G roups 10 and  11 during  the next 
study period.

Follow ing the decisions o f the Plenary Assembly, JIW P  10-11/5 has been d isbanded  and  the study 
o f  data broadcasting  has been split up  between Study G roups 10 and  11.

2.1.5 Recording o f  sound-broadcasting programmes

This subject was dealt with in Jo in t W orking G roup  10-11R, chaired  by Mr. P. Z accarian  (CBS), 
which at the Interim  and  Final M eetings o f Study G roup  10 considered 22 /27  contribu tions on sound and  
television broadcasting, respectively, d rafting  21 docum ents w ith the assistance o f two Sub-W orking 
G roups.

In the Field o f sound broadcasting , am endm ents were m ade to  R ecom m endation  407 (in te rna tional 
exchange o f sound program m es recorded in analogue form ) to  delete references to  recording on disk 
records, and  to R ecom m endation 408 (standards o f  sound recording on m agnetic tape) to  include the 
definitions o f the reference recording-duplicating chains follow ing the deletion  o f R eport 800. ,

The G roup  also deleted R ecom m endation 564 on the use o f m agnetic tape cartridges and  cassettes 
for sound-broadcasting.

In the area also concerning television, the G roup  d rafted  R ecom m endation  715 on the in te rnational 
exchange o f recordings o f  electronic news broadcasts, which will be b rough t to the a tten tion  o f the IEC , 
SKlPTE and  the broadcasting  unions.

Study G roups 10 and  11 am ended R eport 468 on synchronizing m ethods and  R eport 950 on digital 
recording o f audio signals, as well as deleting R eport 800 on the record ing-duplicating  chain.

In all, on the recording o f sound program m es, Study G ro u p  10 drafted  1 new R ecom m endation, 
am ended 2 R ecom m endations and  2 R eports and deleted 1 R ecom m endation  and  1 R eport, giving a to ta l 
o f  5 R ecom m endations and  3 Reports.

2.1.6 Broadcasting service (sound) using satellites

This subject was dea lt w ith in Jo in t W orking G roup 10-1 IS, chaired  by Mr. R. Z eitoun (C anada),
which at the Interim  and  F inal M eetings o f Study G roups 10 and  11 received 62/83 con tribu tions
concerning sound and  television broadcasting  and produced 27/38 docum ents, respectively, setting up  
3 Sub-W orking G roups.

As regards sound broadcasting  via satellite, R ecom m endation 566 on term inology was updated  to 
take account o f the defin itions established by W ARC ORB-88 and  R ecom m endation  712 was adop ted  on 
high-quality sound and  d a ta  standards in the 12 G H z band.

The corresponding systems are described in R eport 1228, w hile ano ther new R eport 1227 was 
draw n up  to cover satellite broadcasting  systems for ISDB.

R eport 215 (systems for the broadcasting-satellite service), R eport 632 (technically suitable m ethods 
o f  m odulation), R eport 955 (satellite sound broadcasting  w ith portab le  receivers and  receivers in a u to 
mobiles), R eport 953 (digital coding for the em ission o f h igh-quality  sound  signals), R eport 954 (m ulti
plexing m ethods for the em ission o f  several digital audio signals and  also data  signals), R eport 810 
(antennas) and  R eport 473 (ground receiving equipm ent) were am ended and  updated , as well as 
R eport 631 on frequency sharing with terrestrial services and R eport 807 on unw anted em issions.

Accordingly, in the field o f satellite sound-broadcasting , Study G roups 10 and  11 are subm itting  to 
the P lenary Assembly 1 new R ecom m endation, 2 new R eports, 1 am ended R ecom m endation and  
9 am ended R eports, for a to ta l o f 3 R ecom m endations and 11 Reports.

2.2 Questions, S tudy Programmes, Resolutions and  Opinions

, Question 44/10 on LF, M F and H F  sound broadcasting  was am ended to include study o f the
factors affecting satisfactory coverage, along with 7 o f the 12 Study Program m es relating to it. F urther
m ore, a new Study Program m e was added on the design of systems for H F  broadcasting.
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The X V IIth  P lenary Assem bly abolished this Q uestion, as well as Study Program m es 44D /10  and  
44E /10.

A m endm ents were also m ade to Study Program m e 45F /10  in o rder to  provide m ore specific details 
on the studies to be carried out on transm itting  an tennas for short-distance sound broadcasting  in the 
Tropical Zone and the Plenary Assembly proposed  the transfer o f S tudy Program m e 45B /10 to Study 
G roup  6 and  the cancellation o f Study Program m es 45C /10  and  45D /10.

Q uestion 46/10 on FM  sound broadcasting  in the V H F ban d  was m odified to  accom m odate da ta  
broadcasting, and  am endm ents were m ade to  Study Program m es 46H /10  (transm ission o f supplem entary 
inform ation), 46J/10  on com patib ility  with the aeronautical services, which will be dealt w ith by the new 
Study G roup  12 with the exception o f the p art concerning com patib ility  with television, and  46N /10  on 
im m unity o f FM receivers against interference. Two new Study P rogram m es were also draw n up, nam ely 
46P /10  on the transm ission o f data  in form ation  as an alternative to the m ain program m e, now  abolished 
by the P lenary Assembly, and  46Q /10 on transm itting  and  receiving an tenna  characteristics for p lanning  
in V H F broadcasting.

The Plenary Assembly also abolished Study Program m es 46A /10, 46D /10 , 46E /10 , 46F /10  
and  46H /10, as well as Q uestions 47-1/10 and  48-1/10.

Q uestion 50/10 on the audio-frequency characteristics o f b roadcasting  signals was deleted by the 
P lenary Assembly, as well as Study Program m es 50A /10 and  50B/10. Study Program m es 50C /10 on the 
subjective assessm ent o f sound quality  and  50D /10  on the acoustic properties o f contro l room s were 
am ended. Two new Study Program m es were drafted , nam ely 50F /10  on determ ination  o f the electro- 
acoustical properties o f headphones and  50G /10  on sound systems for the hearing im paired. These 
Study Program m es have how  all becom e Questions.

Q uestion 51/10 on standards for digital techniques for sound in broadcasting  was also am ended to 
take account o f signal path  delay, as was Study Program m e 5 I B / 10 on digital coding standards, to  include 
study of th a t phenom enon.

Study G roup  10 also am ended Q uestion 52/10 on the recording o f sound-broadcasting  program m es 
for in ternational exchange, together w ith Study Program m e 52A / 10 on sound recording standards, bo th  
subsequently abolished by the Plenary Assembly. Study Program m e 52B /10 on sound recording using 
digital m odulation  was am ended. A new Study Program m e 52D /10  on optical recording was drafted  and  
Study Program m e 52C /10 on the au tom atic program m ing o f sound broadcasting  stations was deleted.

The Plenary Assem bly decided to  d iscontinue Q uestion 54 /10 on broadcasting  systems using 
non-conventional energy sources.

A new Q uestion was draw n up  on in terconnection  specifications for audio-visual equipm ent related 
to  broadcasting.

As regards satellite sound-broadcasting , am endm ents were m ade to Study Program m es 1 A / 10-11 on 
use o f the 12 G H z band  by the broadcasting-satellite service and  2K /10-11 on satellite .sound-broadcasting .

Study G roup  10 had  proposed to the P lenary Assembly th a t R esolution 61 be am ended so as to 
add  a fourth item to its term s o f reference concerning the overall perform ance o f the m eans o f delivering 
television signals to the general public. However, the P lenary Assem bly, acting on Study G roup  10’s 
p roposal, changed terms o f  reference to sphere o f com petence. .

An am endm ent to Resolution 76 on the presentation o f an ten n a  diagram s is also proposed  to 
accom m odate the studies requested by W ARC H FpC (2).

The Study G roup  is p roposing am endm ents to O pinion 74 (facilities for the in terconnection  o f 
sound-broadcasting  receivers and associated equipm ent) to  identify m ore clearly the studies to  be carried 
out by the C C IR  and indicate that the O pinion is to be transm itted  to Study G roup  11, the CC1TT and  
the IEC. Sim ilarly, a new O pinion was drafted on equipm ent in terconnection  in professional program m e 
production  installations, which will be brought to the attention o f the IEC.
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2.3 Decisions and Interim Working Parties

Study G roup  10 am ended Decision 79, thereby m aintain ing IW P 10/1, under the chairm ansh ip  o f 
Mr. G. Groeschel (G erm any (Federal Republic of)), to enable it to com plete its work on H F  b roadcasting  
an tennas and move on to LF and M F antennas, as well as receiving an tennas. This has now  becom e 
W orking Party 10D.

Interim  W orking Party 10/7 on reference receivers had com pleted its work, under the chairm anship  
o f Mr. M. Schneider (Sw itzerland), and was thus d isbanded by Study G roup  10. D ecision 52 was deleted 
accordingly. '

Decision 78 establishing IW P 10/9 to  standardize the basic requirem ents for contro l and  listening 
room s, under the chairm anship  o f Mr. T. M agchielse (N etherlands), was retained w ithout change, w ith a 
view to the p reparation  o f a d raft R ecom m endation replacing R eport 797, fo r subm ission to  the next 
In terim  M eeting o f Study G roup  10. This IW P has been disbanded  and  replaced by a Special R apporteu r 
in W orking Party 10C.

The Study G roup  approved  new D ecision 96 setting up  IW P 10/10, under the cha irm ansh ip  o f 
Mr. W. R ichards (U nited States o f  Am erica), to  carry out C C IR  studies for the W ARC-93 dealing  w ith 
m atters connected with the H F  broadcasting service. IW P 10/10 will p repare  the C C IR ’s consolidated  
report to  W A RC HFBC-93, incorporating  the reports by IW P 10/1, w ith the co llaboration  o f Study 
G roups 1 and  6. The consolidated  report will be forw arded to the C onference at least ten  m onths before it 
opens, once approved by the C hairm en o f Study G roups 10, 1 and  6.

In accordance with new Decision 99, IW P 10/11 is to  be established, under the cha irm ansh ip  o f 
Mr. K. H unt (EBU), in o rder to  prepare a report on H F  broadcasting  system design for subm ission to the 
next F inal M eeting of Study G roup 10. This IW P has been d isbanded  and  replaced by a  Special 
R apporteu r in W orking Party 10A.

New Decision 94 provides for the establishm ent o f IW P 10/12, under the chairm anship  o f  M r. G. 
Theile (G erm any (Federal R epublic of)), to study m ulti-channel sound  systems (for h igh-defin ition  and  
enhanced television). A fter establishing the necessary contacts w ith the o ther groups concerned by this 
subject, the IW P will subm it d raft R ecom m endations to  the In terim  M eeting o f Study G ro u p  10 in  1991. 
In  the new C C IR  structure, this IW P has becom e Task G roup 10/1.

D ecision 71, establishing JIW P  8-10/1 on com patibility  betw een the aeronautical services an d  M F 
sound  broadcasting  stations in the band  87-108 M Hz, under the chairm anship  o f Mr. J. K arja la inen  
(F inland), was am ended to  enable the JIW P  to continue its w ork, in particu lar w ith a view to d rafting  a 
consolidated  text which, once approved by Study G roups 8 and  10, will be published in a separate  
Volume. The Decision will be brought to the atten tion  o f the ICAO. This JIW P  com es u n d er the new 
Study G roup 12.

The Study G roups concerned approved new Decision 97 establishing JIW P  10-3-6-8/1, under the 
chairm anship  of. Mr. J.S. F innie (U nited K ingdom ), to identify m ore precise criteria and  param eters for 
sharing between broadcasting  and  Fixed and  m obile services in the b an d  2-30 M H z and  to  draw  up  a 
report on the subject by the end of 1990.

Study G roup 10 agreed to  d isband JIW P  10-3-8/1, chaired by M r. A. R om ero Sanjines (Peru), to  
which thanks were extended for its w ork in p reparing  the technical bases for the R A R C  for the p lann ing  
o f  b roadcasting  in the b and  1605-1705 kH z in Region 2.

Decision 43 concerning the establishm ent o f JIW P  10-11/1, under the cha irm ansh ip  o f
Mr. D. Sauvet-G oichon (France), responsible for studying satellite sound  broadcasting  and  sharing and
spectrum  aspects o f b road  R F  band  HDTV was am ended to include the sharing and  spectrum  aspects o f 
HDTV.

Decision 51, concerning the establishm ent o f JIW P  10-11/3 under the cha irm ansh ip  o f
Mr. O. M akitalo (Sweden) to deal with satellite broadcasting o f H D TV  signals and  the accom m odation  o f
several audio or data channels in terrestrial o r satellite b roadcasting  channels was am ended to  cover 
transm ission aspects relating to terrestrial H D TV  and  the coding and  m ultiplexing o f sound  channels in 
H DTV signals.

The Decision contains a d raft R esolution instructing JIW P  10-11/3 to  revise, by 31 D ecem ber 1990, ' 
the C C IR  special publication  “Specifications o f transm ission systems for the broadcasting-satellite 
services” .
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A new Decision was draw n up specifying the work to be accom plished by JIW Ps 10-11/1 
and  10-11/3 in prepara tion  for W ARC-92, so that the relevant report may be subm itted directly to the 
JIW P  for preparation  o f the C onference, to be established by the C C IR  Plenary Assembly, no m ore than 
two m onths before the JIW P  meets.

Decision 59 establishing JIW P  10-11/4, under the chairm anship  o f Mr. P. Zaccarian  (CBS), to 
study problem s relating to  television program m es recorded on digital tape and film was am ended, in 
particu lar so as to ensure m ore effective liaison with the IW Ps studying sim ilar subjects and  to indicate 
th a t the JIW P  shall com plete its w ork in the 1990-1994 study period. The Decision will be brought to the 
a ttention  o f the IEC , ISO and  SM PTE.

D ecision 72 establishing JIW P  10-11/5, under the chairm anship  o f Prof. F. C appuccini (Italy), to 
study services using da ta  broadcasting  was updated , in particu lar to  incorporate da ta  b roadcasting  in 
HDTV. This W P has been disbanded  so far as Study G roup  10 is concerned.

JIW P  10-11/6 is set up  by new D ecision 95 to  study subjective assessm ent o f television sound and 
picture quality, thereby extending the scope o f the old IW P 11/4 to  include subjective assessm ent o f sound 
quality. The JIW P  will be chaired  by Mr. D. W ood (EBU). This W P has been disbanded and  replaced by a 
Special R apporteu r in W orking Party 10C.

U nder Decision 75, JIW P  AFBC(2) o f Study G roups 1, 5, 8, 9, 10 and 11 had been set up , under 
the chairm arlship o f Mr. H. K ussm ann (G erm any (Federal R epublic of)), to  study sharing criteria between 
the services using the bands 790-862 M H z in the A frican B roadcasting A rea and  the use o f circular 
po larization , in p repara tion  for the Second Session o f the R egional A dm inistrative C onference for the 
P lanning o f Television B roadcasting in the A frican Broadcasting A rea and  N eighbouring C ountries. Study 
G roups 10 and 11 having taken cognizance o f the reports to  the C onference, the JIW P, which had fulfilled 
its task, was disbanded w ith congratu lations and  thanks.

New Decision 98 provides for the establishm ent o f JIW P  1 0 -C M T T /l, under the chairm anship  o f 
M r. A. K om ly (France), to  consider low bit-rate digital audio  coding systems. The JIW P  will w ork in 
liaison with the IW Ps studying sim ilar subjects and  will subm it a d raft R ecom m endation to  the Interim  
M eetings in 1991. D ecision 98 will be brought to the attention  o f the IE C  and  ISO. This W P has becom e 
Task G roup  10/2.

Decision 76 establishing JIW P  C M TT 4-10-11/1 on satellite news gathering, under the cha irm an
ship of Mr. J. A. Colson (N A N B A ), was revised to  enable the JIW P  to pursue its w ork and  p repare an 
overall strategy for SNG . This W P now  comes under the C M TT as Task G roup  5.

Decision 18 on digital systems for the transm ission o f sound-program m e and  television signals was 
am ended so as to convert IW P C M TT /1 into a JIW P  C M TT-10-11/1, which will cooperate with C C IT T  
Study G roups I, XV and  X V III in order to m ake the C C IR  and  C C IT T  R ecom m endations on the digital 
transm ission o f sound and  television broadcasting  signals as com patib le as possible. JIW P  CM TT-10 11/1
has been placed under the chairm anship  o f Mr. G. Sim pson (U nited  K ingdom ). This IW P has been
disbanded and the subject will be dealt w ith by a C M TT W orking Party.

The JIW P  o f Study G roups 1, 2, 4, 5, 8, 9, 10 and  11 to p repare  for W A RC ORB-88, set up  under
the chairm anship  o f Mr. E. H auck (Sw itzerland) by R esolution 90, which replaced D ecision 73, had 
com pleted its work and was d isbanded  with thanks. It was also proposed  tha t R esolution 90 and  
Decision 73 be deleted.

The JIW P  o f Study G roups 1, 5, 6, 8, 9, 10 and  11 on sharing  criteria between the broadcasting  
service and  the fixed and  m obile services in the V H F and  U H F  bands, set up  under the chairm anship  o f 
Mr. J. N. M cK endry (A ustralia) in accordance with R esolution 94, is continu ing  its w ork in p repara tion  
for the conference responsible for developing the above criteria in Region 3 and  the countries concerned in 
Region 1. The JIW P  has draw n up  a report for Study G roup  1. The subject will be dealt w ith by the new 
Study G roup  12.

The D irector o f the C C IR  subm itted to  the Study G roups concerned a d raft D ecision on the 
studies to be carried out by the C C IR  with a view to W ARC-92 dealing with frequency allocation  in 
certain parts o f  the spectrum . The new Decision foresees that the C C IR  Plenary Assem bly should create a 
JIW P  o f Study G roups 1, 2, 3, 4, 5, 6, 8, 9, 10 and  11 on the basis o f  proposals fo rm ulated  by the m eeting 
o f  Study G roup  C hairm en in January  1990. The JIW P  will study, in particu lar, the problem  of frequency 
sharing between services, and  will draw  up a consolidated  report to  the conference on the basis o f  the 
reports prepared by the d ifferent Study G roups (the reports w ithin the scope o f Study G ro u p  10 will be 
drafted  by JIW Ps 10-11/1 and  10-11/3, as indicated in the new D ecision). The Plenary Assem bly in 
D usseldorf set up JIW P  W ARC-92.
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3. Cooperation with other Study Groups

C ooperation  between Study G roup  10 and  the other Study G roups is effected prim arily  th rough the 
Interim  W orking Parties described in the previous section. Study G roup  10 also considered docum ents received 
from  Study G roups 1, 2, 3, 5, 6, 8, 9, 11, C M TT and  CM V and  gave its op in ion  on their content.

Study G roups 10 and 11 also drafted  a note to Study G roup  4 requesting it to com m unicate the results o f 
studies concerning transportab le transm itting  earth  stations for feeder-links to b roadcasting  satellites.

They also approved a note addressed to Study G roups 5 and  9 concern ing  the pro tection  o f  line-of-sight 
terrestrial radio-relay systems against possible interference which may be caused by the BSS in the 20 G H z band . 
This note will be published in Part 2 o f Volumes X and XI.

Study G roup  10 confirm ed that, in order to  ensure the necessary coo rd ina tion , it will be represented  in 
C M TT by the C hairm an o f W orking G roup  10C.

Finally, Study G roups 10 and  11 addressed a note to  CCV draw ing a tten tion  to the am endm ents m ade to 
R ecom m endation 566 on space rad iocom m unications term inology and  to  its com m ents concerning the term s 
defined in C hapters 723 and  725 o f  the In ternational E lectrotechnical V ocabulary. .

Study G roup  10 will have to  appo in t a new R apporteur for Spanish on CCV. The Spanish A dm inistra tion  
has proposed  Mr. L. Del Amo Ruiz. Its R apporteu rs for French and  English are M r. A. K eller (France) and  
Mr. A. H. Jones (U nited K ingdom ), respectively.

4. Problems concerning the developing countries

R esolution 33 on technical cooperation  invites the developing countries to  take an active p art in the w ork 
o f the C C IR  Study G roups, states tha t the C C IR  should take up  actively the study o f  Q uestions posed by 
developing countries and  asks C hairm en to  include in the Volumes o f  the C C IR  published after each Plenary 
Assembly a section, to  be as com prehensive as possible, especially devoted to  problem s o f  interest to  developing 
countries.

The w ork o f Study G roup  10 is o f particu lar interest to  the developing countries in view o f  the im portance 
o f sound  broadcasting  for the in fo rm ation  and  education  o f the people in those countries.

As regards am plitude-m odulation  broadcasting , the developing countries are especially interested in the 
texts relating to  broadcasting  in the Tropical Zone, in which several o f them  are situated.

W ith regard to the recording o f  sound-broadcasting  program m es, R ecom m endation 408 (standards o f 
sound recording on m agnetic tape for the in ternational exchange o f program m es) concerns the developing 
countries, and their atten tion  is particu larly  draw n to the C C IR  special publications on transm ission systems for 
satellite broadcasting  and  on recording, p repared  in accordance with R esolution  81.

\  -
In  the field o f satellite b roadcasting , a subject o f particu lar in terest to the developing countries is the 

problem  o f sound broadcasting  between a satellite and portable o r m obile receivers, which is dealt w ith in 
R eport 955.

The attention  o f the developing countries is also draw n to the im portance o f the Interim  W orking Parties 
for the p repara tion  o f forthcom ing ITU  conferences, in particular IW P 10/10, which will be preparing  the H F  
b roadcasting  conference, and the JIW P  for the prepara tion  o f the 1992 W orld A dm inistrative R adio C onference to 
study frequency allocations in certain  parts o f the spectrum . '

Resolution 108 on inform ation  meetings also concerns the developing countries in particu lar, in enabling  
them  to fam iliarize themselves with relevant C C IR  texts.

A lthough it may be thought that the developing countries are particularly  interested in texts offering 
guidance in the selection and use o f  equipm ent, Study G roup  10 would certainly find it easier to contribu te to the 
solu tion  o f problem s concerning those countries if they took a m ore active part in its work, so as to focus 
atten tion  on problem s o f particu lar interest to them , in line with the provisions o f Resolution 95 o f the 
X V IIth  Plenary Assembly.
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5. Conclusions and future activities

The 1986-1990 study period  saw the drafting  o f new R ecom m endations on H F  transm itting  an tenna 
d iagram s, on the characteristics o f  AM and FM  reference receivers, on AM  data  broadcasting  systems, on the 
in ternational exchange o f electronic news reports and  on high-quality sound and data  standards in satellite 
broadcasting. Study G roup  10 also m ade an active contribu tion  to  the p repara tion  o f ITU  conferences, in 
particu lar with respect to M F sound broadcasting  in Region 2, television in the A frican Broadcasting A rea and 
use o f  the geostationary-satellite orbit for the transm ission o f  sound signals.

M ore p reparatory  work for ITU  conferences will be required during the forthcom ing study period, 
particularly  with a view to the 1992 C onference responsible for studying frequency allocations to  H F  broadcasting 
and  to satellite sound broadcasting  in the band  0.5-3 G H z and  the 1993 Conference responsible for studying 
problem s relating to  the H F  broadcasting  service.

In the forthcom ing study period, R eport 292 on the m easurem ent o f  p rogram m e level in sound 
broadcasting  may be cancelled and  annexed to  R ecom m endation 645.

A considerable am ount o f  w ork will be required on sound recording, in particu lar w ith respect to 
standards and  operating practices for the digital recording o f audio signals on m agnetic tape, recording using new 
m ethods, m easurem ent m ethods and  m ethods o f synchronizing separate m edia bearing com ponents o f a single 
program m e.

Closer collaboration between the IEC, ISO and C C IT T  and  the C C IR  is considered necessary, as foreseen 
by the Plenary Assembly.

Above all, however, while rem aining com petent for the study o f  the sound broadcasting  service, Study 
G roup  10, following the decision o f  the X V IIth P lenary Assem bly, will have to develop an organizational 
structure and  w orking m ethods which are m ore flexible and  faster to  enable it to keep abreast o f  the unrelenting 
progress being m ade in sound broadcasting  and provide up-to-date technical bases for sound broadcasting  
applica tions and  for the decisions to be taken by forthcom ing conferences concerning the sound broadcasting  
service.

The X V IIth P lenary Assem bly in D usseldorf m odified the organization , structure and w orking m ethods o f 
the C C IR . Hence this Volume is published in two parts: Part A, contain ing  the R ecom m endations, R esolutions, 
O pinions and Q uestions, and  Part B, a m ore econom ical p resen tation , con tain ing  the R eports and  Decisions. 
There will also be H andbooks approved  by the Study G roups, while the Study Program m es have either been 
tu rned  into Questions or discontinued. Each Study G roup  sets up  W orking Parties to deal w ith the Q uestions 
assigned to  it and  Task G roups to  consider urgent Q uestions. The W orking Parties and  Task G roups meet 
separately from  the Study G ro u p s>  '

R esolution 97 sets out the procedure to be followed for the approval o f  R ecom m endations between 
Plenary Assemblies.

A plan showing the structure o f Study G roup  10 during the period 1990-1994 is attached.

Study G roup  10 

Structure

Working Parties (WP)

W P 10A: A m plitude m odulation  sound broadcasting  and  sound broadcasting  in the Tropical Zone

Q. (urgent): S.P. 44K -1/10, S.P. 44L-1/10 .
Q. (im portant): S.P. 44M /10, S.P. 46K /10 , S.P. 44N /10 , S.P. 44A -2/10, S.P. 44B-1/10,

S.P. 44C-1/10, S.P. 44F-1/10, Q. 45/10, S.P. 45A /10, ' S.P. 45E /10, 
S.P. 44J/10, Q. 49 /10

W P 10B: Frequency m odulation  sound broadcasting  (except in the Tropical Zone)

Q. (urgent): S.P. 46B /10, S.P. 4 6 J-2 /10, S.P. 47A / 10
Q. (im portant): Q. 46/10, S.P.' 46C /10 , S.P. 46G /10 , S.P. 46H -1/10, S.P. 46L /10,

S.P. 46N -2/10, S.P. 47B /10, Q. 49 /10  (except the antennas)
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WP IOC:

WP 10D :

TG 10/1:

TG 10/2*:

DG 1 0 /A - l:

DG 10 /A -2 :

DG 1 0 /C - l:

DG 10 /C -2 :

DG 10 /C -3 :

JW P 10-1 IS :  

JW P 10-11R:

IWP 10/10:

JIW P 10-3-6-8/1: 

JIW P 10-11/1: 

JIW P 10-11/3:

A udio-frequency characteristics and digital sound broadcasting  .

Q. (urgent): New Question derived from S.P. 50C -2/10, S.P. 51A /10, S.P. 51B-1/10,
S.P. 51C /10, S.P. 51 D /10 , S.P. 51 E /10  

Q, (im portant): S.P. 50C-2/10, S.P. 50D -1/10, S.P. 50E /10 , S.P. 50F /10 , S.P. 50G -1/10,
Q .51-1/10

Transm itting  and  receiving an tennas for sound broadcasting

Q. (im portant): New Question derived from S.P. 44G -1/10, S.P. 44H /10 , S.P. 45F-1/10,
S.P. 46Q /10

Task Groups (TG)

Sound systems for HDTV and EDTV

Q. (urgent): S,P. 47C /10

Low bit-rate digital audio  coding systems ,

Q. (urgent): S.P. 51B-1/10, S.P. 51C /10, S.P. 18G /C M T T

D rafting Groups (DG)
(convened by a Special R apporteur)

System design for H F  broadcasting

Q. (im portant): S.P. 44N /10

Sound broadcasting  in the T ropical Zone

Q. (urgent): Q. 45/10, S.P. 45A /10, S.P. 45E /10, S.P. 46K /10
Q. (im portant): S.P. 45B /10 to Study G roup  6

Acoustical properties o f control room s

Q. (im portant): S.P. 50D -1/10

Digital sound broadcasting  '

Q. (urgent): S.P. 51B-1/10, S.P. 51C /10, S.P. 51D /10 , S.P. 51E /10
Q. (im portant): Q. 51-1/10

Q uality assessm ent

Q. (urgent): New Q uestion derived from  S.P. 50C -2/10, S.P. 51A /10
Q.’ (im portant): S.P. 50C-2/10, S.P. 50E /10  ,

, Joint Working Parties (JW P)

Satellite b roadcasting

Q. (im portant): S.P. 2K /1 0  and  11 ,

R ecording o f program m es

Q. (im portant): S.P. 52B-3/10, S.P. 52D /10
. . „ / ■ ■

Interim (Joint) Working Parties 
(for p repara tion  o f W ARCs)

Studies for the W ARC-93 -

Q. (urgent): New Q uestion derived from  S.P. 44A -2/10, S.P. 44B-1/10, S.P. 44C -1/10,
S.P. 44F-1/10

C om patibility  in the band  2-30 M H z in p repara tion  o f the W ARC-92 '

Q. (im portant): S.P. 44M /10

Satellite sound broadcasting  and  som e aspects o f H D TV  ,

Decisions 43-5 and  93

Satellite HDTV and  several sound signals

D ecision 51-4 and  93 N

T his Task G roup is a lso o f  interest to  the CM TT.



Rec. 638 1

SEC TIO N  10A-1: A M P/LITU D E-M O D U LA TIO N  SO U N D  B R O A D C A STIN G  IN BANDS 5 (LF), 
6 (M F) and 7 (H F) .

R E C O M M E N D A T IO N  638*

TERMS AND DEFINITIONS USED IN FREQUENCY PLANNING  
FOR SO U ND  BROADCASTING**

(Questions 44 /10 , 46/10)

(1986)
The C C IR

U N A N IM O U S L Y  R E C O M M E N D S

tha t for the purpose o f frequency p lanning  for sound and  television broadcasting , the follow ing term s and  
defin itions should be used:

1. Signal-to-interference ratios

1.1 The audio-frequency (AF) signal-to-interference ratio is the ratio  (expressed in dB) betw een the values o f 
the voltage o f the w anted signal and the voltage o f the interference, m easured under specified conditions, a t the 
audio-frequency ou tpu t o f the receiver. • '

This ratio corresponds closely to the difference in volum e o f sound (expressed in dB) betw een the w anted 
program m e and the interference.

1.2 The audio-frequency (AF) protection ratio is the agreed m inim um  value o f  the audio-frequency signal-to- 
interference ratio considered necessary to  achieve a subjectively defined reception  quality.

This ratio m ay have different values according to  the type o f service desired.

1.3 The radio-frequency (RF) wanted-to-interfering signal ratio is the ratio  (expressed in dB) betw een the values 
o f the radio-frequency voltage o f  the w anted signal and  the interfering signal, m easured a t the inpu t o f  the 
receiver under specified conditions.

1.4 The radio-frequency (RF) protection ratio is the value o f the rad io-frequency w anted-to-in terfering  signal 
ratio  tha t enables, under specified conditions, the audio-frequency pro tection  ratio  to  be ob ta ined  a t the o u tp u t o f 
a receiver.

The specified conditions include such diverse param eters as: spacing A /  o f  the w anted and  in terfering 
carrier, carrier offset, carrier-frequency tolerance, m odulation  characteristics (type o f  m odu la tion , m odu lation  
depth , pre-em phasis characteristics, frequency deviation, etc.), characteristics o f  the A F  signal (bandw idth , 
dynam ic com pression), receiver inpu t level as well as the receiver characteristics (selectivity and  susceptibility to  
cross-m odulation, etc.).

2. Specific field strengths

2.1 M inim um  usable fie ld  strength (Emm )

M inim um  value o f the field strength necessary to perm it a desired reception quality , under specified 
receiving conditions, in the presence o f natural and m an-m ade noise (see R eport 322), bu t in the absence o f  
interference from  other transm itters.

Note 1 — The desired quality is determ ined in particu lar by the protection ratio  against noise, and  for fluctuating  
noise, by the percentage o f tim e during which this protection ratio  m ust be ensured.

* T his R ecom m endation  should  be brought to the attention o f  the CM V.

** T h is R ecom m endation  m erges R ecom m en dation s 447 and 499 which are hereby cancelled .
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N ote 2 — The receiving conditions include, am ongst others:

— the type o f transm ission, and  frequency band  used;

— the receiving equipm ent characteristics (an tenna gain, receiver characteristics, siting);

— receiver operating conditions, particularly  the geographical zone, the tim e and  the season.

N ote 3 — W here there is no am biguity, the term  “m inim um  field strength” m ay be used.

N ote 4 — The term  “m inim um  usable field strength” corresponds to the term  “m inim um  field strength to be 
p ro tec ted” which appears in m any ITU  texts.

2.2 Usable fie ld  strength {E u ) ~ -

M inim um  value o f the field strength necessary to  perm it a desired reception quality , under specified 
receiving conditions, in the presence o f  natural and  m an-m ade noise and  interference, either in an existing 
situation  or as determ ined by agreem ents or frequency plans.

Note 1 — The desired quality is determ ined in particu lar by the protection  ratios against noise and  interference 
and , in the case o f fluctuating noise or interference, by the percentage o f tim e during which the required quality 
m ust be ensured.

N ote 2 — The receiving conditions include, am ongst Others:

— the type o f transm ission and  frequency band  used;

— the receiving equipm ent characteristics (an tenna gain, receiver characteristics, siting);

— receiver operating conditions, particularly  the geographical zone, the tim e and  the season, o r if  the receiver is 
m obile, the local variations o f  the field strength due to  p ropagation  effects.

N ote 3 — The term  “u sab le 'fie ld  strength” corresponds to  the term  “necessary field strength” which appears-in  
m any ITU  texts. Use o f  the latter term  is no t desirable. .

N ote 4 — For the determ ination  o f  the usable field strength see R eport 945 for inform ation.

2.3 Reference usable fie ld  strength (Eref )

The agreed value o f the usable field strength th a t can serve as a reference or basis for frequency planning.

N ote 1 — D epending on the receiving conditions and  the quality required, there m ay be several reference usable
field-strength values for the same service.

N ote 2 — W here there is no  am biguity, the term  “reference field strength” m ay be used.

Note 3  — The term  “reference usable field strength” corresponds to  the term  “nom inal usable field strength”
which appears in som e ITU  texts.

3. Coverage area (of a broadcasting transmitter in a given broadcasting band)

' The area w ithin which the field strength o f  a transm itter is equal to  o r  greater than  the usable field
strength. .

In  the case o f fluctuating interference or noise, the percentage o f  tim e during which this condition  is 
satisfied should be stated.

The coverage area may be d ifferent under day-tim e and  night-tim e conditions (bands 5, 6 and  7) or vary 
with o ther factors.

N ote 1 — The coverage area is determ ined solely by the technical conditions specified, irrespective o f adm in istra
tive o r regulatory considerations.

N ote 2 — See also R ecom m endation 573, Vol. X III.
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R E C O M M E N D A T IO N  561-2*

DEFINITIONS OF RADIATION IN LF, M F AND HF BROADCASTING BA N D S

, (1978-1982-1986)
The C C IR

U N A N IM O U S L Y  R E C O M M E N D S

tha t the following term inology should be used to define and  determ ine the rad ia tion  from  so und-b road 
casting transm itters:

1. Cymomotive force (c.m .f.) (in a given direction) "

The p roduct form ed by m ultiplying the electric field strength at a  given po in t in space, due to  a
transm itting  station, by the distance o f  the po in t from  the an tenna. This d istance m ust be sufficient fo r the
reactive com ponents o f the field to  be negligible; m oreover, the finite conductiv ity  o f the g round  is supposed  to 
have no effect on propagation.

The cym om otive force (c.m.f.) is a vector; when necessary it m ay be expressed in term s o f  com ponents
along axes perpendicu lar to  the direction  o f propagation .

The c.m.f. is expressed in  volts; it corresponds num erically to  the field strength in  m V /m  a t a  distance o f
1 km.

2. Effective monopole-radiated power (e.m.r.p.) (in a given direction)

The p roduct o f the pow er supplied to the an tenna  and  its gain relative to  a short vertical an ten n a  in  the 
given direction. (R adio R egulations, No. 157.)

R adio R egulations No. 154 (c) defines the gain o f an  an tenna in a given direction  relative to  a short 
vertical an tenna Gv as the gain relative to a loss-free reference an tenna  consisting o f a linear conducto r, m uch 
shorter than  one quarter o f a w avelength, norm al to  the surface o f a perfectly conducting  p lane w hich contains 
the given direction.

The reference antenna, when fed with a pow er o f 1 kW , is considered to  rad ia te  an  e.m .r.p. o f  1 kW  in 
any direction in the perfectly conducting  p lane and  produces a field strength  o f 300 m V /m  at 1 km  distance 
(equivalent to  a c.m.f. o f 300 V).

A n e.m.r.p. o f 1 kW  is assum ed in the derivation  o f the ground-w ave p ropagation  curves o f R ecom m enda
tion  368. An e.m.r.p. o f 1 kW  at all angles o f elevation is assum ed in  the presen tation  o f the sky-wave curves o f 
R ecom m endation 435.

N ote 1 — D efinitions 1 and  2 are m ainly used in LF and  M F broadcasting.

3. Equivalent isotropically radiated power (e.i.r.p.)

The p roduct o f the pow er supplied  to  the an tenna and  the an ten n a  gain G, in a given d irection  relative to  
an iso tropic an tenna (absolute o r iso trop ic gain) (R adio  Regulations, No. 155).

The idealized reference an tenna , when fed w ith a pow er o f  1 kW , is considered to p rovide an  e.i.r.p. o f
1 kW  in all directions and  to  produce a field strength o f  173 m V /m  at 1 km  distance.

4. Effective radiated power (e.r.p.) (in a given direction)

The product o f the pow er supplied to the an tenna  and its gain relative to  a half-w ave d ipo le in  a given 
direction (R adio Regulations, No. 156).

R adio Regulations No. 154 (b) defines the gain o f an  an tenna ih a given direction  relative to  a half-w ave
dipole Gd, as the gain relative to  a loss-free reference an tenna  isolated in space whose equatorial p lane contains
the given direction. . ' '

The reference an tenna, when fed with a pow er o f 1 kW , is considered to  radiate an e.r.p. o f  1 kW  in any
direction in the equatorial p lane and  produces a field strength o f 222 m V /m  at 1 km distance.

Note 1 — D efinitions 3 and  4 are m ainly used in H F  broadcasting. .

Note 2 — The relationship between the radiated pow er expressed in the d ifferent units is given in A nnex I.

Note 3 — For inform ation, some guidance on the determ ination  o f the rad ia ted  pow er is given in A nnex II.

Note 4 — For inform ation, radia ted  pow er standards for propagation  curves are discussed in A nnex III.

* T his R ecom m endation  should be brought to the attention o f  the CM V.



A N N E X  I '

R E L A T IO N SH IP  B E T W E E N  R A D IA T E D  PO W E R S E X P R E S S E D  IN  D IF F E R E N T  U N IT S

1. Relationship between e.m.r.p. and c.m.f.

The value o f the e.m.r.p. is related to the c.m.f. (V) by the expression:

e.m.r.p. =  (c.m .f./300)2 kW

Table I gives som e practical exam ples o f c.m.f. and e.m.r.p. in the absence o f losses.

4 Rec. 561-2

TABLE I

Transmitter
power
(kW)

Antenna

Gain relative to  
a short vertical 

antenna 
(dB)

c.m .f.
(V)

c.m .f.
(dB (3 0 0  V))

e.m.r.p.
(kW)

0.01
0.1
1

10

|  short vertical

0
0
0 . 
0

30
95

300
950

-  20  
-  10 

0 
+ 10

0.01
0.1
1

10

100
3 00

1000
|  A./2 vertical

2
2
2

3 800  ' 
6 600  

12 000

+ 22  
+ 27  
+ 32

160
475

1600

2. Relationship between e.r.p. and e.i.r.p.

T he value o f the e.r.p. is related to  the e.i.r.p. by the expression:

e.r.p. =  0.61 e.i.r.p. (linear scale)

e.r.p. =  e.i.r.p. — 2.2 dB (logarithm ic scale)

A N N E X  II

D E T E R M IN A T IO N  O F  T H E  R A D IA T E D  PO W E R

1. Vertical antennas

F or vertical an tenna systems which are actually in operation , the rad ia tion  in  a horizontal direction  is 
ob ta inab le by m easurem ents o f  field strength on a radial line over the range, 2X to  15A., from  the an tenna system. 
Here, X is taken to  be either the w avelength or the m axim um  dim ensions o f  the an tenna , w hichever is the greater, 
in o rder to  avoid the effect o f  reactive fields. I f  E  is the field strength a t d istance, d, the product, Ed, is p lo tted  
graphically  against d. The line is extrapolated  to  d  =  0, and  the p roduct ( Eodo) gives the c.m.f. A m ethod o f  
ex trapo lation  has been proposed by [Surutka and  G avrilov, 1983].

F or a single m ast, it is desirable to  take the average o f values fo r a few radials. F or a  m ultiple m ast 
system, separate m easurem ents are required on a  num ber o f radials to  establish the rad ia ted  pow er as a function  
o f  bearing.

F or directions above the horizontal, a correction should be derived theoretically  from  the behaviour over a 
perfectly conducting plane. A lternatively, field-strength m easurem ents m ay be m ade from  a helicopter.

F or an tenna systems which have no t yet been constructed, o r w henever fo r som e o ther reason m easure
m ents can n o t be m ade reliably, the rad ia ted  pow er m ay be estim ated from  a calculation  o f  the system 
perform ance over a  perfectly conducting  surface, and  from  the estim ated efficiency o f the an tenna  system.
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2. ' Horizontal antennas

In this case, the m ost practical m ethod is a com putation  in which the gain o f the an tenna , assum ed to  be 
situated above perfectly conducting  ground, and  the total transm itter pow er (less the feeder loss) determ ine the 
radia ted  power. If  applicable, the radia ted  pow er should be the com bination  o f  two o rthogonal com ponents, 
perpendicu lar to the direction o f p ropagation , m ade on a root m ean square basis.

3. Transmitter carrier power as a function of c.m.f. .

For a single vertical m ast rad ia to r, neglecting losses:

p  = {Fc/ 300)2 ■ ( 1 / Gv) (1)

where, *

p  : transm itter carrier pow er (kW );

Fc : c.m.f. in the horizontal direction (V);

Gv : gain o f an tenna relative to a short vertical antenna.

M ore generally, the total power radiated  in to  space (in other w ords, the pow er to  be supplied  to  the 
an tenna  if  losses are neglected) is related  to  the c.m.f. by :

v =  1
120 7c

sphere

F'} (cp, 0) c o s 0 -d 0d ( p  ,  x
(2)

where Fc ((p, 0) is the c.m.f. as a function  o f the azim uth (p and  the angle o f elevation 0, ( W  is in w atts and  Fc is 
in volts). -

R E F E R E N C E S

S U R U T K A , J. V. and G A V R IL O V , T. S. [1983] E xperim ental determ ination o f  the cym o m o tiv e  force o f  grou n d -b ased  vertically  
polarized antennas. Telecom m . J., V ol. 50, IX, 482-486.

' A N N E X  III

R A D IA T E D  PO W E R  S T A N D A R D S  FO R  P R O P A G A T IO N  C U R V E S

The ground-w ave p ropagation  curves o f  R ecom m endation 368 and  the sky-wave p ropaga tion  curves given 
in R ecom m endation 435 are draw n nom inally  for a Field strength o f 300 m V /m  at 1 km and  thus app ly  to  a c.m.f. 
o f  300 V. However, the sky-wave curves were established from  m easurem ents to  which a correction  was app lied  in 
each case for the vertical rad ia tion  pattern  (over good ground) o f the transm itting  an tenna ; bu t no  correction  was 
applied  for the effect o f Finite g round  conductivity  on the sky-wave field strength. These curves therefore, include 
the effect o f average ground conductivity , which (as com pared with a perfectly conducting  ground) can cause 
significant reduction o f sky-wave at low angles. This effect is discussed in R eport 401. It can be show n th a t fo r all 
types o f vertical an tenna systems o f  interest for applications in bands 5 (LF) and  6 (M F), the ground  effect is 
substantially  independent o f the type o f an tenna , and  correction for the an tenna  gain and  vertical rad ia tion  
pattern  m ay be m ade with good accuracy by correcting the calculated pattern  for a perfectly conducting  flat earth.

The practice is already established for propagation  curves at LF and  M F to apply  for an e.m .r.p. o f  1 kW  
from  a short vertical an tenna and  th is corresponds to  a c.m.f. in the horizontal direction  o f 0 dB relative to 300 V.

An e.i.r.p. o f 1 kW  at all angles o f elevation is generally used in H F  p ropagation  prediction m ethods.
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R E C O M M E N D A T IO N  559-2*

OBJECTIVE M EASUREM ENT OF RADIO-FREQUENCY PROTECTION RATIOS 
IN LF, MF AND HF BROADCASTING

(Question 44/10, Study Program m e 44A /10)

(1978-1982-1990)
The C C IR , .

C O N S ID E R IN G

(a) that the radio-frequency pro tection  ratio  is directly related to  the audio-frequency pro tection  ratio  (see 
R ecom m endation 638);

(b) that this relationship depends on a num ber o f technical param eters, such as:
— the frequency separation  between the w anted and  unw anted carriers; '
— the bandw idths o f the transm itter and  the receiver;
— the rate-of-cut o f the band-lim iting  filters at the transm itting  and  receiving end ;
— the type and depth  o f m odulation ;
— the spectral energy distribution  o f the m odulation  signal;
— the dynam ic com pression; . ,
— the.pre-em phasis and  de-em phasis characteristics, if any;
— the out-of-band radiation  o f the transm itter;
— the am plitude/frequency  response o f the hum an ear, which can be sim ulated by the weighting netw ork o f the 

m easuring instrum ent, (see R ecom m endation 468); 1
— the am plitude o f the receiver inpu t voltage,

U N A N IM O U S L Y  R E C O M M E N D S

tha t, once an audio-frequency pro tection ratio  has been agreed u pon , one o f the follow ing objective
tw o-signal m ethods should be used for the determ ination  o f radio-frequency protection  ratios in am plitude-m odu
la tion  sound broadcasting. .

1. Objective measuring method

1.1 Principle

The objective m ethod is essentially a two-signal m ethod which consists in m odulating  successively, w ith a 
given m odulation  depth, the w anted and  the in terfering transm itter by a standard  colour noise signal, the spectral 
am plitude distribution  o f which corresponds to m odern dance m usic program m es.

The interference effect is m easured at the audio-frequency ou tput o f the receiver by m eans o f a single 
channel m easurem ent circuit using a standardized instrum ent o r an instrum ent based on a tw o-channel m easure
m ent circuit (see § 1.2).

1.2 Output measurement

F or m easuring the w anted and  in terfering signals at the ou tpu t o f the receiver, use should be m ade of:

— a standardized instrum ent which should  include a netw ork for weighting the subjective interference effect o f 
d ifferent interfering frequencies in accordance with R ecom m endation 468 and  a voltm eter suitable for r.m.s. 
m easurem ents**;

— or a special instrum ent based on the circuit show n in Fig. 1 and  having • weighting filters with an
am plitude-frequency characteristic as shown in Fig. 2. This instrum ent has circuits for the separation  o f
narrow -band and  w ideband interference by m eans o f retunable band  and  rejection filters respectively, circuits 
fo r weighting each o f these types o f interference with m axim a in the region o f 4 kHz, and  0.5 kH z and
3.0 kH z respectively, an adder and  an r.m.s. voltm eter.

* Further inform ation  is given in R ecom m endation  560.

** The use o f  an r.m.s. rather than a quasi-peak m eter as g iven  in R ecom m endation  468 perm its m ore accurate account to be
taken o f  the beat-note predom inant with closer frequency spacings and all other effects. T his con clu sion  was drawn from
the excellent agreem ent betw een the values o f  radio-frequency protection ratio ob ta in ed , either using the objective
tw o-signal m ethod, or from subjective listen ing tests for all values o f  frequency spacing.
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. F IG U R E  1 — Schem atic o f  the m easuring apparatus

F r i  > FR2 '• weighting networks

Frequency / ( H z )

F IG U R E  2 — Frequency responses o f  the weighting networks
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1.3 Noise signal fo r  m odulating the signal generators

Two conditions m ust be fulfilled by the standardized signal to sim ulate program m e m odulation :
— its spectral constitution m ust correspond to that o f a representative b roadcast program m e;
— its dynam ic range must be so small as to  result in a constan t unequivocal reading on the instrum ent.

The am plitude distribution  o f  m odern dance m usic was taken as a basis, as it is a type o f p rogram m e with 
a considerable proportion  o f high audio-frequencies, which occur m ost frequently. However, the dynam ic range o f 
this type o f program m e is too wide and  does not fulfil, therefore, the second requirem ent m entioned above. A 
signal which is appropriate  for this purpose is a standardized coloured noise signal, the spectral am plitude 
d istribu tion  of which is fairly close to  tha t o f m odern dance m usic (see curve A o f  Fig. 3, which is m easured using 
one-th ird  octave filters). *

This standardized coloured noise signal m ay be ob ta ined  from  a “w hite-noise” generator by m eans o f  a 
passive filter circuit as shown in Fig. 4. The frequency-response characteristic o f  this filter is reproduced as 
curve B o f  Fig. 3. (It should be no ted  th a t the difference between curves A and  B o f Fig. 3 is due to  the fact tha t 
curve A is based on m easurem ents w ith “one-th ird  octave” filters which pass greater am ounts o f energy as the 
bandw id th  o f the filter increases w ith frequency. .

The spectrum  beyond the required  bandw idth  o f  the standardized coloured noise should be restricted by a 
low -pass filter having a cut-off frequency and  a  slope such tha t the bandw idth  o f the m odulating  signal is 
approxim ately  equal to h a lf  the standard ized  bandw idth  o f em ission. The audio-frequency am plitude /frequency  
characteristic o f the m odulating stage o f  the signal generator shall no t vary by m ore than  2 dB up  to  the cut-off 
frequency o f  the low-pass filter.

Frequency (Hz)

, F IG U R E  3

Curve A: Frequency spectrum o f  standardized noise (measured with one-third octave filters) 
Curve B: Frequency response characteristic o f filter-circuit .

* R ecom m en dation  571 proposes a d ifferent co loured  n o ise  signal. The use o f  that signal instead  o f  the on e  p rop osed  in  this 
R ecom m en dation  w ould  lead to d ifferent relative values o f  the radio-frequency p rotection  ratio w h ich  w ou ld  o n ly  be  
ju stified  if  the characteristics o f  a typ ical program m e signal w ou ld  better b e  sim ulated  by the co lou red  n o ise  o f  
R ecom m en dation  571. (See R eport 798.)



FIGURE 4 — Filter-circuit

1.4 M easuring arrangements

. ' . I
Figure 5 shows a schem atic diagram  o f the m easuring arrangem ents, in w hich the elem ents o f  fundam ental 

im portance are draw n in thick outlines. The other elem ents are m easuring and  contro l devices w hich are required  
for putting  the investigations into practice, or for facilitating them.

A: 1 kHz au d io -freq u en cy  generator (for M: calibrated atten u ator
calibration o f  the depth  o f  m odu la tion ) N : frequency m eter  for m easu rin g  th e  freq u en cy

B: calibrated attenuator differen ce  b etw een  signal gen erators G  and K

C: n o ise  generator P: artificial an ten n a  (accord ing  to

D : noise-shaping filter (see Fig. 4) R eco m m en d a tio n  331)

E: calibrated attenuator Q: receiver under test

F: low -pass filter R: instrument for measuring

G : signal generator (w anted  signal)
r.m.s. values in accordance 
with § 1 .2

H: m odulator . S: o sc illo sco p e  (for m on itorin g  pu rp oses)
J: calibrated attenuator T: se lector  sw itch  for th e  m od u la tion  (1 kH z
K:~ signal generator (in terfering signal) tone or standard ized  n o ise  signal)
L: m odulator ' U: ch an ge-over sw itch  for th e  m o d u la tio n  (signal

generator G or K)
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1.5 Depth o f  modulation o f  the test transmitters

The depth o f m odulation  o f the w anted or interfering signals is determ ined by the follow ing procedure. 
The signal generator is first m odulated  to a depth o f 50% with a sinusoidal tone at 1 kH z from  the generator A, 
adjusted  by means o f the a ttenuato r B and verified by oscilloscope S at the radio-frequency outputs o f 
m odulators H or L, and the required audio-frequency voltage is m easured at the m odulator inputs (switch U) by 
m eans o f  the instrum ent R, The am plitude o f the noise signal (C +  D), which is m easured with the same 
m easuring instrum ent R, should then be adjusted (by m eans o f the attenuato r E) to read 6 dB lower than the 
value obtained with the sinusoidal signal; provided that the instrum ent has a tim e constant o f 200 ms. This 
corresponds to a depth o f m odulation  o f 50% m easured with a program m e m eter with quasi-peak indication. 
D eeper m odulation  is not appropriate , because, on account o f its very small dynam ic range, the noise w ould have 
a m ore disturbing effect than any real program m e.

1.6 Audio-frequency signal-to-interference ratio .

The signal generator (w anted signal) (G  -1- H +  J) m odulated  w ith noise according to  § 1.3 and 1.5 
produces a signal at the audio-frequency outpu t o f the receiver under test Q, which represents, m easured with the 
instrum ent R, the reference level “zero” . The noise m odulation  is then transferred  by m eans o f the switch U, from  
the audio-frequency input o f the m odula to r H o f the signal generator (w anted signal) to  the audio-frequency inpu t 
o f  the m odulator L o f the signal generator (interfering signal). A fter suppression o f the m odulation  o f the w anted 
signal, the radio-frequency level o f the interfering signal generator (K  +  L +  M) is then adjusted so tha t the 
unw anted  voltage, as m easured by m eans o f  the instrum ent R at the receiver output, results in the required 
audio-frequency signal-to-interference ra tio ; for exam ple, 20, 30 or 40 dB below the reference value.

1.7 The radio-frequency level Of the wanted signal a t the receiver input

The radio-frequency ou tpu t voltage o f the w anted-signal generator (G  +  H +  J) should be, to begin with, 
as sm all as possible, so that only linear receiver characteristics enter into the m easurem ent. The level o f  the 
unm odulated  signal generator should, however, be chosen high enough for the noise voltage (m ostly the inherent 
noise o f the receiver), m easured at the audio-frequency ou tput o f the receiver, to lie at least 3 dB below  the noise 
voltage in the presence o f the m odulated  interfering signal according to § 1.6. The radio-frequency ou tpu t o f the 
signal generator (G  -l-H +  J) should then be increased in steps to  include the non-linear characteristics o f the 
receiver (cross-m odulation).

1.8 Influence o f  non-linear distortion in the signal generators

The non-linear distortion  occurring during the m odulation  process in the signal generator has com ponents 
which w iden the radio-frequency spectrum  and  thus give rise to increased! radio-frequency w anted-to-interfering 
signal ratios in the region o f the adjacent channel and the adjacent-channel bu t one.

The non-linear distortion in the signal generators should not, therefore, exceed 1% to 2%.

1.9 Accuracy ,

The results obtained with the objective m ethod have been com pared w ith the results q f corresponding 
subjective tests. F rom  these tests, it has been found that objective m easurem ents give a first approx im ation  to 
those ob ta ined  with the subjective m ethod. In cases where the w anted program m e is particularly  susceptible to
in terference (e.g. speech with long pauses) the difference between the objective m easurem ents and  the subjective
tests m ay am ount to  m ore than 5 dB [CCIR, 1974-78].

The results o f protection ratio  m easurem ents depend to a considerable extent on the receiver passband. For 
m easurem ents or calculations by the single-channel m ethod, the error in protection  ratio m easurem ents A A versus 
frequency difference A/  for two receiver passband values on the interm ediate frequency 2A /  =  9 kH z and
2Af  =  5 kH z (at —6 dB) is shown in Fig. 6 [CCIR, 1986-90].

2. Numerical method

2.1 Principle

To determ ine the relative radio-frequency protection ratio, the physical processes underlying the objective 
m ethods, viz., the  determ ination o f the weighted noise pow er by single- or tw o-channel m ethods (see § 1.2), are 
sim ulated by means o f a m athem atical model.
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A /(k H z )

F IG U R E  6 — E rror in protection  ratio m easurem ents A A  
versus frequency difference A f  .

Two channels w ith the carrier frequencies f r  and  f R, whose frequency difference is A/  are assum ed. The 
transm itter pow er density spectrum  related to  the increm ental bandw idth  Beff  is sim ulated by the function  FT 
depending on the relative frequency | / | .  This function is form ed by m ultiplicative sub-functions (e.g. a ttenuation , 
spectral energy distribution , pre-em phasis o f the higher audio-frequencies) and  additive sub-functions (e.g. out- 
of-band  rad ia tion) o r it is built up  by polygonal traces. In a sim ilar way, the overall response o f  the receiver, 
including weighting o f the noise pow er w ith the aid o f single-channel or tw o-channel m ethods, was represented  by 
m eans o f the function FR or FR, and  FR2, respectively, depending on the relative frequency | A /  — / 1.

' In  double-sideband m odulation , FT and  FR are sym m etrical w ith respect to the- respective carrie r 
frequencies. Figure 7 shows the fundam ental shape o f  the functions FT and  FR, the m ost im p o rtan t sub-functions 
as well as the m eaning o f the designations used.

The transm itter pow er density  spectrum  with the carrier frequency f T p roduces an  in terference pow er A PT 
in the received channel with the carrier frequency f R, which, at a given frequency difference Af  can  be calculated  
by in tegrating  the p roduct FT x  FR. As a result, one obtains:

A F r ( | / | ) x  f r  ( |A /  / | )  x  d/ 0 )

W hen perform ing the in tegration  according to (1), however, for A / =  0 (receiver exactly tuned  to  the 
transm itter frequency), one ob ta ins the useful receiver pow er A PN. The relative rad io-frequency p ro tection  
ratio. A rel is the ratio o f interference pow er to useful power, in the channel under consideration .

A rel =  10 log (A P t /A P n ) dB (2)
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Frequency 

F IG U R E  7 — F undam ental

*eff

h
fR
A /  

©

©

: 3 dB bandwidth o f  the transmitter (overall)

: 3 dB bandwidth o f  the receiver (overall)

: incremental bandwidth to which the power spec
trum is related and within which the power density  
and the receiver attenuation response may be 
assumed to be constant, in each case, for the calcu
lation

: carrier frequency o f  the transmitter

: carrier frequency in the received,channel

: frequency separation

: lower and upper limits o f  integration

: spectral energy distribution in the sideband

: filter attenuation characteristic for band lim itation  
at the transmitter

: pre-emphasis (at high frequencies) at the trans
mitter >

relationships

©  : out-of-band radiation o f  the transmitter

F j  : function representing the transmitter power-den- 
sity spectrum

D n : attenuation o f  the intermodulation products o f  the  
transmitter in the case o f  measurement with tw o  
tones

am  : relative level o f  maximum power-density in the 
sideband, related to the carrier level

©  : filter attenuation characteristic for band lim itation
at the receiver

©  : weighting curve o f  the psophom eter filter

R

a  ̂  

aR

: function representing the overall attenuation  
characteristic o f  the receiver including weighting 
by means o f  the psophom eter filter (weighted  
receiver attenuation)

: level o f  the transmitter power-density spectrum at 
frequency /

: weighted receiver attenuation at frequency /
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' W ith the aid o f the num erical m ethod it is also possible to determ ine separately the interference 
com ponents caused by the carrier beat and  by the sidebands. It is expedient to carry out the in tegration  according 
to (1) with the aid o f com puters and  num erical in tegration methods. In practice, m ost problem s can satisfactorily  
be solved with an increm ental bandw idth  o f B ef:i =  100 Hz by num erical integration.

Since the m ethod described is based on the determ ination  o f pow er, it does no t provide the add itiona l 
noise suppression by 3 dB found during  m easurem ents o f the co-channel in terference perform ed on systems with 
envelope detection.

The relative radio-frequency protection  ratios obtained with the num erical m ethod m ust therefore be 
corrected by —3 dB. '

A sim plified version o f this m ethod was developed in France [Parreaux, 1972], In principle, the m ethod
only takes account o f the frequency /  which m ainly contributes to the integral o f equation  (1). Thus the pro tection
ratio  can be determ ined in a graphic way using representative curves o f the functions Fr and  FR. The m ethod  is
entitled “the graphical m ethod”.

2.2 Accuracy and  limits o f  the m ethod

The results obtained for a double-sideband system are shown in Fig. 8 in com parison w ith m easurem ent
results.

As long as the values o f  the relative radio-frequency protection ratio  do no t go beyond  —40 dB, the 
deviations between calculation and  m easurem ent, am ount to about 1 dB. B eyond - 4 0  dB the m easurem ents are 
increasingly affected by unavoidable noise inherent to  the equipm ent used and  by the in te rm odulation  d isto rtion  
in the receiver, which can no longer be neglected. These factors are no t taken  in to  account in the calculation .

The graphical m ethod is, in  general, appropria te  for estim ating pro tection  ratio  values, prov ided  the 
interference is m ainly determ ined by a rather lim ited part o f the in terfering  signal sepctrum . The differences in 
such values, when com pared with those derived from  objective m easurem ents do  no t exceed 3 dB.

Note — The mfeasuring m ethod is m ore accurate than  the graphical or num erical m ethods, since all technical 
param eters are m ore exactly taken  into account. The graphical and the num erical m ethods, how ever, have the 

.essential advantage o f perm itting the im m ediate determ ination  o f  the radio-frequency pro tection  ratio  values for 
any receiver, existing or projected. By m eans o f a single com puter p rogram m e, the num erical m ethod can  be 
executed in a fraction o f the tim e needed to m ake objective m easurem ents. The num erical m ethod  is, therefore, 
suitable for the optim ization o f  the technical param eters o f any am plitude-m odulation  transm ission  system  for 
sound broadcasting in bands 5 (LF) and  6 (M F) and , with only a few m inor m odifications, for single-sideband 
systems also. '

o  CO s tj

o

Oi

Channel spacing, A f  (kHz)

F IG U R E  8 — Com parison between the ca lcu lated  an d  m easured values 
o f  the relative radio-frequency protection  ratio  

f o r  a double-sideband system

calculated values measured values
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R E C O M M E N D A T IO N  560-3*

RADIO-FREQUENCY PROTECTION RATIOS IN LF, M F AND HF BROADCASTING

(Question 44 /10 , Study Program m e 44A / 10)

(1978-1982-1986-1990)
The C C IR

U N A N IM O U S L Y  R E C O M M E N D S  1

th a t the radio-frequency pro tection  ratios for sound broadcasting  in bands 5 (LF), 6 (M F), and  7 (H F) as 
given in § 1 and 2 should be applied.

1. Radio-frequency protection ratio in bands 5 (LF) and 6 (MF)

The radio-frequency pro tection  ratio  (as defined in  R ecom m endation 638), for co-channel transm issions 
( ± 5 0  Hz) should be 40 dB when bo th  the w anted and the unw anted signals are stable (ground wave).

W hen the w anted signal is stable and the unw anted  signal fluctuates (including short-term  fluctuations), 
the radio-frequency protection  ratio  should be 40 dB at the reference tim e (see A nnex I to R ecom m endation  435) 
for at least 50% o f the nights o f the year. This pro tection  ratio  corresponds to  the ratio  o f  the w anted field 
strength and  the annual m edian value o f the hourly m edians o f the interfering  field strength a t the reference tim e.

The protection  so defined is provided:
— for 50% of the nights at the reference tim e; ,
— for m ore than  50% o f the nights at tim es o ther than  the reference tim e;
— for 100% o f the days during daylight hours. ' ,

The radio-frequency pro tection  ratio  values specified above will perm it a service o f  excellent reception 
quality. For p lann ing  purposes, however, lower values m ay be required. In  this respect, proposals have been m ade 
by som e countries and organizations (see A nnex III).

Note 1 -  The m inim um  usable field strength to  w hich this p rotection  ratio  o f 40 dB applies varies in  the 
different regions and  with frequency. W ithin the E uropean  zone, this m inim um  is o f  the order o f  1 m V /m .

Note 2 — A co-channel p rotection  ratio  o f 26 dB was used by the R egional A dm inistrative M F  B roadcasting  
C onference (Region 2) (Rio de Janeiro , 1981) for bo th  ground-w ave and  sky-wave services. R egion 2 has two 
noise zones, 1 and  2, the form er for m ost o f the Region, the latter for a defined trop ical area. In  noise zone 1, the 
nom inal usable field strength is 100 p V /m  day-tim e and 500 p V /m  night-tim e for Class A sta tions w hich have 
secondary service areas. It is 500 p V /m  day-tim e for Classes B and C, and  2500 and 4000 p V /m  respectively, 

- night-tim e.

In noise zone 2, these values are generally 2.5 tim es m ore than the above figures.

N ight-tim e protection , com puted for two hours after sunset, is afforded  for 50% o f the nights o f  the year, 
except tha t the countries o f N orth  A m erica agreed to protection  from  each other for 90% o f the nights.

Note 3 — Co-channel protection ratios o f 30 dB and  27 dB were used by the R egional A dm inistrative L F /M F  
Broadcasting Conference for Regions 1 and  3, G eneva, 1975, for ground-w ave and  sky-wave services, respectively.

2. Relative radio-frequency protection ratio curves in bands 5 (LF), 6 (M F) and 7 (HF)

The relative radio-frequency protection ratio is the difference, expressed in dec ibe ls/be tw een  the protection  
ratio when the carriers o f the w anted and unw anted transm itters have a frequency difference o f  A /  (H z o r kHz) 
and the protection ratio  when the carriers o f these transm itters have the sam e frequency.

* A nnex III to this R ecom m endation  replaces Report 794, which is hereby cancelled .
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O nce a value for the co-channel radio-frequency protection ratio  (which is equal to the audio-frequency
protection  ratio) has been determ ined, then the radio-frequency protection ratio , expressed as a function o f  the
carrier-frequency spacing, is given by the curves o f Fig. 1 (see also A nnex I):

— curve A, when a lim ited degree o f m odulation  com pression is applied  at the transm itter inpu t, such as in
good quality transm issions, and when the bandw idth  o f the audio-frequency m odulating  signal is o f the order 
o f  10 kHz;

— curve B, when a high degree o f m odulation  com pression (at least 10 dB greater than in the preceding case) is '
app lied  by m eans o f an au tom atic device and when the bandw idth  o f the audio-frequency m odulating  signal 
is o f the order o f 10 kHz;

—, curve C, when a lim ited degree o f m odulation  com pression (as in the case o f curve A) is applied  and  when
the bandw idth  o f the audio-frequency m odulating  signal is o f the order o f  4.5 kH z;

— curve D, when a high degree o f m odulation  com pression (as in the case o f  curve B) is app lied  by m eans o f
an  autom atic device and  when the bandw idth  o f  the audio-frequency m odulating  signal * is o f  the order 
o f  4.5 kHz. 7

FIGURE 1 -  R ela tive value o f  the radio-frequency p ro te c tio n  ra tio  as a 
function  o f  the carrier-frequency separation

The curves A, B, C and  D (see also A nnex I) are valid only w hen the w anted and  unw anted  transm issions 
are com pressed to  the sam e extent. They have been ob ta ined  m ainly from  m easurem ents and  calculations w ith a 
reference receiver representative o f  good quality receivers used for reception  in bands 5 (LF) and  6 (M F). The 
overall frequency response curve o f the E uropean Broadcasting U nion  (EBU) reference receiver used passes 
through —3 dB, —24 dB and —59 dB at 2 kH z, 5 kH z and  10 kH z, respectively [Petke, 1973].

R E F E R E N C E S

PE TK E , G . [October, 1973] D eterm ination  by ca lcu lation  o f  the R F  protection  ratio for A M  transm ission  system s. E B U  R ev. 
(Tech.), 141, 227-234. ,

* The W A R C  H FB C (2) d ecided , that the upper lim it o f  the aud io-frequency band  (at —3 dB ) o f  the transm itter sh a ll.n o t  
exceed  4.5 kH z and the low er lim it shall be 150 H z, w ith  low er frequencies attenuated  at a s lop e o f  6 dB per octave.

If  aud io-frequency signal p rocessing is used , the d yn am ic range o f  the m od u latin g  signal shall be n o t less than 20 dB.
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A N N E X  I

The shape o f the relative radio-frequency protection  ratio  curves depends on the receiver selectivity, on the 
bandw idth  o f the audio-frequency m odulating  signal, and  also on the ra tio  o f  the energy o f  the carrie r and  o f  the 
sidebands. This la tter phenom enon is m ost im portan t between 250 Hz and  5 kH z approxim ately , where the 
disturbance is essentially due to  the whistle produced by the carrier-frequency beat. The shape o f  the curves in 
Fig. 1 therefore depends on the average m odulation  depth  and on the dynam ic com pression o f  the m odulation  
signals.

Curve A represents average values derived from  calculations and  from  tests m ade with various receivers 
m ainly designed for reception in band  5 (LF) and  b and  6 (M F), w ith m odu la tion  com pression typical o f  tha t 
currently  applied  in the studios, i.e. w ith com pression perm itting a m axim um  dynam ic range o f  a t least 30 dB.

Curve B applies to  th e  use o f com pression, as applied  by an au tom atic  device, o f  a t least 10 dB higher 
than  in  the preceding case.

Both curves A  and B, as d istinct from  curves C and  D, apply  to  a bandw id th  o f the audio-frequency 
m odulating  signal o f the order o f 10 kH z.

Curves C and  D apply to  the use o f com pression o f the sam e o rder o f  m agnitude as in the cases o f 
curves A and B, respectively. The bandw idth  o f the audio-frequency m odulating  signal, is, how ever, restric ted to  
about 4.5 kHz. This degree o f bandw id th  lim itation reduces in terference from  ad jacent channels w ithout, in 
practice, leading to  any significant degradation  o f the reception quality.

It should be no ted  that, in som e circum stances, listeners are able to  reduce the in terfering  effect o f  an  
unw anted  transm ission, spaced by m ore than  approxim ately  3 kHz, by ad justing  their receivers (slight detun ing , 
selectivity control, tone control, etc.). U nder these conditions, the curves o f  Fig. 1 are no  longer applicab le for 
spacings o f m ore than  about 3 kH z. However, the practice o f  detuning leads to  d isto rtion  and  canno t be used 
when two interfering em issions o f  approxim ately  equal strength are present, on  bo th  sides o f  the w anted carrier 
frequency. M oreover, m any receivers are no t equipped with a selectivity con tro l o r tone control.

N ote 1 — In addition  to  the relative radio-frequency pro tection  ratios given in  this R ecom m endation  there are 
o ther factors o f im portance in determ ining optim um  frequency spacings (see Q uestion 44/10).

N ote 2 -  C aution  should be exercised when relative values o f radio-frequency pro tection  ratio  beyond  — 50 dB 
are ob ta ined  from  the curves because, in  practice, non-linear d isto rtion  o rig inating  in the transm itte r m ay lead to  
poo rer protection than  indicated.

A N N E X  II

Presentation of experimental results

W henever possible, the results o f m easurem ents o f the rad io-frequency pro tection  ratio  between tw o 
broadcast signals should be presented  in term s o f the follow ing characteristics and  param eters:

— type o f m odulation ,

— separation , between the carrier-frequencies (kHz) (this should lie betw een 0 and  at least 10 kH z),

— m odulation  depth  o f bo th  signals,

— occupied bandw idth ,

— m odulation  processing (com pression and pre-eniphasis),

— type o f  the program m es o f  the w anted and unw anted signals,

— characteristics o f fading if  present,

— radio-frequency inpu t voltage o f the w anted signal (the radio-frequency inpu t voltage should  be chosen in 
such a way th a t the protection  ratios are no t significantly affected by non-linearities w ithin the rad io 
frequency and in term ediate frequency stages o f the receiver),

— passband  o f the receiver before dem odulation ,

— overall response curve at audio-frequencies o f the receiver, including the loudspeaker,

— the grade o f listener satisfaction aim ed at and the statistical d istribution  o f  such grades,

— the m easuring m ethod (subjective or objective).
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A N N E X  III
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P R O T E C T IO N  R A T IO S IN  LF, M F  A N D  H F  B R O A D C A S T IN G

1. Introduction

This Annex is a sum m ary o f  the inform ation available on the subject o f  protection ratios for am plitude- 
m odulation  sound-broadcasting services. It is confined, however, to results ob ta ined  since 1948.

Agreed values o f protection  ratios are essential for the solution o f frequency assignm ent problem s in 
am plitude-m odulation  sound broadcasting . M oreover, they m ay serve as basic reference data for the evaluation o f 
the relative merits and  the effectiveness to be expected w ith various am plitude-m odulation  transm ission systems.

The protection ratios quoted refer, in all cases, to  the ratios at the inpu t to  the receiver, no  account having 
been taken o f the effect o f using directional receiving antennas.

Protection ratios depend on a m ultiplicity o f param eters, am ong which transm ission standards and  receiver 
characteristics play an  im portan t role. A part from  technical factors there are others o f a physiological and  a 
psychological nature which have to  be respected. It is, therefore, ex traord inarily  difficult to  determ ine generally 
agreed values o f pro tection  ratios, even if  both  the transm ission standards and  the receiver characteristics are 
given (see R ecom m endation 559).

It is well know n tha t the radio-frequency pro tection  ratios for transm itters w orking in the sam e channel 
and  transm itting  the sam e program m e can be im proved considerably by synchronizing techniques, thereby 
increasing the coverage areas o f these transm itters (see also R eport 616). A ctual values for these protection  ratios 
depend  on various factors, including the synchronization m ethod (see § 10). A value o f 8 dB was laid  dow n at the 
R egional A dm inistrative L F /M F  Broadcasting C onference for Regions 1 and  3 [ITU, 1975].

2. Audio-frequency protection ratio

The audio-frequency pro tection  ratio  is the agreed m inim um  value o f  the audio  signal-to-interference ratio  
considered necessary to  achieve a subjectively defined reception quality (see R ecom m endation 638).

This ratio m ay have different values according to  the type o f  service desired. It depends greatly on the type 
o f the w anted and  the unw anted program m e. It is, essential, therefore, to  carry out a considerable am ount o f 
subjective listening tests, before a m inim um  value o f the audio  frequency signal-to-interference ratio  can be agreed 
upon.

It m ust clearly be stated that, due to physiological and  psychological effects, it is com pletely im possible to  
fix reasonable values o f the audio-frequency pro tection  ratio  by m ethods o ther than  subjective tests.

3. Radio-frequency protection ratio

The radio-frequency pro tection  ratio  is the value o f the radio-frequency w anted-to-interfering signal ratio  
tha t enables, under specified conditions, the audio-frequency protection  ratio  to  be obtained at the ou tput o f a 
receiver.

The radio-frequency pro tection  ratio  m ay, thus, be determ ined by m eans o f subjective tests, as in the case 
o f the audio-frequency protection  ratio. W hen proceeding in this way the num ber o f param eters to  be taken into 
account and , hence, the am ount o f  w ork to be done, will prove to be far greater than  in the preceding case. 
C om parab le results can only be ob ta ined  if  the test conditions are rather sim ilar.

However, the assessm ent o f  radio-frequency protection  ratios can be considerably facilitated, once the 
audio-frequency protection  ratio has been determ ined. D ue to the fact tha t the m ajority o f physiological and  
psychological effects only influence the audio-frequency protection ratio , it is possible to derive, under specified 
technical conditions and  for a given value o f the audio-frequency protection  ratio , values o f radio-frequency 
pro tection  ratios, either by objective m easuring m ethods or by graphical [Parreaux, 1972] or num erical [Petke, 
1973; G roschel, 1971] m ethods (see. R ecom m endation 559).

It m ust be em phasised that the last m entioned three m ethods for the establishm ent o f radio-frequency 
protection  ratios, are based on the sam e basic ideas. They should lead, therefore, in principle, to the same results 
and , in fact, they do so, if  the three m ethods are used with sufficiently high precision.
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The lack o f suitably reliable values for radio-frequency p ro tec tion  ratios in  the p as t w as m ainly  a 
consequence o f  the very com plicated relationship  between the radio-frequency pro tection  ratio  an d  the overall 
am plitude /frequency  response o f  the receivers. The la tter depends on the selectivity o f  the radio-frequency  an d  the 
interm ediate-frequency stages, the selectivity o f the dem odulator and  the am plitude /frequency  response o f  the 
audio-frequency stages. This difficulty has been partly  overcom e as a consequence o f the establishm ent o f  the 
objective tw o-signal m easuring m ethod. .

N um erical m ethods previously m entioned m ay however, be used to  relate data  on  receiver selectivity 
characteristics, as p rovided by the receiver m anufacturers, to  values o f  radio-frequency pro tection  ratio . A lthough 
the calculations are com plicated and  need electronic aids, they m ake possible, (in contrast to  the objective 
m easuring m ethod), the determ ination  o f the overall frequency response o f the receiver for a  given rad io 
frequency protection ratio  curve.

4. General principle of non-subjective methods

All non-subjective m ethods assum e the use o f standardized conditions a t bo th  the transm itting  an d  the 
receiving end o f the transm ission system, as described in R ecom m endation 559. .

In  all interference problem s, there are two different types o f annoyance:
— the cross-talk from  the interfering channel into the w anted channel, caused by m odulation , and
— the beat-note produced by bo th  carriers.

The beat-note predom inates in annoyance w hen the carrier-frequency separation  is between abou t 0.25 kH z
and  5 kHz, at least for the m ajority  o f  receivers in use.

5. Radio-frequency protection ratios for ground-wave services

5.1 Stable wanted and interfering signals (ground-wave signal interfered with by another ground-wave signal)

In  § 1 o f this R ecom m endation, a value o f 40 dB is given for use in  bands 5 (LF) an d  6 (M F) for
co-channel transm issions.

W ith this value o f radio-frequency protection  ratio  a high quality  o f reception  is possible. F o r p lann ing  
purposes, however, it m ay be necessary to adop t low er values. This prob lem  has been studied  by the EBU 
[C C IR , 1970-74a] and  in Jap an  [C C IR , 1970-74b]. The values that have been p roposed  are 30 dB and  26 dB, 
respectively, and in fact, a value o f 30 dB was agreed by the Regional A dm inistrative L F /M F  C onference for 
Regions 1 and 3, whereas 26 dB was used by the Regional A dm inistrative M F B roadcasting C onference 
(Region 2).

Relative values o f radio-frequency protection  ratios as a function  o f  the separation  betw een the carrier 
frequencies o f the w anted and the interfering signal are given in the form  o f  curves in § 2 o f th is R ecom m enda
tion. These curves are based partly  on m easurem ents m ade in accordance w ith the objective tw o-signal m ethod  o f  
m easurem ent and partly  on  com putations (see R ecom m endation 559).

The influence o f dynam ic com pression and  audio-frequency bandw id th  lim itation can also be seen from  
these curves. It should be noted, however, that the full im provem ent in  pro tection  resulting from  bandw id th  
lim itation can only be obtained when the non-linearity  o f  the transm itter is small.

5.2 Stable wanted and  fluctuating  interfering signal [Belger et al., 1965]

5.2.1 Short-term fa d in g

Short-term  fading o f the interfering signal modifies the character o f the d istu rbance  felt by  the 
listener: if, for a given audio-frequency signal-to-interference ratio , the interfering signal is m ade to  
fluctuate, the d isturbance is subjectively felt to be m ore severe. [C C IR , 1963-66a, b and  c] ind icate th a t, to  
obtain the sam e degree o f  satisfaction to the listener, the pro tection  m ust be increased by abou t 5 dB in 
the latter case.

In § 1 o f this R ecom m endation, the value for short-term  fading has been inco rpo rated  in the 
radio-frequency protection ratio.

5.3 Long-term field-strength variations

Detailed inform ation is contained  in Report 266 and R ecom m endation 435.
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6. Radio-frequency protection ratios for sky-wave services

A characteristic o f the sky-wave service, especially when reception is being m ade with envelope detectors, 
is that p ropagation  effects usually bring about a degradation  o f the received signal quality, for exam ple, distortion  
in the case o f selective fading. Because o f this fact, it is considered tha t lower values o f protection  ratios should be 
applied  to  a sky-wave service as com pared with a ground-w ave service, the precise values depending upon  w hether 
the service is a prim ary one, as for b roadcasting  in band  7 (H F), or a secondary one, as for broadcasting  in 
bands 5 (LF) and 6 (M F), where the prim ary service is provided by the ground-w ave.

N o value is recom m ended for use when the service is provided by the sky wave.

6.1 Bands 5 (LF) and 6 (MF) .

As a result o f the studies carried out by the EBU [CCIR, 1970-74a], in bands 5 (LF) and  6 (M F), a 
co-channel R F  pro tection-ratio  value o f 27 dB has been proposed and  in fact adopted , by the Regional 
A dm inistrative L F /M F  C onference fo r Regions 1 and  3.

6.2 B and  7 (HF)

In  band  7, following the studies carried out in Ind ia  [CCIR , 1978-82a], the USA, and  U SSR  and in the 
EBU, the radio-frequency protection  ratio  to  be used for co-channel transm ission ( ± 1 0  Hz, see N ote) should be 
in the range o f 27-40 dB for steady state conditions. A ccording to the subjective assessm ents o f reception quality 
carried  ou t in Jap an  [CCIR, 1982-86a] and the People’s Republic o f C hina [CCIR, 1982-86b], a co-channel 
p ro tection  ratio  o f 27 dB for steady-state conditions corresponds to  grade 4 o f  the five-grade im pairm ent scale (see 
R ecom m endation 562) with a carrier-frequency difference o f 100 Hz o r less.

N ote — The perm issible difference in carrier frequencies in band  7 (H F) can be as high as 600 Hz and  is 
app licab le to  transm itters w orking at 20 M H z until January  1990 according ,to A ppendix  7 o f  the R adio  
R egulations. After this date, this value applies only to  transm itters o f 10 kW  pow er or less. For all o ther 
transm itters, the perm issible frequency to lerance w ill be 10 Hz.

F o r p lanning purposes, a  m inim um  value o f  27 dB for stable conditions and a  frequency difference o f 
<  100 H z between the carriers is proposed.

F o r the determ ination  o f  appropria te  fading allow ances, some inform ation  can be found  in  R eports 266 
and  894. It should be noted, however, that o ther factors, such as the correlation  between the fad ing  o f the w anted 
and  the unw anted signal, need also to  be taken in to  account. ,

W e may conveniently distinguish between two types o f  w ithin-the-hour fade: short-term  fades due to 
interference between individual signal com ponents w ith a correlation  period  o f up  to  a few seconds, and  
long-term  phenom ena in which the signals averaged over a few m inutes fade in periods o f up  to  tens o f  m inutes.

Interference-type w ithin-the-hour w anted signal fades affect only the subjective signal quality, w hich is 
significantly im proved by receiver A GC. A suitable duration  for purposes o f quality  evaluation is 1 min.

F or the evaluation o f fading m argins or channel reliability, we m ay conveniently  apply  the statistical data  
for w ithin-the-hour fades, characterized by periods o f  a few m inutes o r longer. The standard  deviation  o f this type 
o f fade m ay vary w ithin wide lim its depending on the ionospheric conditions and  the location  o f  the path , the 
path  length and its direction. This applies to  the w anted and  interfering signals alike.

7. Data available on protection ratios

A nnex I to  R ecom m endation 639 deals with the effect o f a lim ita tion  o f the bandw id th  o f  em ission on 
radio-frequency protection  ratios. Further in form ation  on protection  ratios m ay be found  in [Belger and  von 
R autenfeld , 1958; Liedtke, 1965]. A dditional d a ta  for b roadcasting  in band  7 (H F) are contained  in R ecom m enda
tion  411. The curves reproduced in R eport 302 represent d a ta  at p resent available on  the subject o f  Study 
Program m e 45E /10  and  refer p rincipally  to  the protection  ratios required to  provide an  acceptable broadcasting  
service in the T ropical Zone in the shared bands.
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8. Measurement results .

M easurem ent o f protection ratios for stable signals were carried ou t in the USSR [C C IR , 1978-82b], The 
following quality criteria were used as the basis o f an experim ent:
-  perceptibility o f interference in the background o f the wanted program m e,
— tolerance to interference while listening to the w anted speech program m e.

Q uantitative assessments using these criteria were m ade in the U SSR  by a num ber o f experts subjectively 
assessing an  agreem ent between a given fragm ent o f  the program m e and  a predeterm ined criterion.

The results o f m easurem ent are given in Figs. 2, 3 and  4. ■

Figure 2 shows the results o f the co-channel protection ratio  measurem ents'. The value o f K  denotes the 
p ropo rtion  o f the experts who found  the interference tolerable. The in terfering  program m e was m odern  dance 
music. The shaded parts correspond to  a  change o f passband  from  wide to  narrow .

Figure 3 shows the values o f p rotection  ratio  as a function o f the w anted and  interfering  carrier-frequency 
spacing for K  == 0.9. Shaded parts o f  the curves correspond to  the scatter determ ined by the receiver passband.

Figure 4 gives the receiver selectivity curves, where the shaded parts  indicate the d ispersion o f  curves for 
receivers o f different classes. Also show n in Fig. 4 is the selectivity curve o f  the EBU M BF receiver.

In  addition, the effect o f the m odulating signal bandw idth  on pro tection  ratios was studied for the 
highest-class receiver. The m odulating  frequency bandw idths o f bo th  the w anted and in terfering  signals were 
lim ited using two identical switched Filters with the cu t-off frequencies /  =  10 kH z, 6.8 kH z and  3.4 kH z and  w ith 
frequency response slopes o f 90 dB /decade. The results o f m easurem ents show ed tha t a change o f  m odulating  
signal bandw idths has no p ronounced  effect on pro tection  ratios.

9. Subjective assessment of the quality of reception

9.1 Investigations carried out in the U SSR

Statistical and  subjective tests were carried out in the USSR on the effects o f  d isto rtion  and  interference in 
a broadcast channel. ' >

The tests were perform ed using a statistically based subjective m ethod, using special equ ipm ent which 
enabled  a com parison to be m ade between an undistorted  sound program m e and  a second program m e, in to  which 
predeterm ined levels o f distortion had been injected.

The object o f  these experim ents was to determ ine the perceptibility  o f  d isto rtion  and  the follow ing groups 
o f  listeners participated:
— qualified experts (sound-broadcasting  producers),
— observers w ithout special m usical education and  w ithout train ing in the observation  o f distortion .

The results o f these experim ents were published in the form  o f  graphs, show ing the percentage of, 
perceptibility  as a function of the level o f the distortion or interference injected.

All these tests were m ade on the basis o f a large am ount o f statistical data. The correctness o f  the d a ta  
ob ta ined  was checked by the m ethods o f  m athem atical statistics. The results were given in term s of:
— linear d istortion o f different types (at various levels and  for different frequency ranges),
— non-linear distortion (cubic, quadratic and “Central cu t-o ff’ types), (
— background  noise (sinusoidal),
— white noise.

A com parison o f the reception quality determ ined by the objective m ethod or subjective tests shows 
differences in the necessary protection  ratio. This difference may reach 10 dB for a frequency spacing o f 9 kH z 
[C C IR , 1974-78a]. ^

9.2 Investigations carried out in Japan

Results o f a subjective assessm ent carried out in Japan  [C C IR , 1982-86a] concerning the rela tionsh ip  
between reception quality and radio-frequency w anted-to-interfering signal ratio  is shown in Fig. 5(a) for 
co-channel interference and Fig. 5(b) for adjacent-channel interference. L istening tests were m ade using three 
receivers (A, F, H) by ten experts. .
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F IG U R E  2 -  C o -ch a n n el p ro te c tio n  ra tio  m ea su rem en ts

•  : m easured  values
__________ : w orst case, w anted  and interfering program m es broadcast in o n e  language w ith  w ide

d ynam ic range, no band constrain ts and v o ices sim ilar in to n e  co lou r

C urves A: w anted sp eech  program m e w ith  w ide d yn am iq u e range 
B: w anted  sp eech  program m e w ith  sm all d yn am iq u e range 
C: w anted  m usic  program m e w ith  sm all d yn am iq u e range
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■ ' ' | A / |  (kH z) .

FIG U R E  3 -  P ro tec tio n  ra tio  a s  a fu n c tio n  o f  c a rr ie r  sp a c in g

• -  -  : w orst case , w anted  and interfering program m es broadcast in  o n e  language  
with w ide dynam ic range, no band constrain ts and v o ices sim ilar in to n e  
co lou r .

C urves A: w anted  sp eech  program m e w ith w ide d yn am iq u e range  
B: w anted  sp eech  program m e w ith  sm all d y n a m iq u e  range 
C: w anted  m u sic  program m e w ith sm all d yn am iq u e range  
D : w ideband
E: narrowband *
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F IG U R E  4 -  R e c e iv e r  se le c tiv ity  cu rves

—  — — : E B U  M B F  receiver

C urves D :  w ideband  
E : narrowband
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3 9 15 21 27 33
(dB)

(a) In case o f  co-channel interference

O

■27 -21 -15 -9
(dB)

-3

(b) In case o f  adjacent-channel (10  kHz spacing) interference 

M: results for average o f  three receivers

F IG U R E  5 -  R elationship betw een  reception  quality  and radio-frequency w anted-to-in terfering signal ratio  

* ,See Recom m endation 562.



26 Rec. 560-3

10. Radio-frequency protection ratios for synchronized broadcasting transmitters -

10.1 Investigations carried out in the U SSR

These investigations were carried out to determ ine values o f signal-to-interference ratio  applicable to 
reception o f transm issions from  synchronized transm itter groups com prising two or three transm itters. Both phase 
and  frequency m ethods o f synchronization  were considered. .

10.1.1 Explanation o f  the term  “radio-frequency protection ratio"

The term  “protection  ra tio” in this context m eans the ratio  o f the field strength o f the strongest 
signal from  one o f the transm itters in the synchronized group to the resultant field strength o f the 
rem aining transm itters in the same group.

10.1.2 Determination o f  the protection ratio

For the purpose o f determ ining the pro tection  ratio , use was m ade o f a statistical m ethod based on 
subjective im pressions o f reception quality from  a transm itter in a synchronized group, com pared w ith 
reception quality o f a single non-synchronized transm itter station. Twenty-six experts were em ployed — all 
o f  whom were technical and  scientific b roadcasting  staff.

Protection ratio values for non-fading signals were determ ined under laboratory  conditions and  
la ter verified under operational conditions.

For fading signals only operational tests using a synchronized netw ork were carried out.

F or all these tests the depth  o f m ax im u m  m odulation  was 90%.

Figure 6 shows the variations in pro tection  ratio  as a function  o f  the phase difference between the 
carriers o f two stations during day-tim e in the absence o f fading. The param eter used in these curves is the 
percentage o f  experts who rate the to tal signal as being at least satisfactory. It will be seen from  this figure 
tha t, to satisfy 90% o f the listeners, the pro tection  ratio  for a netw ork consisting o f two synchronized 
stations for reception w ithout fading was 4 dB.

99%

90%

75%

50%

120 150 180

Phase difference, <p (degrees) .

F IG U R E  6 — Q u a lity  o f  speech  a n d  m u sic  tra n sm iss io n s  a s  a  fu n c tio n  o f  th e  p h a se  d ifference betw een  the 
carriers  o f  tw o  tra n sm itte rs  (n o n -fa d in g  co n d itio n s)

Figure 7 shows the variation in protection  ratio as a function  o f the difference in frequency 
between two synchronized transm itters for the percentage o f experts who found the reception quality to be 
satisfactory. This figure shows that, for non-fading signals with two synchronized transm itters and  a 
protection ratio  o f 4 dB, it is necessary to have a synchronization  accurate to 0.015 to 0.02 Hz, to satisfy 
90% of listeners. W ith a frequency difference o f  0.1 Hz the protection ratio  has to be increased to 6 dB.
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Frequency, /  (Hz)

F IG U R E  7 — Q u a lity  o f  speech  a n d  m u sic  tra n sm iss io n s  a s  a  fu n c tio n  o f  d ifferen ce in fr e q u e n c y  
o f  tw o  tra n sm itte rs  (n o n -fa d in g  co n d itio n s)

Figure 8 contains sim ilar results for phase synchronization  opera tion  o f th ree transm itters. To 
satisfy 90% o f  the listeners the protection  ratio  should not be less th an  3.1 dB. (The s tandard  value 
is 4 dB.)

It is concluded th a t when reception is affected by fad ing  it will be necessary to  increase the 
protection  ratio  to  7 or 8 dB in the case o f two synchronized transm itters, and  to  6 dB in the case o f  three 
transm itters. . _

F IG U R E  8 -  Q u a lity  o f  sp e ech  recep tio n  a n d  o f  m u sic  tra n sm iss io n s a s  a fu n c tio n  o f  th e  
f ie ld -s tre n g th  ra tio s  o f  th re e  tra n sm itte rs  sy n c h ro n ized  in p h a se
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10.2 Investigations carried out within the E BU

Synchronizing techniques as developed up to  1964 (and in m ost cases still in use) in several countries, 
notably, A ustria, France, Federal Republic o f G erm any, Italy, N etherlands, N orw ay, Sweden, U nited K ingdom , 
A ustralia and the U nited States o f Am erica, are described in [EBU, 1974] which contains an  extensive b ib lio 
graphy, as well as a survey o f the theoretical basis o f these techniques.

10.3 Investigations carried out within the O IR T

In [Augustin and  Schulze, 1973], it was found  that it is possible to  sim ulate all the essential effects o f 
synchronized or non-synchronized com m on channel systems (sam e program m e) in practice, by a model. Such a 
m odel was developed by the R undfunk- und Fernsehtechnisches Z entra lam t o f the D eutsche Post, Berlin. T hat 
m odel offers bo th  econom ical and  operational advantages, w hen carrying ou t studies on  reception problem s in the 
area, where the ground  waves o f synchronized transm itters interfere; i.e., w ithout taking into account ionospheric 
fading effects.

W ith the use o f the above-m entioned m odel system, it is possible to  study synchronized o r non-synchron- 
ized com m on channel systems in  the laboratory . In  particu lar it has been found tha t the follow ing m easures are 
advantageous [Augustin and  Schulze, 1973]. I f  the carrier frequencies d iffer by only about 0.1 Hz and  if  the delay 
tim es o f  the sound signals between the studio and  the transm itters o f this system have been equalized, the 
follow ing advantages will result:

— decrease o f the interference zone to  alm ost zero, and

— decrease o f the selective fading effects, so tha t only am plitude fading effects still rem ain, w hich are entirely 
com pensated for by the autom atic gain control o f  the receiver, w ithout unacceptable distortions.

In  conclusion, it can be said th a t these effects perm it a pro tection  ratio  o f 0 dB for day-tim e reception.

These theoretical results have been confirm ed in  field tests by using two transm itters o f  20 kW  operating  in 
ban d  6 (M F) with a spacing o f abou t 80 km.

10.4 Investigations carried out in the United Kingdom

10.4.1 Equalization o f  modulation delay

L aboratory  tests conducted  by the BBC [W hythe, 1976] to  study the effect o f m odulation  delay in  a 
com m on-channel, sam e-program m e system gave the results show n in Table I applicable to  two carriers, 
w ith the order o f 0.1 Hz frequency difference, m odulated  by a m usic program m e. The im pairm ent was 
slightly less severe when using a speech program m e.

G iven the field-strength contours fo r a tw o-transm itter situation the results o f Table I can be used 
to  assess the im provem ent to  daytim e reception th a t m odulation-delay  equalization could provide over any 
affected region. In  m ost cases, im provem ent is gained over the greatest area if  the m odulation  delays are 
equated at the po in t where the equal-field-strength locus crosses the straight line jo in ing  the two 
transm itters. It m ay be preferable, however, to  equate the m odu la tion  delays at som e o ther po in t, for 
exam ple, near a highly popu la ted  part o f the affected region, in o rder to  im prove daytim e reception for 
the greatest num ber o f  listeners.

TABLE I

Carrier-amplitude 
ratio (dB)

Subjective grade o f  impairment exceeded for 10% o f  the time 
for m odulation-delay inequality o f  :C1) -

0 30 ms 50  ms 84 ms 250 ms 1 ms

0 4 3 2 1 1 1

3 5 5 4.5 2.5 1 1

6 5 5 5 5 3.5 2

9 5 5 5 5 5 5

O  5-grade subjective impairment scale (Recom m endation 562).



A nine-m onths field trial betw een ,the BBC m edium wave transm itters (1214 kH z) at B rookm ans 
Park (50 kW , directional an tenna) and  D roitw ich (30 kW, om ni-directional an tenna), which are 145 km 
apart, largely confirm ed the results o f Table I and  showed the arrangem ent to be practicable and stable 
and  to im pose very little dem and operationally . The trial revealed the follow ing practical aspects:

— It, was found practicable to achieve and  m aintain  phase equalization  to  w ithin ±  30° over the 
m odulation  band  50 Hz to  4 kH z at the chosen receiving point.

— After inserting the phase equalization, the residual distortion  was nevertheless still significant in 
practice, in regions where the two field strengths differed by less than  1.5 dB; in o ther words, a 
pro tection  ratio  o f 1.5 dB is still required for good reception.

10.4.2 Carrier phase locking

A system o f carrier phase locking has been introduced in the U nited  K ingdom  [M illard et al., 1979] 
for three com m on frequency transm itters on  200 kHz. The transm itters in question are situated in 
D roitw ich in the centre o f England, at W esterglen near Edinburgh and  a t Burghead in north-east Scotland. 
The phase locking is used in conjunction w ith audio  delay equalization  (see § 10.4.1) so th a t the signals 
received in the approxim ately  equal field strength areas between ad jacent stations (i.e. betw een D roitw ich 
and  W esterglen and  between W esterglen and  Burghead) are m ain ta ined  w ith carriers in phase and  w ith the 
tim ings o f the m odulation  envelopes equalized. Furtherm ore, the th ree transm itters are driven w ith 
rubidium  standard  units o f high frequency stability. In  the critical areas, therefore, the standing  wave 
patterns rem ain fixed and  d istortion  is m inim ized and  a stable, unvary ing  situation  is p rovided for 
listeners. Receivers with ferrite-rod an tennas m ay experience poo r reception  only on o r near lines jo in ing  
the transm itters. Elsewhere the m agnetic fields act in d ifferent directions and  do no t cancel [Knight, 1980].

Experience to  date indicates tha t the system is providing a good nationw ide service.

C onsideration  is being given to  the application  o f the technique to  M F broadcasting .

10.5 Investigations carried out in India

Subjective tests were carried out in Ind ia  w ith a view to determ ining the pro tection  ratio  applicab le to  
synchronized transm itter groups in band  7 (HF). These tests indicated th a t a large m ajority  o f the listeners d id  no t 
observe any degradation  in the quality  o f program m e even in a zone where the field strength o f  the synchronized 
transm itters differed only by 2-3 dB at a distance o f approxim ately  2000 km from  the transm itters. It has therefore 
been concluded tha t in the case o f synchronized transm itters in band  7, the ap p rop ria te  co-channel pro tection  
ratio  w ould be as low as 3 dB if  the transm itters are driven by a com m on oscilla to r and  operate  w ith an tennas o f 
sim ilar vertical rad ia tion  characteristics [CCIR , 1978-82c; C C IR , 1982-86c],

10.6 Investigations carried out in Japan

A synchronized netw ork com posed o f seven M F transm itters has been operated  in O kayam a, Jap an , since 
January  1984, using an identical carrier frequency in the M F broadcasting  b an d  [C C IR , 1982-86d]. It is necessary 
tha t the follow ing conditions are met, in o rder to  im prove the quality o f  signals received in the interference zones:

— transm itters com prising the netw ork have an identical carrier frequency and  are phase-locked to  each other, 
using a synchronizing signal transm itted  via radio-relay  links between the b roadcasting  transm itters. In 
add ition , the phase o f the two carrier signals is m ain ta ined  in phase in the area where b o th  carrier signals 
p ropagate in the same direction;

— the field strength o f each transm itter is set at no t less than  1 m V /m  in the interference zones where the 
num ber o f listeners is large;

— the phase difference o f m odulation  signals is m ain ta ined  w ithin 5° over the frequency b an d  from  80 Hz to  
4 kH z in the interference zone. -

Seven transm itters o f an  identical carrier frequency (1494 kH z) having a to ta l pow er o f  9.2 kW  offer a 
coverage area o f abou t 80 km by 90 km which corresponds approxim ately  to  the area (for the O kayam a district) 
which a single high-pow er transm itter o f 150 kW  at the m ain station w ould provide. W hen the above three 
conditions are satisfied, a good enough quality o f received signals is ob ta ined  in the interference zones, as long as 
the S / I  ratio  is no t less than 1 dB (Fig. 9).

Due to  its size, no interference due to short-range fading or m ultipath  p ropagation  was experienced in the 
coverage area. However, in large coverage areas this type o f interference m ay lead to  som e difficulty  in achieving 
the sam e results.
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F IG U R E  9 — Synchronization o f  the M F  transm itter chain on 1 494  kH z

All subsidiary stations:' audio phase equalized to principal station  

Contour: 1 m V/m

Population in the district area: 1 871 000
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• A N N E X  IV ,

P L A N N IN G  P A R A M E T E R S IN  B A N D  7 (H F ) 

C O N S ID E R E D  BY T H E  W A R C  H FB C (2)

The W ARC HFBC(2) considered that R F  protection  ratios, m inim um  usable field strengths and  signal 
fading allowances are basic p lanning  param eters which m ay be im proved as a result o f fu rther studies and  
recom m ended that the IFRB should use the following param eters in its Technical S tandards.

1. Radio-frequency protection ratios

1.1 Protection ratio fo r  unsynchronized transmissions

The HFBC Planning System shall endeavour to satisfy the requirem ents with a m inim al co-channel R F  
protection  ratio o f 17 dB w ithout taking account o f the fading allow ances and  m ultiple in terference entries. In 
cases o f congestion this ratio may be lowered until the congestion is resolved.
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1.2 i Protection ratio fo r  synchronized transmissions

The co-channel protection ratio between synchronized transm issions in the same netw ork should be:

D istance L  betw een synchronized  transm itters 
(km)

Protection ratio  
(dB)

L <  700 0

700 <  L  <  2500 4

2500 <  L 8

1.3 Relative radio-frequency protection ratios

The relative R F  pro tection  ratios (a) for carrier frequency separations* (A f), w ith reference to  the 
co-channel protection  ratio; should be: •

A /  - 
(kH z)

a
(dB )

, 0 0 .
±  5 - 3

± 1 0 " - 3 5 '  '

± 1 5 — 49

±  20 • - 5 4

2. Minimum usable field strength

The m inim um  usable Field strength should be determ ined by adding  34 dB to  the greater of:
— the field strength due to  atm ospheric radio  noise as contained  in R eport 322,
— 3.5 dB(jxV/m), which is the in trinsic receiver noise level.

3. Signal fading allowance

3.1 Short-term (within the hour) fa d in g

The upper-decile am plitude deviation from  the m edian o f a single signal is to  be taken  as 5 dB and  the 
lower-decile is to  be taken as — 8 dB. '

3.2 Long-term (day-to-day) fa d in g

The m agnitude o f the long-term  fading, as determ ined by the ratio  o f the operating  frequency to  the basic " 
M U F, is given in Table III  o f C C IR  R eport 266.

F or synchronized transm issions, the fading allow ance associated w ith the p redom inan t signal should  be • 
used. In  cases where the contribu ting  w anted field strengths are equal and  N ote 1 o f Table I I I  o f C C IR  
R eport 266 applies to  at least one o f the paths, the values fo r geom agnetic latitudes > 60° should  be used.

Frequency separations A /  <  —20 kH z, as w ell as A f  >  + 2 0  kH z, need  not b e  considered .
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3.3 Combined distribution o f  fa d in g  applicable to wanted and  unwanted signals

The fading allow ances for 10% and 90% o f  the tim e are each to be taken as 10 dB, except where the 
provisions o f the follow ing notes apply. In the latter case, 14 dB is to be used.

N ote 1 — If  any po in t on tha t p a rt o f the great circle which passes th rough the transm itte r and  the receiver, and  
which lies between control points located 1000 km  from  each end o f the path  reaches a corrected  geom agnetic 
la titude o f 60° or m ore, the values for >  60° m ust be used. i

Note 2 — These values relate to the path  o f the w anted signal only.

Note 3 — F or synchronized em issions, the fading allow ance associated w ith the p redom inan t w anted  signal is to 
be used. F or those conditions where the constituent w anted field strengths are equal and  N ofe 1 above applies to 
at least one o f the paths, the value o f 14 dB is to be used for the decile values.
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RECOMMENDATION 598-1 *

FACTORS INFLUENCING THE LIM ITS OF AM PLITUDE-M ODULATION  
SO UND-BROADCASTING COVERAGE IN BAND 6 (MF)

(Question 44 /10 , Study Program m e 44F /10)

' (1982-1990)

The C C IR ,

C O N S ID E R IN G

(a) th a t am plitude-m odulation sound-broadcasting  coverage w ithin a given frequency ban d  canno t be 
im proved beyond a certain  lim it im posed by physical and  technical factors;

(b) th a t im proved coverage w ithin a given frequency ban d  is directly related  to  im proved spectrum -utilization
efficiency; .

(c) th a t im proved spectrum -utilization efficiency can only be achieved by:
— m axim izing the useful effects o f all transm itters belonging to the netw ork considered;
— m inim izing the interference effects o f  all transm itters o f tha t netw ork;
— selecting an appropriate  channel w idth;
— arranging  frequency channels in such a way th a t interference th roughou t the netw ork is m inim ized;

(d) th a t a coverage factor can be defined in a^way th a t it is representative o f spectrum -utilization efficiency;

(e) th a t am ong the factors influencing the lim its o f b roadcasting  coverage in band  6 (M F) there are:
— the m inim um  usable field strength;
— the pow er level in the netw ork;
— the radio-frequency protection  ratios;
— the distance between transm itters sharing the sam e channel;
— the channel spacing; '
— the bandw idth  o f em ission;
— wave p ropagation  and  the factors by which p ropagation  is influenced;
— the channel distribution ,

U N A N IM O U S L Y  R E C O M M E N D S  '

tha t in frequency p lanning  and  for the solution o f frequency assignm ent problem s in band  6 (M F) 
advantage should be taken o f existing knowledge o f the in terrelations between the various factors influencing the. 
lim its o f broadcasting  coverage as they are described in A nnex I.

The inform ation contained in  Annex I was derived from  studies based on regular lattices and  linear 
channel d istributions and  takes account o f om ni-directional transm itting  an tennas only.

Practical aspects o f M F coverage are given in Annexes I I , I I I , IV  and V .

* T his R ecom m endation  incorporates, in A nnexes II to V, the contents o f  R eports 616-3 (D u brovn ik , 1986) and 461 
(D u brovnik , 1986) w hich are hereby deleted.
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A N N E X  I

1. Introduction

. • . I - .
In  the decade preceding the L F /M F  Broadcasting Conference for Regions 1 and  3, G eneva, 1974-75, the 

factors influencing the lim its o f  sound-broadcasting  coverage in ban d  6 (M F) and  the ir in terre lations were 
extensively studied in various countries. The results ob ta ined  so far perm it a deep insight in to  the com plex 
problem  and  m ay even appear to  p rovide a conclusive answ er to  it.

F or obvious reasons, it was assum ed in the studies, tha t because o f  the lim ited M F  broadcasting  b an d  
available, no channel w ould be assigned exclusively to  one transm itter th roughou t the w orld. The assignm ent, 
however, o f the sam e frequency channel to  m ore than  one transm itter supposed to  be sufficiently d istan t from  one 
ano ther inevitably led to  co-channel interference problem s.

2. Definition of coverage factor

It is first assum ed that in an infinitely extended area all transm itters (infinite in num ber) are operating  on 
the same frequency w ith an  equal pow er p  (kW). The distance between neighbouring transm itters is D  (km). The 
highest density in this co-channel transm itter netw ork can be obtained w hen three neighbouring transm itters each 
form  an equilateral triangle o f  the sidelength D (see Fig. 1), and  it is supposed th a t under these conditions 
spectrum  utilization is alm ost optim al. In  the presence o f  noise and interference from  the su rround ing  co-channel 
stations the coverage range R  (km) o f each individual transm itter depends on:
— the frequency; :
— the p ropagation  characteristics affecting the field strength o f the w anted ( E w) and  unw anted  (is,) signals;
— the m inim um  usable field strength (Emin)\
— the radio-frequency pro tection  ratios a,.

The coverage range is th a t distance from  the w anted transm itter a t which field strength  o f  the w anted  
transm itter is equal to  the usable field strength Eu : ,

Elm  + £  (£ f x a,-)2 (see R eport 945)

Note — W here field strengths or pro tection  ratios are expressed in dB (jiV /m ) or dB, respectively, the conversion 
can be m ade by m eans o f the follow ing form ulae: .

A  (dB) 
in  20a = 10

In the absence o f noise or when interference is by far predom inant, the coverage range does no t depend  
on the transm itter pow er level, whereas in the opposite case it does. ,

Quite generally, the coverage factor, c, may be defined to be the ratio  o f the sum o f all areas, S„, covered 
by the individual transm itters operating  on the same frequency in a very extensive area to the total area, S :

■ E (dB (nV/m))

£  (nV/m) = 1 0  20

c =  I S J S
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For the determ ination o f  the coverage factor in the theoretical case o f  a regular netw ork the infinitely 
extended area is subdivided into unit areas, each o f  which consisting o f  two equilateral co-channel triangles 
having one side in com m on. U nder these conditions each unit area corresponds to  ju st one o f the co-channel 
transm itters (see Fig. 1). Thus, the coverage factor (per channel) may be defined as:

— either the ratio o f the coverage area i t R 2 to the un it area 1 /2  j/3 D 2 (area coverage):

• - * ( $ ' 100 .

— or the ratio o f the population  in the aforem entioned two areas (popu lation  coverage).

The concept o f area coverage will be reta ined fo r the rem ainder o f  A nnex I because additional 
in form ation  on popu la tion  d istribu tion  w ould be required  if  the concept o f  popu la tion  coverage were to be used. 
H owever, studies o f a general natu re w quld be d ifficult for the latter case.

The influence o f the rem aining channels as po ten tia l sources o f interference (e.g. ad jacent channels, second 
channel) should also be considered. In  principle, in a un it area, each channel can  be assigned to  one transm itter 
only. D epending on w hether an  even coverage is w anted or not, the channels will either have to  be distributed  
evenly over the un it area in a geom etrically regular m anner and  according to  an  app rop ria te  (e.g. linear) channel 
d istribu tion  scheme or — in the case o f irregular coverage — will have to  be arranged  differently , m ain ta in ing  
how ever, sufficiently large distances between transm itters tha t m ay cause or suffer interference.

The coverage factor c is norm ally  expressed as a percentage. I f  the area coverage ob ta inable by m eans o f 
all the channels available in ban d  6 (M F) exceeds un ity  (100%), this num ber represents, on the average, the 
num ber o f  program m es tha t can be received at any location  throughout the w hole area under consideration.

D: co-channel distance 
R: cpverage radius 
S: unit area
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3. Coverage factor c as a function of the distance D between co-channel transm itters

3.1 General

To establish curves show ing the dependence o f the coverage factor c on the d istance D  between 
co-channel transm itters under varying conditions for the rem aining param eters two different approaches, A and  B, 
were m ade, how ever with the follow ing com m on bases: ,
— transm itters o f equal pow er /?;
— ground-w ave p ropagation  curves o f R ecom m endation 368;
— sky-wave p ropagation  curves o f  R ecom m endation 435 (type 1) o r R eport 575, (type 2); .
— rad ia tion  constant in all azim uthal directions and  a t all angles o f  elevation.

The two approaches, A and  B, d iffer w ith respect to  the follow ing param eters:

Approach A (results shown in Fig. 2):

— the pow er level rem ains unchanged  (p =  1 kW );
— there is no noise lim itation (E min = — oo dB);
— the radio-frequency pro tection  ratio  varies, in steps o f 5 dB, between the lim its A  =  20 dB and  A = 45 dB;
— the ground  conductivity is a  =  3 x 1 0 “ 3 S /m .

Approach B (results shown in Figs. 3 and  4): .

— the pow er level varies, in steps o f 5 dB, between the lim its p  =  1 kW  and  p  =  1000 kW ;
— the m inim um  usable field strength is Emin =  60 dB (pV /m );
— the radio-frequency pro tection  ratio  values are A  =  40, 30 or 27 dB;
— the ground conductivity values are a  = 10“ 3, 3 x 10“ 3 o r l 0 “ 2 S /m .

As a m atter o f  fact, the rigorous and  system atic use o f  d irectional antennas was also studied for 
aproach  B. The results ob ta ined  indicated  tha t no  substantial im provem ent in  spectrum  u tilization efficiency can 
be expected under such conditions. This does no t m ean, however, th a t no  advantage can be gained w hen 
directional an tennas having horizontal patterns suitably adapted  to  the individual interference and  coverage 
problem  are used to  a large extent (see A nnex II).

3.2 Results obtained fo r  a p lane Earth model

The curves in Figs. 2, 3 and  4 are given as exam ples. They show the dependence o f  the coverage fac to r c 
on  the co-channel distance D  for a frequency o f 1 M H z under varying conditions. The figures take account o f  the 
in terfering co-channel stations on the two nearest hexagons surrounding  the w anted transm itter (see Fig. 1). Thus, 
interference from  18 stations, i.e. 6 stations at the distances D, D ^ 3 or 2 D  was included in the com putation . F or 
reasons o f sym m etry the coverage range was determ ined as the roo t m ean square o f the values ob ta ined  for tw o 
significant azim uthal directions:

# — direction tow ards interfering stations at the distances D  and  2 D ,

— direction tow ards in terfering station  a t the distance |/3 D.

In  particu lar, Fig. 2 shows the results obtained w ith approach  A and  is valid  w hen ground-w ave coverage 
is lim ited by sky-wave interference and  when, in the absence o f  noise, there is no pow er dependency. The 
param eter indicated on the curves is the radio-frequency protection  ratio  A. Also show n in decibels relative to  
1 p V /m  is the field Eu  o f the w anted transm itter a t the lim it o f the coverage area, for a transm ission  pow er o f 
1 kW  with a short vertical antenna. F or instance, the po in ts o f  intersection on a curve show n by a lternating  do ts 
and dashes, for E\ — 40 dB, and  the curves c =  f ( D ) ,  for A = 20 dB derived fo r interference by sky waves o f  
type 1 (shown by a full line) or o f  type 2 (shown by dashes), m ean th a t if  the co-channel distance is D  (abscissae 
o f the points o f intersection, i.e. 2800 km or 4800 km , respectively) and  for a p ro tection  ratio  A = 20 dB, the field 
a t the lim it o f the area, where the radio-frequency pro tection  ratio  is >  20 dB, is 0.1 m V /m .



Figure 2 shows that:

the coverage factor increases with decreasing values o f radio-frequency protection ratio , regardless o f the type 
o f  p ropagation  o f the interfering sky-wave signals;

the general shape o f the curves varies considerably with the type o f p ropagation ; '

for distances beyond about 1500 km the coverage factor increases when the interfering sky-wave p ropagation  
is o f  type 1;

the coverage factor is largely independent o f the co-channel distance with p ropagation  o f type 2;

there is no pronounced optim um  separation  between co-channel transm itters as long as there is no lim itation  
by noise.
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F IG U R E  2 -  C o v era g e  f a c to r  p e r  ch a n n el (c) a s  a fu n c tio n  o f  d is ta n c e  b e tw een  co -ch a n n e l 
tra n sm itte rs  (D ) f o r  variou s p ro p a g a tio n  con d itio n s

P a ra m e te r s :  -  rad io-frequency protection  ratio A
-  field  o f  the w anted  transm itter at the lim it o f  the coverage area £ ,; ( /?  = 1 kW)

P ro p a g a tio n  co n d itio n s:  - .
-  w anted  signal: ground w ave (o  =  3 x  10" 1 S /m ) , R eco m m en d a tio n  368
-  unw anted  signals: sky w ave: type 1 (R eco m m en d a tio n  435)

type 2 (R eport 575)

N o  coverage lim itation  by n o ise  . '
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The curves o f Figs. 2, 3 and  4 presenting the results obtained w ith app roach  B show  the influence o f  the 
pow er p  (which is the param eter indicated on the curves) in the presence o f  noise for the three pro tection-ra tio  
values m entioned above. The coverage factor c is represented on a logarithm ic scale to  facilitate, in  each o f  the 
Figures, a com parison between the Five exam ples shown:
— ground-w ave service in terfered with by ground-w ave signals (day-tim e conditions): group  A  o f  curves;
— ground-w ave service interfered w ith by sky-wave signals (night-tim e conditions) for the two types o f  sky-\yave 

propagation  curves under study: groups Bj and  B2 o f curves; .
— sky-wave service interfered with by sky-wave signals (night-tim e conditions) for the two types o f  sky-wave 

propagation  curves under study: groups Q  and  C2 o f  curves.

Figures 3 and  4 show tha t in the presence o f noise:
— the optim um  separation  between transm itters using the same channel varies considerably  w ith transm itte r 

pow er;
— the optim um  separation  is com pletely d ifferent under day-tim e and  night-tim e conditions;
— the lowest coverage will result w hen a ground-w ave service is interfered  w ith by the sky-wave signals o f  the 

unw anted transm itters.

M oreover, the figures show tha t at co-channel distances below  the optim um  distance interference is 
p redom inan t so th a t an  increase in pow er is only o f lim ited use and th a t a pow er reduction  m ay result in no  loss 
in coverage.

W hen the sky wave is o f  type 1 it can, m oreover, be seen that:
— the optim um  separations betw een transm itters using the sam e channel are n o t very different, un d er night-tim e 

conditions, bo th  for a ground-w ave or a sky-wave service;
— at least w ith high-pow er transm itters {p > 30 kW ), a sky-wave service w ould  give a  coverage sim ilar to  th a t 

o f  ground-w ave service in the day-tim e.

The results are rem arkably  d ifferent, however, when the sky-wave p ropaga tion  is o f  type 2. In  this case:
— the optim um  separations, if  any, between transm itters using the sam e channel are noticeably  d ifferent, un d er 

night-tim e conditions, for a ground-w ave and  a sky-wave service;
— the coverage o f a sky-wave service w ould be m ore or less inferior to  tha t o f  a ground-w ave service in  the 

day-tim e.

Finally, depending on the ground  conductivity, the ground-w ave coverage during  n ight-tim e m ay increase 
a t short distances with decreasing co-channel distance. This effect results in  higher coverage a t low er co-channel 
distances whereas the service ranges decrease to  a few kilom etres only.

The influence on coverage o f the radio-frequency protection  ratio  can be derived from  Figs. 3a an d  3b, 
Whereas a com parison o f Figs. 3b, 4a and  4b perm its the influence o f the g round  conductivity  to  be ascertained.

As m ay be expected an  increase in the protection  ratio  leads to  reduced coverage w hich can, a t least 
partly , be com pensated for if  the co-channel distance is increased. This loss in  coverage is particu larly  p ronounced  
for the night-tim e sky-wave service ob tained with the curves o f  type 2.

Similarly, decreasing g round  conductivity leads to  decreasing ground-w ave coverage at bo th  the day and  
the night-tim e. This can be rem edied to  some extent by a reduction o f  the co-channel d istance, how ever, un d er 
day-light conditions only. There is, o f  course, no effect o f the ground conductivity  on sky-wave coverage.

3.3 Results obtained fo r  a spherical Earth m odel

For interference from  sky-wave signals either to  a ground-w ave or to  a sky-wave service, suitable 
co-channel distances are o f the o rder o f  the radius o f the Earth, so tha t the spherical nature o f  the E arth  m ust be 
taken in to  account. This has been done in [Eden and  M inne, 1969] where only a sky-wave service is considered 
and where potential interference from  the nearest co-channel transm itters, all equally spaced, has been taken  in to  
account.

An attem pt has been m ade, therefore, to cover a sphere with a netw ork o f equilateral spherical triangles. It 
can be shown that this can be done by approxim ating  the sphere to a polyhedron. A te trahedron , octahedron  an d  
icosahedron provide surfaces consisting o f 4, 8 and  20 equilateral triangles, respectively. These triangles m ay be 
developed on to a plane and it is then possible to  apply, w ithout difficulty, a linear channel d istribu tion  to  this 
developm ent.
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However, when reconstituting the polyhedron, som e o f the triangles will share sides or apices with other 
triangles, from which they were separated  in the p lane developm ent. In those groups o f  triangles the channel 
d istribu tion  will then no longer necessarily be linear, and  consequently restrictions bn the use o f the channels 
shown on these triangles will occur. The p ropo rtion  o f these (unusable) triangles with respect to the to tal num ber 
will be a t most 40% in the case o f the icosahedron, 25% in the case o f the octahedron and 50% in the case o f the 
te trahedron . On the o ther hand, these triangles may be ignored to  a large extent by m aking use o f  the fact th a t dry 
land occupies only one th ird  o f  the E arth ’s surface. It is, therefore, still possible to  utilise the results that have 
already been obtained by considering netw orks on a p lane surface.

D  (km )

F IG U R E  3a -  C o v era g e  f a c to r  p e r  ch a n n e l (c) a s  a fu n c tio n  o f  d is ta n c e  b e tw een  co -ch a n n e l 
tra n sm itte r s  (D ) f o r  va rio u s p ro p a g a tio n  co n d itio n s

P a ra m e te r :  transm itter e .m .r .p ., p  (kW ), (p  is kept con stan t at all an gles o f  e leva tion )

F am ily o f  cu rves ( f  =  1 M H z):
A : ground-w ave service under d ay-tim e con d itio n s
B : ground-w ave service u nder n igh t-tim e co n d itio n s .
C: sky-w ave serv ice under n igh t-tim e co n d itio n s

P ro p a g a tio n  co n d itio n s:
-  ground w ave: R eco m m en d a tio n  368
-  sky-w ave: type 1 (in d ex  1): R eco m m en d a tio n  435 y

type 2 ( in d ex  2): R eport 575

M in im um  usab le field  stren gth : Em m  =  60 dB (p.V /m )
G round con d u ctiv ity : o  =  10-2  S /m
P rotection  ra t io : A =  40  dB v
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If  it is assum ed that for the coverage o f the land masses about 50% o f  the triangu lar surfaces will in fact 
be used and  if account is taken o f  the fact that two triangular surfaces each carry the total num ber o f channels 
available, it is evident that under these circum stances .each channel can be used precisely 0.25 tim es the num ber o f 
existing triangular planes. It is w orth noting  tha t this restriction to the use o f any channel is exclusively due to the 
size and  properties o f the E arth ’s surface and  tha t the co-channel distances resulting from  the choice o f the 
polyhedron  w ould be about 12 740 km , 10 000 km and  7050 km for a te trahedron , octahedron  and  icosahedron, 
respectively. Sm aller co-channel distances and, consequently, a larger num ber o f  co-channel transm itters can be 
ob ta ined  by subdivision o f the equilateral spherical triangles into sm aller triangles which, how ever, w ould no 
longer be equilateral except after developm ent on to  a plane.

10 2 5 10* 2 5 10J 2

D  (km )

5 10 2 5 10-

F IG U R E  3b -  C o v e ra g e  fa c to r  p e r  ch a n n el (c) a s  a fu n c tio n  o f  d is ta n c e  b e tw e en  co -ch a n n e l 
tra n sm itte rs  (D ) f o r  various p ro p a g a tio n  co n d itio n s

P a ra m e te r :  transm itter e.m .r.p ., p  (kW ), (p  is kept constant at all an g les o f  e lev a tio n )  

F am ily o f  cu rves ( f  =  1 M H z): v
A : ground-w ave service under day-tim e con d ition s  
B: ground-w ave service under n ight-tim e co n d ition s  
C: sky-w ave service under n ight-tim e con d ition s  

P ro p a g a tio n  co n d itio n s:
-  ground w ave: R eco m m en d a tio n  368
-  sky-w ave: type 1 (in d ex  1): R ecom m en dation  435

type 2 (ind ex  2): R eport 575

M in im um  usable Held strength: Em in  =  60 dB(p.V /m ) 
G round  con d u ctiv ity : o = 10" 2 S /m  
Protection  ratio: A = 30 dB



It is now possible to show as a Final result, in one single diagram , the full relationship between: 

the num ber o f transm itters b  using one channel; 

the co-channel distance D ; 

the necessary transm itter pow er P  and ; 

the coverage factor c  that can be obtained.
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D  (km )

F IG U R E  4a -  C o v era g e  f a c to r  p e r  ch a n n el (c) a s  a fu n c tio n  o f  d is ta n c e  be tw een  co -ch a n n e l 
. tra n sm itte rs  (D ) f o r  v a r io u s ,p ro p a g a tio n  co n d itio n s

P a ra m e te r :  transm itter e.m .r.p ., p  (kW ), (p is kept con stan t at all an g les o f  e leva tion ) 

F am ily o f  cu rves ( f  =  1 M H z ):
A : ground-w ave service under day-tim e co n d itio n s  
B: ground-w ave service under n igh t-tim e con d itio n s  
C: sky-w ave service under n igh t-tim e con d itio n s  

P ro p a g a tio n  co n d itio n s:  .
-  ground w ave: R eco m m en d a tio n  368
-  sky-w ave: type 1 ( in d ex  1): R eco m m en d a tio n  435 

' type 2 ( in d ex  2): Report 575

M in im um  usable field  strength: Em m  =  60 d B ( |iV /m )  
G round con d u ctiv ity : o = 3 x  10“ 3 S /m  
P rotection  ratio: A = 30 dB
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F IG U R E  4b -  C o v era g e  f a c to r  p e r  ch a n n el (c) a s  a fu n c tio n  o f  d is ta n c e  b e tw een  co -ch a n n e l 
tra n sm itte rs  (D ) f o r  va rio u s p ro p a g a tio n  co n d itio n s

P a ra m e te r :  transm itter e.m .r.p ., p  (kW ), (p  is kept con stan t at all an g les o f  e lev a tio n )

F am ily o f  cu rves ( f  =  1 M H z ): ' .
A : ground-w ave service un d er day-tim e con d ition s  
B : ground-w ave service un d er n igh t-tim e co n d ition s  
C : sky-w ave service under n igh t-tim e con d ition s

P ro p a g a tio n  co n d itio n s:
-  ground  w a v e : R eco m m en d a tio n  368
-  sky-w ave: type 1 ( in d ex  1): R eco m m en d a tio n  435

type 2 (ind ex  2): R eport 575 '

M in im u m  usab le field  strength: Em in =  60 dB((j.V/m )
G round  con d u ctiv ity : o =  10” 3 S /m  
P rotection  r a t io : A -  27 dB

Figure 5 shows this result. It should be noted  tha t the absolute value fixed fo r any one o f these param eters 
determ ines the values o f all the others. W hen using Fig. 5 it should be borne in m ind tha t it can  only give an  
estim ation o f these relationships.

In an additional study the influence o f the radio-frequency pro tection  ratio  on the coverage factor was 
calculated using the sam e assum ptions as stated previously. The results are show n in Fig. 6 and  indicate th a t the 
coverage factor increases m ore rapidly  with decreasing values o f radio-frequency pro tection  ratio  w hen the 
distance between co-channel transm itters is relatively small. For a distance o f  3000 km , for exam ple, the coverage 
factor is 100 times higher when the radio-frequency protection ratio is 20 dB instead o f  40 dB.
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v

Separation betw een co-channel transmitters, D  (km)

FIGURE 5 -  N u m ber o f  transm itters, b, transm itter p o w e r P  and  .
coverage fa c to r  p er  transm itter, c, as fun ction s o f  the separation '

^ betw een  co-channel transm itters, D

C urves F , : transm itter p ow er (dB (1 kW )) for E m in =  74 d B (|iV /m )
P i : transm itter p ow er (dB  (1 kW )) for E m in =  60 dB (p.V /m ) 
b : n u m b er o f  co -ch a n n e l transm itters • 
c : percentage coverage factor per ch an n el .

R ad io-freq u en cy  p ro tection  r a t io : 40  dB 
F req u en cy  / :  .1 M H z

E x a m p le :
I f  th e  n u m b er o f  transm itters sharing the  sam e ch an n el is taken  as b =  17, th en  th e  co -ch an n e l transm itter separation  is 

D  =  4100 km , the coverage factor per ch an n el is c =  3.7% and the  e .m .r.p . n ecessary  for all tran sm itters to  m ake in terferen ce rather 
than  n o ise  the coverage lim itin g  factor i s :

P  =  21.5 (dB  (1 kW )) for E m in  =  60 d B (p V /m )  
or
P  =  35.5 (dB  (1 kW )) for E m in =  74 d B (n V /m )

4. Coverage factor as a function of channel spacing

The influence o f the channel spacing on M F area coverage for bo th  ground-w ave and  sky-wave services at 
night was investigated by the EBU and  in Jap an  for channel spacings betw een 5 and  10 kHz. The studies were 
based on regular channel d istributions and  on the R F  pro tection-ra tio  curve o f  R ecom m endation 560. M oreover, it 
was assum ed that the num ber o f  transm itters N  on  a given area rem ains constan t when the channel spacing is 
varied and  the area considered was tha t o f  the com bined E uropean  and  A frican Broadcasting Areas (about 
42 x 106 km 2). S im ilar studies were carried out in  the U.S.S.R. [Shliiger, 1975] based, how ever, on  an  R F  
pro tection  ratio curve obtained from  high-quality  receivers having adjustable bandw idths which are in  w ide-spread 
use in the U.S.S.R. [Kokorev, 1976]. The to ta l area coverage was calculated  un d er various assum ptions and  som e 
o f  the results obtained by the EBU  and  in Jap an  are presented in  Fig. 7 (ground-w ave service) and  Fig. 8 
(sky-wave service) show ing the coverage factor as a  function  o f channel spacings between the lim its quoted  and  
fo r various num bers o f to ta l frequency assignm ents as a param eter.

Figures 7 and 8 show th a t the m axim um  o f coverage is ob ta ined  w ith a channel separation  o f  abou t 
8 kH z, alm ost independently  o f the various assum ptions m ade and , in particu lar, o f  the num ber o f  assignm ents 
w ithin the given area. However, the absolute value o f coverage does no t depend  strongly on the num ber o f 
assignm ents when the service is provided  by the ground-w ave (Fig. 7) w hereas it depends strongly on  this 
param eter in the case o f  a sky-wave service (Fig. 8).
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1000 2000 5000 10000

Separation betw een co-channel transmitters, D  (km)

FIGURE 6 -  Coverage factor, c, fo r  a spherical Earth, as a fun ction  o f  separation betw een  
transm itters, D, w ith  pro tec tio n  ratio , A , as a param eter.

Frequency: 1 MHz

The results ob ta ined  in the U.S.S.R. indicate tha t m axim um  coverage is to be expected w ith a channel 
separation  o f  abou t 9 kHz. As the technical bases o f  the studies carried ou t in  the various parts  o f  the w orld were 
nearly  identical except for the R F  pro tection-ra tio  curve it is obvious th a t the difference in the results is solely a 
consequence o f  the d ifferent shapes o f  the R F  pro tection  ratio  curves used.

The fact th a t there is only one specific optim um  value for either set o f  basic conditions, i.e. 8 kH z or 
9 kH z respectively, can best be explained  with the help o f  Fig. 9.

If  N  frequency assignm ents in  ban d  6 (M F) to  transm itters (or synchronised groups) are required  in  a 
given area S' and  if co-channel interference only has to  be taken in to  account, the coverage im proves w ith 
decreasing channel spacing, thus increasing the num ber o f  channels available. It is obvious tha t, in such a case, 
the average co-channel distance will also increase (curve A o f  Fig. 9) and  th a t interference will be reduced by this 
m easure. Low values o f  channel spacing would, in this case, be preferable.

If, however, adjacent-channel instead o f co-channel interference had  to  be taken  in to  account, the rest o f 
the param eters rem aining unchanged , interference w ould increase and , hence coverage w ould decrease w ith 
decreasing channel spacing (curve B o f  Fig. 9). H igh values o f  channel spacing w ould, therefore, be desirable in 
this case.

In practice, however, bo th  types o f interference have to be considered and  it is obvious th a t the resulting 
coverage curve, as a function o f frequency spacing, will be situated below  the tw o curves discussed above.
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•4320
■432'
-2 1 6 0
-1 0 8 0

Channel separation, A /  (kHz) ,

FIGURE 7 -  Coverage, c ; obtainable using a 1 080  kHz band w ith N  sta tions in an area o f  ■ 
42  x 1 0 f' k m 2 b y  a ground-wave service under n ight-tim e conditions

Propagation curve used:

G ro u n d -w a v e:

Sky-w ave: ,
P rotection  ratio, A :
A djacent ch an n el protection  
ratio curve:

R eco m m en d a tio n  368 
(o  = 3 x  1 0 ' 3 S /m )  at 1 M H z  
R eport 575 (K yoto , 1978)
26 dB

R eco m m en d a tio n  560, curve A

Furtherm ore, from  the shape o f the two lim iting curves, it is very probable that the resulting curve will 
have a m axim um  and , in fact, there is a m axim um  (curve C o f Fig. 9) which is, however, relatively flat.
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Channel spacing, A f  (kHz)

FIGURE 8 -  Coverage, c, obtainable b y  the sky-w ave w ith all channels in band 6 (MF)

Param eter: n u m b er o f  freq u en cy  a ss ign m en ts, TV . .

B asic a ssu m p tion s: -  to ta l area: 42 x  106 km 2
-  co -ch an nel p ro tection  ratio for the m ed ia n  F ield: 27 dB

. -  relative pro tection  ratios: cu rves o f  R e c o m m e n d a t io n  5 6 0
-  each  w anted  transm itter in terfered  w ith  by three co -ch a n n e l and three  

adjacent-channel transm itters
-  sky-w ave propagation  c u r v e s:

w anted s ig n a l: R eport 575 (K yoto , 1978)
unw anted  s ig n a l: R eport 575, fo o tn o te  to eq u a tio n  (4)

. [E den and M in n e, 1973]

. /  ' . ■

It has been shown in a fu rther study tha t the optim um  channel spacing corresponding  to  m axim um  
coverage depends m ainly on the relative R F  pro tection-ratio  curve and , m ore precisely, corresponds roughly  to  a 
value o f about A rel =  — 20 dB. H ence, the differing results obtained in the various parts o f  the w orld are by no 
m eans inconsistent and  rather confirm , to  some extent, the usefulness o f this add itiona l study.

The family o f curves in Fig. 10 provides a sim ple but efficient m eans for the determ ination  o f  the op tim um  
channel spacing for a given R F  pro tection-ratio  curve. Figure 10 shows the coverage factor as a function  o f the 
channel spacing, where both co-channel and ad jacent channel interference are taken into account. However, for 
the particular purpose the adjacent-channel p rotection-ratio  values are used as a param eter which is independen t 
o f the channel separation. Thus, the curves o f Fig. 10 can be used in conjunction  w ith either Fig. 1 o f  
R ecom m endation 560 or any other pertinent relative R F  protection-ratio  curve for the purpose envisaged. I f  in 
Fig. 10, at each channel spacing, the pertinent curve representing the actual relative R F  pro tection  ratio  is m arked, 
e.g. by a little circle (in Fig. 10 this has been done for the relative R F  pro tection-ra tio  curve G o f  R ecom m enda
tion 560) or a little square (representing relative R F  protection-ratio  values ob ta ined  from  U.S.S.R. h igh-quality  
receivers having a wide pass band) the sequence o f these little circles or squares shows the real dependence o f  the 
coverage factor on the channel spacing and in fact indicates, as can be seen from  the figure, a m axim um  at a 
spacing o f about 8 kH z or 9 kH z, respectively.
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It should not be overlooked, however, that the results showing the superiority  o f  a specific value o f 
channel spacing were obtained in studies based on regular transm itter lattices and  linear channel distributions. If  
in particu lar, the distance between adjacent-channel transm itters varies over a wide range th roughou t the p lanning 
area including in m any cases, relatively short distances, the effect o f adjacent-channel interference will become 
m ore severe than in the theoretical case. In such conditions it may be necessary to select channel spacings in 
excess o f  the theoretical optim um .

5. Conclusions

The coverage th a t can be ob tained in ban d  6 (M F) is m ainly determ ined by the d istance between any two 
transm itters sharing the same channel, i.e. the co-channel distance, and  by the frequency spacing between adjacent 
channels.

The optim um  co-channel d istance depends on m any param eters, nam ely the frequency, the pow er level o f 
the transm itter netw ork, the radio-frequency pro tection  ratio , the m inim um  usable field strength, and the 
propaga tion  properties o f  the ground  wave and the sky wave, as the case m ay be. The choice o f  an  adequate 
co-channel distance im m ediately and  irrevocably determ ines the num ber o f  transm itters th a t m ay operate in  the 
sam e channel and  vice-versa. This rela tionsh ip  is show n, am ong others, in Fig. 5.

The optim um  channel separation  depends on the relative radio-frequency p ro tection-ra tio  curve taken to  
be representative o f receivers in the area to be planned.

It should be noted, however, tha t coverage can be considerably im proved beyond the lim its derived in this 
A nnex by (see A nnex II):
— use o f d irectional transm itting  an tennas suitably adapted  to  the particu lar situation ;
— the use o f synchronized transm itter netw orks;
— transm itter pow ers carefully adap ted  to  the individual coverage problem .

Distance, D  (km)

Channel separation, A f  (kHz)

FIGURE 9 -  L im its fo r  area coverage (radio-frequency p ro tec tio n  ra tio : 2 7  dB)

Curve A; area coverage in the presence o f  co-channel interference (three transmitters)

Curve B : area coverage in the presence o f  adjacent-channel interference (three transmitters)

Curve C : area coverage obtainable in the presence o f  co-channel and adjacent-channel interference

Protection ratio A :  27 dB

Number o f  frequency assignments N : 648
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' A /(k H z )  ' '

FIG U R E  10 -  C o v era g e  f a c to r  (c) a s  a fu n c tio n  o f  ch a n n e l sp a c in g

Param eter: relative radio-frequency protection  ratio (A re i)

•  : sp ec ific  value o f  A re i, see  R ecom m en d ation  560, Fig. 1,
curve C

■  : sp ec ific  value o f  A re i, see  [K okorev, 1976], Fig. 2

N  : total num ber o f  frequency a ssign m en ts .
Ns : num ber o f  groups o f  in terfering transm itters each  c o n 

sisting  o f  o n e  co -ch an nel and o n e  adjacent-channel 
transm itter
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A N N E X  II

P R A C T IC A L  A SPE C T S O F  M F  B R O A D C A S T IN G  C O V E R A G E

1. Day-time coverage

The following results are based on the ground-w ave propagation  curves o f R ecom m endation 368.

D ue to the strong absorp tion  o f the sky-wave in band  6 during the day-tim e, only the ground-w ave can be 
used for coverage. The coverage radius (see A nnex III)  depends upon  the frequency and  the electrical characteris
tics o f the soil w ithin the coverage area; this radius for higher transm itter pow ers is about 100 km. A transm itter 
netw ork optim ized for day-tim e coverage could be based on very low co-channel distances, i.e. on a considerably 
higher transm itter density than  tha t existing at present. For exam ple, a day-tim e netw ork based on an average 
co-channel distance o f roughly 500 km w ould provide at any location, abou t ten rad io  program m es w ith good 
quality o f  reception.

Coverage during the day-tim e therefore does no t represent a technical problem .

2. Night-time coverage

W ith the onset o f darkness the absorp tion  o f the sky-wave is greatly reduced and  high values o f field 
strength m ay build  up  during a period  o f one or two hours at distances o f thousands o f kilom etres. This produces 
interference and lim its the ground-w ave coverage range. In  general, the sky-wave has been regarded m ainly as a 
source o f interference, and the system atic use o f the sky-wave for coverage purposes has been envisaged for 
special cases only. ,

A t night-tim e, the presence o f the sky-wave gives rise to com plicated technical problem s and necessitates 
p lann ing  m ethods for very large areas based on in ternationally  agreed rules.

To obtain a clear picture o f the possibilities o f providing rad io  program m es in ban d  6 under various basic 
assum ptions, a great num ber o f frequency-assignm ent exercises have been carried out w ithin the EBU, and  the 
coverage factors obtained have been calculated. These studies were m ade for the E uropean and A frican 
broadcasting  areas.

These exercises were m ade on the basis o f rather evenly distributed transm itters with equal pow er radiated  
from  om nidirectional antennas, the sites o f which, however, coincided with real or p lanned sites in E urope and 
Africa. The coverage areas were calculated using a statistical m ethod and  tak ing  in to  account only the interference 
caused by the o ther transm itters. This m ethod enables a valid com parison to be m ade between the results o f  two 
different exercises, but the absolute values o f the results should not be used w ithout due care.

For the purpose o f the calculations, certain values o f radio-frequency protection ratio  (as defined in 
R ecom m endation 638) have been adopted. These d ifferent values o f radio-frequency protection ratio  correspond, 
o f course, to  different grades o f service. It is evident that the coverage areas so calculated are larger for sm aller 
values o f  this ratio  than for the higher values. The increase in coverage area with decreasing value o f protection 
ratio  (i.e. with decreasing grade o f  service) does not imply that better listening conditions will be ob ta ined ; the 
listening conditions do not depend upon  the protection ratio , but only on the pow er and on the configuration o f 
the interfering transm itters. '



Rec. 598-1 51

It should be noted  that, w hen com paring the results o f two d ifferent exercises the differences m ay be m ore 
o r less pronounced  depending upon  the radio-frequency protection  ratio , i.e. the grade o f  service adopted. 
Therefore, the calculation  results should  n o t be discussed w ithout m aking m ention  o f the corresponding  grade o f 
service.

Finally it should be recalled that, in the calculations, statistical p ropaga tion  d a ta  have been used. In  
particu lar, ionospheric field-strength prediction  curves have been taken, which represent m edian values (i.e., values 
for 50% o f the tim e) for an average frequency o f 1000 kHz.

It can be assum ed, therefore, tha t the results ob ta ined  are reasonably  suitable for representing  the average 
situation for the whole o f the spectrum  covered by band  6.

Some of the results are sum m ed up  hereafter.

2.1 Ground-wave coverage at night

The total am ount o f ground-w ave coverage depends in the first place on the co-channel distance, i.e. on 
the transm itter density. F or a given transm itter pow er, the ground-w ave coverage increases w ith increasing 
co-channel distance. Thus, for 300 kW  transm itters, and  assum ing p ro tection  ratios o f 40 dB, 33 dB and  27 dB, 
the follow ing percentages o f the com bined surface areas o f E urope and  A frica can be covered by the em ploym ent 
o f the 121 channels now  available in band  6: ,

TABLE I

Ground-wave coverage ,

Radio-frequency protection ratio (dB) '
Co-channel

distance 40 33 . 27
(km)

Number o f Area coverage Number o f Area coverage Number o f Area coverage
programmes (%) programmes (%) programmes (%)

. 2700 - 1 ‘ 6 1 11 1 21

3500 1 . 8 1 15 1 25

4100 1 9 1 17 1 28

These coverage factors can possibly be im proved by the use o f  synchronized netw orks an d  o f directive 
antennas. M oreover, the popu la tion  coverage can be m ade superior to  the surface coverage by ap p rop ria te  
transm itter siting. Little num erical in form ation  is available on these possible im provem ents.

The question o f the transm itte r pow er which provides the greatest possible ground-w ave coverage fo r a 
given transm itter density, has been the subject o f detailed studies from  w hich a sufficiently accurate answ er m ay 
be derived. Furtherm ore, it should be recalled that night-tim e ground-w ave coverage is also lim ited by interference 
between the ground-w ave and  the sky-wave from  the sam e transm itter, bu t this effect has been ignored in the 
calculation  o f the approxim ate service ranges as given in A nnex IV.

2.2 Sky-wave coverage

U nder the sam e assum ptions as those m ade in § 2.1 (300 kW  transm itters, 40 dB, 33 dB or 27 dB 
protection  ratio) the sky-wave w ould provide coverage o f the com bined surface areas o f E urope and  A frica, using 
the entire band 6 as follows (see Table II).

It can be seen that at night the sky-wave coverage depends far m ore than  the ground-w ave coverage on the 
transm itter density adopted : for high transm itter densities (i.e. co-channel distances even sm aller than  2700 km) 
nocturnal coverage decreases rapidly, whereas a co-channel distance o f 4100 km w ould perm it the reception o f 
several program m es at any location w ithin the area considered. The m ajority  o f these program m es w ould, o f 
course, be originated far from the reception point. M oreover, the fact should  not be overlooked tha t it is 
im possible, contrarily to the ground-w ave, to achieve consistently good quality  by m eans o f the sky-wave. A ccount 
should also be taken o f the fact that, in practice, the area covered at night will no t be continuous, fo r there will be 
an annulus em bracing ranges in the region between 100 km and 200 km in which severe se lp c f iv e ^ d in g  will be
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caused by interference between the ground-w ave and the sky-wave. This effect has been neglected in the studies 
m ade so far. Exam ples for approx im ate  coverage ranges are given in A nnex IV. The fact rem ains tha t the 
u tilization o f the sky-wave would allow  better use to be m ade o f the spectrum  in respect to area coverage, because 
the ratio  between the coverage area and  the area o f interference is m ore favourable. F inally, it should be recalled 
that, conditions yielding satisfactory night-tim e ground-w ave coverage, will also norm ally result in a reasonable 
am ount o f sky-wave coverage.

TABLE II

. Sky-wave coverage

Radio-frequency protection ratio (dB)
Co-channel

distance 40 33 . 27
(km)

Number o f Area coverage Number o f Area coverage Number o f Area coverage
programmes (%) programmes (%) programmes (%)

2700 negligible 1 30 , 6.1 100

3500 1 15 7.4 100 23.3 100

4100 2.5 100 14.9 100 31.6 100

2.3 Combination o f  ground-wave and  sky-wave coverage

It can  be concluded from  § 2.1 and  2.2 tha t good results fo r bo th  types o f  coverage m ay be obtained if  the 
high-pow er co-channel transm itters are sufficently w idely spaced.

3. Combination of day-time and night-time coverage

As shown in § 1 and 2, transm itter netw orks devised for good coverage during the day-tim e differ 
fundam entally  from  those set up  fo r good coverage a t night; the co-channel distances w ould, fo r exam ple, be 
about 500 km for day-tim e and abou t 4000 km for night-tim e. As the corresponding  to tal num ber o f  transm itters 
for these networks w ould have a ratio  equal to  the square o f  the ratio  o f  the co-channel distances, the coexistence 
o f  bo th  networks w ould m ean tha t, in  this exam ple, only one out o f every 64 transm itters could be operated  after 
sunset. In this exam ple, two extrem e cases o f optim um  coverage conditions are com pared, neither o f which 
corresponds to present practice. A ny netw ork w herein all transm itters rem ain  in  operation  day and  night will 
reduce the coverage, either by day o r by night, or, in the case o f a netw ork based on a com prom ise between the 
two types o f  network, will reduce coverage during day and  night.

O n the other hand , the transition  from  efficient day-tim e operation  to  efficient night-tim e operation  w ould 
lead to  som e problem s o f an operational and  adm inistrative nature. In  fact, as show n, the m ajority  o f  the 
day-tim e transm itters w ould have to  be closed dow n at sunset, to  avoid unacceptab le interference during the hours 
o f  darkness. The tim e o f close-down itself m ay then depend on the season and  the  latitude, especially at high and  
m edium  latitudes. M oreover, because o f  the com paratively slow build-up o f  the sky-wave after sunset, there will 
always be a period when either the ground-w ave netw ork suffers interference (if all transm itters are still in 
operation) o r the sky-wave signals are still too  weak. A lthough the difficulties m entioned above appear to  m ake 
the general use o f such a m ode o f  operation  im practicable, its po tential advantages are such th a t a further study is 
desirable, particularly  in respect to  certain  special cases.

The assignm ent standards used by the R egional A dm inistrative M F  B roadcasting C onference (R egion 2) 
(R io de Janeiro , 1981) m ay serve as an  exam ple for com bined day-tim e and  night-tim e coverage. '

Three classes o f stations are provided, A, B and  C. C lass A are generally  perm itted  100 kW  m axim um  
pow er day-tim e and  50 kW  night-tim e, Class B, 50 kW  for either opera tion , and  Class C 1 kW , except th a t in  the 
trop ical noise zone 2, Class C are perm itted a  m axim um  5 kW  day-tim e pow er. C lass A are in tended to  p rov ide 
extensive secondary (sky-wave) service areas, C lass B relatively large p rim ary  (ground-w ave) service areas, and  
C lass C sm all local p rim ary service areas.
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The night-tim e coverage, based upon 26 dB  co-channel protection o f  ground-w ave service areas from  
m ultiple sky-wave interfering sources, is afforded on the basis o f an RSS add ition  o f  in terfering  signals. However, 
only the m ajor contributors enter the determ ination o f usable field strength (£„). With the interfering  signals listed 
in order o f m agnitude, any con tribu to r whose signal is less than  h a lf  the arithm etic value o f the R S S  total o f  
interfering fie lds  calculated using all greater contribu tions is no t deem ed to  cause interference. The process applies 
only where the Eu is greater than  the nom inal usable field strength Typically, only two o r three interfering
stations contribute to the E u despite the presence o f num erous co-channel stations in the Region. New stations 
m ust contribute less than  half the value o f existing Eus ,  and must contribu te less than the sm allest con tribu to r 
considered to  interfere so as no t to  displace that contributor.

4. Population coverage

W hile the area coverage is im portan t, ano ther aspect, nam ely, o f  popu la tion  coverage is also o f  
im portance. Studies on the problem s o f popu la tion  coverage have been in itiated  in som e countries [Suzuki 
et al., 1974], but further study is required on this point.

5. Improvements of coverage

5.1 Synchronized networks

A synchronized netw ork is a group o f  transm itters in tended prim arily  for a  ground-w ave coverage 
rad ia ting  the same program m e at a com m on frequency.

In  m ost E uropean countries, the use o f synchronized networks to  replace single transm itte rs o f equivalent 
pow er leads to  better adap ta tion  o f coverage to  popu la tion  d istribution , and  thereby increases to ta l popu la tion  
coverage. Annex V shows some exam ples o f the results obtained in various countries. The use o f synchronized 
groups is m ost effective in those countries where there are widely spread areas o f  high popu la tion  density.

It should be em phasized:

— tha t acceptable reception quality  o f the sky-wave signal is m ore likely in those areas w here the sky-wave o f  
one transm itter o f the synchronized group predom inates;

— tha t the interference from  a synchronized group is equivalent to tha t from  a single transm itte r sited at the 
centre o f gravity o f  the group, w ith a pow er equivalent to  the to tal pow er o f the group, p rovided  th a t the 
average distance between the group  o f transm itters is no t m ore than  abou t one-tenth  o f the d istance to  the 
nearest co-channel transm itter;

— th a t synchronized networks are o f less value in  small countries;

— th a t the use o f d irectional transm itting  an tennas im proves the coverage from  synchronized netw orks;

— th a t the use o f p roduct dem odulators decreases the non-linear d isto rtion  due to  in terference betw een the 
transm itters o f  a synchronized netw ork; this w ould increase the coverage obtained.

O n the o ther hand , transm itters o f a  synchronized netw ork m ay rad ia te  d ifferent program m es during  
daylight hours, if  the transm itters are sufficiently widely spaced.

It is obvious th a t investm ent and  operational costs are higher for a synchronized netw ork  th an  for a single 
transm itter; nevertheless, the use o f  synchronized netw orks should be envisaged in each case w here the advantages 
quoted  are to  be expected.

5.2 Antenna directivity

5.2.1 Vertical diagram o f  vertically-polarized transmitting antennas

An an tenna m ay be designed to have a particu lar vertical rad ia tion  pattern  so th a t the pow er is 
concentrated  in the particu lar vertical segm ent or segments which will achieve the type o f coverage 
required.

, By concentrating  the pow er in the horizontal plane  it is possible to  im prove the ground-w ave 
day-tim e coverage or to  use a lower transm itter pow er for the sam e coverage. W here the onset o f  fading, 
an d  not co-channel interference, is the factor lim iting ground-w ave coverage, an  an ti-fade an tenna will
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im prove ground-w ave coverage. This im provem ent is only likely to be obtained with frequencies at the 
low er end o f  band  6, in situations where g round  conductivity is better than  average. Finally, although such 
antennas m ay lead to a reduction in ionospheric cross-m odulation , they provide a poorer sky-wave 
coverage, for the same interference, at shorter ranges (distances less than  2000 km).

By concentrating the pow er away from  the horizontal p lane, the sky-wave coverage is. im proved, 
b u t ground-w ave coverage becom es less good and  the risk o f  ionospheric cross-m odulation is greater.

5.2.2 H orizontal diagram o f  vertically-polarized transmitting antennas

By concentrating the radia ted  pow er in given horizontal directions particu lar coverage requirem ents 
can be met. A lthough the general use o f directional antennas in a frequency p lan  does no t lead to  an 
overall im provem ent o f coverage, the use o f directional an tennas will be advantageous when considering 
the coverage w ithin individual countries, m ainly because it m ay lead to a better adap ta tion  to specific 
w anted coverage areas and  also to  a reduction o f interference in specific cases. In a particu lar case, the 
em ploym ent o f an an tenna which is directional in the horizontal p lane will allow a frequency channel to 
be used in a given zone where this frequency could no t be used w ith an om nidirectional antenna. The use 
o f  such a directional an tenna  can reduce the interference in the coverage area o f ano ther co-channel 
transm itter and  as a result perm it the reduction o f the co-channel distance. This is the principal advantage 
o f  an an tenna with a horizontal directional pattern .

5.2.3 Economic considerations

In general any an tenna , the vertical o r horizontal rad ia tion  characteristics o f which are designed to 
fulfil specific requirem ents, will cost m ore than  a non-directional antenna. Special requirem ents for the 
vertical rad ia tion  pattern norm ally  lead to  higher structures, and  the cost o f a vertical structure increases 
rapidly  with height.

Special requirem ents for the horizontal rad ia tion  pattern  lead to  m ulti-elem ent an tenna arrange
m ents and therefore to the use o f m ore extensive sites.

The cost o f any an tenna  design will be lower at the higher-frequency end o f band  6. Local w eather 
conditions will be an im portan t factor influencing the cost.

5.2.4 Improving M F  coverage by the use o f  directional antennas ,

To m inim ize interference between M F  stations, directional transm itting  an tennas have been used in 
the USA since the mid-1930’s. A t present m ore than  1500 are in use. O ther countries are also using such 
antennas for sim ilar purposes.

The use o f d irectional antennas for transm itters operating  on the sam e channel w ithin a country, 
but not in synchronism , can lead to a substantial increase in coverage. G enerally speaking, the m ore 
directional an tenna operations em ployed, the greater the im provem ent in coverage efficiency 
[CCIR, 1974-78]. .

D irectional an tennas are particularly  effective at night, and  are also helpful for day-tim e opera
tions. D irectional, an tennas are also useful in reducing interference to  the transm issions o f  o ther countries. 
A nother advantage of operating transm itters with d irectional an tennas in the same channel, but not in 
synchronism , is that it perm its independent local program m ing. ,

5.3 Relative merits o f  antennas with horizontal and  vertical radiating elements

A conventional vertical transm itting  an tenna  will provide a useful ground-w ave coverage for a lim ited 
range and  a sky-wave coverage at night at greater ranges. At an interm ediate range there is a zone where fading is 
m ore severe because the ground- and  sky-wave field strengths are nearly equal.

The use o f a horizontal rad ia ting  elem ent or an array o f such elem ents, which is practicable in band  6 
(M F), has certain advantages when the m ain purpose is to provide a night-tim e, sky-wave coverage, but it is not 
suitable for providing a day-tim e coverage by ground-w ave.
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The m ain advantage is th a t it can be designed to provide a nearly  constan t sky-wave field strength from  
the transm itter out to the edge o f  the service area. The design m ay provide fo r a coverage range up  to  the feasible 
m axim um  (about 1000 km) o r m ay be designed for a m ore lim ited coverage range (e.g., abou t 500 km). 
Nevertheless, very close to  the transm itte r (within a few kilom etres) there m ay be degradation  o f  quality  because 
o f interference between the sm all unavoidable ground-w ave and  the sky-wave. I f  this area is required  to  have a 
good service, a small “fill-in” transm itte r using a different frequency and  vertical polarization  m ay be necessary.

C alculations which take account o f the differing directivities and  po larization-coupling  losses for the case 
o f  a single horizontal d ipole in  place o f a short vertical an tenna, have been presented [Suzuki et al., 1974]. The 
im portance is stressed, o f allow ing for the effects o f im perfect ground conductivity , which no t only reduces the 
low-angle rad ia tion  from  vertical an tennas but also increases the low -angle rad ia tion  from  horizon tal an tennas in 
certain directions. In the latter context, the reduction o f co-channel in terference from  low -angle p ropaga tion  
m odes expected from  the use o f  a horizontal transm itting  an tenna, (if used in place o f  a vertical an tenna), m ay be 
over-estim ated by as m uch as 20 dB, particularly  if perfectly conducting  ground  is assum ed w hen in practice the 
ground  conductivity is poor.

The results o f the theoretical studies [BBC, 1972] show tha t, fo r a given transm itte r pow er, w here 
reflections are confined to  the E region, the use o f a horizontal dipole in  p lace o f a short vertical an ten n a  can 
reduce the level o f  co-channel in terference by 10 to  15 dB for typical g round  characteristics. M ore recent studies 
and  practical m easurem ents at tem perate latitudes have, however, show n th a t fo r frequencies and  tim es a t which 
high-angle F-region reflections occur, the advantage is m uch reduced, because o f  the strong excitation  o f 
m ulti-hop propagation  modes.

A disadvantage o f the use o f a horizontal an tenna is tha t it is necessary to  change over to  a vertical 
an tenna for day-tim e service, bu t in general, a com parable coverage area m ay n o t be ob ta ined  w ithout the use o f 
m any transm itters. Here also, there is a problem  o f change-over as discussed already un d er § 3. A nother 
d isadvantage, is th a t the cost o f  transm itting  an tenna m ay be large, particu larly  for the low er frequencies in  
band  6.

In general, it will be necessary to  lim it the rad ia ted  pow er to suitable values as a function  o f  the angle in 
the vertical plane, to  avoid causing serious ionospheric cross-m odulation. (See A nnex I to  R ecom m endation  498). 
This requirem ent m ay be m ore difficult to  fulfil w ith horizontal an tenna systems than  fo r a vertical an tenna.

It has recently been suggested tha t a horizontal an tenna should consist o f one o r m ore pairs  o f crossed 
dipoles appropriately  fed to transm it elliptically-polarized waves in  the w anted directions so as to  excite the 
ord inary  wave m ore strongly than  the ex traord inary  wave. The m ain  advantage over a system  rad ia ting  
linearly-polarized waves is tha t since ionospheric cross-m odulation is caused m ainly by the ex trao rd inary  wave, 
less cross-m odulation should in  theory  result for a given transm itter pow er. A  further advantage w ould be a 
reduction o f po larization  coupling loss.

In conclusion, it can be stated tha t vertical rad ia tion  from  horizontally-polarized an tennas can  be valuable 
in  certain  special cases. Its general in troduction  into a frequency-assignm ent p lan , how ever, can n o t be recom 
m ended as a m eans o f obtain ing a h igher density o f assignm ents on the basis o f  the in form ation  available now.

M easurem ents have been carried out in the People’s R epublic o f P o land  to com pare the effectiveness o f 
vertical and horizontal po larization  for ground-w ave coverage using frequencies in the upper p art o f  b an d  6 (M F). 
M easurem ents were m ade at distances o f  up  to 20 km from  the transm itter, the transm ission path s being over 
built-up  areas as d istinct from  open country, and the results indicate th a t the a ttenuation  o f horizontally -po larized  
waves appears to be considerably less than  w ould be expected from  the theory  o f  ground-w ave p ropaga tion  over a 
sm ooth earth [Siczek and Stasierski, 1976].

W ith regard to the reduction o f sky-wave in broadcasting  in band  6 (M F), studies have been carried  ou t in  
A ustralia to investigate a m ethod o f sky-wave field strength reduction which exploits the high absorp tion  of 
ex traord inary  waves for transm ission frequencies near the gyro-frequency. The transm itting  an ten n a  fo r this 
system is required to radiate a signal polarized in such a m anner th a t waves entering the ionosphere do so 
exclusively through ex traord inary  modes. The system is term ed orthogonal transm ission.

[CCIR, 1966-69], describes propagation  tests conducted in 1965 and  1967 which indicate th a t the m edian 
value o f  the sky-wave field strength from  a broadcasting  transm itter operating  in band  6 (M F) m ay be reduced by 
16 dB on paths to the north in the southern hem isphere, when conventional vertically-polarized transm ission is 
replaced by orthogonal transm ission. No significant change in this reduction was evident on sou th-north  paths



56 Rec. 598-1

extending from 243 km to 695 km. The reduction decreased on paths with eastw ard or westward com ponents due 
to features in the design o f the transm itting  an tenna , which did not provide the polarization-ellipse tilt required on 
such paths. A field-strength reduction o f  13 dB was m easured on paths Which were 19° to  the east o r west o f the 
bearing o f  the target area (m agnetic N orth).

This m ethod using m ainly extraord inary  m odes cannot be recom m ended for all classes o f  pow er because 
o f  ionospheric cross-m odulation effects especially caused by the ex traord inary  wave (see above).

5.4 Low-power stations

The purpose o f  low-power transm itters is to  cover lim ited areas, such as tow ns, where the field strength o f 
the m ain  transm itters is insufficient, o r possibly for the transm ission o f local program m es.

F or an efficient service these stations m ust be included in the plan. It seems that in practice they can only 
operate  with a usable field strength well above th a t o f o ther stations (in particu lar at night).

A part from  low-power transm itters which are p a rt o f a synchronized netw ork (see § 5.1), these transm itters 
m ay use:
— either channels allocated to  transm itters o f different pow ers; .
— o r one or several special channels (form erly called In ternational C om m on Frequencies (ICF)).

In  the first case, the sites o f  the stations and  their o ther characteristics m ust be clearly determ ined in the 
p lan , and  any later addition  w ould be dangerous. In the second case, it w ould be sufficient to state the 
geographical areas where these transm itters may be sited (taking in to  account the adjacent-channel interference) 
and , in addition , to  indicate the num ber o f transm itters per area and  the m axim um  pow er which m ay be used. .

Studies already m ade show tha t the present num ber o f IC Fs is quite insufficient, and  th a t a to tal o f five to 
ten w ould be preferable.

F rom  a technical po in t o f  view, these transm itters w ould be m ore efficient if  their frequencies were in  the 
low er p a rt o f band  6, bu t in practice som e o f them  w ould no doubt have to  use channels th roughou t the spectrum . 
M oreover, the m axim um  pow er adm issible and  the num ber o f low -pow er transm itters depend on  the frequency 
[Lari and  M oro, 1971].
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A N N E X  111

A P P R O X IM A T E  D A Y -T IM E  C O V E R A G E  R A N G E S

Day-tim e coverage ranges have been calculated in the absence o f interference from unw anted  transm itters 
by using the p ropagation  curves given in R ecom m endation 368. For the lim itation  o f the coverage ranges tentative 
values o f the m inim um  field-strength have been assum ed:

2.2 m V /m  (67 dB (pV /m )) for the lower th ird  o f band  6 (M F) (525 kH z to  900 kH z approxim ately);

0.8 m V /m  (58 dB (pV /m )) for the upper th ird  o f band  6 (M F) (1250 kH z, approxim ately , to  1605 kHz).

Three values o f ground conductivity  are assum ed:
— good conductivity  (a  =  10 x 10“ 3 S /m ) , .
— average conductivity (a  =  3 x 1 0 '3 S /m ) ,
— po o r conductivity (a  — 1 x  1 0 '3 S /m )

W hen considering the figures so ob tained, it should be borne in m ind th a t the average situation  o f transm itting  
sites in m any countries by no m eans corresponds to  a ground  conductivity  o f a  =  3 x 10~3 S /m ; m oreover, the 
fact tha t m any such sites are situated on hilly o r m ountainous terrain  w ould norm ally  lead to  coverage ranges 
below  the figures quoted in  the follow ing sections.

The e.m.r.p. in the horizontal p lane is supposed to  be 500 kW  (c.m.f.: 6700 V).

TABLE III

Frequency
(kHz)

Service range (km)

o =  1 X 10"3 
(S/m )

a  = 3 x  10-3  
(S/m )

a =  1 0 x 1 0 -3  
(S /m )

L ow er th ird  o f  band 6
525 . 180 310
900 ' 80 130

U pper th ird  o f  band 6
1250 105 180
1 605 60 90

A N N E X  IV .

‘ A P P R O X IM A T E  N IG H T -T IM E  C O V E R A G E  R A N G E S

The follow ing assum ptions are m ade for the calculation o f the n ight-tim e coverage ranges:

— tw o transm itters on the same frequency at a distance o f 3500 km and  rad ia ting  the sam e pow er, this pow er
being such tha t m utual interference is the only factor determ ining the coverage range*; the in terference
between the ground-w ave o f  the w anted transm itter and  its own sky-wave has been ignored;

— ground-w ave propagation  according to R ecom m endation 368;
— ground  conductivity: o  =  3 x 10“ 3 S /m ;
— sky-wave p ropagation  according to  R eport 575, (K yoto, 1978);
— pro tection  ratio : 27 dB, 33 dB and  40 dB. ' ,

* The trend show n in T able IV also  appears for other cases o f  interference (m ore than tw o transm itters, d ifferent d istan ces, 
etc.).
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TABLE IV

Protection ratio
Service range (km)

(dB)
525 kHz 1605 kHz

Ground-wave service 
27 170 90
33 135 70

, 4 ° 95 55

Sky-w ave service
■ 27 ■ ' 635 850

'3 3  ' . 420 660
40 <  300(1) 450

(0  The curves used in the study are not valid for distances o f  less than 300 km.

, A N N E X  V .

C O V E R A G E  O B T A IN E D  FR O M  S Y N C H R O N IZ E D  T R A N S M IT T E R S

Table V shows the result o f  studies where the day-tim e and night-tim e coverage o f existing groups o f 
synchronized transm itters was com pared with the coverage tha t w ould have been obtained by a hypothetical single 
transm itte r suitably placed and having a to ta l pow er equivalent to the to ta l pow er o f the synchronized group.

TABLE V -  R atio o f  the coverage obtained by a synchronized group o f  transm itters and a single transm itter

Origin
Frequency

(kHz)
Number o f  
transmitters

Total
power
(kW)

Coverage ratio

Day ■ Night

Surface Population Surface Population

O .R .F . 1025 4 300 1.45 1.68 1.83

B.B .C . 1214 16 270 1.26 3 .2 (0
3.0(2)

RAI 1367 14 . 85 , 2.12 ‘ 3.84
1:39(3) 

, 1.18(4) 
0.81(5)

6.24(3)
7.39(4)

17.74(5)

(1) Including interference from transmitters not belonging to the synchronized group.

(2) Interference between the transmitters o f the synchronized group only.

(3) Co-channel protection ratio 20 dB against transmitters not belonging to the synchronized group.

(4) Co-channel protection ratip 25 dB against transmitters not belonging to the synchronized group.

(5) Co-channel protection ratio 40 dB against transmitters not belonging to the synchronized group.
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RECOMMENDATION 411-4

FADING ALLOWANCES IN HF BROADCASTING

(Q uestion 44/10, Study Program m e 44C /10)

„ (1963-1966-1978-1986-1990)

The C C IR

U N A N IM O U S L Y  R E C O M M E N D S

tha t the values given in  Table I below should be used for the fad ing  factors necessary to  ensure a 
satisfactory signal-to-interference ra tio  for given percentages o f the time.

TA B L E  I

Ratio (dB) (7 ) ( 2 ) , (•?) (4)

Radio-frequency signal-to-interference 10 13 23 16

Wanted signal-to-atmospheric noise 6 16 22 17

. * - • 
Wanted signal-to-industrial noise 6 10 16 12 ,

Column 1: the short-term  fading allow ance which m ust be m ade to ensure th a t the steady-state ratio  is a tta ined  
for 90% o f any  given hour. ,

Column 2: the long-term  fading allow ance which m ust be m ade to ensure th a t the steady-state ratio  is achieved 
for 90% o f the hours in any one m onth  a t a particu lar tim e o f day in 90% o f the cases.

Column 3: the sum  o f  the values in colum ns (7 ) and  (2), and  is the overall variability  allow ance w hich m ust be
m ade to  ensure tha t the steady-state ratio  is attained for 90% o f any one hou r in  90% o f the hours in  any  m on th  at 
a  particu lar tim e o f day and in  90% o f the cases. This represents an  assured steady-state ratio  for 96% o f the 
overall time.

Column 4: the square roo t o f the sum  o f  the squares o f  the values (in dB) given in colum ns (7) and  (2 ), and  is
the overall variability  allow ance w hich m ust be m ade to  ensure that the steady-state ratio  is a tta ined  for 90% o f
the tim e. ' .

N ote — The figures in the above Table, relating to  the tim e availability  o f  service, were selected on  a theoretical 
basis and on experience derived principally  from  broadcasting  in b an d  6 (M F). F or H F, Study G ro u p  6 has 
proposed  app rop ria te  fading allow ances for a range o f percentages o f  tim e and  has concluded in  p articu la r th a t 
the long-term  fading o f  w anted o r in terfering signal depends upon  the ratio  o f  the wave frequency to  the basic 
M U F  and  also u p o n  the great-circle p a th  geom agnetic latitude. These allow ances are con tained  in  Table I I I  o f 
R eport 266.
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IO N O S P H E R IC  C R O SS -M O D U L A T IO N  IN T H E  LF AND M F BR O AD CA STIN G  BANDS

• (Q uestion 44 /10 , S tudy Program m e 44E /10)

(1974-1978-1990)
The C C IR , '

C O N S ID E R IN G

that excessive rad ia tion  tow ards the ionosphere m ay result in ionospheric cross-m odulation and  hence 
harm ful interference,

U N A N IM O U S L Y  R E C O M M E N D S

th a t the m axim um  perm issible rad ia tion  a t any angle o f  elevation should be such th a t annoyance due to  
ionospheric cross-m odulation does no t exceed tha t agreed for co-channel interference (see R ecom m endation 560).

RECOMMENDATION 498-2

A N N E X  I*

The effects o f ionospheric cross-m odulation in  bands 5 (LF) and  6 (M F) m ay becom e a problem  o f 
increasing severity as the pow er o f  transm itters continues to increase.

1. Detailed experim ents on this subject have been carried ou t w ithin the fram ew ork o f  the EBU  in several 
countries, notably in the U nited K ingdom , in the Federal R epublic o f  G erm any [H aberkant and  Vogt, 1966; 
H aberkan t et al., 1971] and  in the People’s R epublic o f C h ina [C C IR , 1986-90]. F rom  these experim ents which 
were carried  out with conventional am plitude-m odulation  double-sideband transm issions, the follow ing results 
m ay be deduced:

1.1 The percentage o f cross-m odulation increases practically  linearly  w ith the pow er o f  the in terfering 
transm itte r and also increases w ith the depth  o f m odulation .

N ote — The percentage o f cross-m odulation  is the percentage by which the carrier o f  the w anted transm itte r is 
m odulated  by the m odulating  frequencies o f the interfering transm itter.

1.2 C ross-m odulation depends prim arily  on the pow er rad ia ted  by the in terfering transm itter in  the direction 
o f  the reflection po in t o f  the w anted signal in  the ionosphere.

C ross-m odulation  o f percentages less than  10% are directly p ropo rtiona l to the pow er [K night, 1973]; an  
increase o f 3 dB in the in terfering transm itte r pow er therefore, increases the cross-m odulation  levels by 6 dB. The 
percentage of cross-m odulation is also directly p ropo rtional to  the dep th  o f  m odulation  o f the interfering 
transm itte r [Knight, 1973].

1.3 The percentage o f  cross-m odulation  decreases as the m odulating  frequency o f the in terfering  transm itte r 
increases. L aboratory  experim ents [W hythe and  Reed, 1973] have show n tha t the subjective effect o f  cross-m odula
tion  can be related to  co-channel interference. To produce a given subjective grade o f im pairm ent, interference 
resulting from  ionospheric cross-m odulation  requires 6 dB less inpu t signal-to-interference ratio  than  does 
co-channel interference, providing th a t the cross-m odulation is referred to a m odulation  frequency o f  300 Hz.

1.4 It should be noted that the studies on  the problem  o f ionospheric cross-m odulation  carried  out by Study 
G roup  6 are sum m arized in R eport 574.

2. Figure 1 shows the percentages o f  cross-m odulation  m easured in m any experim ents [K night, 1973]. Each 
m easurem ent has been standardized to  the value which w ould have been observed if the in terfering  transm ission 
had  been radia ted  from  a short vertical an tenna  w ith a carrier pow er o f  100 kW  and  am plitude m odulated  at 
300 H z to  a depth o f 80%.

* T his A nnex is g iven  for in form ation .
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Normalized frequency o f  interfering transmitter relative to the gyrom agnetic frequency, f j / f ( j  

FIGURE 1 -  M easurements o f  ionospheric cross-modulation a t m edium  latitudes

[van der Pol and van der Mark, 1935; BSumler and Pfitzer, 1935; 
Bailey, 1937; Grosskopf, 1938]
[Huxley et al., 1947; Ratcliffe and Shaw, 1948;
Huxley et al., 1948; Huxley, 1950; Shaw, 1951; Bell, 1951] 

[Cutolo and Ferrero, 1948 and 1949;
Cutolo et al., 1950; Cutolo, 1952]
[Bailey et al., 1952; Hibberd, 1964]
[Haberkant and Vogt, 1966; Haberkant et al., 1971]

□  : measurements before 1945

O  : measurements at Cambridge and Birmingham

#  : measurements in Italy

<8>: measurements in Australia 

A  : measurements in Western Europe after 1945

x  : other measurements 

■ —  : semi-empirical upper limit
A  : band 5 (LF) .

B ! band 6 (MF)

N ote  -  The vertical lines represent a range o f  median values measured during the course o f  a night, or on different nights. 
The arrows pointing downwards indicate measured values which are less than.the value indicated.
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Figure 1 includes a sem i-em pirical curve which shows the greatest percentage o f cross-m odulation, 
averaged over a short period, likely to  be observed; the condition  for this is tha t the w anted signal should traverse 
the region o f the ionosphere m ost strongly illum inated by the interfering transm itter. Figure 1 shows that 
cross-m odulation  rises to  a second m axim um  when the frequency o f the in terfering transm itter is close to the 
gyrom agnetic frequency. Figure 5 shows a m ap giving the value o f the gyrom agnetic frequency for different parts 
o f the w orld [Laitinen and  H aydon, 1950]. .

3. The effects o f cross-m odulation should be taken  into account no t only for sky-wave reception , bu t also for
ground-w ave reception at the edge o f  the service area when at night the sky-wave is no longer negligible. 
How ever, the effect o f cross-m odulation  is reduced approxim ately  in the ratio  o f the w anted signal levels, 
g round-w ave to  sky-wave, at the receiving point.

4. The percentages o f ionospheric cross-m odulation  have been calculated for LF and  M F  and  their
dependence on the pow ers o f the w anted and  unw anted  transm itter has been determ ined. Results o f  theoretical 
studies and  practical experim ents have been com pared. [Shluyger et al., 1976]. .

5. Prelim inary conclusions

O n the basis o f m easurem ents [H aberkant and  Vogt, 1966; H aberkan t et al., 1971] exam ples m ay be given 
o f  the pow er-flux levels, o r the transm itte r pow er as a function  o f the angle o f  elevation, w hich can cause 
d istu rbance to w anted transm issions. ,

F or this purpose, an assum ption  is First m ade regarding the to lerable level o f the percentage o f 
cross-m odulation. A ccording to  R ecom m endation 560 and  R eport 575, a radio-frequency pro tection  ratio  o f 
approxim ately  30 dB is agreed fo r 10% o f  the tim e in the case o f a fluctuating unw anted  signal. Ignoring the effect 
m entioned  in § 1.3, the same distu rb ing  effect is produced  by 3% cross-m odulation  for 10% o f the time. It has 
been show n [H aberkant et al., 1971] th a t for frequencies at the up p er end o f the M F broadcasting  band  6 (M F) 
this level o f  cross-m odulation m ay be produced  by a pow er flux w ithin the E region o f  the ionosphere o f about 
2 p W /m 2 ( — 57 dB (W /m 2)), w hich corresponds to  a m axim um  Field strength o f 27 m V /m  (89 dB (pV /m )).

A ssum ing a height o f 100 km o f  the reflecting layer (E region), it is possible to  calculate the pow er 
rad ia ted  from  various types o f an ten n a  which w ould produce this pow er flux w ithin the E region. The vertical 
transm itting  an tennas tha t are com m only used show a vertical rad ia tion  pattern  which depends in  a well-defined 
fashion on the height (expressed in fractions o f  the w avelength, ^). In  particu lar, such vertical antennas do no t 
rad ia te  a t an angle o f elevation o f  90°. Table I [H aberkant et al., 1971] indicates, for a num ber o f vertical 
transm itting  an tennas at d ifferent heights the transm itte r pow ers to  be fed in to  these an tennas to  meet the 
above-m entioned requirem ents.

TABLE I

Length o f  vertical antenna <  0 .25 X 0.25 X 0.5 \ 0 .55 X 0.64 X 0.64 x ( ‘)

Transmitter carrier power 
(kW) 320 340 560 670 370 840

( ‘ ) First side lobe com pensated.

It is possible to  calculate the dependence o f  the rad ia ted  pow er on the angle o f elevation required  to  
produce the sam e pow er flux, covering the whole range from  0° (horizontal rad ia tion ) to  90° (vertical rad ia tion). 
The results are given in Table II.

Tables I and  II give only approxim ate values because it is know n, from  theory, th a t ionospheric 
cross-m odulation m ay be influenced by several param eters, such as the frequencies o f  the w anted and  o f the 
in terfering  transm itter (in particu lar seen in their rela tionsh ip  to  the gyro-frequency) and  the po larization  o f 
em ission.

The powers given in Tables I and  II are exam ples based on a sm all num ber o f m easurem ents a t a 
frequency near the top  end o f  b an d  6 (M F); they m ake no allow ance for the change o f cross m odulation  w ith 
carrier frequency o f  the d isturbing signal, no r do  they include the effect o f  reduced cross-m odulation a t the higher 
audio  frequencies which perm its in terfering-transm itter pow ers to- be increased by 3 dB.
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Angle o f  elevation 0°

OO OO
U) o 0 OO

4 5 ° O 0 o\ o 0 7 0°

OO00 9 0 °

e.m.r.p. (dB (1 kW)) or c .m .f /1} 
(dB (300  V)) 39.5 32 27.5 24.3 22.5 22 21.5 20 .2 19.3 18.7 18.5

e.m.r.p. (kW) 9000 1600 570 230 190 160 140 105 85 75 70

C) e.m.r.p.: effective m onopole radiated power; I 0 , ' , .
c.m .f. : cym om otive force. f  See also Recom m endation 561

It m ay be noted  tha t services other than  broadcasting  have also suffered degradations due to  ionospheric 
cross-m odulation.

The results o f m any o ther m easurem ents o f ionospheric cross-m odulation  have been com pared  
[Knight, 1973] and  Fig. 1 shows th a t 100 kW  rad ia ted  from  a short vertical an ten n a  at frequencies in the low er 
p a rt o f  the b roadcast ban d  6 (M F) produces cross-m odulation  which m ay exceed 2% for 50% o f  the time. It m ay 
be show n [H aberkant et al., 1971] th a t this corresponds to  a cross-m odulation  level o f  3% exceeded fo r 10% o f the 
tim e. The pow er o f 100 kW  m ay therefore be directly com pared w ith the pow er o f  320 kW  given in  Table I. The 
greater pow er in  Table I arises because the series o f  m easurem ents on w hich it was based ap p e ar to  give low er 
cross-m odulation than  the estim ated w orst case values show n by the curve in Fig. 1.

Figure 1 also shows th a t cross-m odulation levels caused by d isturb ing  transm itters, opera ting  either at 
frequencies in band  5 (LF) or a t frequencies close to  the gyrom agnetic frequency, m ay be 10 dB greater than  levels 
arising at frequencies in the low er p art o f band  6. A 5 dB reduction o f  d istu rb ing-transm itter pow er reduces the 
cross-m odulation level by 10 dB. A llow ing for the m odulation-frequency effect we conclude tha t, depending  on 
the d isturbing frequency in  bands 5 (LF) and  6 (M F); transm itter pow ers in  a range varying from  the values in 
Tables I and  II dow n to 7 dB low er m ay, at w orst, give interference to  a sky-wave service com parab le w ith 
co-channel interference for 30 dB pro tection  ratio.

Som ewhat greater d istu rbing-transm itter pow ers m ay be rad ia ted  if  ground-w ave services, ra ther than  
sky-wave services, are to  be pro tected  from  the effects o f ionospheric cross-m odulation , because the d isturbing 
transm itte r influences only the sky-wave com ponent o f the received signal. I f  the lim it o f  the ground-w ave service 
area is defined as the line where the ground-w ave field strength exceeds the m edian  sky-wave field strength by 
10 dB; the m edian cross-m odulation  o f  the resu ltan t signal will be 14 dB less th an  the m edian  cross-m odulation  o f 
the sky-wave. D isturbing-transm itter powers m ay therefore be greater than  the equivalent pow ers w hen the 
sky-wave is being protected.

6. Practical application of the conclusions .

The EBU has investigated the consequences on the p lann ing  o f  b roadcasting  netw orks in  bands 5 (LF) 
and  6 (M F) to  be draw n from  the prelim inary  conclusions sum m arized in  § 5 o f  this Annex. The m ost urgent 
p roblem  is that o f setting limits fo r the m axim um  effective m onopole-rad iated  pow er as a function  o f  the angle o f 
elevation and  type o f  an tenna if  a  certain  am ount o f  interference caused by ionospheric  cross-m odulation  is no t to  
be exceeded. The conclusions d raw n so far from  these studies are set ou t hereafter.

It is recom m ended tha t the annoyance due to  cross-m odulation  should  no t exceed th a t resulting from  
co-channel interference w ith a p ro tection  ratio  o f  30 dB. However, cross-m odulation , unlike co-channel in te rfer
ence, decreases w ith increasing m odula tion  frequency, so th a t subjective experim ents are necessary to  relate the 
two effects. Such experim ents have been carried out, and  have show n th a t the m axim um  percentage o f 
cross-m odulation could be 6.3% w hen the  interfering transm itter is 80% m odulated  by 300 H z tone. It is 
recom m ended th a t this should be regarded as the m axim um  acceptable lim it o f  cross-m odulation .

The results o f  subjective assessm ent o f the degree o f annoyance by cross-m odulation  carried  ou t in C h ina 
under norm al transm ission o f sound  broadcasting  program m es and  a co-channel p ro tection  ra tio  o f 27 dB fo r 
sky-wave service show tha t the quality  grade o f 4 is achieved and  the interference is perceptib le b u t no t annoying , 
w hen the percentage o f  cross-m odulation  is 8.9%.



64 Rec. 498-2

Taking into account the dependance o f  cross-m odulation on the carrier frequency o f  the unw anted 
em ission and  the height o f the reflecting layer, Fig. 2 (curve A) shows the m axim um  effective m onopole-radiated  
pow er (dB (1 kW)) or cym om otive force (dB (300 V)) directed vertically upw ards which w ould produce, for 50% 
o f  the tim e, the percentage o f cross-m odulation specified above. The abscissa is the ratio  o f the unw anted carrier 
frequency f  to the gyro-frequency f G (about 1.25 M H z in Europe). This curve is based on a large num ber o f 
m easurem ents in E urope and A ustralia as described in § 5 and  Fig. 1, taking the observed values o f  cross-m odula
tion  as representing the w orst values likely to occur over the m ost unfavourable geographical path.

In practical cases, account m ust be taken o f the vertical rad ia tion  pattern  o f the an tenna  and o f the 
increasing distance between the an ten n a  and  the reflecting po in t in d irections o ther than  vertical. Fig. 3 shows the 
perm issible increase in e.m.r.p. in directions o ther than  vertical, allow ed by the increasing d istance only. An 
additional increase or decrease in pow er resulting from  the vertical d iagram  o f  the an tenna has to  be taken into 
account. F or practical app lication , the influences o f increasing distance to the reflecting po in t and  o f the vertical 
rad ia tion  pattern  o f the an tenna have been com bined into one single correction factor A P  w hich has to be added 
to  tha t read from  Fig. 2. This correction  factor has been calculated for vertical an tennas o f different electrical 
length x 1/^ and  horizontal d ipoles 0.5A, long, at different heights % «  h /X  above ground, assum ing a height o f 
85 km fo r the region o f the ionosphere in which cross-m odulation  should occur. The result o f  this calculation is 
given in Fig. 4.

In  a ground-w ave service which is to be pro tected  against cross-m odulation at night, it m ay be assum ed 
tha t the sky-wave field strength o f the w anted transm itte r is 10 dB below  the ground-w ave field strength at the 
service lim it. Since only the sky-wave com ponent is subject to  cross-m odulation , an  increase o f 5 dB in rad ia tion  
is perm issible if  only ground-w ave services need be considered. This leads to  curve B o f Fig. 2.

m mT) T3
ex. '*-<

S
6 o"

Frequency o f  interfering em ission relative to  the gyrom agnetic frequency f^ /fc

FIGURE 2 -  Vertically-incident radiation giving a quasi-m axim um  o f  6 .3%  cross-m odulation a t  3 0 0  H z

Curve A: for protection o f  ground-wave services 
Curve B : for protection o f  sky-wave services

25

20

15 f?

10 >?

FIGURE 3 -  Variation o f  perm issible radiation w ith  angle o f  elevation  

(Curvature o f  the Earth taken into account, assuming that cross-modulation takes place at a height o f  85 km)



A
P

dB

Rec. 498-2 65

FIGURE 4  -  Correction factor, AP, fo r  d ifferen t ty p e s  o f  antenna

Curve A: vertical antenna
X : relative length o f  antenna, l/x

Curve B: horizontal dipole ( /=  0 .5 \ )
X : relative height above ground, h / \
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FIGURE 5 -  W orld-wide d istribu tion  o f  gyro-frequency (MHz)

As a practical exam ple, consider a short vertical an tenna  in band  5 (LF) ( / / / / g =  0.2). Figure 2 shows tha t 
to  p ro tec t a ground-w ave service, the m axim um  e.m.r.p. in a vertical direction  w ould be 20 (dB (1 kW))
i.e. 100 kW. However, a short an tenna produces a m axim um  value o f Field strength in the ionosphere at an angle
elevation o f  45°; Fig. 3 shows th a t an increase o f 3 dB is perm itted at th a t angle, giving an e.m .r.p. o f 200 kW.
H ow ever, it is m ore convenient to  specify the e.m .r.p. in  the horizontal d irection ; for a short an tenna  this is 3 dB
greater th an  at 45°, i.e. 400 kW.

A ccordingly, in this case, for a short vertical an tenna  (l/X  < 0.1), the value o f A P  =  +  6 dB can be read 
from  curve A in Fig. 4, which results in a total pow er fed to the an tenna o f P  =  + 2 6  dB (1 kW ) i.e. «  400 kW.

Curves showing the relationship  between the depth  o f cross-m odulation at the po in t o f reception and  the 
field strength at the po in t o f reflection in the ionosphere are given in Fig. 6. They have been ob ta ined  follow ing 
investigations carried out in C hina. These curves m ay be used to  evaluate the percentage o f cross-m odulation  at a 
given reception po in t for different values o f interfering  field strength at the po in t o f reflection in the ionosphere 
and  to  calculate approxim ately the zone o f influence o f  cross-m odulation.
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75 80 85 90 95  100 105
Field strength (dB(juV/m))

FIGURE 6 -  R elationship  betw een  the dep th  o f  cross-m odulation and the f ie ld  strength  
a t the p o in t o f  reflection  in the ionosphere ‘

- (correlation coefficient r = 0 .84  for the curves)

•  400  Hz measured value ,
O  1000 Hz measured value ,
A  average o f  measured value
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R E C O M M E N D A T IO N  639*

NECESSARY BANDW IDTH OF EM ISSION IN LF, MF AND HF BROADCASTING**

(Q uestion 44/10, Study Program m e 44A / 10)

(1986)
The C C IR ,

C O N S ID E R IN G

(a) tha t in am plitude m odulated  double-sideband (AM -DSB) sound b roadcasting , the bandw id th  o f  em ission is 
twice the audio-frequency (AF) bandw id th ;

(b) th a t for quality reasons, the A F  bandw idth  should be as high as possible;

(c) th a t adjacent-channel interference is determ ined by, am ong other factors, the bandw idth  o f the m o d u la tin g -
signal, and  that som e sound processing o f the audio  program m e m ay significantly  increase the  higher frequency
audio com ponents; .

(d) th a t the bandw idth  o f the com plete AM -DSB transm ission system (system bandw idth) is determ ined by the 
com bined effect o f the 'bandw id th  o f  em ission and  the receiver bandw idth ;

(e) that in m ost practical cases the bandw idth  o f em ission considerably  exceeds the receiver bandw idth ,
although receivers with w ider o r double bandw idths are becom ing m ore prevalen t in  som e parts o f  the w orld ;
( f )  that, am ong other factors, efficiency o f  spectrum  utilization is affected by the carrier spacing and  also by 
the necessary bandw idth  o f em ission;

(g) that adjacent-channel interference decreases in areas relatively close to  the w anted transm itter, where, fo r a
transm itter o f m edium  to low pow er, a larger concentration  o f audience can usually  be presum ed;

(h) th a t where adjacent-channel interference is m inim ized by ap p ro p ria te  geographical spacing o f sta tions,
some advantage can be taken o f bandw idths o f em ission significantly greater than  the channel spacing, thus 
increasing system bandw idth , particu larly  where receivers o f w ider bandw id th  are em ployed,

U N A N IM O U S L Y  R E C O M M E N D S  . ,

th a t where required, either fo r optim izing spectrum  utilization o r fo r p rov id ing  an  im proved overall system 
A F response, the overall system can be optim ized and  p lanning  problem s can  be reduced by tak ing  advantage o f 
the existing knowledge o f the in terre lation  between system bandw idth , channel spacing and  ad jacen t-channel 
pro tection  ratio , as given in A nnex I.

A N N E X  I

N E C E S S A R Y  B A N D W ID T H  O F  E M IS S IO N  IN  

LF, M F , A N D  H F S O U N D  B R O A D C A S T IN G

1. Introduction

In  an am plitude-m odulation  double-sideband sound broadcasting  system  the bandw id th  o f  em ission is 
approxim ately  twice the audio-frequency bandw idth  o f the program m e and , therefore, greatly influences the 
quality  o f reception. O n the o ther hand , for a given frequency separation  betw een adjacent channels, a lim ita tion  
o f the bandw idth  o f  em ission is desirable to  avoid m utual interference.

The difference between the transm itted  bandw idth  for am plitude-m odulation  sound broadcasting  and  the 
receiver bandw idth  has led to  research [CCIR, 1966-69a and  b ; N etzband and  Siiverkriibbe, 1968; Suverkriibbe, 
1969; Petke, 1973] aim ed at im proving the-w hole transm ission system. It appears th a t it w ould be useful to  fix
values for the audio-frequency bandw id th  o f the program m e to be rad ia ted  as well as for the overall response o f
the receivers and  to  obtain  these values by the use o f band-lim iting filters. I f  b o th  these bandw idths are nearly  
equal and  are suitably related to  the channel spacing the transm ission system provides for the full u tiliza tion  o f 
the transm itted  bandw idth  as well as for the m ost favourable pro tection  against adjacen t channel interference 
[Eden, 1967].

* T his R ecom m endation  shou ld  be brought to  the attention  o f  Study G roup 1.

** T he essential contents o f  R eport 457 having been transferred into A n n ex  I o f  th is R ecom m en dation , R eport 457 is hereby
cancelled .
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2. Necessary bandwidth of emission ;

2.1 Bands 5 (LF) and  6 (MF)

Obviously, the bandw idth  o f em ission, as well as the passband o f the receivers, should be chosen in such a 
way tha t there is no unnecessary im pairm ent o f reception quality or any increase in adjacent-channel interference 
[N etzband and Siiverkriibbe, 1968]. In areas where adjacent-channel interference is expected not to be negligible, 
the use o f equal values for channel spacing, bandw idth  o f em ission and receiver passband w ould be a good 
solution. In areas where less adjacent-channel interference is to be expected, d ifferent values m ay be suitable, 
e.g., the bandw idth  o f em ission and  the receiver passband  m ay be equal and  considerably exceed the Qhannel 
spacing. This is especially true if  the sam e transm itter netw ork is operated  during day and  night. In such 
circum stances receivers, equipped with filters o f sw itchable bandw idths, m ay be used successfully to im prove the 
reception quality under different p ropagation  conditions.

2.2 B and  7 (HF)

In  short-wave broadcasting , the necessary bandw idth  o f em ission for AM -DSB should in no case exceed
the value o f 9 kHz. R ecom m endation 640 specifies a m axim um  o f 4.5 kH z necessary bandw idth  for AM-SSB 
broadcasting . .

3. General considerations

3.1 There exists a w ell-known in terrelation  between system bandw idth , carrier spacing and adjacent-channel 
radio-frequency protection  ratio  [Siiverkriibbe, 1969; Petke, 1973].

3.2 The theoretically obta inab le optim um  value o f pro tection  against adjacent channel interference can be 
assessed by using an ideal receiver with rectangular passband  characteristics. In this case the radio-frequency 
pro tection  ratio is m ainly determ ined by non-linear d istortion  in the transm itter.

3.3 A theoretical study o f the energy spectrum  including out-of-band rad ia tion  caused by transm itter
non-linearities is contained in [Kettel, 1,968]. E xperim ental investigations o f the energy spectrum  o f a high-pow er 
transm itte r operating in band  6 (M F) [C C IR , 1966-69c] show tha t the term  occupied bandw idth  as defined in 
Article 1, No. 147 o f  the R adio  R egulations does no t give an adequate ind ication  o f the effects o f bandw idth  
lim itation  on adjacent channel interference. '

4. Relationship between AF bandwidth, RF protection ratio and channel spacing

4.1 M easurem ent results

M easurem ents o f the radio-frequency pro tection  ratios for the case o f  various values o f audio-frequency 
bandw idths, which are equal at bo th  transm itter and  receiver, and  at different channel spacings have been carried 
out in the Federal Republic o f G erm any [Suverkriibbe, 1969] using the objective two-signal m easuring m ethod 
given in Recom m endations 559 and  560. F or the m easurem ents a high quality  com m ercial receiver w ith an alm ost 
ideal passband  characteristic was used. The in terre lation  between the param eters involved is show n in Fig. 1. F or a 
given channel spacing there are m any pairs o f values o f audio-frequency bandw idths and  ad jacent channel 
pro tection  ratios. If, however, tw o o f the param eters have been chosen, the th ird  is definitely fixed.

4.2 Computation results

The relationship between system bandw idth , ad jacent channel protection  ratio  and  channel spacing can be 
determ ined by m eans o f  the num erical m ethod (R ecom m endation 559).

Studies carried out were based on the assum ption tha t both  the carrier spacing and  the adjacen t channel 
pro tection  ratio are predeterm ined values. U sing R ecom m endation 560, a relative value o f the radio-frequency, 
pro tection  ratio  o f —26 dB corresponding to  a channel spacing o f 9 kH z has been assum ed. Thereby due account 
has been taken o f the characteristics o f  current types o f receivers.

A ny am plitude-m odulation  sound-broadcasting  system has, in p rinciple, the same effect on the reception 
quality  as a low-pass filter. A m plitude-m odulation  systems designed in conform ity  with the channel spacing and  
pro tection  ratio requirem ents m entioned above m ay, therefore, differ to  som e extent in bandw idth  and  rate o f 
cu t-off o f  the overall am plitude /frequency  response. The investigations carried  ou t were, therefore, extended to 
cover this aspect o f the problem  o f  the quality  o f reception.
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FIGURE 1 -  Use o f  the frequency spectrum

It was assum ed that the influence on the overall am p litude /frequency  response o f the entire system was 
equally d istributed between the transm itting  and  receiving ends. This ap p ro ach  should, how ever, be considered as 
a first a ttem pt only and additional studies will have to be carried ou t fo r d ifferen t conditions. As a result o f  the 
calculations m ade it was found th a t any one o f  the three overall am p litude /frequency  response curves show n in 
Fig. 3 w ould provide satisfactory adjacent-channel pro tection  in an  9 kH z channelling  system. The curves o f  Fig. 2 
p resen t pairs o f values for the bandw idth , b, and  rate o f cut-off, Oq, required  a t either end o f  the AM  
sound-broadcasting  system. The solid, curve is only valid  if  use is being m ade o f  a notch  filter in  the receiver to  
elim inate the beat-note between adjacen t channel carriers, whereas the b roken  line applies to  the case where there 
is no notch  filter. The particu lar po in ts in  Fig. 2 num bered ® ,  ©  o r ®  correspond  to  te rm inal equipm ent 
characteristics tha t w ould provide the overall am plitude /frequency  response curves, A, B o r C, respectively, in 
Fig. 3.

The results obtained are in  close agreem ent w ith Fig. 1 which should  be considered to  p rov ide lim iting 
values, since it applies to the ideal case o f rectangular passband characteristics. The system  bandw id th  thus 
decreases rapidly  with decreasing rate o f  cut-off.

4.3 Listening tests

The influence o f  reproduction  quality o f  an  am plitude-m odulation  sound-broadcasting  system with 9 kH z 
channel spacing and  a relative p ro tection-ra tio  value o f  — 26 dB fo r ad jacen t channel in terference can be 
sim ulated by using three specified low-pass filters. The passband characteristics o f these filters are those o f 
curves A, B and  C i n  Fig. 3.

Subjective listening tests then  show quite clearly th a t a better subjective quality  im pression can  be ob ta ined  
w ith frequency response curves A and  B than  w ith curve C. However, the difference in quality  ob ta ined  with 
curves A and  B is very sm all, a fact which m ay be o f  considerable econom ic in terest, since the rate  o f  cu t-off o f 
the receiver is 40 dB /octave less w ith curve B than  with curve A.
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FIGURE 2 -  Characteristics o f  an am plitude-m odulation  sound-broadcasting system  
fo r  op tim u m  qu a lity  o f  reproduction

B asic a ssu m p tio n s:
C h an n el spacing: 9 kH z .
R elative ad jacent-channel protection  ratio: -  26 dB

------------------------ : characteristics inclu d in g  the  e ffe c t o f  a
notch  filter for e lim in a tio n  o f  the carrier beat 

------------------------ : characteristics w ith o u t n otch  filter

5. Radio-frequency and intermediate-frequency passband characteristics of current types of receiver

Receiver characteristics have been collated in various countries and  are partly  reproduced in R eport 333 
(New  Delhi, 1970). R adio-frequency and  interm ediate-frequency passband  values between the 6 dB poin ts are 
quoted  ranging between 5 and 10 kHz. It should be noted  tha t the reproduced  audio-frequency bands are abou t 
half, these values. The highest values m entioned are those o f “first category” receivers in the U SSR 
[C C IR  1966-69d] with variable selectivity. ,

It is know n tha t there are m any receivers w ith even sm aller passbands than  those m entioned in the above 
references. It has, however, been ind icated  tha t in some areas there exist receivers w ith larger passbands.
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FIGURE 3 -  Overall am plitude/frequ en cy response fo r  an am plitude-m odulation  sound-broadcasting  
system  fo r  o p tim u m  quality  o f  reproduction

Curve A : overall rate o f  cu t-off for system -  120 dB per octave  
B : overall rate o f  cu t-off for system — 80 dB per octave  

’ C : overall rate o f  cu t-off for system -  40  dB per octave

6. Use of bandwidth limitation in operational practice

Even though the use o f bandw idth  lim itation  has been com m on practice for m any years, the public  
reaction  to  the effect on  program m e quality  has been negligible. On the o ther hand , im proved recep tion  has been 
reported  in m any cases where adjacen t channel interference had  previously been severe.

A ccording to  the G eneva P lan, a large num ber o f  transm itters are n o t operating  in bands 5 (LF) and  
6 (M F) with a lim ited bandw idth . In  the LF band  50.6% o f the total num ber o f  transm itters has a bandw id th  o f 
em ission equal to  o r less than  10 kH z, whereas in  the M F band  this value is only 31.3%.

7. A bandwidth-saving overtone transmission and reception system

A new m ethod has been described [G assm an, 1972 and  1973], applicab le in bands 5 (LF), 6 (M F) and  
7 (H F), which allows im proved sound  quality  at the receiver while the audio-frequency m odulating  signal is 
restricted in bandw idth. The system is based on the fact tha t the hum an  ear is unab le to  identify  overtone 
frequencies above about 4 kH z in  rela tion  to  the fundam ental tone.
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The im provem ent o f the sound quality is effected by the addition  o f artificial overtones generated in the 
receiver. The am plitudes o f the overtones are controlled by a pilot tone at the upper end o f the audio-frequency 
passband. The p ilo t tone carries the in form ation on the am plitude o f the overtones and  the necessary synchron
izing signal in the form  o f a single-sideband m odulation.

8. Out-of-band spectrum of double-sideband sound-broadcasting emissions

R ecom m endation 328, § 3.5.1, gives the lim it curves for the level o f the out-of-band radiation o f am plitude 
m odulated  double-sideband broadcast emissions. The curves have no fixed relation  to the. level o f the carrier since 
this rela tion  depends on:
— the m odulation factor o f the transm itter (r.m.s. value);
— the necessary bandw idth  o f the em ission;
— the bandw idth o f the spectrum  analyser.

However, the lim it curves have a fixed relationship to the m axim um  level o f the sideband com ponents 
which depends only on the pow er d istribu tion  w ithin the sidebands.

D etailed in form ation on the corresponding values is contained in R eport 325.

9. The effect of audio signal processing on bandwidth

Some transm itters operating  in ban d  7 (HF) em ploy an audio shaping filter and  lim iter to  achieve higher 
average m odulation. The use o f  the filter is com m only referred to  as the trapezoidal m odulation  technique. 
M easurem ents in Ind ia  [CCIR, 1982-86a] have indicated tha t in the case o f trapezoidal m odulation , the occupied 
bandw idth  o f em ission is greater than  in the case o f conventional m odulation . Table I sum m arizes the results o f 
the m easurem ents.

TA B LE I — O ccupied bandw idth  f o r  trapezo ida l a n d  conventional m odulation

O ccupied  bandw idth  
(kH z)

Percentage
T rapezoidal m odulation C on ven tion a l m odulation

m odulation
(%)

U pper lim it o f  m odulating  
frequency  

(kH z)

U pper lim it o f  m odulating  
frequency  

(kH z)

4.5 5.0 _ 4.5 5.0

30 11.0 12.0 10.3 1.1.5

50 11,7 12.9 11.1 12.0

70 13.7 14.6 12.1 13.0

However, when the highest frequency o f a coloured-noise m odulating  signal (see R ecom m endation 559) is 
no t restricted to a value o f 10 kH z by a low-pass filter, the occupied bandw idth  in the case o f trapezoidal 
m odulation  becomes less than in the case o f conventional m odulation. This result is attribu ted  to  the sound- 
shaping filter used for trapezoidal m odulation  which actually reduces the frequency com ponents beyond abou t 
8 kH z in the m odulating signal. ‘

10. Conclusions

10.1 Figure 1 shows the relationship  between the adjacent-channel radio-frequency protection  ratio , the channel 
spacing and  the audio-frequency bandw idth  and assumes tha t the audio-frequency bandw idth  o f  the rad ia ted  
program m e is the same as tha t reproduced by the receiver. W hen two o f the three param eters are selected, the 
th ird  is definitely fixed. In  general the channel spacing will be given and  a particu lar value o f  radio-frequency 
protection  ratio will be required. Then the full audio-frequency bandw idth  as taken from  Fig. 1 can be transm itted  
bu t full use o f the bandw idth  o f  the radia ted  signal can only be m ade if the receivers have selectivity 
characteristics corresponding to  th a t o f the audio-frequency filter at the transm itter.
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10.2 The predeterm ination o f values o f  channel spacing and adjacent-channel protection ratio  in an am plitude- 
m odulation  sound-broadcasting system is equivalent to a determ ination  o f  the quality o f audio-frequency 
reproduction . For exam ple, in the case o f  9 kH z channel spacing and  —26 dB adjacent-channel protection  ratio , 
Fig. 2 shows that, with reasonable values for the rate o f cut-off, an audio-frequency bandw idth  o f  4.4 kH z can 
hardly be exceeded. M oreover, it is evident from  this figure that decreasing rates o f  cu t-off im ply decreasing 
values o f  audio-frequency bandw idth.

From  subjective listening tests it is apparen t that, w ithin the predeterm ined  lim its show n in Fig. 2, the 
reception quality m ainly depends on the audio-frequency bandw idth. H ow ever, when approach ing  the lim its, a 
slight increase in audio-frequency bandw idth  may im ply a substantial increase in rate o f cut-off, whereas the 
increase in reception quality m ay hardly  be noticeable.

Sim ilar studies for 8 and  10 kH z channel spacings led to  corresponding  results show ing the sam e 
tendencies. The apportionm ent o f  the overall am plitude/frequency  response equally  to  the transm itte r and receiver 
does no t necessarily correspond to  optim um  conditions. On the con trary , com putations indicate tha t the 
adjacent-channel protection  ratio  is m ore sensitive to  a m odification o f the am p litude /frequency  response at the 
receiving end than  at the transm itting  end o f  the system. From  an econom ic po in t o f  view, how ever, it m ay be 
undesirab le to  im prove receiver selectivity. Further studies are necessary before a final decision can therefore be 
made.
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CH A N NEL S PA C IN G  FOR S O U N D  BR O AD CA STIN G  IN BAND 7 (H F)

(Question 44 /10 , Study Program m e 44A / 10)

(1982-1986)

The C C IR , ■ ,

C O N S ID E R IN G

(a) th a t the coverage area achieved in practice depends am ong other things, upon  the channel spacing;

(b) th a t there are technical advantages in the adop tion  o f un iform  carrier spacing w ith the nom inal carrier
frequencies being integral m ultiples o f  the channel spacing;

■(c) th a t the interm ediate frequency (or frequencies) o f  receivers should  be chosen so as to  be an  integral
m ultiple o f the channel spacing;

(d) th a t the choice o f  channel spacing should also take in to  account the possible adop tion  o f SSB (single
sideband) in the future;

(e) th a t these advantages can only be fully realised if  a un iform  value for channel spacing is adopted  for 
ban d  7 (HF), -

U N A N IM O U S L Y  R E C O M M E N D S

1. tha t a un iform  value o f 10 kH z should be used w orld-w ide for channel spacing in band  7 (H F);

2. th a t the nom inal carrier frequencies should be an  integral m ultiple o f the channel spacing;

3. th a t interleaving channels w ith carrier frequencies separated  by 5 kH z from  those o f the m ain  channels
m ay be used for coverage o f geographically  separated areas;

4. tha t, wherever possible, the . in term ediate frequency (or frequencies) in receivers should  be an  integral
m ultiple o f the channel spacing;

5. . tha t a value o f 5 kH z should  be used w orld-w ide for channel spacing for any SSB system tha t m ay be
selected fo r future use in band  7 (HF). '

RECOMMENDATION 597-1
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R E C O M M E N D A T IO N  702*

SYNCHRONIZATION AND MULTIPLE FREQUENCY USE PER  
PROGRAM M E IN HF BROADCASTING

' v \  -

(Q uestion 44 /10  and  Study Program m e 44L /10)

(1990)

The C C IR ,

C O N S ID E R IN G

(a) th a t the overloading o f the H F  bands is well know n;

(b) th a t Article 17, No. 1751, o f  the R adio R egulations, states: . .  their num ber (o f frequencies) should  be
the m inim um  necessary to  provide satisfactory reception  o f  the particu lar program m e in each o f  the areas for 
which it is in tended . . ;

(c) th a t the W A R C HFBC-87 recognized tha t the synchronization o f transm itters is an  accepted technique fo r 
im proving the efficient use o f the spectrum ,

U N A N IM O U S L Y  R E C O M M E N D S

1. that, w herever possible, only one frequency should  be used to  rad ia te  a particu la r p rogram m e to a  given 
reception area;

2. th a t over certain  paths, e.g. very long paths, those passing th rough  the au ro ral zone, o r paths over w hich 
the p ropagation  conditions are changing rapidly, it m ay be found necessary to  use m ore than  one frequency per 
program m e;

3. tha t in  certain  special circum stances, nam ely:

— where the depth  o f the required service area extending outw ards from  the transm itte r is too  great for it to  be 
served by a single frequency,

— when highly directional an tennas are used to  m ain ta in  satisfactory signal-to-noise ratios, thereby lim iting the 
geographical, area covered by such antennas, '

— where the required service area subtends an  azim uth angle greater th an  can  be served by a  single d irectional 
antenna,

m ore than  one frequency per p rogram m e or synchronization  could be used as app rop ria te ;

4. th a t synchronized transm itters:

— at the same site, driven by a com m on oscillator and  m odulated by the sam e program m e in the correct phase;
— at separate sites, driven by separate oscillators, the frequencies o f  w hich are precisely contro lled  (a carrier 

frequency difference o f  0.1 Hz o r less) and  m odulated  by the sam e p rogram m e;

should  be considered as not in troducing  any appreciable deterioration  in  reception.

This conclusion is valid:

— for non-overlapping coverage areas;
— for overlapping coverage areas, provided th a t due consideration is given to:

— the shape and  size o f  the reception  area,
— the availability o f  suitable transm itting  an tennas,
— the propagation  conditions over the respective transm ission paths.

* This R ecom m endation  replaces R ecom m en dation  205-2 (D u brovnik , 1986) and 410 (D u brovn ik , 1986) w h ich  are hereby  
deleted.
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R E C O M M E N D A T IO N  80-3*

TRANSM ITTING ANTENNAS IN HF BROADCASTING

(Q uestion 44 /10 , Study Program m e 44H /10)

(1951-1978-1986-1990)
The C C IR ,

C O N S ID E R IN G

(a) th a t a directional transm itting  an tenna should be used w henever appropria te , both  to  obtain  adequate 
coverage o f  an intended service area and  to  m inim ize unw anted rad ia tion , and  potential interference, elsewhere;

(b) th a t the design and  installa tion  o f a wide variety o f directional H F  an tenna types o f im proved 
perform ance are feasible using curren t technology;-

(c) th a t directional transm itting  an tennas can rad ia te  significant pow er in  unw anted directions;

(d) th a t com prehensive and detailed in form ation  on the theoretical rad ia tion  characteristics o f H F  antennas is
given in  Part 1 o f A nnex I to R ecom m endation 705;

(e) th a t inform ation regarding the differences between the theoretical and  practical perform ance o f H F  
an tennas is given in Part 2 o f A nnex I to  R ecom m endation 705,

U N A N IM O U S L Y  R E C O M M E N D S

1. th a t Annex I and  A nnex II should be used to  give guidance on the choice o f a suitable H F  transm itting  
an tenna ;

2. tha t side-lobe rad ia tion  should  be m aintained at the lowest practical value;

3. th a t in practical operating  conditions, for purposes o f  calculating interference, the field strength in other
azim uths at angles o f elevation corresponding to those o f the m ain lobe, canno t be assum ed to  be less than  
222 m V /m  at a distance o f 1 km  for 1 kW  of pow er supplied to the an tenna , in the case o f  high gain antennas. A 
low er value o f interfering field strength m ay need to  be considered in the case o f low gain antennas.

4. th a t Annex I to R ecom m endation 705 should be used as a source fo r m ore detailed inform ation.

N ote  — The W orld A dm inistrative R adio Conference for the P lanning o f  H F  Bands A llocated to  the B road
casting Service (W ARC H FB C (l)), G eneva, 1987 has adopted  for use, calculated values o f m inim um  rad ia tion  
which in some cases are lower than  th a t given above (see A nnex II).

A N N E X  I**

1. The use of non-directional and directional antennas

In  H F  broadcasting the an ten n a  is the m eans by which the radio-frequency energy is directed tow ards the 
required  service area. The selection o f the right type o f an tenna  will enhance the signal in this area,, while reducing 
rad ia tion  in  unw anted directions. This will protect other users o f the radio-frequency spectrum  operating  on the 
sam e channel or adjacent channels in ano ther service area. The use o f  directional an tennas w ith well defined 
rad ia tion  patterns is thus recom m ended as far as possible.

* S in ce the content o f  R eports 32-5 and 1062 have been m odified  and annexed  to this R ecom m endation  as A n n exes I and II,
respectively, R eports 32-5 (D u brovn ik , 1986) and 1062 (D u brovnik , 1986) are hereby deleted.

** N om enclature is exp lained  in A n n ex  I to  R ecom m endation  705 and in A nnex  II to  the present R ecom m endation .
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Non-directional antennas can  be used when the transm itter is located w ithin the required service area. In 
this case the required service area as seen by the transm itter extends over an azim uthal angle greater than 180°.

Directional antennas serve a double purpose. The first is to  prevent interference to o ther users o f the 
spectrum  by m eans o f  their directivity. The second is to  provide sufficient field-strength for satisfactory reception 
by m eans o f their pow er gains.

A chart in Fig. 1 gives som e general guidelines for the choice o f  op tim um  an tennas for a given type o f
service according to  the required d istance range. Two different categories are considered: short d istance and
m edium /long-d istance services.

A short distance service is understood  here to have a range o f up  to  abou t 2000 km. The corresponding  
area can be covered with either a non-directional o r a directional an ten n a  whose beam w idth  can be selected 
according to the sector to  be served. In the case o f d irectional an tennas, bo th  horizontal d ipo le curtain  and  
logarithm ic-periodic an tennas can be em ployed.

M edium  and  long distance services can be considered to  reach distances greater than  approxim ately  
2000 km. Such coverage can be provided  by an tennas whose m ain lobe elevation angle is sm all (6° -13°) and
whose horizontal beam w idth — depending on the area to  be served — is either wide between 65° and  95°
(generally 70°) o r narrow  between 30° and  45° (generally 35°).

The value o f the field strength in the reception area is influenced by the rad ia tion  characteristics o f the 
an tenna, which depends upon  the type o f array. A ntennas o f extrem ely narrow  horizontal and  vertical beam w idth  
should no t be used because varia tions o f the ionosphere could change the location  o f  the coverage area.

A lthough rhom bic antennas are used for broadcasting , their use should  be d iscouraged because o f the size 
and  num ber o f their sidelobes, w hich could create unnecessary interference.

2. Reduction of subsidiary lobes

F or the purpose o f avoiding interference in frequency sharing, the reduction  o f subsid iary  lobes in
high-frequency broadcasting  d irectional an tenna systems is o f utm ost im portance. This interference is generally
caused by the rad ia tion  pattern  o f  the transm itting  an tenna having subsid iary  lobes in unw anted  directions, o r by 
scatter o f the energy o f the m ain  lobe, due to p ropagation  anom alies. R eduction  in intensity  o f  the subsidiary 
lobes is possible by correct an tenna  design, while the p ropagation  scatter in unw anted  directions presents a 
com plex problem , and  its effect should  be treated  statistically.

H F  curtain an tennas constructed  o f horizontal dipole elements are m ade unid irectiona l by the add ition  o f 
a  reflector screen. This screen can be com prised o f either:

— an  identical array  o f dipoles tuned  to  provide an  optim um  front-to-baCk ratio  over the range o f  operating
frequencies. In  general no  pow er is applied  to  this type o f reflector, w hich is know n as either a “tuned
d ipo le” or a “parasitic” reflector; or

— a screen consisting o f horizontal wires which act as an  un tuned  reflector. This type o f  reflector is know n as 
an  “aperiodic screen” .

' , - ' ^

The m axim um  slew values ob ta ined  in practice for d ifferent an ten n a  types are given in Table I o f 
A nnex II. .

W hile slewing does no t appreciab ly  affect the horizontal w idth o f  the m ain  lobe o f  rad ia tion , it does 
increase its asym m etry and  at the sam e tim e produces a p rincipal subsid iary  lobe o f considerable intensity. In  
slewing, the gain o f  m ain lobe decreases w ith the increase o f the slewing angle and  side lobe rad ia tion  increases. 
As a consequence the field strength created by the side lobes will substantially  increase.

Practical experience in the People’s R epublic o f C hina has confirm ed the possibility  o f ob ta in ing  
satisfactory slewing by using the value o f current phase differences determ ined  by a successive approx im ation  
m ethod  o f calculation [CCIR, 1986-90a].
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F IG U R E  1 — Antenna selection chart

0: elevation angle .

Gf. gain (dB) relative to an isotropic antenna isolated in space

Gd : gain (dB) relative to a half-wave dipole isolated in space ((?,■ =  Gd +  2 .2  dB)
BW : total horizontal beamwidth ( —6 dB relative to maximum)
HR: horizontal dipole curtain antenna with reflector curtain 

m : number o f  half-wave elements in each row
n: number o f half-wave elements in each stack (one above the Other)
h : height above ground in full wavelengths o f  the bottom row o f  elements
r: taper ratio o f  log. periodic antenna

o f  maximum radiation o f  the main beam
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Tests in Italy [CCIR, 1963-66a] have show n tha t with an an tenna o f the type H R S 5 /4 /1 .5  it is possible to  
reduce the am plitude o f subsidiary lobes significantly when feeding the five stacks o f  dipoles separately. This 
property is m aintained when the m ain beam  is slewed.

A special feature o f some type H R 4 /4  an tennas m anufactured  in F rance is th a t the reflector is fed, an  
arrangem ent which makes it possible to  adjust accurately the current am plitudes and  phases in the back and  fron t 
o f the arrays. M easurem ents o f  the pattern , using a helicopter, showed th a t it resem bled the theoretical patterns 
very closely (nulls about 40 dB). C om pared with systems with passive reflectors, the new  arrays have a larger 
bandw idth  and are m ore easily adjusted.

C alculations in France have also shown that, for m ultiband an tennas o f  the type H R  2 / n / h  ex tension o f  
the frequency ratio  to  a value o f f max/fmm  close to  3 w ould result in satisfactory  theoretical rad ia tion  pattern s 
w ithout significant developm ent o f subsidiary lobes.

A lthough it is possible to achieve a substantial degree o f suppression o f  side lobes fo r cu rta in  arrays, the 
m ethods so far em ployed introduce m echanical difficulties and increase the cost.

3. Verification of radiation patterns

The RAI in Italy and  the V atican City State [CCIR, 1982-86a, 1986-90b] have m ade a series o f 
field-strength m easurem ents to investigate and verify the effective rad ia tion  p a tte rn  o f  a variety  o f  types o f  H F  
antennas. The m easurem ents have been perform ed by using airborne equipm ent. The results o f  these m easure
m ents on  non-obstructed antennas confirm  tha t the rad ia tion  patterns o f  the m ain  beam  are in  good  agreem ent, 
w ith the theoretical values given by the C C IR  special publication  on A ntenna D iagram s, 1984. D etailed  studies by 
several adm inistrations confirm  the validity  o f these theoretical values. D etails on  these studies m ay be found  in 
for exam ple [CCIR, 1986-90c]. Furtherm ore it is show n tha t in the case o f  a  p ractical horizon tal d ipo le an ten n a  
with an  aperiodic screen reflector the back rad ia tion  and  tha t in  the p rincipal m inim um  in the forw ard  d irection  is 
abou t 20 dB below the m axim um  o f the m ain lobe. It can be concluded th a t the m ethodology o f  m easuring 
an tenna patterns by helicopter described in Part 2 o f  A nnex I to R ecom m endation  705 is a reliable and  valuable 
m eans o f  evaluating the perform ance o f  transm itting  antennas.

4. Discrimination obtained in practice by directional antennas

Extensive m easurem ent cam paigns have been carried out in d ifferen t countries, to  evaluate the field 
strength o f co-located transm itters and  o f transm itters on different transm itting  sites using d irectional an tennas 
directed to  geographically separated service areas. These results were used to  derive an tenna  d iscrim ination  values, 
tha t is, the reduction in field strength, relative to  the m ain  beam  value, at, angles o f  azim uth  an d  elevation o ther 
than  those o f the m ain beam. The discrim ination  ob ta ined  in practice was consistent w ith the lim iting value given 
in this R ecom m endation. The d iscrim ination  deduced from  theoretical an ten n a  considerations (see P art 1 o f  
A nnex I to Recom m endation 705 w ould in m ost cases have been m uch higher th an  tha t actually  m easured. These 
m easurem ent cam paigns are reported  by the U nited  K ingdom  in [C C IR , 1962, 1963, 1963-66b, 1970-74] and  In d ia  
[C C IR , 1974-78].

R E F E R E N C E S

C C IR  D ocum ents

[1962]: (B ad K reuznach). X /1 5  (U n ited  K ingdom ).

[1963]: (G eneva). X /2 2 1  (U nited  K ingdom ).

[1963-66]: a . X /4 9  (Italy); b. X /1 2 4  (U n ited  K ingdom ).

[1970-74]: 1 0 /1 8 0  (U nited  K ingdom ).

[1974-78]: 1 0 /5 7  (India). ■

[1982-86]: a. 1 0 /2 5 4  (Italy and V atican C ity State).

[1986-90]: a. 1 0 /9 2  (C hina (P eop le’s R ep u b lic  of)); b. 1 0 /4 7  (Italy and V atican C ity State); c. IW P  1 0 /1 -7  (Ita ly).
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• - A N N E X  II

H F  A N T E N N A  P A T T E R N S FO R  SY ST E M  D E S IG N  A N D  P L A N N IN G

1. A set of reference antenna characteristics

The form ulae and  the associated softw are for the calculation o f an ten n a  patterns and  values o f m axim um  
gain are given in R ecom m endation 705 for a wide range o f H F  an tenna types. A lim ited set o f reference H F 
an ten n a  characteristics using the patterns o f horizontal dipole an tennas was adopted  by W A R C  HFBC-87. 
Patterns o f  horizontal dipoles were used because it was found tha t these were the m ost com m only used an tenna 
type. An exam ination o f the varia tion  in perform ance o f this set o f an tennas form s a useful in troduction  to  the 
range o f  an tenna characteristics found  in practice.

The principal characteristics o f this reference set o f patterns are sum m arized in Table I, c o n ta in in g ' 
24 types o f directional an tenna together w ith a sim plified pattern  o f a non-d irectional an tenna (type 25). This set 
o f an tennas was selected so tha t a relatively wide range o f characteristics is represented with only small changes 
between types. It also includes m ultiband  operation  and  slewing.

The characteristics given in Table I apply to  a design frequency o f 10 M H z and ground o f average 
conductivity. The characteristics for dual band  and  m ultiband  an tennas are frequency dependent. In form ation  
regarding typical expected changes in perform ance with frequency is given in  § 3.

Inform ation  is given regarding:

— the m axim um  directivity gain o f  the m ain lobe o f  rad ia tion  in dB relative to  an  isotropic an tenna;

— the elevation angle at which m axim um  rad ia tion  occurs;

— the azim uthal beam w idth to the — 6 dB poin ts;

.— inform ation  regarding the practical slewing capabilities for the cases w here the rad ia to r/re flec to rs are one o f 
the following:

— (A): aperiodic screen reflector w ith centre-fed elem ents;

— (T): tuned dipole reflector with centre-fed elem ents;

— (TE): tuned  dipole reflector w ith end-fed elements.

Types 1-6 are arrays having four collinear dipoles in each row, with from  two to four parallel rows o f
dipoles stacked one above the other, and  using one o f the types o f reflectors listed above, and  have been extended
to include m ultiband operation  and  slewing.
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As the num ber o f elem ents stacked above one another is decreased o r the height o f  the lowest row o f 
dipoles is decreased, it can be seen that:
— the m axim um  gain decreases;
— the elevation angle o f the m axim um  o f  the m ain lobe increases;
— the azim uthal beam w idth does no t change.

The m ain beam  o f m ultiband  and  dual band  an tennas w ith -cen tre-fed  elem ents can be slewed to a 
m axim um  o f ±  30° before the secondary  lobes have m axim um  gain values approach ing  —6 dB relative to  the 
m ain beam  m axim um .

N ote — The elevation and  the azim uthal characteristics will change with opera ting  frequency for m ultiband  and  
dual band  an tennas (see § 3).

T A B L E  I — S e t o f  reference H F  an tenna types  

Principal characteristics a t  design freq u en cy

A ntenna  
reference N o .

. A ntenna type  
H R (S) m / n / h

M ax. gain G, 
(dBi)

E levation  angle  
o f  m axim um  

radiation  
(degrees)

A zim uthal 
b eam w idth  

( - 6  dB) 
(degrees)

M axim um  slew  
(degrees)

01 H R  (S) 4 /4 /1 .0 22.3 7 36
02 H R  (S) 4 /4 /0 .8 22.1 8 36 (A ) M ultiband  30
03 . H R  (S) 4 /4 /0 .5 21.5 9 36 (T) M ultiband  30
04 H R  (S) 4 /3 /0 .5 20.5 12 36 (T) D u a l b and  30
05 H R  (S) 4 /2 /0 .5 19.1 17 36 (TE) S ingle b and  15
06 H R  (S) 4 /2 /0 .3 18.1 20 36

07 H R  (S) 2 /4 /1 .0  • 19.7 7 66
08 H R  (S) 2 /4 /0 .8 19.4 8 68
09 H R  (S) 2 /4 /0 .5 18.8 9 68 (A ) M ultiband  15
10 H R  (S) 2 /3 /0 .5 17.9 12 68 (T) M ultiband  15
11 H R  (S) 2 /2 /0 .5 16.5 17 68 (T) D u a l b and  15
12 H R  (S) 2 /2 /0 .3 15.5 20 70
13 H R  (S) 2 /1 /0 .5 14.5 27 72 '
14 H R  (S) 2 /1 /0 .3 13.4 40 80

15 ' H R  1 /2 /0 .5 14.1 17 108
16 H R  1 /2 /0 .3 13.1 20 110

I? , H R  1 /1 /0 .5 11.8 . 27 116
18 H R  1 /1 /0 .3 9.6 44 148

19 H 2 /1 /0 .5 10.8 28 78
20 H 2 /1 /0 .3 8.5 47 106
21 H 1 /2 /0 .5 - 11,2 17 114
22 H 1 /2 /0 .3 10.2 21 116
23 H 1 /1 /0 .5 8.9 28 124 .
24 H 1 /1 /0 .3 6.9 , 47 180

25 N D 3.9 47 ' 360

H: horizontal d ip o le  curtain antenna

R w ith reflector

S: slew able antenna

m : num ber o f  co llinear elem ents in  each horizontal row

n : num ber o f  parallel elem ents in  each  vertical stack

h : height above ground  o f  low est row  o f  elem ent(s) in w avelengths at the d esign  frequency

(A): aperiod ic screen reflector centre-fed  elem ents

CD: tuned d ip o le  reflector centre-fed elem ents

(TE): tuned  d ip ole reflector end-fed  elem ents

N D : non-d irectional antenna



84 Rec. 80-3

Types 7-14 have two collinear dipoles in each row with from  one to four rows o f dipoles stacked one 
above the other. The same trends are observed, as for the previous group, except that the azim uthal beam w idth 
w idens significantly for the an tennas with very few elements.

Slewing o f the m ain beam  should norm ally be restricted to  a m axim um  o f ±  15° to avoid secondary lobes 
having m axim um  gain values approach ing  — 6 dB relative to the m ain beam  m axim um .

Types 15-18 are arrays with a single d ipole in each row, and  using a reflector. These unidirectional . 
an tennas have the m axim a o f their elevation patterns at higher angles and  have a com paratively wide azim uthal 
beam w idth  between the — 6 dB points.

Types 19-24 include arrays w ith one or two elements stacked above one another, all w ithout reflectors. The 
characteristics are generally sim ilar to those in the previous group except th a t the rad ia tion  patterns are 
b i-directional because no reflector is used. The non-directional an tenna, type 25, has an elevation pattern  sim ilar 
to  th a t o f  type 24.

2. Comparisons of CCIR data with practical performance

C om parisons between the d a ta  produced by the C C IR  com puter program , the values ob ta ined  from  the 
reference data  and  tha t according to this R ecom m endation are illustrated  in Fig. 2, for azim uthal patterns (H R  2 
and  H R  4) and Fig. 3 for vertical patterns (H R  m /2 /0 .5 )  and (H R  m /4 /0 .5 ) .

A nnex I refers to m easurem ents which show that rad ia tion  to  the rear o f  the an tenna and  in the m inim a 
m ay be no m ore than  20 dB below  the m axim um  for a typical H R  4 /4 / h an tenna.

Further studies are needed to  verify the practical perform ance o f  low gain antennas particu larly  regarding 
the attenuation  achieved, in practice, in directions other th an  those o f the m ain  lobe.

3. Multiband and dual band antennas

M ultiband an tennas m ay be operated  over a frequency range o f approxim ately  2 : 1 ,  i.e. from  abou t 0.6 to
1.4 tim es the ratio  o f the operating  frequency to  the design frequency (Fr). D ual band  an tennas can only be 
operated  over a frequency range o f  0.9 to  1.1 tim es Fr.

Table II gives details o f the m axim um  gain, the elevation angle at which this occurs and  the vertical 
a ttenuation  at intervals o f  3° o f  elevation angle for ratios o f  F r from  0.6 to  1.4 for m ultiband  an tenna types 
H R(S) 4 /4 /0 .5  (m =  4) and  HR(S) 2 /4 /0 .5  (m =  2). The vertical characteristics given show th a t the elevation 
angle o f m axim um  rad ia tion  decreases and  the m ain  beam  o f the an tenna  becom es narrow er as F r is increased.

Table III  gives the values o f  azim uthal attenuation  at intervals o f  5° in azim uth fo r these two types o f 
an ten n a  for values o f .Fr from  0.6 to  1.4.

Table IV gives the values o f azim uthal attenuation  for a HR(S) 4 /4 /0 .5  m ultiband  an tenna fitted w ith an 
aperiod ic screen reflector operating  at the design frequency, in the unslew ed condition  and  for slew angles in 5° 
steps up  to a m axim um  o f 30°.

4. Equivalent antenna elevation patterns

The elevation pattern  characteristics o f H F  an tennas are dependent upon  the height o f the lowest row o f 
elem ents, h, the num ber o f parallel elem ents stacked above one another, n, and  the conductivity  o f the ground. 
E levation patterns are calculated using a  ground  reflection function  which depends upon  the spacing between the 
rad ia ting  elements and  their im ages in the ground. This function  can be sim plified by using ha lf this distance i.e. 
the m ean height, hm, o f the rad ia ting  elem ents, illustrated for 2-stack and  4-stack an tennas in Fig. 4a.

The elevation angle at which the m axim um  of the first m ain lobe occurs is then given approxim ately  by:

Qmax =  arc sin (1/4.5 x hm)

where:

hm =  h +  0.25 (« -  1),

h and  n are defined in Table I.



± 180°

a) Azim uthal pattern HR 2 /4 /0 .5 , maximum gain 19 dBi

0°

± 180°

b) Azim uthal pattern HR 4 /4 /1 , maximum gain 22 dBi

F IG U R E  2 — A zim u th a l patterns

" • — •  ■ Representative data

— -  — -  CCIR data

—  —  Recom m endation 80
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T A B L E  II — Vertical characteristics o f  an tenna types  
H R (S) 4 / 4 /0 .5  a n d  H R (S) 2 / 4 /0 .5

Frequency ratio 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4

G, m ax
m — 4 17.8 18.9 19.9 20.7 21.5 22.2 22.8 23.3 23.5 '

(dB )
m  =  2 16.1 16.9 17.5 18.2 18.8 19.4 20.0 20.4 20.7

E levation  angle o f  m axim um  
(degrees)

15 13 11 10 9 8 8 7 7

E levation  angle Vertical attenuation
(degrees) (dB )

0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0
3 9.9 8.7 7,7 6.8 6.0 5.3 .4.7 , 4.1 3.6
6 4.4 3.4 2.5 1.9 1.3 0.8 0.5 0.3 0.1
8 2.4 1.6 0.9 0.5 0.2 0.0 0.0 0.1 0.3
9 1.7 1.0 0.4 0.1 0.0 0.0 0.2 0.6 1.1

. 12 0.4 0.1 0.0 0.3 0.8 . 1.6 2.7 4.2 6.1
15 0.0 0.2 0.8 1.9 3.5 5.6 8.6 12.7 19.0
18 0.3 1.2 2.8. 5.2 8.6 13.6 22.4 30.0 23.9
21 1.3 3.2 6.2 10.8 18.4 30.0 24.2 25.3 30.0
24 2.9 6.2 11.4 21.3 28.7 23.8 30.0 23.5 15.2
27 5.2 10.5 20.5 28.0 24.3 30.0 19.6 13.5 11.2
30 8.3 17.0 30.0 24.3 30.0 18.8 13.1 11.5 12.7
33- 12.5 28.9 24.4 30.0 20.2 13.5 11.9 13.8 21.5

. 36 18.4 .27 .4 27.2 24.6 14.8 12.3 14.1 22.6 20.3
' 39 27.8 24.8 30.0 17.4 13.0 13.7 21.0 21.6 15.7

42 30.0 27.5 23.4 14.5 13.3 18.2 25.3 16.6 18.0
45 . 26.2 30.0 18.3 13.7 15.7 27.5 , 18.4 ' 17.4 30.0
48 25.9 29.5 15.9 14.3 20.4 22.9 17.3 23.7 22.1
51 28.4 22.8 15.1 16.2 28.3 19.0 19.5 30.0 18.1
54 , 30.0 19.8 15.3 19.5 25.5 18.5 26.3 21.8 19.6
57 ' 30.0 18.3 16.2 24.5 21.6 20.2 30.0 19.7 25.0
60 30.0 17.7 17.9 30.0 20.4 24.0 25.4 21.0 20.4
63 27.8 17.9 20.2 28.9 20.8 30.0 22.5 25.1 15.6
66 25.7 ' 18.5 23.1 26.0 22.3 30.0 22.4 27.1 13.6
69 24.8 19.6 26.7 24.9 24.7 30.0 23.9 23.1 13.1
72 24.7 21.0 30.0 25.0 28.0 28.6 26.7 20.6 13.7
75 25.3 22.8 30.0 25.9 30.0 28.1 30.0 19.8 15.2

, 78 26.5 25.1 30.0 27.5 30.0 29.0 30.0 20.2 17.3
1 81 28.6 27.9 30.0 29.9 . 30.0 30.0 30.0 21.7 20.2

84 30.0 30.0 30.0 30.0 30.0 30.0 30.0 24.7 24.1
87 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0
90 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0



88 Rec. 80-3

T A B L E  I l ia  — A zim u th a l a ttenuation  o f  u nslew ed an tenna  
■ type H R (S ) 4 /4 /0 ,5

Frequency ratio 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4

A zim uthal angle ' A zim uthal attenuation  (dB )

0 0.0 0.0 , 0.0 0,0 • 0.0 . 0.0 0.0 0.0 0.0
5 0.2 0.2 0.3 0.4 -  0.5 0.5 0.6 0.7 0.8

10 0.8 1.0 1.2 1.5 1.8 2.2 2.6 3.0 3.5
15 1.8 2.3 2.9 3.5 4.3 5.3 6.3 7.6 9.1
20 3.2 4.1 5.3 6.6 8.3 10.5 13.3 17.6 25.3
25 5.1 6.6 8.7 ■ 11.3 15.2 21.8 30.0 21.5 16.4
30 7.5 9.9 13.5 19.4 30.0 22.6 16.9 14.1 12.7
35 10.4 14.4 21.6 30.0 20.4 16.0 14.1 13.4 ' 13.7
40 14.0 20.7 30.0 21.3 16.8 15.0 14.8 15.8 18.6

. 45 ' 18.5 30.0 24.4 18.6 16.5 16.3 17.7 21.7 30.0
50 24.5 30.0 21.6 18.5 17.9 19.2 23.3 . 30.0 25.1 •

. 55 30.0 27.5 21.4 19.8 20.5 24.0 30.0 28.3 20.9
60 30.0 26.5 ' 22.7 22.2 24.4 30.0 30.0 24.7 20.9
65 30.0 27.5 25.0 25.6 29.4 30.0 30.0 25.0 22.9

. 70 30.0 29.8 28.3 29.8 30.0 30.0 30.0 27.4 26.6
75 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0
80 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0
85 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0
90 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0
95 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0

100 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0
105 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0

' 110 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 ’
115 ' 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0
120 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0
125 30.0 30.0 30.0 30.0 30.0 30.0 30.0 . 30.0 30.0
130 • 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0
135 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0

' 140 , 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0
145 ' 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0' 30.0
150 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 29.4
155 28.3 29.4 30.0 30.0 '30.0 30.0 30.0 30.0 30.0
160 26.7 27.1 27.7 28.4 29.3 30.0 30.0 30.0 30.0
165 25.4 ' 25.4 25.4 25.4 25.4 25.4 25.4 25.5 25.7
170 24.6 24.2 23.9 23.4 22.9 22.3 21.6 20.8 19.9
175 24.0 23.5 22.9 22.3 21.5 20.6 19.6 18.4 17.1
180 23.9 23.3 22.7 21.9 21.0 20.1 19.0 17.7 16.2
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T A B L E  I llb  — A zim u th a l a tten u ation  o f  unslewed, an tenna  
type H R (S ) 2 /4 /O .S

Frequency ratio 0.6 0.7 0.8 0.9- 1.0 1.1 1.2 1.3 1.4

A zim uthal angle A zim uthal a ttenuation  (dB )

0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
■ . 5 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.2

10 0.3 0.4 0.4 0.5 0.5 0.6 0.6 0.7 0.7
15 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.7
20 1.4 1.6 • 1.7 1.9 2.1 2.3 2.6 2.8 3.1
25 , 2.2 2.4 2.7 3.0 3.3 3.7 4.1 4.6 5.1
30 3.2 3.5 3.9 4.4 4.9 5.5 6.1 6.9 ' 7.9
35 . 4.4 4.9 5.4 6.0 6.8 7.7 8.8 10.1 11.8
40 5.8 6.4 7.1 8.0 9.1 10.4 12.1 14.5 18.1
45 7.5 8.2 9.2 10.3 11.8 13.8 16.5 21.3 30.0
50 9.4 10.3 11.5 13.0 15.0 18.0 22.9 30.0 24.9
55 11.6 12.7 14.2 16.1 18.9 23.5 30.0 28.2 20.1
60 14.1 15.5 17.3 19.7 23.4 30.0 30.0 24.1 19.0
65 • 17.1 18.7 20.8 • 23.8 28.9 30.0 30.0 23.7 19.7
7 0 ' 20.5 22.5 25.0 28.6 30.0 30.0 30.0 25.3 21.8
75,,. 24.8 27.0 29.9 30.0 30.0 30.0 30.0 28.6 25.5
80 . 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0
85 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0
90 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0
95 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 . 30.0

100 30.0 30.0 30.0 30.0 30.0 30.0 ■ 30.0 30.0 30.0
105 30.0 30.0 30.0 30.0 30.0 30.0 30.0 . 30.0 30.0
110 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0
115 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0
120 30.0 30.0 30.0 . 30.0 30.0 30.0 30.0 30.0 30.0
125 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0
130 . 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0
135 29.0 29.4 30.0 30.0 30.0 30.0 30.0 30.0 30.0
140 27.9 . 28.1 28.5 28.9 29.5 30.0 30.0 30.0 . 30.0
145 N 27.0 27.0 27.1 27.3 27.4 27.7 28.1 28.7 29.5
150 26.2 , 26.1 25.9 . 25.8 25.7 25.6 25.5 25.4. 25.3

r 155 25.5 ' 25.2 24.9 24.6 24.3 23.9 23.4 22.9 22.2
160 24.9 24.5 24.1 23.7 23.1 22.5 21.8 20.9 19.9
165 24.4 24.0 23.5 22.9 22.2 21.4 20.5 19.5 18.3

• 170 24.1 23.6 23.0 22.3 21.6 20.7 19.7 18.5 17.1
175 23.9 23.4 22.7 22.0 . 21.2 20.2 19.1 17.9 16.4
180 23.9 23.3 22.7 21.9 21.0 20.1 19.0 17.7 16.2
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TA B LE IV — A zim u th a l a tten u a tion  o f  slew ed  antenna type H R (S ) 4 /4 /0 ,5

Frequency ratio: 1.0

Slew  = 0 5 10 15 20 25 30
A z m ax = 0 4 9 13 17 22 26
— 6 dB =  18 23 27 1 32 37 42 46
- 6  dB  =  - 1 8 - 1 3 - 9 - 4 0 5 9
W idth =  36 36 36 36 37 37. 37
seff ■ 0 ' 5 9 14 18 ■ 23 27

A n gle A zim uthal attenuation (dB )

0 '0.0 0.4 1.5 3.5 6.8 12.7 30.0
. 5 0.5 0.0 0.3 1.3 3.1 6.1 11.2

10 1.8 0.5 0.0 0.2 1.0 2.6 5.3'
15 4.3 2.0 0.7 0.1 0.1 0.8 2.1
20 8.3 4.5 2.2 0.8 0.1 0.0 0.5
25 15.2 8.4 4.7 2.4 0.9 0.2 0.0
30 30.0 14.7 8.5 4.9 2.6 1.1 0.3
35 20.4 29.7 14.2 8.5 5.1 2.9 1.4
40 16.8 23.8 24.9 13.6 8.5 5.4 3.2
45 16.5 19.0 29.7 21.8 13.2 8.7 5.7
50 17.9 18.4 22.2 30.0 19.7 12.9 9.0
55 20.5 19.5 21.0 27.2 ' 30.0 18.4 13.0
60 24.4 22.0 22.0 24.9 30:0 25.9 17.8
65 29.4 25.4 24.3 25.7 30.0 30.0 23.7
70 30.0 29.9 27.9 28.2 . 30.0 30.0 30.0
75 30.0 30.0 . 30.0 30.0 30.0 30.0 30.0
80 30.0 30.0 30.0 30.0 30.0 30.0 30.0
85 30.0 30.0 . 30.0 30.0 30.0 30.0 30.0
90 30.0 30.0 30.0 30.0 30.0 30.0 30.0
95 30.0 30.0 30.0 30.0 30.0 30.0 30.0

100 30.0 30.0 30.0 30.0 30.0 30.0 30.0
105 30.0 30.0 30.0 30.0 30.0 30.0 30.0
110 . 30.0 30.0 30.0 30.0 30.0 30.0 30.0
115 30.0 30.0 30.0 30.0 30.0 30.0 30.0
120 30.0 30.0 30.0 30.0 30.0 30.0 - 30.0
125 1 30.0 30.0 30.0 ‘ 30 .0 30.0 30.0 30.0
130 30.0 30.0 30.0 30.0 30.0 30.0 28.5
135 30.0 30.0 30.0 30.0 30.0 28.7 25.8
140 30.0 , 30.0 30.0 '3 0 .0 . 28.9 . 25.8 23.7
145 30.0 30.0 30.0 29.1 25.7 23.5 . 22.1
150 30.0 30.0 ' 29.3 25.7 23.4 22.0 21.2
155 .30.0 29.4 25.6 23.3 21.9 21.1 20.9
160 29.3 25.5 23.2 21.8 21.1 21.0 21.5
165 25.4 23.0 21 .7  ‘ 21.1 21.1 21.9 23.2
170 ■ 22.9 21.6 21.1 21.2 22.1 23.7 26.3
175 21.5 21.1 21.3 ■ 22.3 24.1 27.1 30.0
180 21.0 21.4 22.5 24.5 27.9 30.0 30.0
185 21.5 22.7 24.9 28.4 30.0 30.0 30.0
190 22.9 25.1 28.9 30.0 30.0 30.0 ,30.0
195 25.4 29.1 30.0 30.0 30.0 30.0 30.0
200 29.3 30.0 30.0 30.0 30.0 30.0 30.0
205 30.0 30.0 30.0 30.0 30.0 30.0 30.0
210 30.0 30.0 30.0 30.0 30.0 30.0 30.0
215 30.0 30.0 30.0 30.0 30.0 30.0 30.0
220 30.0 30.0 30.0 30.0 30.0 30.0 30.0
225 30.0 30.0 30.0 30.0 30.0 30.0 . 30.0
230 30.0 30.0 30.0 30.0 30.0 30.0 30.0

• 235 30.0 30.0 30.0 30.0 30.0 30.0 30.0
240 , 30.0 30.0 30.0 30.0 30.0 30.0 30.0

. 245 30.0 30.0 30.0 30.0 30.0 30.0 30.0 .
250 30.0 30.0 30.0 30.0 30.0 30.0 30.0
255 30.0 30.0 30.0 30.0 30.0 30.0 30.0
260 30.0 30.0 30.0 30.0 30.0 30.0 30.0
265 30.0 30.0 30.0 30.0 30.0 30.0 30.0
270 30.0 30.0 30.0 30.0 30.0 30.0 30.0
275 30.0 30.0 30.0 30.0 30.0 30.0 30.0 -
280 30.0 30.0 30.0 30.0 30.0 30.0 30.0
285 30.0 30.0 30.0 30.0 30.0 30.0 30.0
290 30.0 30.0 30.0 28.7 27.2 27.9 30.0
295 29.4 30.0 30.0 26.4 24.0 23.7 25.7
300 24.4 30.0 30.0 25.8 22.0 20.7 21.3
305 20.5 24.4 30.0 27.9 • 21.3 18.7 18.1
310 17.9 19.8 25.5 30.0 22.7 18.1 16.2
315 16.5 16.7 19.4 ’ 27.5 29.2 19.3 15.6
320 16.8 15.0' 15.8 19.2 30.0 24.5 16.8
325 20.4 15.1 13.9 15.0 18.9 30.0 21.8
330 30.0 18.3 . 13.9 12.9 14.2 18.3 30.0
335 15.2 30.0 16.7 12.8 12.0 13.2 17,2 .
340 8.3 15.4 30,0 15.7 12.0 11.1 12.1
345 4.3' 8.2 15.3 30.0 15.0 11.2 10.2
350 1.8 4.1 7.8 14.8 30.0 14.7 10.6
355 0.5 1.7 3.8 7.4 13.9 30.0 14.8
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w m /w rrm m m m m m /im m
, 4 stack array

m /m /i/im i/i/m m m m m m m ,
2 stack array '

F IG U R E  4 a

Fig. 4b shows elevation angles o f m axim um  rad ia tion  obta ined  from  the C C IR  an ten n a  calculations 
p lo tted  against m ean height, hm, an d  the curve ob ta ined  from  the fo rm ula above. F igure 4c illustrates hm a t the 
design frequency and  the variation  in  the value o f  hm for the m ultiband  an tennas listed in Table I.

An H R  4 /6 /0 .5  an tenna has a m ean height o f 1.75 wavelengths a t the design frequency, an d  will, as can 
be se^n from  Fig. 4c, have the sam e m ean height and  therefore a sim ilar elevation  angle o f m axim um  rad ia tion  to  
th a t o f  an  H R  4 /4 /1 .0  antenna.

5. Horizontally slewed antennas

The angle o f  slew is the d ifference between the azim uth o f the norm al to  the d ipoles, i.e., the d irection o f 
the m axim um  o f the unslewed beam , and  the azim uth o f the slewed rad ia tion . The actual angle o f  slew o f the 
m axim um  o f the slewed beam  m ay vary w ith operating  frequency.

Slewing is usually effected by phase-shifting the feeds o f the horizontally  d isplaced rad ia ting  elem ents. As 
a  result, if  the slew is such tha t the azim uth o f the m ain beam  is increased, then  the azim uths o f  the rearw ard  
d irected  side-lobes will decrease.
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- Elevation angle, 6 (degrees) '

F IG U R E  4b  — A ngle o f  m axim um  radiation  v. m ean height (h „ )

x Elements per stack 4 

O  Elements per stack 3 

□  Elements per stack 2 
•  Elements per stack 1

F or exam ple, if  the m axim um  o f the unslew ed beam  was 90° E o f  N  and  the beam  was slewed to 110° E 
o f  N , the corresponding azim uths o f a single lobe o f  rearw ard rad ia tion  w ould be 270p and  250° E o f  N  
respectively. This is illustrated in Fig. 5.

W hen an an tenna is slewed horizontally , the horizontal rad ia tion  pattern  is no t sym m etrical w ith respect to 
the azim uth of m axim um  radiation . The degree o f  the asym m etry increases as the m agnitude o f the slew increases.

It should also be noted th a t the slew angle, s, does not always precisely define the centre o f  the horizontal 
pattern  given by the m ean o f the angles a t which the m axim um  gain in the forw ard  rad ia tion  pattern  is reduced 
by 6 dB. The m ean value is called the “effective slew”, seff. This param eter m ore accurately reflects the reality  o f 
the perform ance o f the slewed an tennas, particularly  m ulti-band an tennas. The adop tion  o f the term  “effective 
slew” ; as defined above w ould help to reduce the am biguities often found  in descriptions o f  slewed an ten n a  
rad ia tion  patterns.

Because there is a strong possibility  o f confusion when dealing w ith slewed an tennas, particu larly  when 
reference is m ade to  a slew angle, it is recom m ended that the azim uths o f  m axim um  rad ia tion  fo r the unslew ed 
and  slewed an tenna should be quoted in  all docum entation .
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f / f o

FIG U R E  4 c  — Variation in m ean height ( h ^  
. f o r  typ ica l n iu ltiband antennas

F IG U R E  5 — P attern f o r  slew ed an d  unslew ed antenna
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RECOMMENDATION 703*

CHARACTERISTICS OF AM SO UND BROADCASTING  
REFERENCE RECEIVERS FOR PLANNING PU RPO SES

(1990)
The C C IR ,

C O N S ID E R IN G

(a) that frequency assignm ent p lans m ust o f necessity take into account the characteristics o f receivers;

(b) that the range o f  perform ance o f  receivers used by the public is very large;

(c) that a reference receiver w ith characteristics based on currently  available receivers m ay be useful in a
p lanning  context;

(d) that standards for reference receivers should therefore be defined, which can be taken  as a basis fo r 
frequency p lanning  purposes;

(ej tha t these standards need to be taken  into account by receiver m anufacturers,

U N A N IM O U S L Y  R E C O M M E N D S

that the receiver characteristics contained in A nnex I should be used for AM  sound broadcasting  p lann ing  
purposes. *

A N N E X  I

In deriving the recom m ended characteristics, the param eters con tained  in  A nnex II  were also considered.

1. Sensitivity

For p lanning  purposes, “sensitivity” is understood  to  m ean “noise-lim ited sensitivity” , given in  term s o f 
field strength, required to  achieve a specified signal-to-noise ratio  at the audio  output.

M ost com m only available A M  receivers are now  provided w ith built-in  an tennas. In  the LF and  M F  
bands, these are usually ferrite an tennas (see N ote 1). F or the H F  bands, w hen included, telescopic rod  an tennas 
are frequently  used. Therefore, receivers using these types o f antennas should  be used as a reference, even though 
a  variety o f  external antennas m ay occasionally  be used to  im prove reception.

F or those A dm inistrations tha t em ploy w ide-band systems (see N ote 2) in the M F  ban d , the use o f 
m onopole an tennas is preferred as a reference.

Sensitivity should be presented  as a single m ean f ig u re . for each broadcasting  band , from  w hich the 
m inim um  usable field strength m ay be calculated taking into account o ther influences (e.g. m an-m ade noise). The 
follow ing values are suggested for the m inim um  sensitivity o f an  average receiver:

Band 5 (LF): 66 dB (pV /m )
Band 6 (M F): 60 dB (pV /m ) (see N ote 3) •
Band 7 (H F): .40 dB (pV /m ) (see N ote 4)

These values are based u pon  an  A F signal-to-unw eighted noise (r.m.s.) ratio  o f 26 dB and  are related  to  a 
m odulation  o f  30%. For other A F  signal-to-noise ratios the corresponding m inim um  sensitivity can be easily 
calculated (see A nnex II, § 6). The A F  signal-to-noise m easurem ent is m ade according to  IE C  P ublication  315-3; 
the field-strength values fo r the L F  and  M F band  are m easured according to IE C  Publication  315-1.

• * T he D irector o f  the C C IR  is requested to bring this R ecom m endation  to the a tten tion  o f  the IE C . T h is R ecom m en dation  
supersedes R eport 617-2 (D u brovn ik , 1986) w hich is hereby deleted. . '
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Note I — A special arrangem ent o f two ferrite rod an tennas with their ou tpu ts separately received and  processed 
up to the stage o f detection has been reported to  substantially  reduce the effects o f fading in the night-tim e 
interference zone in band  6 (M F) and  7 (HF) [CCIR, 1970-74].

Note 2 — A ccording to present day p lanning  arrangem ents in the various ITU  Regions, in general a “narrow 
band  system ” refers to one in which the system bandw idth  is less than  5 kHz. A “w ide-band system ” refers to one 
with a system bandw idth  greater than  5 kHz. •

Note 3 — Values o f 54 dB(|i.V/m) and  40 dB (pV /m ) were also supported  respectively by [CCIR, 1982-86a and  b] 
and  [C C IR , 1986-90a].

N ote 4 — The W ARC HFBC(2), G eneva 1987, adopted  this value for DSB and  SSB reception.

2. Selectivity

Selectivity o f a receiver is a m easure o f its ability to  d iscrim inate between a w anted signal to which the 
receiver is tuned and  unw anted signals entering th rough the an tenna  circuit.

The selectivity is understood  as an  effective selectivity com prising R F  selectivity, IF  selectivity, dem odu
la to r and  A F  frequency response.

The selectivity shall be sufficient, so that the relative R F  pro tection  ratios given in § 2.1, 2.2 and  2.3 are 
met. Relative R F  protection  ratios are defined in R ecom m endation 560 and  should  be m easured according to 
R ecom m endation 559.

2.1 F o r LF, M F, H F  bands in  case o f  DSB reception in a narrow  ban d  system (see N ote 2 o f § 1), the relative 
R F  protection  ratios o f R ecom m endation 560, curve D, should be m et fo r a carrier frequency separation  
<  20 kHz. For a carrier frequency separation  >  20 kH z a constan t value o f — 55 dB should be met.

The use o f curve D is suitable for a situation where a m axim um  num ber o f  channels is to  be p lanned  in a 
given area and  where quality criteria are no t considered as a prio rity  factor. .

The protection ratio  curves o f R ecom m endation 560 are based on a single receiver selectivity curve. It 
should, however, be noted  that o ther com binations o f  3 dB bandw idth  and  selectivity ro ll-o ff can  also m eet the 
relative protection  ratio  curves show n in R ecom m endation 560. (Exam ples see A nnex II, § 2.)

2.2 F or w ide-band systems, in  the M F  band , where a w ider bandw id th  o f  the audio-frequency m odulating 
signal is em ployed, the use o f the relative pro tection  ratios o f R ecom m endation 560, curve A o r B, m ay be m ore 
appropria te . However, these curves were based upon  the EBU M B F reference receiver.

2.3 F or H F  bands, in the case o f  SSB reception  (after the transition  period) see R eport 1059. The relative 
p ro tection  ratios o f  Fig. 1 should be m et fo r a carrier frequency separation  <  10 kHz. F or a carrier frequency 
separation  >  10 kH z a constant value o f  —57 dB should be m et (see also R ecom m endation 640).

Relative R F-protection ratios A ret for SSB are given w ith respect to  the frequency difference A /b e tw e en  
the w anted carrier f w and  the interfering  carrier f : A f  = f w — f , thus, negative A f  describes interference from  the 
up p er adjacent channel.

3. Performance in the presence of strong signals

AM  broadcasting receivers overloading by strong input signals m ay result in:
— desensitization;
— cross-m odulation and  in term odulation ;
— A F  signal distortion  in the am plifier stages a n d /o r  in the dem odulator.

Lim iting values o f m axim um  inpu t voltage to  the receiver to  be taken  in to  account in p lann ing , canno t be 
recom m ended due to  the unavoidable occurrence o f the phenom enon in close proxim ity  o f  AM  transm itters.

These difficulties may be alleviated by a careful choice o f  the transm itte r site at the p lann ing  stage a n d /o r  
by im plem enting case by case solutions (ruggedized receivers) when receiving locations near the transm itting  
station  cannot be avoided.
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A /(k H z )

F IG U R E  1 * — R ela tive  RF-protection ratios A rei f o r  S S B  

* The W A R C  H F B C (l) , Geneva, 1984, adopted this curve.

4. Intermediate frequency

The value o f im age and  interm ediate frequency rejection ratio  and  the p roduction  o f  harm onics o f  the 
interm ediate frequency a n d /o r  o f  the oscillator frequency are factors influencing the choice o f  in term ediate  
frequency. .

I f  both  the carrier frequencies and  the interm ediate frequency are an  in tegral m ultip le o f  the  carrier 
spacing, then all in terfering products will also be in tegral m ultiples o f the carrie r spacing. Theoretically , therefore, 
m axim um  pro tection  could then be obtained because the frequency difference between any in terfering  signal o f 
this k ind and  the w anted carrier frequency, w ould be zero or a m ultiple o f  the channel spacing.

N o specific interm ediate frequency can be recom m ended, bu t the use o f frequencies in  the range 
450-470 kH z is com m on. However, it should  be no ted  th a t when such frequencies are used it is then  n o t possible 
to  achieve a sufficient image rejection ratio  in the H F  bands. F or this case the use o f  m uch higher in term ediate 
frequency in conjunction  with double-conversion should be considered for HF.

4.1 Im age rejection ratio .

It is assum ed tha t an im age rejection ratio  o f 30 dB can be ob ta ined  when m easured according to  IE C  
P ublication 315-3.

R E F E R E N C E S

C C IR  D ocum ents  .

[1970-74]: a. 1 0 /1 1 9  (A ustralia).

[1982-86]: a. 1 0 /8  +  A dd. 1 (Japan); b. 1 0 /3 3 4  (W orking G roup 10A). 

[1986-90]: a. IW P 1 0 /7 -38  (U n ited  States o f  Am erica).
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A N N E X  II

In  defining the recom m ended characteristics given in A nnex I the possible influence o f the following 
receiver param eters was taken in to  account.

1. Overall audio-frequency response and system considerations

The overall audio-frequency response has a strong influence on the radio-frequency protection ratio  curves.

1.1 Narrow-band systems

The curves defined in R ecom m endation 560 are based on the values show n in Table I.

T A B L E  I

Frequency
(kH z)

O verall frequency response  
(dB )

« ' 2 - 3

5 - 2 4

10 - 5 9

1.2 Wide-band system

In M F broadcasting, using 10 kH z channel spacing a standard  p reem phasis/deem phasis and  10 kH z 
bandw idth  lim itation has been im plem ented. This produces an em ission /recep tion  system with an  overall audio  
frequency response tha t is essentially flat from  50 Hz to nearly 10 kH z, lim ited only by the receivers choice o f 
bandw idth . The system reduces interference caused to stations operating  ±  20 kH z rem oved in frequency and  
entirely elim inated undesired h igh-order dynam ic in term odulation  products th a t contribute to  noise and  in terfer
ence on the M F band. This system is described in [CCIR, 1986-90a] and  in R eport 458. Its im pact on relative R F  
pro tection  ratios and, thus, selectivity o f  receivers is under study. - .

2. Relative RF protection ratios versus bandwidth and selectivity .

The protection ratio  curves show n in R ecom m endation 560 for DSB systems can be m et with different 
com binations o f  bandw idth  and  ro ll-o ff o f  the selectivity curve o f  the receiver.

Some exam ples have been calculated using the num erical m ethod as described in R ecom m enda
tion  559 (§ 3).

In all cases the param eters o f the transm itte r for the narrow -band system corresponded  to  those o f curve D 
o f  R ecom m endation 560. For the w ide-band system a transm itter bandw idth  o f  10 kH z was assum ed.

Five different com binations o f receiver bandw idth  B„( — 3 dB) and  ro ll-o ff o f  the selectivity curve (in 
d B /k H z  at the steepest slope o f the overall selectivity curve) have been chosen such tha t at 9 kH z carrier 
difference for the narrow -band system, and  at 20 kH z carrier difference respectively for the w ide-band system a 
value o f  A ret =  —29.5 dB was reached in all cases. The value o f —29.5 dB follow s from  curve D in Fig. 1 o f 
R ecom m endation 560 and  from  the Rio A greem ent, 1981.

The results for a narrow -band  system with 9 kH z channel spacing are show n in Fig. 2.
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Carrier frequency  d ifference, A f  (kH z)

F IG U R E  2 — R ela tive  R F  protection  ratios A rei (dB ) f o r  a narrow -band system

Combination
A
B
C
D
E

B n ( kHz) 
2.0 
2.2 
3 .7  
4 .0  
4 .2

Roll-off (dB/kH z) 
8

12 .
16
25
40

B„: overall bandwidth ( —3 dB) o f the receiver (kHz) -

Roll-off: slope o f  attenuation o f  the overall selectivity characteristic o f  the
receiver (dB/kH z at the steepest point o f  the slope)

3. Automatic gain control (AGC) performance

U sing the sensitivity values given in A nnex I, as a reference, it is assum ed th a t the ou tp u t level will no t 
change by m ore than  6 dB for a reduction  in  signal level o f 10 dB. S im ilarly, the ou tpu t level will no t change by 
m ore than  3 dB for an  increase in  signal level o f 20 dB.

It is assum ed tha t the ou tp u t level o f an  SSB receiver will not change by m ore than  3 dB when changing 
from  reception o f DSB em issions to  SSB em issions with 6 o r 12 dB carrie r reduction  and  app rop ria te  “equivalent 
sideband  pow er” (see R eport 1059).

4. Automatic frequency control o f SSB receivers .

It is assum ed tha t the SSB receiver is equipped with a synchronous dem odulato r, using for the carrier 
acquisition  a device which generates a carrier by m eans o f a suitable contro l loop  w hich phase locks the receiver 
to  the incom ing carrier o f the SSB em ission o f  which the carrier can be reduced by up  to  12 dB (see R eport 1059).
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5. Overall total harmonic distortion

It is assum ed that the overall to tal harm onic distortion  does no t exceed 3% at 80% m odulation  depth, 
m easured according to IEC Publication 315-3.

6. AF signal-to-noise ratio at higher input signal levels

It can be assum ed that the A F signal-to-noise ratio  will im prove linearly to  at least 40 dB, with increasing 
inpu t signal level. ,

7. System effects on stereophonic AM broadcasting

(U nder consideration.)

8. Compatibility between the main programme and additional information signals

W hen additional signals are added, account m ust be taken  o f  certain  interference effects. Receiver 
designers should consider these in o rder to  avoid interference to  the m ain program m e channel.

R E F E R E N C E S

C C IR  D ocum ents  .

[1986-90]: a. 10 /103  (U n ited  States o f  A m erica).
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SINGLE SIDEBAND (SSB) SYSTEM FOR HF BROADCASTING*

(Study Program m e 44K /10)

(1986-1990)

The C C IR , .

C O N S ID E R IN G

(a) th a t the use o f single sideband (SSB) instead o f  double sideband (DSB) m odu la tion  techniques w ould lead 
to  im proved spectrum  utilization,*'

(b) tha t, additionally , im proved reproduction  quality  could be p rovided  by receivers equipped  w ith synchro
nous dem odulators for both DSB and  SSB m odulation ;

(c) that the vast m ajority  o f existing receivers is equipped  w ith envelope detectors;

(d) that, w ith envelope detectors, the reproduction  quality o f  SSB em issions decreases w ith increasing 
reduction o f  the carrier pow er relative to  peak-envelope pow er;

(e) th a t a sufficiently long transition  period is needed w ithin which DSB m odu la tion  can still exist and  SSB 
m odulation  is progressively in troduced;

'( f )  that, w ith envelope detectors, acceptable reception quality  can only be achieved if  the degree o f  carrier
reduction relative to peak-envelope pow er is low,

U N A N IM O U S L Y  R E C O M M E N D S

th a t the following SSB system specifications should be applied  w henever SSB m odula tion  techniques are 
used in  H F  broadcasting:

1. SSB emission specifications

1.1 Audio-frequency bandwidth

The upper lim it o f the audio-frequency bandw idth  ( — 3 dB) o f the  transm itte r shall n o t exceed 4.5 kH z 
with a  further slope o f attenuation  o f  35 d B /k H z  and  the lower lim it shall be 150 H z w ith low er frequencies
attenuated  at a slope o f 6 dB per octave.

, ’ ' ’ \

1.2 Necessary bandwidth  ,

The necessary bandw idth  shall no t exceed 4.5 kHz.

1.3 Characteristics o f  modulation'processing

The audio-frequency signal shall be processed so tha t the m odulating  signal retains a  dynam ic range o f  no t 
less than  20 dB. Excessive am plitude com pression, together with im proper peak  lim ita tion , leads to  excessive 
ou t-of-band  rad ia tion  and  thus to  ad jacent-channel interference, and is therefore to  be avoided.

1.4 Channel spacing  -

The channel spacing and  carrier-frequency separation  shall be 5 kH z (10 kH z un til the end  o f  the 
transition  period).

RECOMMENDATION 640-1

For further in form ation , see R eport 1059.*
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1.5 Nom inal carrier frequencies

The carrier frequencies for SSB shall be integral m ultiples o f 5 kHz.

1.6 Sideband to be emitted

The upper sideband shall be used.

1.7 Suppression o f  the unwanted sideband ' ,

The degree o f suppression o f  the unw anted (lower) sideband and  o f in term odulation  products in that part 
o f  the transm itter spectrum  shall be at least 35 dB, and , w henever possible, exceed 40 dB, relative to  the wanted 
sideband  signal level. " . ,

1.8 Degree o f  carrier reduction

The carrier reduction relative to  peak-envelope pow er shall be 12 dB (6 dB until the end o f  the transition
period).

1.9 Frequency tolerance

The frequency tolerance o f  the SSB carriers shall be ±  5 Hz. This to lerance presum es receiver characteris
tics as specified in § 2.2 . '

2. SSB reception specifications

2.1 Overall selectivity o f  the receiver '

The reference receiver shall have an overall bandw idth  ( — 3 dB) o f 4 kH z, w ith a slope o f  attenuation  o f 
35 dB /k H z . This results in a relative R F  protection  ratio  o f abou t —27 dB at 5 kH z carrier difference, a value 
suitable for planning.

Receivers using o ther com binations o f bandw idth  and  slope o f a ttenuation  shall provide the sam e relative 
R F  protection  ratio  o f about —27 dB at 5 kH z carrier difference. Two exam ples o f possible com binations o f 
bandw idth  and slope o f attenuation  are given below:

Slope o f  attenuation S S B  receiver audio-frequency bandwidth

25 d B /k H z 

15 d B /k H z

2.2 Detection system  o f  S S B  receivers

SSB receivers shall be equipped w ith a synchronous dem odulator, using for the carrier acquisition a 
m ethod whereby a carrier is regenerated by m eans o f a suitable contro l loop  which phase locks the receiver to  the 
incom ing carrier. Such receivers m ust w ork equally well with conventional DSB transm issions and  with SSB 
transm issions, regardless o f whether the carrier reduction is 6 dB or 12 dB relative to  peak-envelope power.

3300 Hz 

2700 Hz
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RECOMMENDATION 706

DATA SYSTEM  IN M O N O P H O N IC  AM SO U N D  B R O A D CA STIN G  (A M D S)

. (Question 44/10 , Study Program m e 44J/10)

' (1990)
The C C IR ,

C O N S ID E R IN G

(a) the growing interest for a da ta  transm ission system for AM  broadcasting  and  its app lica tions;

(b) th a t it is desirable to  have one system applicable to  all AM  broadcasting  bands and  tha t the fu ture
in troduction  o f SSB in H F  and  o f synchronous detection should be taken in to  account;

(c) th a t existing systems canno t be im plem ented on single-sideband (SSB) transm ission  in  b an d  7 (H F );

(d) tha t certain applications o f an AM  data  transm ission system could correspond  to  sim ilar features in the
FM  rad io  data system (RDS), as defined in R ecom m endation 643, tak ing  account o f the low er b it rate available;

(e) th a t the design o f such a system should take in to  account the m ass p roduction  o f  receivers;

( f )  th a t data signals can be added  to  existing A M  broadcast transm issions in  such a way th a t they are
inaudible, thus achieving good com patib ility  with reception o f the norm al m onophon ic  sound program m e signals;

(g) th a t a num ber o f systems for da ta  transm ission in  AM broadcasting  in  b an d  5 (LF) and  b an d  6 (M F) have
been described (see R eport 1061),

U N A N IM O U S L Y  R E C O M M E N D S  ,

1. th a t a system for data  transm ission in AM  broadcasting  (AM DS) should  fulfil the requirem ents listed in 
A nnex I;

2. th a t since a system fulfilling all the requirem ents listed in A nnex I includ ing  SSB in b an d  7 (H F) is n o t 
available, a system for data transm ission in AM  broadcasting  in bands 5 .(LF) and  6 (M F) shall com ply w ith the 
m inim um  specification listed in A nnex II.

' ■ A N N E X  I .

R E Q U IR E M E N T S  F O R  A N  A M  R A D IO -D A T A  T R A N S M IS S IO N  SY ST E M

1. Compatibility aspects

1.1 Compatibility with the m ain program m e

The supplem entary data system m ust be com patib le with the m ain  audio  program m e un d er all opera tional 
conditions including: _
— transm itters operated  with energy-saving carrier-contro l techniques; .
— synchronized netw orks o f transm itters;
— SSB transm issions (if the in troduction  o f  an AM  data  system in H F  broadcasting  is feasible);
— transm itters which are used as a  high stability frequency reference;
— m obile reception and, where necessary, reception w ith a stereophonic AM  receiver in ban d  6 (M F).
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1.2 Compatibility with other programmes in co- or adjacent channels

The protection ratios used in p lanning  should no t be affected, i.e. no  additional interference should be 
caused to the audio program m e signal by the data signals.

2. Reliability of data reception

The area in which the d a ta  signal can be reliably received, should be a t least as large as th a t where the 
m ain program m e service for ground- and  sky-wave propagation  conditions is provided.

3. Applications

Because o f the low data-ra te  w hich is expected to  be available in  an AM  rad io-data system, it m ay not be 
feasible to  support sim ultaneously m ore than  a few o f the applications listed below.

It is expected that $ large p a rt o f the data-transm ission capacity will usually  be used for features related to  
au tom atic  or assisted tuning functions. These features are therefore labelled “prim ary”. O ther applications are 
labelled ’’secondary” and m ay be in troduced to m eet the needs o f  individual broadcasters. N ote that although 
sim ilar term s are used, these features m ay no t correspond exactly with those used in RDS (see R ecom m enda
tion  643). «

Primary

— Program m e Identification (PI) code including:

— unique country code for each ITU  country;
. ( ' . \  '

— unique language code.

— List o f  A lternative Frequencies (AFs) (the necessary num ber o f  alternative frequencies is still under 
consideration)

— Program m e Service (PS) nam e: this com prises a t least 4 alpha-num eric characters and is in tended for display

— T raffic Program m e (TP) iden tification and  T raffic A nnouncem ent (TA) identification. -

Secondary (examples)

— Clock-Tim e (CT) and date (U TC and M JD )

— Program m e Item N um ber (P IN ) '

— D ecoder Identification code (D I) (e.g. stereo)

— Program m e Type code (PTY)

— T ransparen t D ata  C hannel (TD C)

— In-H ouse (IH ) applications

— T raffic Message C hannel (TM C)

— R adio  Paging (RP)
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A N N E X  II

S P E C IF IC A T IO N  O F  A D A T A  SY ST E M  FOR U S E  IN  M O N O P H O N IC  

AM  S O U N D -B R O A D C A S T IN G

Frequency bands:

M ethod o f m odulation : 

M axim um  phase deviation: 

M axim um  bit rate:

D ata form at:

LF, M F

phase m odulation o f  the  m ain  carrier 

depending on bit rate according to Fig. 1 

200 b it/s

depending on application

9-
< 1

10 20 50

By (b it/s)

100 200 300

F IG U R E  1 — Dependence o f  the p erm itted  p h a se  devia tion  value  A<p 
on the transm ission b it rate (Br)

A<p: maximum peak phase deviation 

210
A<p° =

\ / B r ( bit/s)
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R E C O M M E N D A T IO N  216-2

P R O T E C T IO N  R A TIO  FO R  SO U N D  BR O A D CA STIN G  IN  T H E  T R O P IC A L  Z O N E

(R eport 302, Q uestion 45 /10 , Study Program m e 45E /10)

(1951-1953-1956-1978-1982)

The C C IR ,

C O N S ID E R IN G

(a) that it is necessary to establish a value for the pro tection  ratio  for sound  broadcasting  w ith in  the shared
bands in the T ropical Zone;

'(b) , that the operation  o f sound broadcasting  transm itters with 10 kH z separation  m akes it d ifficult to  m easure
the protection  ratio  w ith a  receiver having an audio-frequency cut-off in excess o f  5 kH z;

(c) that m ore in form ation  concerning noise values in various parts o f the T ropical Zone is necessary to  arrive
at a m ore accurate value o f m inim um  field strength to  which the pro tection  ratio  should be m ain ta ined ; how ever, 
this m inim um  field strength should  provide satisfactory reception at the lim it o f the b roadcast s ta tion  coverage 
area, as provided by No.- 2666 o f the R adio  R egulations,

U N A N IM O U S L Y  R E C O M M E N D S  , N

1. that, for the present, and  w herever practicable, in the T ropical Z one, the ratio  o f  m edian-w anted  sound  
broadcasting  carrier to  m edian-unw anted carrier shall be 40 dB, to p rovide a  signal-to-interference ratio  o f  no t 
less than  23 dB for a t least 90% o f the hours and  90% o f  the days (taking in to  consideration  the effect o f  short- 
and  long-term  fading — see R ecom m endation 411);

2 . tha t the pro tection  ratio  thus defined should be m easured at the ou tpu t o f  a receiver p rov ided  w ith a filter
having an audio-frequency cut-off o f  5.0 kH z;

3. that, for the present, the p ro tection  ratio, as defined in § 1, should be m ain ta ined  th roughou t the b roadcast 
coverage area in the T ropical Z one to  a m inim um  field strength o f 200 p V /m  o r any low er value consistent w ith 
satisfactory reception;

4. tha t the conditions o f operation  required for sound broadcasting  in  the T ropical Z one should  be 
com patib le w ith the protection  ratio  required for o ther services outside the T ropical Zone, in  accordance w ith 
N um ber 346 o f the R adio  Regulations.
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RECOMMENDATION 48-2

CHOICE OF FREQUENCY FOR SO U N D  BROADCASTING  
IN THE TROPICAL ZONE

. (Question 45/10, S tudy Program m e 45E /10)

(1951-1978-1986)

The C C IR ,

C O N S ID E R IN G

tha t m obile stations, due to  their lower frequency stability and  variable location, are likely to  cause m ore 
in terference to sound broadcasting  in the Tropical Zone, than  fixed stations, particularly  when operated  w ithin the 
shared bands, when using class o f  em ission A3E,

U N A N IM O U S L Y  R E C O M M E N D S  .

that, wherever possible, adm inistra tions should  avoid the operation  o f m obile stations in  the T ropical Zone 
w ithin the bands shared with broadcasting , particu larly  as regards the use o f  class o f em ission A3E by such 
m obile stations.
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RECOMMENDATION 215-2

M AXIM UM  TRANSMITTER POW ERS FOR BROADCASTING  
IN THE TROPICAL ZO NE*

(Question 45 /10 , Study Program m e 45A /10, R ecom m endation  214)

(1956-1978-1982)
The C C IR ,

C O N S ID E R IN G

(a) th a t the prolonged observations and  studies which have been carried  out confirm  the existence o f  high 
noise levels in the T ropical Z one;

(b) th a t good quality service presupposes the m aintenance o f a satisfactory value o f signal-to-noise ratip  in the 
entire coverage area;

(c) th a t the high value o f noise level observed in trop ical regions during  certain  hours o f the day  and  certain  
periods o f  the year, together w ith the need for signal-to-noise ratios such as to  ensure a satisfactory  service for 
practically^ all listeners w ithin the specified coverage area, tends to  suggest the use o f  h igh transm itter-pow er for 
sound-broadcasting  services in the Tropical Zone. It is therefore advisable, when evaluating the pow ers to  be used, 
to  assum e reasonable values fo r the average noise level and  signal-to-noise ra tio  to  reach prac tica l values o f 
transm itter powers, ensuring acceptable conditions o f reception for a suitable percentage o f  transm ission  tim e at 
the lim it o f the coverage area;

(d) tha t, when the coverage area is lim ited to  400 km , vertical incidence an tennas m ay be used effectively to  
concentrate the energy in the coverage area and  to  reduce rad ia tion  beyond this zone;

(e) that, for greater distances, it appears necessary to  use types o f  an ten n a  w ith low gain, such as a sim ple 
d ipole, to  obtain  the required field strength at a distance o f  800 km. N evertheless, th is type o f  an ten n a  rad ia tes at 
low angles o f elevation and  m ay give rise to  interference a t great distances;

( f )  th a t it is advisable to m ake a judicious choice o f transm itting  frequencies w hich, fo r a sound-broadcasting  
program m e in the T ropical Zone m ay be located in the shared bands the up p er lim it o f w hich is 5060 kH z and  in 
b an d  7 (H F) at frequencies above 5060 kHz,

U N A N IM O U S L Y  R E C O M M E N D S

1. tha t the upper carrier pow er lim it for short-distance high frequency sound-broadcasting  transm itters 
em ploying double-sideband (AM ) em ission, operating  in the T ropical Zone in frequency bands below  5060 kH z 
bu t w ith the exception o f the ban d  3900-4000 kH z, should be determ ined as follow s:

1.1 for a coverage area lim ited to  400 km, the carrier pow er o f the transm itte r should no t exceed 10 kW ;

1.2 for a coverage area lim ited to  800 km, the carrier pow er o f the transm itte r should no t exceed 50 kW ;

1.3 for frequencies above 5060 kH z, where sound-broadcasting  services in the Tropical Z one use the sam e
frequency bands as the H F  broadcasting  services, no carrier pow er lim it, as in  the case o f the exclusive H F  bands, 
shall apply ; -

2. that, w ithin the above lim its, A dm inistrations should use, as far as possible, lower pow ers, if  these will 
ensure satisfactory service th roughou t the reception area;

3. th a t the frequency used should  always be as near as possible to  the op tim um  w orking frequency (provided
that the frequency em ployed is w ithin one o f the perm issible sound b roadcasting  bands), to  p rov ide as good a 
received signal-to-noise ratio  as possible; ,

4. tha t, in  conform ity w ith the provisions o f R ecom m endation 139, and  to  m ake the best possib le use o f  the 
frequency bands which have been allocated, A dm inistrations should use ap p ro p ria te  an tennas, so th a t rad ia tions 
at low angles will be reduced to a m inim um , to  avoid all harm ful interference outside the coverage area.

* See A rticle 30 o f  the R adio R egu lations.
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RECOMMENDATION 139-3*

TRANSM ITTING ANTENNAS FOR SO U N D  BROADCASTING  
IN THE TROPICAL ZONE

(Q uestion 45 /10 , Study Program m e 45F /10)

(1953-1978-1986-1990)
The C C IR ,

C O N S ID E R IN G

(a) th a t it is desirable to use transm itting  an tennas for sound broadcasting  in the T ropical Zone tha t cause a 
m inim um  o f interference outside the service area;

(b) tha t the an tennas should be econom ical in design and  sim ple in opera tion ;

(c) tha t Annex I to  this R ecom m endation gives the principles on  which antennas for sound broadcasting  in
the T ropical Zone should be designed and  constructed as well as a descrip tion  o f the antennas com m only used for 
sound broadcasting  in the T ropical Zone,

• >
U N A N IM O U S L Y  R E C O M M E N D S

1. th a t A dm inistrations and  organizations operating  sound broadcasting  services in the Tropical Zone should
use an ten n a  systems so designed that:
— the pow er rad ia ted  is as large as possible at the high angles o f elevation required  to  m eet the needs o f the 

service area,
— a sufficient value o f rad ia tion  is m ain ta ined  at angles o f elevation necessary to  serve the fringe o f the service 

area,
— the pow er rad ia ted  at angles o f  elevation low er than  those used to  serve the fringe o f  the service area is as 

low as possible;

2. N th a t A dm inistrations provide to the C C IR  practical operational da ta  concerning these antennas.

A N N E X  I

1. Selection of site

The transm itting  an tenna should be situated as near to the centre o f the service area as possible. F or 
an tennas relying on ground  reflection for their vertical directivity, the site should  be chosen where the soil is o f 
good conductivity. W here this is no t possible, an  earth  m at can be used. This should  consist o f  a num ber o f 
paralleled  wires spaced no t m ore than  one ten th  o f  a w avelength apart, parallel to  the dipoles and  extending for 
h a lf  a wavelength beyond the extrem ities o f the an tenna  array. .

W hen it is no t possible to  locate the an tenna a t the centre o f the service area, the beam  should  be suitably 
slewed using m ulti-elem ent transm itting  an tenna to  cover the desired service area. Angles o f  slew greater th an  
abou t 15° often produce large side-lobes which m ay cause interference outside the reception area.

I f  there are no  adjacent reception areas, for exam ple, where the area to  be served is an  isolated island , a 
central location is less im portant.

2. Slewing

I f  it is desired to  site a station  away from  the centre o f  the service area, the direction o f the vertical beam  
can  be slewed by dividing each row o f  dipoles o f the array  in to  two halves w ith currents in different phases. This 
m ethod o f  slewing is m ost easily applicable to arrays o f two or four dipoles per row.

* This Recommendation incorporates in Annex I information contained in Report 301 which is hereby cancelled.
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3. Antennas for vertical incidence

The arrays com m only used by different organizations for the purpose o f sound  b roadcasting  in the 
T ropical Zone include the T rin idad  antenna, the Jam aica antenna, the 16-element array, and  a high incidence 
array  consisting o f four full-wave dipoles arranged in the form  o f a square. ,

The schem atic and the rad ia tion  pattern  o f the T rin idad  an tenna are described in Figs. 20 and  21 o f  the 
publication  [CCIR, 1969].

The Jam aica an tenna consists o f four half-wave end-fed dipoles in  the same horizon ta l plane. All the 
elements are 0.2 X above ground. This param eter is no t critical. The elem ents are fed w ith currents in the sam e 
phase and m agnitude. The Jam aica an tenna, som etim es also designated as type T R O / n / h  an ten n a  has an 
azim uthal rad ia tion  pattern, which is approxim ately om nidirectional. The rad ia tion  pattern  for the T R O /2 /0 .2  type 

. is given in Fig. 16 o f the publication  [CCIR, 1969].

The schem atic and  the rad ia tion  pattern  o f the 16-element array  are given in Fig. 17 o f  the publication  
[C C IR , 1969].

Some organizations use a high incidence array  which gives adequate high frequency coverage over a 
circular area o f up  to  1000 km radius. The array consists o f four full-wave dipoles arranged  in  the form  o f  a 
square and fed in such a m anner tha t the currents in any  two adjoining elem ents are in phase and  are o f the sam e 
magnitude. The average height above ground  is 0.15 X bu t this does no t seem to be critical. The rad ia ting  elem ents 
are built up  o f a four-w ire cage, resulting in  an im pedance o f 2200 Q  each, w hich, w hen paralleled  at the centre, 
gives a good m atch to  a 550 Q  feeder. A quarter-w ave m atching stub is included in the design. The schem atic o f 
the an tenna and its pow er d istribu tion  diagram  are given in Figs. 18 and  19 o f  the publication  [C C IR , 1969]. The 
gain o f  the array, relative to  an  iso tropic radiator, is 8 dBi. A t any angle o f  elevation below  30°, the rad ia tion  
from  the high incidence array  is 16 dB below  the m axim um  radia ted  by a d ipo le at th a t elevation. The high-angle 
rad ia tion  o f the array  is greater th an  that o f a d ipole in broad-side d irection  at angles o f  elevation  between 50° 
and  75°, representing im proved signal strength between 100 and  400 km. In  the end-on d irection  at angles o f 
elevation between 25° and  75°, im proved signal strength is available betw een 100 and  1000 km.

A sim ple tw o-tier d ipole array , H 1/2, w ith a standard  0.5 X spacing m ay also be used w ith a view to 
giving adequate coverage up to  800 km [CCIR, 1963-66]. An H 1 /2 /0 .5  an ten n a  fed out-of-phase, gives an  angle 
o f fire o f 41°. Field trials on an  an tenna system H 1 /2 /0 .4  fed out-of-phase have show n th a t a t distances below  
600 km the field strength laid dow n by the an tenna is higher than  th a t from  a single dipole. A t d istances above 
600 km, the field strength laid dow n by the an tenna is low com pared to  the d ipole [CCIR, 1963-66].

4. General consideration in design of antenna

W hile designing an  an tenna  for night-tim e operation , the field due to  higher o rder m odes such as 2-F  
should be taken into account. D uring  day-tim e, ionospheric absorp tion  is considerable, resulting in  p ropaga tion  
being lim ited to only 1 hop. The absorp tion  also increases with the obliquity  o f  the incidence and  an  an ten n a  
suitable for day-tim e should have m axim um  gain corresponding to the angle required  at the fringe o f  the service 
area. A t angles below  this, there should be sharp cut-off. At night, however, m ulti-hop p ropaga tion  is possible due 
to  low er absorption. Fields due to  2-F  m ode should, therefore, be taken in to  account when designing such an ten n a  
systems (Fig. 1 o f [CCIR , 1966-69]).
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M IN IM U M  PER FO R M A N C E  S PE C IFIC A T IO N S  FO R  L O W -C O ST 
SO U N D -B R O A D C A STIN G  REC EIV ERS

(1963-1982-1986)
The C C IR ,

C O N S ID E R IN G  '

(a) th a t the advantages o f broadcasting  should  be m ade m ore easily available to the popu lations o f the 
countries where, at present, the density o f  receivers is particularly  low due to  econom ic, geographical o r technical 
reasons;

(b) th a t to this end, it is desirable that efficient b roadcasting  receivers should be available a t prices low 
enough to  secure their wide d istribution  in those countries;

(c) th a t general agreem ent on the perform ance o f suitable broadcasting  receivers w ould prove m ost useful to  
radio  receiver m anufacturers by assisting them  to produce suitable receivers, having an agreed adequate standard  
o f  perform ance, a t the lowest possible cost,

U N A N IM O U S L Y  R E C O M M E N D S  .

th a t the m inim um  perform ance specifications, con tained  in 4 n n ex I, be used to  assist in the design and  
developm ent o f low-cost sound broadcasting  receivers suitable for p roduction  in large quantities.

RECOMMENDATION 415-2*

A N N E X  I - .

These specifications apply to  the follow ing types o f receivers:

Type A : a  low sensitivity receiver for operation  in ban d  6 (M F),

Type B : a com bined receiver for operation  in bands 6 (M F) and  7 (H F),

Type C : a m edium  sensitivity frequency-m odulation  receiver for opera tion  in ban d  8 (VHF).

1. General

1.1 Each o f the three types o f receiver should be available for either m ains o r battery  operation . F or battery  
opera tion , all three types o f receiver should be fully solid state to ensure econom y o f pow er consum ption. F or 
m ains operation , either valves or transisto rs m ay be used, consideration  o f  cost being the guiding factor.

1.2 F or battery-operated  receivers, the m inim um  perform ance specifications listed in this R ecom m endation  
should  be achieved for the nom inal battery  voltage less 30% as specified in the relevant IEC  publication .

1.3 The m ethods o f m easurem ent em ployed should be those recom m ended in  the relevant IEC  publications for 
am plitude-m odulation  receivers and  frequency-m odulation  receivers.

1.4 The receivers should be sim ple, robust and  well p rotected  against dust. Those in tended for use in regions 
o f  high tem perature and  hum idity  should be treated  so tha t they can be used under the clim atic conditions laid  
dow n by the A dm inistration  concerned. The app rop ria te  tests required by the A dm inistra tion  procuring  such 
receivers should com ply w ith the relevant IE C  publications.

1.5 I f  national regulations prescribe m ethods o f m easurem ent o r tests d iffering from  the s tandard  IE C  
m ethods, A dm inistrations will, w here necessary, draw  atten tion  to  this difference.

1.6 In  the case o f com m unity listening, higher ou tp u t pow ers are necessary, w hereas the o ther requirem ents 
rem ain  unchanged.

* This Recommendation contains text from the former Recommendation 416 which is hereby cancelled.
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2. Specification for Type A receivers

2.1 Frequency coverage (kHz)

2.2 Sensitivity for 50 mW ou tpu t 30% m odulation  
at 400 Hz

2.3 S ignal/no ise ratio for inpu t as under § 2.2

2.4 Power ou tput, for less than  10% distortion

2.5 Overall selectivity 
at — 6 dB points
at —20 dB points .

2.6 Image, in term ediate frequency and  spurious
response ratio  ■

2.7 Overall Fidelity including acoustic response of
loudspeaker, or,

A lternatively, it m ay be m ore convenient for some 
m anufacturers to consider only the electrical charac
teristics which should be

526.5-1606.5 (R egions 1 and 3)
525-1705 (R egion 2)

5 m V /m  (with a built-in  an tenna w ith facilities for 
using an external an tenna)

20 dB (m ains-operated  tube receivers)
26 dB (transisto r receivers)

no t less than  0.1 W

passband not less than  ±  3 kH z 
passband no t greater than  ±  10 kH z

no t less than  30 dB

250-3150 Hz, w ithin 18\dB lim its

100-4000 Hz w ithin 12 dB lim its (in a graphical p res
entation  400 Hz should  be taken as the reference 0 dB 
level)

3. Specification fo r Type B receiver (the two types differing only in frequency range)

3.1 Frequency coverage (M H z)

3.2 Sensitivity for 50 mW  ou tpu t 30% m odulation  
a t 400 Hz

3.3 Signal-to-noise ratio , for inpu t as under § 3.2

3.4 Power ou tput, for less th an  10% distortion

3.5 Overall selectivity ' 
at — 6 dB points
at —20 dB points 
a t —40 dB points

3.6 Image, interm ediate frequency and  spurious 
response ratio

Interm ediate frequency and  spurious response ratio 

Im age response ratio

3.7 Overall Fidelity including acoustic response o f 
loudspeaker, or,

A lternatively, it m ay be m ore convenient for some 
m anufacturers to consider only the electrical charac
teristics which should be

B1 : 0.5265-1.6065; 2.3-15.6 (R egions 1 and  3) ,
0.5250-1.7050; 2.3-15.6 (R egion 2).

B2 : 0.5265-1.6065; 2.3-21.85 (R egions 1 and  3)
0.5250-1.7050; 2.3-21.85 (Region 2)

The receiver shall be provided w ith adequate  m echan
ical a n d /o r  electrical m eans for easy tuning.

no t worse th an  150 pV

20 dB (m ains-operated  tube receivers) 
26 dB (transistor receivers)

no t less than  than  0.1 W

passband no t less th an  ±  3 kH z 
passband no t g reater than  ± 1 0  kH z 
passband no t g reater than  ±  20 kH z

M F — no t less than  30 dB 

H F  — not less th an  12 dB 

H F  -  no t less th an  5 dB

250-3150 H z w ithin 18 dB lim its

100-4000 Hz w ithin 12 dB lim its (in a  g raphical p res
entation 400 Hz shbuld  be taken  as the reference 0 dB
level)
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3.8 A.g.c. perform ance: change in ou tpu t when the
input is reduced by 30 dB from  0.1 V

3.9 Frequency stability

4. Specification for Type C receivers

4.1 Frequency coverage (M H z)

4.2 Signal-to-noise ratio

4.3 Sensitivity (noise lim ited)

4.4 Interm ediate frequency

4.5 A m plitude-m odulation suppression ratio

4.6 Power ou tpu t

4.7 , Overall selectivity

4.8 Overall fidelity including acoustic response of
loudspeaker, or,

A lternatively, it m ay be m ore convenient for some 
m anufacturers to consider only the electrical charac
teristics which should be

4.9 R adiation

4.10 D istortion

4.11 Frequency stability

not greater than  10 dB

m ust be such tha t the receiver does no t require 
frequent retuning

87.5-108 (Region 1) '
88 -108 (Region 2)
87 -108 (Region 3)

30 dB

— 75 dB rel. 1 m W  (at a signal-to-noise ratio  o f 30 dB 
and  50 m W  ou tpu t pow er)

10.7 M Hz

20 dB

not less than  0.1 W

- 3 0  dB at ±  300 kH z 1

200-5000 Hz w ithin 18 dB lim its

100-5000 Hz w ithin 6 dB lim its (in a g raphical p resen
ta tion  400 Hz should  be taken  as the reference 0 dB 
level)

the local oscilla tor rad ia tion  should be less than  the 
lim its specified by C ISPR . However, where national 
regulations exist, the rad ia tion  should be less than  the 
lim its specified therein

the d istortion should  be less than  5% fo r a frequency 
deviation varying between ± 1 5  kH z and  ± 7 5  kH z 
w ith a m odulation  frequency o f 400 Hz and  an ou tpu t 
pow er o f 50 mW

m ust be such th a t the receiver does no t require 
frequent retuning.
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SEC TIO N  10B: FR E Q U E N C Y -M O D U L A T IO N  SO U N D  B R O A D C A STIN G  IN
BAND S 8 (VH F) A N D  9 (U H F)

R E C O M M E N D A T IO N  642-1

LIMITERS FOR HIGH-QUALITY SO UND-PRO G RAM M E SIGNALS

(Questions 46 /10 , 19 /C M T T  and  20/C M T T , Study Program m e 46B /10)

. (1986-1990)
The C C IR , .

C O N S ID E R IN G

(a) tha t over-m odulation o f  FM  transm itters can cause distorsion o f  the program m e m aterial an d  interference
to other transm issions; • '

(b) th a t the level o f some sound-signal com ponents (m ost com m only those a t the higher audio  frequencies)
m ay be raised by the application  o f  pre-em phasis to  the m odulating signal; •

(c) th a t techniques exist to  design low -distortion lim iters w ithout overshoot (for exam ple, by the  use o f delay
lines); '

(d) it is generally undesirable to  subject sound signals to m ore than  one lim iting process,

U N A N IM O U S L Y  R E C O M M E N D S  .

1. th a t low -distortion lim iters should be em ployed to  protect transm itters against over-m odulation , and  enable 
m ore efficient use to  be m ade o f the available dynam ic range;

2. tha t if pre-em phasis is applied , the lim iter should take account o f  this. An exam ple o f a lim iter w hich does 
this is described in Annexes I and  II.

3. tha t the lim iter be situated a t the interfaces between studios and  sound-program m e d istribu tion  circuits, so 
tha t each lim iter m ay serve a relatively large num ber o f  transm itters and  th a t in p rincip le there m ay be no need to  
em ploy any subsequent lim iting. Lim iters so positioned may also provide a usefuld  degree o f  p ro tection  against 
overload for the sound-program m e circuits which follow.

A N N E X  I 

V A R IA B L E -E M P H A S IS  L IM IT E R S

Limiters are com m only em ployed at the program m e inputs o f  frequency m odulated  sound-program m e 
transm itters in order tha t the carrier deviation, and  hence the signal-to-noise ratio  a t the receiver, m ay be kep t as 
high as is practicable, whilst avoiding over-deviation and  the consequent risk o f audible d isto rtion  o r o f causing 
interference. Similarly, lim iters m ay be used at the sending ends o f po in t-to -po in t sound-program m e transm ission  
circuits, analogue o r digital, so th a t the signal-to-noise ratios at the receiving ends are optim ized, by perm itting  the 
signal levels on the circuits to  be kep t high w ithout risk o f d istortion caused by over-loading.

In the above cases, the sound  signals are com m only subjected to  high-frequency pre-em phasis. However, 
program m e levels are norm ally  contro lled  using a m eter (see R eport 292) a t a po in t in the circuit which is no t 
subject to  pre-em phasis. In consequence high-level, high-frequency, com ponents are likely to  cause overm odula
tion  — even on properly  contro lled  program m es — unless a lim iter is em ployed to  prevent this.
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In a conventional lim iter, gain variations affect all sound signals equally, and  lim iter action brought about 
by high-am plitude high-frequency com ponents m ay cause obvious and  objectionable level fluctuations o f low- and 
m edium -frequency com ponents in the reproduced program m e. This effect, com m only know n as “gain ducking” or 
“ lim iter-cut-back”, may be reduced by allow ing a wide m argin between the nom inal m axim um  program m e peaks 
and  the lim iting level. Such a practice is considered to be undesirable, as the listening signal-to-noise ratio  would 
then be less than  it otherw ise could be. Tests have shown [M anson, 1973, 1975] that the need for this wide m argin
m ay be avoided by the em ploym ent o f  a frequency-selective form  o f  lim iter.

R E F E R E N C E S

M A N S O N , W. I. [1973] F requency-dependent lim iters for f.m . sou n d  transm itters. BBC R esearch D epartm ent R eport 1 973 /25 . ~

M A N S O N , W. I. [1975] Frequency depen d en t lim iters for f.m . sound  broadcasting: op tim isation  o f  attack period and o f  
delay-length  in the variable d e-em phasis stage. BBC  R esearch D epartm ent R eport 1975/22 .

. A N N E X  II •

D E S C R IP T IO N  O F A V A R IA B L E -E M P H A S IS  L IM IT E R  FO R  

H IG H -Q U A L IT Y  S O U N D -P R O G R A M M E  S IG N A L S

A  block diagram  illustrating  one form  o f  a variable-em phasis lim iter w hich has been found  to  be suitable
for use on 50 ps pre-em phasized signals (a d ifferent value o f  pre-em phasis tim e constant m ay be used if
appropria te) is show n in Fig. 1.

■ ' A ,

B C

FIGURE 1 -  B lock  diagram illustrating one possib le variable-emphasis lim iter arrangem ent

A: variable-emphasis limiter (com plete)
B: 1st limiter stage (flat-spectrum, delay-line design)
C: 2nd limiter stage (variable-emphasis design)
D: audio input
E: delay line .
F: variable-gain amplifier, w ith law appropriate for control provided by G 
G: control signal rectifier, sm oothing and tim e-constant circuits 
H: shaping network (low-pass filter) -
I: variable-pre-emphasis circuit, 50 ms quiescent 
J: control-signal rectifier, sm oothing and time constant circuits 
K: peak clipper
L: audio output, 50  ms pre-emphasis protected  
M: 50  ms de-emphasis network (optional)
N: audio output, 50  ms pre-emphasis protected signal with 50 ms de-emphasis 

applied, if  required (i.e. for m onitoring)
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In the first stage, the incom ing audio  signal is lim ited by a “ flat-spectrum ” lim iter using delay-line and  
gain change-rate control techniques [Shorter et al., 1967] to prevent transien t overshoot.

In the second stage it is lim ited by a variable pre-em phasis circuit. This im poses 50 (is pre-em phasis so 
long as the resulting ou tpu t signal does not exceed the prescribed m axim um  value, bu t m om entarily  reduces the 
am ount o f pre-em phasis as necessary to  ensure tha t the prescribed m axim um  o u tpu t level is no t exceeded when 
high-level high-frequency program m e signal com ponents are present.

Subjective tests [M anson, 1973] show a definite preference for a  variable-em phasis lim iter ra the r th an  a  flat 
lim iter. Further tests [M anson, 1975] have indicated  tha t if a peak clipper, set abou t 0.75 dB above the lim iting 
level, is em ployed at the ou tpu t o f  the lim iter as show n in Fig. 1, it is no t necessary for the variab le em phasis 
stage to  include a delay line.

R E F E R E N C E S

M A N S O N , W. I. [1973] F requency-dependent lim iters for f.m . sou n d  transm itters. BB C  R esearch  D epartm ent R eport 197 3 /2 5 .

M A N S O N , W. I. [1975] Frequency-dependent lim iters for f.m . sou n d  broadcasting; op tim isa tion  o f  attack period  and o f  
delay-length  in the variable de-em p h asis stage. BBC R esearch D epartm ent R eport 1 975 /22 .

SH O R T E R , D. E. L., M A N S O N , W. I. and  S T E B B IN G S , D . W. [1967] The d yn am ic characteristics o f  lim iters for sou n d -  
program m e circuits. BBC E n gineering D iv isio n  M onograph  N o . 70.
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RECOMMENDATION 641 *

DETERMINATION OF RADIO-FREQUENCY PROTECTION RATIOS 
FOR FREQUENCY-M ODULATED SO U N D  BROADCASTING

, (Question 46 /10 , Study Program m e 46L /10)

' (1986)
The C C IR ,

C O N S ID E R IN G

(a) th a t the radio-frequency pro tection  ratio  is closely related to  the audio-frequency p ro tection  ratio  (see 
R ecom m endation 638);

(b) tha t this relationship depends on a num ber o f technical param eters, including:
— the frequency separation  between the w anted and  unw anted carrier;
— the m axim um  peak deviation;
— the energy distribution both  w ith spectrum  and  tim e o f  the m odulation  signal;
— the pre- and de-em phasis characteristics;
— the reception m ode (m onophonic or stereophonic);
— the audio  characteristics o f the hum an ear (appropriate ly  taken account o f by using the w eighting netw ork o f

R ecom m endation 468);
— the receiver input voltage; ,

(c) th a t the radio-frequency p ro tection  ratio  further depends on the receiver characteristics, the m ost im portan t
o f w hich are: '
— the selectivity characteristics;
— the characteristics o f the lim iter and  the stereo decoder; '
— large signal perform ance and  sensitivity; .
— the audio-frequency response,

U N A N IM O U S L Y  R E C O M M E N D S

1. th a t the objective tw o-signal m ethod o f m easurem ent described in  A nnex I should  be used for the
determ ination  o f  radio-frequency p ro tection  ratios in frequency-m odulation  sound broadcasting  w ith transm ission 
standards using a m axim um  frequency deviation o f ±  75 kH z and  a pre-em phasis o f 50 ps;

2 . th a t the results obtained by this m ethod should  be checked by subjective listening tests w henever possible.

■ A N N E X  I

O B JE C T IV E  T W O -S IG N A L  M E T H O D  O F  M E A S U R E M E N T  

FO R  T R A N S M IS S IO N  S T A N D A R D S  U S IN G  A  M A X IM U M  F R E Q U E N C Y  D E V IA T IO N  

. O F  ±  75 kH z A N D  A  P R E -E M P H A S IS  O F  50 ps ‘

1. Measuring method

The objective m ethod for the m easurem ent o f R F  pro tection  ratios is essentially a psophom etric  tw o-signal 
m ethod in which the interfering transm itte r is m odulated  by a standard  coloured noise signal w ith a given 
frequency deviation. The interference effect is m easured at the audio-frequency ou tpu t o f the receiver by m eans o f 
an  in ternational standard  noise voltm eter (psophom eter). The reference value used to  define the audio-frequency 
signal-to-interference ratio  is tha t which is m easured at the audio-frequency ou tpu t o f the receiver w ith the sam e 
noise voltm eter, when the w anted transm itte r is m odulated  w ith a sinusoidal tone o f  500 Hz, w hile the interfering 
transm itte r is switched off.

* This Recommendation replaces Report 796 which is hereby cancelled.
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2. Psophometer

The noise voltm eter used to  m easure the w anted and  interfering signals at the ou tpu t o f  the receiver 
consists o f a quasi-peak voltm eter w ith defined dynam ic characteristics and  an added filter which m odifies the 
interfering frequencies according to  their subjective interference effect (see R ecom m endation 468). As the noise 
voltm eter is also used to determ ine the reference level and  to adjust the frequency deviation, it m ust be possible to 
disconnect the weighting network. If, instead o f the noise voltm eter, only a peak  program m e m eter is available, it 
should have the sam e dynam ic perform ance.

3. Noise signal for modulating the interfering signal generator

The standardized coloured noise is described in  detail in R ecom m endation 559 (see Note).

The spectrum  beyond the required  bandw idth  o f the standardized coloured noise should be restricted by a 
low-pass filter having a cut-off frequency o f 15 kH z and  a slope o f  60 dB /octave. The audio-frequency 
am plitude /frequency  characteristic o f the m odulation  stage o f the signal generator should  n o t vary by m ore than  
2 dB up to  the cut-off frequency o f  the low -pass filter.

Note. — R ecom m endation 571 proposes a different coloured noise signal. The effect which w ould result from  the 
use of th a t signal instead o f the one proposed  in R ecom m endation 559 is discussed in [C C IR , 1978-82].

4. Measuring arrangement

Figure 1 shows a schem atic d iagram  o f the m easuring arrangem ent.

The arrangem ent is suitable for m onophon ic and  stereophonic transm issions. W ith stereophonic operation , 
channel A or B should be m easured. The unw anted  transm itter is always opera ted  in the m onophon ic  m ode, 
because this gives the m ore critical d isturbing effect.

A :  500 Hz AF generator (for transmitter 
line-up procedure)

B: calibrated AF attenuator 

C: noise generator .

D : noise shaping filter complying with 
Recommendation 559 

E: calibrated AF attenuator 

F: 15 kHz low-pass filter

G: pre-emphasis network 

H : stereo coder

J: signal generator (wanted signal)

K: calibrated RF attenuator 

L: signal generator (unwanted signal) 

M: RF band-pass filter (tuneable)

N : calibrated RF attenuator 

O: frequency-meter for measuring the 
frequency difference between signal 
generators J and L 

P; frequency-deviation meter 

Q: coupling device 

R: matching network 

S: receiver under test

T: 15 kHz low-pass filter

U : psophometer (switchable weighting 
network)

V i : selector switch for the modulation 

V2: selector switch for modulating one or 
other o f the signal generators 

V3: selector switch for the frequency- 
deviation meter (J and L generators) 

V4: selector switch for measuring the AF  
signal levels
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It is im portan t that the unw anted  transm itter should be relatively free from  spurious em issions. For this 
reason, a tunable bandpass filter w ith a 3 dB bandw idth  o f approxim ately  300 kH z, follows the signal generator. 
C are should  be taken to avoid any interaction  between the ou tpu t stages o f  the two signal generators. 
A d irectional coupler may be used.

The audio-frequency signal-to-interference ratio  should be m easured at the audio-frequency ou tpu t o f the 
receiver ahead o f the tone-control. If  this is no t possible, the tone-contro l should be in a position to  assure a flat 
am plitude /frequency  response.

The 19 kH z pilo t-tone m ust be sufficiently suppressed at the audio-frequency output. It is necessary to add 
to  the receiver ou tpu t a  low-pass filter w ith a 15 kH z cut-off frequency having an attenuation  at 19 kHz o f at 
least 40 dB.

5. Frequency deviation of the signal generators

The accuracy o f  the m easurem ent depends very m uch on the precision w ith which frequency deviation o f 
the signal generator can be set; this is especially true for the unw anted  transm itter. The line-up procedure 
therefore should be carried out very carefully.

F or the determ ination  o f the reference level, the w anted transm itter J is frequency m odulated  with the aid 
o f  the tone-generator A, using a sinusoidal tone o f 500 Hz. A ttenuator B is then adjusted to  ob ta in  a deviation o f 
±  75 kH z, including the pilo t-tone in stereophonic operation . The reading o f the noise-m eter U, with the 
w eighting netw ork filter switched off, indicates the reference level. D uring the rem aining m easurem ents, the 
w anted transm itter is unm odulated . In  stereophonic operation , only the p ilo t-tone has to  be transm itted .

The unw anted transm itter L is then m odulated  w ith a 500 Hz sinusoidal tone ob ta ined  from  audio
frequency generator A. A ttenuator B is then adjusted  to  ob ta in  a deviation o f ±  32 kH z (see Note).

The audio-frequency level at the inpu t o f  the unw anted transm itter before the pre-em phasis is now 
m easured by m eans o f  the noise voltm eter U. The noise-w eighting netw ork is sw itched off. N ext, a noise signal 
C  4- D  replaces the sinusoidal tone, and  a ttenuato r E is adjusted to  ob ta in  the sam e peak-reading as before at the 
noise voltm eter. The (quasi) peak-deviation is thus equal to  ±  32 kHz. Since the pre-em phasis has no t been 
included in  the level m easurem ent, the actual peak deviation  is higher. The described ad justm ent corresponds to 
the present-day broadcasting  practice.

Note. — A norm al sound-broadcasting  program m e w ithout com pression is sim ulated by m odulating  the unw anted 
transm itte r w ith the standardized coloured noise signal using a frequency deviation  o f ±  32 kHz. Therefore, the 
results ob ta ined  w ith this m ethod and  this deviation are only valid  for sound b roadcasting  program m es w ithout 
com pression. ..

6. Radio-frequency wanted-to-interfering signal ratio

By m eans o f  attenuator K , the radio-frequency level o f the w anted transm itte r J is kep t as low  as possible 
to  avoid  non-linear effects in the receiver inpu t stages. However, the level should  be such tha t w ith the unw anted 
signal switched off, the audio-frequency signal-to-interference ratio  is at least. 56 dB.

A ttenuator N  at the ou tpu t o f  the unw anted  transm itter is adjusted  to  ob ta in  an  audio-frequency 
signal-to-interference ratio  o f 50 dB at the audio-frequency ou tpu t o f  the receiver S. In  this case, the weighting 
netw ork a t the noise voltm eter U m ust b e  switched in. The ratio  between the radio-frequency levels o f the w anted 
and  unw anted  transm itters is the required  radio-frequency w anted-to-in terfering  signal ratio.

The m easurem ent is carried out fo r channel spacings ranging from  0 to  400 kH z betwen the w anted and  
unw anted  transm itters. The results should  be given in  a table o r a d iagram . I f  a d iagram  is draw n, the m easuring 
po in ts should  be connected by straight lines. The radio-frequency level o f the w anted transm itter an d  the receiver 
inpu t im pedance should be stated.

R E F E R E N C E S

C C IR  D ocum ents

[1978-82]: 10/51 (G erm any (Federal R ep u b lic  of)). _
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The C C IR

DIRECTIVITY OF ANTENNAS FOR THE RECEPTION OF  
SO U N D  BROADCASTING IN BAND 8 (VHF)

(Question 46/10 , Study Program m e 46L /10)

RECOMMENDATION 599

(1963-1982)

U N A N IM O U S L Y  R E C O M M E N D S

tha t the characteristics o f  directivity o f the receiving an tennas o f  Fig. 1 can be used fo r p lann ing  sound  
broadcasting in band  8 (VHF). However, for portab le or m obile reception o f  sound broadcasts , no  directivity o f 
the reception an tenna should be applied  in planning.

FIG URE, 1 -  Discrimination obtained by the use o f  directional receiving antennas

Curves A: monophonic-sound broadcasting 
B: stereophonic-sound broadcasting

Note 1. — It is considered tha t the discrim ination show n will be available at the m ajority  o f an ten n a  locations in 
built-up areas. At clear sites in open  country, slightly higher values will be obtained.

N ote 2. — The curves in Fig. 1 are valid for signals o f vertical or horizontal po larization , w hen bo th  the w anted 
and  the unw anted signals have the sam e polarization.

Note 3. — The Special R egional Conference, G eneva, 1960, and  the E uropean  V H F /U H F  B roadcasting C onfer
ence, Stockholm , 1961 and the A frican V H F /U H F  Broadcasting C onference, G eneva, 1963, d id  no t take the 
directional characteristics o f an tennas into consideration  fo r sound broadcasting . , '
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CHARACTERISTICS OF FM SO U N D  BROADCASTING REFERENCE 
RECEIVERS FOR PLANNING PURPO SES

(1990)
The C C IR ,

C O N S ID E R IN G

a) tha t frequency assignm ent p lans m ust o f necessity take in to  account the characteristics o f  receivers;

b) th a t the range o f perform ance o f  receivers used by the public is very large;

c) th a t a reference receiver with characteristics based on currently available receivers m ay be useful in a
p lann ing  context;

d) tha t standards for reference receivers should therefore be defined, w hich can be taken  as a basis for 
frequency planning  purposes; v ‘

e) tha t these standards need to  be taken  in to  account by receiver m anufacturers,

U N A N IM O U S L Y  R E C O M M E N D S

th a t the receiver characteristics contained in A nnex I should be used fo r FM  sound b roadcasting  p lann ing  
purposes.

RECOMMENDATION 704* -

' . A N N E X  I -

M O N O P H O N IC  A N D  ST E R E O P H O N IC  R E C E P T IO N  U S IN G  T H E  

PIL O T -T O N E  SY ST E M  ( ±  75 kH z F R E Q U E N C Y  D E V IA T IO N ) O R  T H E  

P O L A R -M O D U L A T IO N  SY ST E M  ( ±  50 kH z F R E Q U E N C Y  D E V IA T IO N )

In  deriving the recom m ended characteristics, the param eters contained  in  A nnex II  and  A nnex I II  were 
also considered.

1. Antenna

R ecom m endation 599 gives the directivity o f  an  external an tenna w hich is applicable for fixed installations 
only. Portable or car receivers norm ally  have rod an tennas; however, for po rtab le  or m obile reception o f  sound  
broadcasts , no directivity o f the reception an tenna should be applied  in p lanning.

2. Sensitivity

F or p lanning purposes, “sensitivity” is understood  tou m ean “noise-lim ited sensitivity” , given in term s o f  
field strength or pow er level, required to  achieve a specified signal-to-noise ra tio  at the audio  output. Sensitivity 
should be presented as a single m ean figure. The follow ing values are suggested for the sensitivity o f  an  average 
receiver: .
— w ith an  external an tenna inpu t (car receivers included):

— 5 dB(pW ) for m onophonic reception,
15 dB(pW ) for stereophonic reception;

— w ith a  built-in an tenna (oriented for optim um  reception in  the actual field in  w hich the receiver is placed, fo r 
conditions o f m easurem ent see [CCIR , 1986-90a and  b]:
30 dB (pV /m ) for m onophonic reception,
50 dB(ii,V/m) for stereophonic reception.

These values are based upon  an  A F  signal-to-noise ratio  o f  40 dB. The A F  signal-to-noise m easurem ent is 
m ade according to  IEC  Publication 315-4 in conjunction  with C C IR  R ecom m endation  468; reference frequency 
deviation:. ±  75 kH z for the p ilo t-tone system, and  ±  50 kH z for the po lar-m odula tion  system. I f  higher A F  
signal-to-noise ratios are to  be applied  in a  p lann ing  context, the corresponding  sensitivity can be calculated by 
linear ex trapolation  up to at least 56 dB (see A nnex II, § 5).

This Recommendation should be brought to the attention o f the IEC.
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Selectivity o f a receiver is a m easure o f its ability to d iscrim inate between a w anted signal to which the 
receiver is tuned and  unw anted signals entering through the an tenna circuit.

The selectivity is understood  as an effective selectivity com prising R F  selectivity, IF  selectivity, lim iter, 
d iscrim inator, stereophonic decoder characteristics and  A F frequency response.

3.1 Selectivity with carrier frequency separations <  400 kH z

The selectivity should be sufficient to meet the R F  protection  ratios given in R ecom m endation 412. 
Protection ratio  m easurem ents are m ade in accordance with R ecom m endation 641. It is assum ed th a t test signals 
are fed via the built-in an tenna fo r receivers w ithout an  external an tenna  input.

3.2 Selectivity with carrier frequency separations >  400 kH z

R F  protection  ratios substantially  lower than  —25 dB should be met. At the critical carrier frequency 
separation  o f 10.7 M H z (assum ed nom inal interm ediate frequency), R F  p ro tection  ratios low er than  —20 dB 
should be met.

3. Selectivity

4. Performance in the presence of strong signals *

FM  broadcasting  receivers overloading by strong input signals m ay result in:
— desensitization o r com parable effects,
— interm odulation.

Such overloading m ay e.g. occur in the follow ing cases: '
(a) a  (very) strong w anted signal;
(b) the w anted signal and  one strong unw anted signal;
(c) the w anted signal and  two strong unw anted signals; '
(d) the w anted signal and m ore than  two strong unw anted  signals.

W ith reference to  (b), the R F  protection  ratios should no t be seriously affected ( <  3 dB) if  the inpu t 
pow er o f the w anted signal is increased to  50 dB(pW ). F urther in form ation  m ay be found  in [C C IR , 1986-90c].

5. Automatic frequency control (AFC)

The A FC should be sw itchable (see A nnex II, § 4).

6. Stereo/mono operation

Stereo portab le and car receivers should preferably  be equipped w ith a m anual s te reo /m o n o  switch th a t 
will m ake possible satisfactory m onophon ic  reception in case o f insufficient field strength or in the presence o f 
strong interfering signals.

7. Intermediate frequency

10.7 M H z is assum ed even though som e receivers use higher frequencies for d ifferent reasons (e.g. 
frequency diversity reception).

. 1 ’ • ' ’ *
7.1 Im age rejection ratio ~

The single signal im age rejection ratio , when m easured according to  IEC  Publication  315-4, should be at 
least 50 dB.

F or the assum ed interm ediate frequency o f 10.7 M Hz the im age rejection ratio  can be disregarded w ith 
respect to in -b an d  interference. However, interference from  o ther services has to be taken in to  account.

* A dm inistrations are requested to  contribute on this subject to  the C C IR  under Study Program m e 4 6 N /1 0 .
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7.2 Interference generated within the receiver related to the intermediate frequency  (see R eport 946)

The A F signal-to-noise ratio  should be at least 50 dB at the critical frequencies which are integer m ultiples 
o f  the interm ediate frequency (e.g. 96.3 M H z, 107 M H z); R F  inpu t level 40 dB(pW ), stereophonic reception. The 
signal-to-noise ratio  is m easured according to  IEC Publication 315-4 in conjunction  with C C IR  Recom m enda
tion  468; reference frequency deviation: ±  75 kH z for the p ilo t-tone system, and  ±  50 kHz for the polar-m odula
tion  system.

8. Local oscillator radiation

A m endm ent N o. 1 to  C IS P R  Publication 13 an d  D raft E uropean  S tandard  EN 55013 indicate a 
m easurem ent m ethod and  specify the following values:

Local oscillator fundam ental frequency: <  60 dB (pV /m )
H arm onics below  300 M H z: <  52 dB (pV /m )
H arm onics above 300 M H z: <  56 dB (pV /m )

How ever, som e adm inistra tions apply  the In ternational S tandard  o f  the Council for M utual Econom ic 
Assistance (CM EA ) 784-77; 3894-82 and  the N ational S tandards o f  the U SSR (GOST) 16842-82; 2205-83. In these 
standards the following values are specified:

Local oscillator fundam ental frequency: <  43.5 dB (pV /m )
H arm onics below 300 M H z: <  43.5 dB (pV /m )
H arm onics above 300 M H z: <  43.5 dB (pV /m ) .

A N N E X  II

In  defining the recom m ended characteristics given in A nnex I fo r receivers related to  the p ilo t-tone system, 
the possible influence o f the follow ing receiver param eters was taken in to  account:

1. Overall audio-frequency response

An overall audio-frequency response with m axim um  3 dB attenuation  a t 40 Hz and  15 kH z has been 
assum ed.

2. Overall total harmonic, distortion

It is assum ed tha t the overall to ta l harm onic d isto rtion  is less th an  1%, m easured in  accordance with IEC  
Publication  315-4.

3. Linear and nonlinear crosstalk

In  stereophonic reception the crosstalk has an  influence on the pro tection  ratio  curves. It is assum ed  tha t 
the linear crosstalk between A and  B is less than  —35 dB at frequencies between 100 Hz to  3 kH z, and  less than  
— 20 dB between 50 Hz to  100 Hz and  3 kH z to  15 kHz. N on linear crosstalk is assum ed to  be less than  —40 dB.

These values are m easured according to  IE C  Publication 315-4 and  should no t depend  on  the receiver 
inpu t signal level, p rovided it is high enough to  m ain ta in  adequate stereophonic operation .

4. Tuning facilities

Various receiver tuning facilities m ay be considered in a p lann ing  context, including:
— adequate m echanical a n d /o r  electrical m eans for continuous or step tun ing ;
— sw itchable au tom atic frequency contro l which avoid detun ing  in the case o f strong ad jacen t channel signals 

an d  also for testing purposes;
— the features offered by R D S (see R ecom m endation 643) o r other supplem entary  in form ation  systems (see 

R eport 463).
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5. AF signal-to-noise ratio at higher input signal levels

Taking into account R ecom m endation 641, the A F signal-to-noise ratio  for m onophon ic an d  stereophonic 
reception is assum ed to be at least 56 dB for an input signal level o f  40 dB(pW ). The A F  signal-to-noise ratio  
m easurem ent is m ade according to IEC Publication 315-4 in conjunction  w ith R ecom m endation 468; reference 
frequency deviation: ±  75 kHz (see also Annex I, § 7.2).

6. Compatibility between the main programme and additional information signals

W hen additional signals are added on supplem entary  sub-carrier frequencies (see R ecom m endation  643 
and R eport 463), account m ust be taken o f certain interference effects. Receiver designers should  consider these in  
order to avoid interference to the m ain program m e channel.

6.1 R D S  (see R ecom m endation 643)

Spurious com ponents due to  RD S may appear in the A F  band . In  the presence o f  an  R D S test signal 
which causes a deviation o f ±  2 kH z on  the m ain carrier, the pow er sum  o f  these spurious com ponen ts should  be 
at least 76 dB below  an audio  signal level corresponding to  a deviation o f  ±  75 kH z using a sinuso idal tone o f  
500 Hz. F or m easurem ents, an R D S test signal w ith only two sideband com ponents sym m etrically located w ith 
respect to 57 kH z is used by m odulating  with an “all zeroes” data stream . In  order to  elim inate the effects o f 
uncorrelated  b roadband  noise, the spurious com ponents in the A F  band  are m easured selectively.

A N N E X  III

The defin ition  o f  the recom m ended characteristics given in  A nnex I fo r receivers related  to  the 
po lar-m odulation  system is based on the following values:
— an  irregularity o f ±  3 dB in t h e , frequency ban d  from  30 Hz to  15 kH z fo r the overall A F  am plitude- 

frequency response; ,
— a distortion  factor less than  1%;
— linear crosstalk between channels A and  B less than  —30 dB at the frequency 1000 Hz and  less than  —24 dB 

, at the frequencies 250 and  5000 Hz.

R E F E R E N C E S  .

C C IR  D ocum ents  .

[C C IR  1986-90]: a. IW P 1 0 /7 -1 4  (France); b. IW P 10 /7 -4 6  (Sw itzerland); c. 1 0 /3 0 8  (G erm any (Federal R ep u b lic  of)).
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RECOMMENDATION 412-5*

PLA N N IN G  STA N D ARD S FO R  FM  SO U N D  BR O A D CA STIN G  AT VHF
}

(Q uestion 46 /10 , Study Program m e 46L /10)

(1956-1959-1963-1974-1978-1982-1986-1990)
The C C IR

U N A N IM O U S L Y  R E C O M M E N D S  ,

th a t the follow ing p lanning  standards should be used for frequency-m odulation  sound broadcasting  in 
b and  8 (VHF):

1. Minimum usable field strength -

In  the presence o f interference from  industrial and  dom estic equipm ent (for lim its o f rad ia tion  from  such 
equipm ents refer to  R ecom m endation 433, which gives the relevant C IS P R  recom m endations) a satisfactory 
service requires a m edian field strength (m easured 10 m above ground level) o f at least:

1.1 fo r  the monophonic service: . •

48 dB(p,V/m) in rural areas, >

60 dB (|iV /m ) in u rban  areas,

70 dB (pV /m ) in large cities;

1.2 fo r  the stereophonic service: '

54 dB (|iV /m ) in rural areas, .

66 dB (|iV /m ) in u rban  areas,

74 dB (pV /m ) in large cities.

Note. — In  the absence o f interference from  industrial and  dom estic equipm ent, a field strength (meaisured 10 m 
above ground level) o f at least 34 dB(ji,V/m) or 48 dB (pV /m ) can be considered to  give an  acceptable 
m onophon ic  or stereophonic service, respectively. These field-strength values apply  when an ou tdoor an tenna  is 
used for m onophonic reception, o r a directional an tenna  with appreciab le gain for stereophonic reception  
(p ilo t-tone system, as defined in R ecom m endation 450).

2. Protection ratios

2.1 The radio-frequency pro tection  ratios required  to  give satisfactory m onophon ic  reception fo r 99% o f the
tim e, in systems using a m axim um  frequency deviation  o f ±  75 kH z, are those given by the Curve M2 in Fig. 1. 
F or steady interference, it is desirable to  provide the higher degree o f p ro tection , show n by the Curve M l in  
Fig. 1 (see Annex I).

The protection ratios at im portan t values o f the frequency spacing are also given in Table I.

The corresponding values for m onophon ic systems using a m axim um  frequency deviation o f  ±  50 kH z are 
those given by the curves M2 and  M l in Fig. 2 (see A nnex I). The pro tec tion  ratios at im portan t values o f  the 
frequency spacing are also given in Table II. .

* The D irector, C C IR , is requested to bring this R ecom m endation  to the a tten tion  o f  the IE C , so  that it m ay in form  
m anufacturers o f  FM  receivers accordingly . Serious d ifficu lties have been  encountered  in  in troducing stereoph on ic FM  
services planned  according to the standards g iven  in this R ecom m endation . Specia l a tten tion  shou ld  be directed to  § 2 .4  
and 2.6 w hich sets out the problem s w hich w ill arise i f  the required characteristics o f  such receivers are n o t met.
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Difference betw een the wanted and 
interfering carrier frequencies (kHz)

FIGURE 1 -  R adio-frequency p ro te c tio n  ratio  required b y  broadcasting  
services in band 8  (VHF) a t  frequencies betw een  8 7 .5  M H z 

and 1 0 8  M H z using a m axim um  frequ en cy deviation  o f  ± 75 kH z

Curve M l : m onophonic broadcasting; steady interference

Curve M2 : m onophonic broadcasting; tropospheric interference
, (protection for 99% o f  the time) .

Curve SI : stereophonic broadcasting; steady interference

Curve S2 : stereophonic broadcasting; tropospheric interference
(protection for 99% o f  the time)
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0 100 200 300 400
Difference betw een wanted and interfering carrier frequencies (kHz)

FIGURE 2 -  R adio-frequency p ro tec tio n  ratios required b y  broadcasting services in band 8  (VHF) 
using a m axim um  frequ en cy devia tion  o f  ±50  kH z

Curve M l: m onophonic broadcasting, steady interference

Curve M2: m onophonic broadcasting, tropospheric interference 
(protection for 99% o f  the time)

Curve SI: stereophonic broadcasting, steady interference

Curve S2: stereophonic broadcasting, tropospheric interference 
(protection for 99% o f  the time)

The values o f  curves SI and S2 apply equally to the pilot-tone  
system and the polar-modulation system.
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T A B L E  1

Frequency

R adio-frequency protection ratio (dB ) using a 
m axim um  frequency deviation  o f  ±  75 kH z

spacing
(kH z)

M on op h on ic Stereophonic

Steady Tropospheric Steady T ropospheric
interference interference interference interference

0 36.0 28.0 45.0 37.0
25 31.0 27.0 51.0 43.0
50 24.0 22.0 51.0 43.0
75 16.0 16.0 45.0 , 37.0

100 12.0 12.0 33.0 25.0
125 9.5 . 9.5 24.5 18.0
150 8.0 , 8.0 18.0 14.0
175 7.0 7.0 . 11.0 10.0
200 6.0 6.0 7.0 7.0
225 4.5 4.5 4.5 4.5
250 2.0 2.0 2.0 2.0
275 - 2 . 0 - 2 . 0 - 2 . 0 - 2 . 0
300 - 7 . 0 - 7 . 0 , ~ 7 -0 - 7 . 0
325 _ - 1 1 .5 - 1 1 .5 ' - 1 1 .5 - 1 1 .5
350 - 1 5 .0 - 1 5 .0 - 1 5 .0 - 1 5 .0
375 - 1 7 .5  ' - 1 7 .5 - 1 7 .5  ■ - 1 7 .5
400 - 2 0 .0 - 2 0 .0 - 2 0 .0 - 2 0 . 0

T A B LE  II

Frequency

. R adio-frequency protection  ratio (dB ) u sin g  a 
. m axim um  frequency deviation  o f  ±  50 kH z

spacing
(kH z)

M on op h on ic Stereophonic

Steady
interference

T ropospheric
interference

Steady  
in terference '

T ropospheric
interference

0 39 32 49 41
- 25 32 28 ■ 53 , 45

50 24 22 51 ‘ 43
75 . I5 15 45 37

100 12 12 33 . 25
125 . 7.5 ' 7.5 25 18
150 6 6 18 14
175 2 2 12 ' 11
200 - 2 . 5 - 2 . 5 7 7
225 - 3 . 5 - 3 . 5 5 5
250 - 6 — 6 2 . 2
275 . - 7 . 5 - 7 . 5 0 0
300 - 1 0 - 1 0 - 7 . - 7
325 - 1 2 - 1 2 - 1 0 - 1 0
350 - 1 5 - 1 5 - 1 5 - 1 5
375 - 1 7 .5 , — 17.5 - 1 7 .5 - 1 7 .5
400 - 2 0 ' - 2 0 - 2 0 - 2 0
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2.2 The radio-frequency protection ratios required to  give satisfactory stereophonic reception for 99% o f the 
tim e, for transm issions using the pilo t-tone system and  a m axim um  frequency deviation o f ±  75 kH z, are given by 
Curve S2 in Fig. 1. For steady interference (see A nnex I), it is desirable to  p rovide a higher degree o f protection, 
show n by Curve SI in Fig. 1. The protection  ratios at im portan t values o f the frequency spacing are also given in 
Table I. The corresponding values for stereophonic systems using a m axim um  frequency deviation o f ±  50 kH z 
are those given by the curves S2 and  SI in Fig. 2. The protection  ratios at im portan t values o f the frequency 
spacing are also given in Table II.

2.3 The radio-frequency pro tection  ratios assum e tha t the m axim um  peak  deviation of ±  75 kH z is no t 
exceeded. M oreover, it is assum ed tha t the pow er o f the com plete m ultiplex signal (including pilo t-tone and  
additional signals) integrated over any intervall o f 60 s is no t h igher than  the pow er o f a m ultiplex signal 
contain ing a single sinusoidal tone which causes a peak deviation o f ±  19 kH z (see N ote 4).

It is im portan t that the lim its for m odulation  levels given above should no t be exceeded as otherw ise the 
rad ia ted  pow er o f the transm itter has to be reduced in accordance with the increased figures for p ro tection  ratios 
given in R eport 1064.

2.4 The radio-frequency pro tection  ratio  value for a frequency difference o f 10.7 M Hz should be below  
- 2 0  dB.

For other differences which are greater than  400 kH z, the p ro tection  ratio  value should be substantially  
low er than  the one given above. ' *

2.5 The protection  ratios for stereophonic broadcasting  assum e the use o f a  low-pass filter follow ing the 
frequency-m odulation dem odulator in the receiver designed to reduce interference and  noise at frequencies greater 
than  53 kH z in the pilot-tone system and  greater than  46.25 kH z in the po lar-m odu la tion  system. W ithout such a 
filter o r an equivalent arrangem ent in the receiver, the pro tection-ra tio  curves for stereophonic broadcasting 
canno t be met, and  significant interference from  transm issions in adjacent o r nearby channels is possible.

2.6 In the case o f A M -FM  receivers, it is necessary to  take m easures so tha t the circuits at the AM  
interm ediate frequency (generally 450-470 kHz) do not w orsen the pro tection  ratios when the receiver is operating 
in  FM , particularly  for differences between the frequencies o f the w anted and  in terfering carrier greater than  
300 kHz.

2.7 D ata systems or other systems providing supplem entary in form ation , if  in troduced, should no t cause m ore 
interference to m onophonic and  stereophonic services than  is indicated  by the p ro tection-ra tio  curves in  Fig. 1 (see 
R eport 463). It is no t considered practicable in the p lann ing  to  provide add itiona l pro tection  to  d a ta  services or 
other services providing supplem entary  in form ation  signals.

Note 1. — The protection-ratio  curves in Fig. 1 were originally determ ined by subjective evaluation  o f  in terfer
ence effects. As subjective tests are rather tim e-consum ing an objective m easuring m ethod was developed (see 
A nnex I to R ecom m endation 641) and  found to  yield results which are in fair agreem ent with those o f subjective 
tests.

Note 2. — In determ ining the characteristics o f the filters whose phase response is im portan t in  the preservation  
o f  channel separation at high audio  frequencies, reference should be m ade to  A nnex III  to  R ecom m endation 644.

Note 3. — The protection  ratios for steady interference provide approxim ately  50 dB signal-to-noise ratio . 
(W eighted quasi-peak m easurem ent according to  R ecom m endation 468, w ith a reference signal at m axim um  
frequency deviation.) See also A nnex I to  R ecom m endation 641.

Note 4. — The pow er o f a sinusoidal tone causing a peak deviation  o f  ±  19 kH z is equal to  the pow er o f  the 
coloured noise m odulation  signal according to R ecom m endation 641, i.e. a coloured noise signal causing a 
quasi-peak deviation o f ±  32 kHz.

3. Channel spacing

C hannels are to  be assigned in such a way that:

3.1 the carrier frequencies w hich define the nom inal placem ent o f the R F  channels w ithin the b an d  are
in tegral m ultiples o f  100 kH z;
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3.2 a uniform  channel spacing o f 100 kH z applies for both m onophonic and  stereophonic transm issions.

N o te .  — In those cases where a 100 kH z channel spacing w ould be difficult to im plem ent, the use o f a spacing 
which is an  integral m ultiple o f  100 kH z w ould also be acceptable, p rovided tha t the carrier frequencies are 
chosen in accordance with § 3.1 above.

A N N E X  I

To apply the pro tection-ra tio  curves o f Figs. 1 and  2 it is necessary to  determ ine w hether, in the particu lar 
circum stances, the interference is to  be regarded as steady or tropospheric  [C C IR , 1978-82]. A suitable criterion  for 
this is provided by the concept o f “nuisance Field” which is the field strength o f  the in terfering transm itte r (at its 
pertinen t e.r.p.) enlarged by the relevant p rotection ratio.

Thus, the nuisance field fo r steady interference: ,

Es = P  + E  (50,50) + A s

and  the nuisance field for tropospheric  interference

E, = P  + E  (50, T )  +  A, \

where

P  : e.r.p. (dB (l kW )) o f  the interfering transm itter;

A  : radio-frequency pro tection  ratio  (dB);

E  (50, T )  : field strength (dB (jiV /m )) o f the in terfering transm itter, norm alized to 1 kW , and  exceeded 
during T %  o f the tim e,

and where indices s  and  t  indicate steady or tropospheric  interference respectively.

The pro tection-ra tio  curve for steady interference is applicable w hen the resulting nuisance field is stronger 
than  th a t resulting from  tropospheric  interference, ;

i.e. Es > Et

This m eans tha t A s should be used in all cases when:

£(50 ,50) +  A s > £ ( 5 0 ,T )  -f A ,. ,

. R E F E R E N C E S

C C IR  D ocum ents

[1978-82]: 10 /241 (Y u goslav ia  (Socia list Federal R epublic of)).

• - • ' . /*

B IB L IO G R A P H Y

C C IR  D ocum ents  ,

[1982-86]: 1 0 /1 4  (E B U ); 1 0 /3 8  (U S SR ); 1 0 /4 8  (Italy).

[1986-90]: 1 0 /323  (G erm any (Federal R epublic  of)).
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TR A N SM IS SIO N  STA N D AR D S FO R  FM  SO U N D  BROADCASTIN G
AT V HF

' (Q uestion 46/10) .

(1982)

. RECOMMENDATION 450-1

The C C IR

U N A N IM O U S L Y  R E C O M M E N D S

tha t for FM  sound broadcasting  in  band  8 (VHF) the follow ing transm ission standards should be used:

1. Monophonic transmissions

1.1 R F  signal

The radio-frequency signal consists o f  a carrier frequency-m odulated by the sound signal to  be transm itted , 
after pre-em phasis, with a m axim um  frequency deviation  equal to :

±  75 kH z or ±  50 kHz.

N ote 1. — In  the W est E uropean  countries and  the U nited States, the m axim um  deviation is ±  75 kHz. In the 
U SSR  and  in some other E uropean  countries, it is ±  50 kHz.

1.2 Pre-emphasis o f  the sound signal

The pre-em phasis characteristic o f the sound signal is identical to  the adm ittance-frequency curve o f a 
parallel resistance-capacitance circuit having a tim e constan t of: ,

50 ps or 75 jis. '

N ote 2. — In  Europe, the pre-em phasis is 50 ps. In  the U nited  States, it is 75 ps.

2. Stereophonic transmissions

2.1 Polar-modulation system

2.1.1 R F  signal

The radio-frequency signal consists o f a carrier frequency-m odulated by a  baseband  signal, know n 
in this case as the “stereophonic m ultiplex signal” , w ith a m axim um  frequency deviation equal to :

±  75 kH z or ±  50 kH z (see N ote 1, § 1).

2.1.2 Stereophonic multiplex signal

This signal is p roduced  as follows:

2.1.2.1 A signal M  is form ed equal to  one h a lf  o f the sum  o f  the left-hand signal, A , and  the right-hand 
signal, B , corresponding to  the tw o stereophonic channels. This signal, M, is pre-em phasized in  the sam e 
way as m onophonic signals (see § 1).

N ote 1. — M  is a “com patib le” signal in the sense th a t the stereophonic transm ission m ay be received by 
a m onophonic receiver equipped  for the sam e m axim um  frequency deviation  and  the sam e pre-em phasis.

2.1.2.2 A signal S  is p roduced  equal to  one h a lf  o f  the difference between signals A  and  B  m entioned 
above. This signal, S, is pre-em phasized in  the sam e way as signal M. The pre-em phasized signal, S , is 
used for the  am plitude m odulation  o f  a sub-carrier at 31.25 kH z; the spectrum  o f the am plitude-m odulated  
sub-carrier is form ed so th a t the sub-carrier am plitude is reduced by 14 dB and  the spectral com ponents o f 
the given m odulating  signal ap p ear to  be transform ed as follows:

K(f )  =  ■

5 +  J 6 . 4 /

w here /  is equal to  each frequency com ponent in  kHz.
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2.1.2.3 The stereophonic m ultiplex signal is the sum of:

— the pre-em phasized signal, M  ; r

— the sideband spectral com ponents which are the product o f  am plitude-m odulated  unsuppressed  carrier 
by a pre-em phasized signal S  add itionally  transform ed from  the law K  ( / ) ;

— the sub-carrier with the am plitude reduced by 14 dB.

2.1.2.4 The am plitudes o f  the various com ponents o f  the stereophonic m ultiplex signal, referred to  the 
m axim um  am plitude of th a t signal (which corresponds to  the m axim um  frequency deviation) are:

— signal M : m axim um  value 80% (A and  B  being equal, and  in  phase);

— signal S ': m axim um  value 80% (A  and  B  being equal but o f opposite  phase);

— reduced sub-carrier at 31.25 kH z; m axim um  residual am plitude 20%.

2.1.2.5 The frequency m odulation  is arranged in such a way th a t positive values o f  the m ultiplex signal 
correspond to  a positive frequency deviation  o f the m ain carrier and  negative values to  negative frequency 
deviation. ,

2.2 Pilot-tone system

2.2.1 R F  signal

The radio  frequency signal consists o f  a carrier frequency-m odulated  by a baseband  signal, know n 
in this case as the “stereophonic m ultiplex signal” , w ith a m axim um  frequency deviation  equal to :

±  75 kH z or ±  50 kH z (see N ote 1, § 1).

2.2.2 Stereophonic multiplex signal

This signal is p roduced as follows:

2.2.2.1 A signal M is  form ed equal to one h a lf  o f the sum o f  the left-hand  signal, A, and  the righ t-hand  
signal, B, corresponding to  the tw o stereophonic channels. This signal, M, is pre-em phasized in the sam e 
way as m onophonic signals (see § 1) (see N ote 1, § 2).

2.2.2.2 A signal S  is produced  equal to  one h a lf  o f the difference between signals A  an d  B  m entioned 
above. This signal, S, is pre-em phasized in the sam e way as signal M. The pre-em phasized signal, S, is 
used for the suppressed-carrier am plitude m odu la tion  o f a sub-carrier a t 38 kH z ±  4 Hz.

Note 2. — The sam e effect is ob ta ined  by pre-em phasizing the left-hand  signal A  and  the righ t-hand  
signal B  before encoding. F or technical reasons this procedure is som etim es preferred.

2.2.2.3 The stereophonic m ultiplex signal is the sum  of:

— the pre-em phasized signal, M ;

— the sidebands o f the suppressed sub-carrier am plitude m odulated  by the pre-em phasized signal, S ;

— a “p ilo t signal” with a frequency o f 19 kH z exactly one-half the sub-carrier frequency.

2.2.2.4 The am plitudes o f  the various com ponents o f  the stereophonic m ultiplex signals referred to  the 
m axim um  am plitude o f th a t signal (which corresponds to  the m axim um  frequency deviation) are:

— signal M  : m axim um  value 90% (A  and  B  being equal and in  phase);

— signal S  : m axim um  value o f  the sum o f the am plitudes o f  the tw o sidebands: 90% (which corresponds
to  A  and  B  being equal and  o f  opposite phase);

— pilo t signal: 8 to  10%;

— sub-carrier at 38 kHz suppressed: m axim um  residual am plitude 1%.

2.2.2.5 The relative phase o f  the pilot signal and  the sub-carrier is such that, when the transm itte r is 
m odulated  by a m ultiplex signal for which A  is positive and  B  =  — A, this signal crosses the tim e axis 
w ith a positive slope each tim e the pilot signal has an  instan taneous value o f  zero. The phase to lerance o f 
the p ilo t signal should no t exceed ±  3° from  the above state. M oreover, a positive value o f  the m ultiplex 
signal corresponds to a positive frequency deviation  o f  the m ain carrier.

2.2.3 Baseband signal in the case o f  a supplementary signal transmission

If, in addition  to  the m onophonic or stereophonic program m e, a supplem entary  m onophon ic
program m e a n d /o r  supplem entary inform ation  signals are transm itted  and  the m axim um  frequency
deviation is ±  75 kH z, the follow ing additional conditions m ust be m et:

2.2.3.1 The insertion o f the supplem entary  program m e or signals in  the baseband  signal m ust perm it 
com patibility  with existing receivers, i.e. these add itiona l signals m ust no t affect the recep tion  quality  o f 
the m ain m onophonic or stereophonic program m es.
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2.2.3.2 The baseband signal consists o f the m onophonic signal or stereophonic m ultiplex signal described 
above and having an am plitude o f  not less than  90% o f tha t o f the m axim um  perm itted baseband  signal 
value, and o f the supplem entary signals having a m axim um  am plitude o f 10% of that value.

2.2.3.3 For a supplem entary m onophonic program m e, the sub-carrier and its frequency deviation m ust be 
such that the corresponding instan taneous frequency o f the signal rem ains between 53 and 76 kHz.

2.2.3.4 For supplem entary in form ation  signals, the frequency o f any additional sub-carrier m ust be 
between 15 and 23 kHz o r between 53 and 76 kHz.

2.2.3.5 U nder no circum stances m ay the m axim um  deviation o f the m ain carrier by the to ta l base signal 
exceed ±  75 kHz.
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, TECHNICAL CHARACTERISTICS TO BE CHECKED FOR
FREQUENCY-M ODULATION STEREOPHONIC BROADCASTING

Pilot-tone system

(Question 46 /10 , Study Program m e 46F /10)

. (1970)

The C C IR  ~

U N A N IM O U S L Y  R E C O M M E N D S

1. tha t during program m e transm ission instrum ents should indicate the percentage o f peak-m odulation  in the
m ain carrier by the following:

1.1 the m ain channel, M ;

1.2 the stereophonic sub-carrier, S';

1.3 the p ilo t signal;

1.4 all signals specified in R ecom m endation 450, sim ultaneously;

2 . th a t in addition , the follow ing characteristics should be m easured during  periods o f test and  adjustm ent:

2.1 the frequency response o f the M  and  individual A  and  B  channels;

2.2 harm onic d istortion  in the individual A  and  B  channels;

2.3 the signal-to-noise ratio  in  the individual A  and  B  channels; .

2.4 the crosstalk attenuation  between the A  and B  channels;

2.5 the crosstalk from  the m ain channel, A/, in to  the stereophonic sub-channel, S, and  from  the stereophonic
sub-channel, S  in to  the m ain channel;

2.6 the frequency o f  the pilot signal;

2.7 the degree o f  suppression o f  the sub-carrier;

2.8 ■ the phase o f the sub-carrier relative to the p ilo t signal;

2.9 the to tal un in ten tional am plitude-m odulation o f the m ain carrier.

RECOMMENDATION 467
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SYSTEM FOR AUTOM ATIC TUNING AND OTHER APPLICATIONS  
IN FM RADIO RECEIVERS FOR USE WITH THE PILOT-TONE SYSTEM

(Question 46 /10 , Study Program m e 46H /10)

(1986-1990)
The C C IR ,

C O N S ID E R IN G  .

(a) that, in V H F /F M  broadcasting , the density o f transm issions in m any parts o f  the w orld is increasing to
the extent that tun ing  to a given program m e service is becom ing m ore and  m ore difficult, particularly  for listeners 
using FM  portable or car radios;

(b) tha t, on the other hand , new technologies offer the possibility o f adding  auxiliary da ta  signals to  the
sound-program m e signals which will offer a w ide variety o f m ethods for identifying the transm issions, thereby 
facilitating the im plem entation o f  assisted and  au tom atic tun ing  in fu ture rad io  receivers;

(c) th a t such rad io -data  signals can be added to existing V H F /F M  broadcasts in such a way tha t they are
inaudible, thus achieving good com patib ility  with reception o f the norm al stereophonic or m onophon ic sound- 
program m e signals;

(d) th a t receiver technology is available to  im plem ent assisted or au tom atic tun ing  using rad io -data  signals,
and  th a t such technology can be inexpensive provided tha t it is m ass-produced;

(e) th a t such a system offers the flexibility, to  im plem ent a wide range o f  op tional applications to suit the
particu lar needs o f individual b roadcasting  organizations;

( f )  th a t m ost EBU  M em ber countries have collaborated  in  the developm ent o f  an  in ternationally  agreed
standard  for such a system;

(g) th a t m any countries have im plem ented this system on their b roadcasts;

(h) than  an in ternational standard  is necessary to support m ass-production  o f  receivers using the system,
thereby m inim izing the cost o f receivers to  the consum er, and  tha t an in te rnational standard  is necessary also to
perm it receivers, especially FM  portab les and  car radios, to  be used ab road  by travellers,

U N A N IM O U S L Y  R E C O M M E N D S  '

tha t broadcasters wishing to  in troduce the transm ission o f supplem entary  in form ation  for station  and  
program m e identification in  FM  broadcasting  and  other applications, should use the rad io-data  system (RD S), as 
specified in A nnex I.

N ote  — Inform ation  regarding the operational characteristics o f RD S is given in A.nnex II.

■ , . A N N E X  I.

S P E C IF IC A T IO N S  O F T H E  R A D IO  D A T A  SY ST E M  **

1. Modulation of the data channel

1.1 Sub-carrier frequency: 57 kH z, locked in phase or in quadra tu re  to  the th ird  harm onic o f  the p ilo t tone 
19 kH z ( ± 2  Hz) in the case o f  stereophony. (Frequency tolerance: ±  6 Hz.) I f  RD S is used sim ultaneously with 
the A R I traffic broadcast identification  system (see R eport 463), the RD S sub-carrier will have a phase difference 
o f  90° ± 1 0 ° ,  and  the recom m ended nom inal deviation o f the m ain carrier will be ± 1 .2  kH z due to the R D S 
signal and  ±  3.5 kH z due to  the unm odulated  A R I sub-carrier.

1.2 Sub-carrier level: the recom m ended nom inal deviation o f the m ain  FM  carrier due to  the m odulated
sub-carrier is ±  2 kHz. The decoder should, however, be designed to w ork w ith sub-carrier levels corresponding  to
between ±  1 kH z and  ±  7.5 kH z deviation.

1.3 M ethod o f  m odulation : the sub-carrier is am plitude-m odulated  by the shaped and  biphase-coded d a ta
signal. The sub-carrier is suppressed (see Figs. la )  to  lc ))\

RECOMMENDATION 643-1 *

* T his R ecom m endation  should  be brought to the attention  o f  the IE C . ,

** The characteristics published  here are o n ly  a sum m ary draw n from  a m ore detailed  text w hich is published  separately.
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a) Spectrum o f  biphase coded radio-data signals

One data clock period:   s
a  1187.5

b) Tim e-function o f  a single biphase sym bol

One biphase sym bol = 
one data bit period:

fd  = — -—  s 
a  1187.5

c) S I  kHz radio-data signals

FIGURE 1 -  Spectrum  and tim e-functions o f  R D S  signals
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1.4 Clock frequency and data  rate: the basic clock frequency is ob ta ined  by dividing the transm itted 
sub-carrier frequency by 48. Consequently  the basic data rate is 1187.5 b it/s  ±  0.125 b it/s .

1.5 Differential coding: when the input data-level from  the coder at the transm itter is 0, the ou tpu t rem ains 
unchanged from the previous ou tpu t bit, and when an  input 1 occurs, the new ou tpu t b it is the com plem ent o f the 
previous ou tpu t bit.

2. Baseband coding

2.1 C oding structure: the largest elem ent in the structure is called a ,“g roup” o f 104 bits. Each group  com prises 
4 blocks o f 26 bits. Each block com prises an in form ation  w ord and  a checkw ord, o f 16 and  10 bits respectively.

2.2 O rder o f bit transm ission : all in form ation  w ords, checkw ords and  addresses have their m ost significant bit 
transm itted  first.

2.3 E rro r protection: the 10-bit cyclic redundancy  checkw ord, to  w hich a 10-bit offset w ord is added for 
synchronization  purposes, is in tended  to  enable the receiver/decoder to detect and  correct errors which occur in 
reception.

2.4 Synchronization o f blocks and  groups: the da ta  transm ission is fully synchronous and  there are no  gaps
between the groups or blocks. The beginning and  end o f the da ta  blocks m ay be recognized in  the decoder by 
using the fact that the error-checking decoder will, w ith a high level o f confidence, detect b lock synchronization  
slip. The blocks w ithin each group are identified by d ifferent offset w ords added to  the respective 10-bit 
checkw ords. . ,

2.5 M essage form at: the first five bits o f the second block o f every group are allocated to a  five-bit code which 
specifies the application  o f the group and  its version. The group types specified are given in  Table I. There is also 
space left to add  at a later stage applications yet to  be defined.

- FIGURE 2 -  Message fo rm a t and addressing

N o te  1. -  Group type code = 4 bits. _

N o te  2. — B0 = version code = 1 bit.

N o te  3. -  PI code = programme identification code = 16 bits.

N o te  4. -  TP = traffic programme identification code = 1 bit.

N o te  5. -  PTY = programme type code = 5 bits.

N o te  6. — Checkword + offset “N ” = 10 bits added to provide error protection and block and group synchronisation inform ation. 

N o te  7. -  / ,  <  t 2 : block 1 o f  any particular group is transmitted first and block 4  last.
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T A B L E  I — Group type codes

G roup type

A p p lica tion s
D ecim al

value a 3 a 2
Binary code  

A] A q B0

0 0 0 0 0 X ( ' ) Basic tuning and sw itching in form ation

1 . 0 0 0 1 X Program m e item  num ber

2 • 0 0 1 • 0 X R adiotext

3 0 0 1 1 X A p p lication  not yet defined

4 0 1 0 , 0 0 C lock-tim e and date

5 0. 1 0 1 X Transparent channels for text or other graphics (32 ch an n els) .

6 0 1 1 0 X In-house app lication s

7 0 1 1 1 0 R adio paging

8-13 A p p lication s not yet defined  _ ■

14 1 1 1 0 X Enhanced  other netw orks in form ation

15 1 1 1 1 1 Fast basic  tun ing and sw itch ing in form ation

(')  X  indicates that value m ay be “0 ” (version  A ) or “ 1” (version  B).

A large p a rt o f the data-transm ission capacity o f  the RDS system will be used for features relating  to  the 
au tom atic o r assisted tun ing  functions o f  an FM  receiver. Such messages are repeated freq u en tly , so th a t a short 
data-acquisition  tim e for tun ing  o r retuning m ay be achieved. M any o f the relevant codes occupy fixed positions 
w ithin every group. They can therefore be decoded w ithout reference to  any block outside the one w hich contains 
this inform ation. ,

Table II explains the abbrev iations used and  the features to which they are relevant.

T A B L E  II — L ist o f  abbrevia tions an d  fe a tu re s

T uning fun ction s , O ther functions

PI: Program m e id entification TA: T raffic an n ou ncem en t iden tification

PS: Program m e service nam e D I: D ecoder id en tification

AF: List o f  alternative frequencies M /S : M u sic /sp eech  sw itch

TP: T raffic program m e iden tification P IN : Program m e item  num ber

PTY: Program m e type RT: R adiotext

E O N : Enhanced other netw orks in form ation T D C : T ransparent data channel

IH: In-house ap p lica tion s

CT: D ate and tim e

RP: R adio paging

2.6 Repetition rates: Table III  indicates the appropria te  repetition rates fo r som e o f the m ain applications, 
when and  if they are im plem ented by the broadcaster.
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T A B L E  III — A ppropria te  repetition ra tes

A p p lica tion s
G roup  types which  

contain  this 
in form ation

A ppropriate  
repetition rate 

per second

Program m e identification  (PI) code all 1 1 .4 (')

Program m e type (PT Y ) cod e ' all . 11-4 (')

Traffic program m e (TP) id entification  code all 1 1 . 4 0

Program m e service (PS) nam e 0A , 0B H 2)

A lternative frequency (A F ) code pairs . 0A 4 ( 2)

T raffic announcem ent (TA ) code 0A , 0B , 15B 4

D ecod er identification  (D I) code 0A , 0B , 15B 1

M u sic /sp eech  (M /S )  cod e . 0A , 0B , 15B 4

R ad iotext (R T) m essage 2A , 2B ^ 0.2 O

E nhanced  Other N etw orks in form ation  (E O N ) 14A , 14B up to 2 O

(') V alid  codes for this item  w ill n orm ally  be transm itted w ith  at least this repetition  rate w henever the transm itter carries a 
norm al broadcast program m e.

(2) A  total o f  four 0A  groups are required to transm it the entire PS nam e and therefore four 0A  groups w ill be required per  
secon d . The repetition rate o f  group type 0A  m ay be reduced if  m ore capacity is needed  for other app lications. A  m inim um

- o f  tw o  type 0A  groups per second is necessary to ensure correct fun ction in g  o f  PS and A F  features. It shou ld  be n oted  that 
in this case transm ission  o f  the com p lete  PS w ill take 2 s. H ow ever, under typical reception  con d ition s the introduction  o f  
errors w ill cause the receiver to take 4 s or m ore to acquire the PS nam e for d isp lay.

(3) A  total o f  16 type 2 A  groups are required to transm it a 64  character radiotext m essage and  therefore 3.2 type 2A  groups w ill 
be required per second.

(4) T he m axim um  cycle  tim e for the transm ission  o f  a ll data relating to a ll cross-referenced  program m e services shall be less 
than  2 m in. ■

N ote  — Some adm inistrations outside o f Region 1 still have som e o f these issues under study and  require m ore 
tim e before they can accept this R ecom m endation.

, 0  B IB L IO G R A P H Y

C E N E L E C  E N  50067 Specifications o f  the ratio data system  (R D S ).

E B U  [M arch, 1984] Specifications o f  the radio data system  R D S  for V H F /F M  sou n d  broadcasting. E B U  Tech. 3244, p lus  
supplem ents.

E B U  R D S  N ew sletter. >> ■

.E D W A R D S O N , S.M . [1986] R a d io  R eceivers, C hapter 14 Ed. W. G oslin g . IE E  T elecom m u n ica tion s. Series 15, Peter Peregrinus, 
L on d on , U K .

C C IR  D ocum ents  

[1978-82]: 1 0 /2 1 4  (Sw eden).

[1982-86]: 10 /15  +  A dd. (E B U ); 1 0 /3 2  (U n ited  K in gd om ); 1 0 /8 4  (Sw eden); 1 0 /2 3 4  (Sw eden); 1 0 /2 3 6  (G erm any (Federal 
R epublic o f)); 10 /271 (Japan).

A N N E X  II

O P E R A T IO N A L  C H A R A C T E R IS T IC S  O F  T H E  R A D IO  D A T A  SY ST E M  “R D S ”

1. Compatibility with existing V H F /F M  broadcasts

1.1 Compatibility with the pilot-tone stereophonic main programme

The frequency, level and  m ethod o f  m odulation  o f  the sub-carrier used to  convey the da ta  signals have 
been carefully chosen so as to avoid interference to  reception o f the m ain  stereo or m ono program m e signals. 
Because o f the extrem e im portance o f these com patib ility  considerations, extensive and  pro longed  field-trials have 
been conducted in several countries. It has been found  tha t over a w ide variety  o f  p ropagation  conditions, and 
w ith a w ide variety o f  receivers, good com patibility  is achieved. However, in  som e locations w here the received
signals are affected by severe m ultipath  p ropagation , interference to  the m ain  p rogram m e signal m ay occur. In
such circum stances, however, even in the absence o f  RD S signals, the quality  o f  the received program m e signal is 
usually  poo r due to  distortion.
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1.2 Compatibility with existing auxiliary signals

The radio data system, RDS, is designed so that its signals do  not in terfere with the existing auxiliary 
signals used in some countries to identify broadcast in form ation  for m otorists (the A RI system (see R eport 463)). 
This is achieved by shaping the transm itted  spectrum  o f the RD S signals in such a way as to  m inim ize overlap  
with the spectrum  of the ARI signals. However, in those cases where the signals o f bo th  the R D S system and  the 
ARI system are broadcast either sim ultaneously from  the sam e transm itter o r from  different transm itters , the 
injection level o f the RDS signal should  be reduced so that the deviation o f  the m ain FM  carrier due to  the RD S 
signal is ± 1 .2  kH z; this has been found  necessary to ensure the required com patib ility  with som e types o f  A R I 
receiver. S im ultaneously, the deviation  o f  the m ain FM  carrier due to the unm odula ted  A R I sub-carrier should  be 
reduced to ±  3.5 kHz. However, increases in deviation by the RDS signal m ay becom e possible in  the future.

2. Reliability of reception of radio-data signals

W hen assessing the reliability o f  reception o f  rad io -data  signals it is im portan t to  devide the applications 
o f  the RDS system into two categories: those using short and  frequently  repeated  messages, fo r exam ple, 
au tom atic tuning functions; and  those using longer, messages which are repeated  rarely, for exam ple, rad io tex t 
(RT) messages.

In the case o f field-strength lim ited reception conditions, as m ight be experienced in a fixed dom estic 
installation , and with the recom m ended RDS injection level o f ±  2 kH z, adequately  reliable recep tion  o f  short 
messages is possible for an inpu t e.m.f. to  the receiver dow n to abou t 15 dBpV  (from  a 50 Q  source) whilst 
adequately reliable reception o f the longer messages required an in p u t e.m.f. o f  abou t 20 dBpV. It should  be 
stressed th a t the values given above depend  on the noise figure of the receiver which is typically  abou t 7 dB. 
These input voltages correspond to  b it error-ratio  in  the received signal before erro r correction  o f  1 x  10-2  and  
1 x  10~4, respectively. U nder these field-strength lim ited conditions, the b it error-ratio  in the received signal 
decreases exponentially  w ith increasing receiver an tenna inpu t level. F urtherm ore, for RD S injection levels a t the 
transm itter in the specified range ±  1 kH z to  ±  7.5 kH z, the receiver an ten n a  inpu t signal level needed to  atta in  a 
given error-ratio  increases alm ost p roportionally  w ith decreasing in jection  level and  vice versa. F o r exam ple, 
decreasing the injection level from  ±  2 kH z to  ±  1 kH z increases the an ten n a  inpu t e.m.f. needed by an  RD S 
receiver to attain -a given bit error-ratio  by 6 dB.

In determ ining the best level for the injected RD S signals, it was found  tha t a com prom ise had  to  be 
found between com patibility  w ith the m ain program m e signals on the one han d  and  reliability  o f  R D S signal 
reception on the other. Overall, the recom m ended RD S injection level co rresponding  to  ±  2 kH z deviation  o f the 
m ain FM  carrier was found to give the best com prom ise over a wide range o f reception  conditions.

In the case o f  m obile reception  in vehicles, m ultipath  p ropagation  is often  found  to  be the d om inan t 
im pairm ent to  RD S signal reception. In order to ob ta in  in form ation  abou t the perform ance o f  the RD S system 
un d er m ultipath  lim ited reception conditions, extensive field trials were carried  ou t in several countries.

In  these field trials, which were conducted on roads where reception  o f  signals from  the local b roadcast 
transm itter was severely im paired  by m ultipath  propagation , it was found  th a t the frequently  repeated  messages 
needed for the autom atic tun ing  functions o f RD S receivers could be reliably received even though  the received 
program m e signal was often severely im paired  by d istortion  and  noise. As in  the case o f field-strength  lim ited 
reception conditions, reception reliability  was found  to  im prove w ith increasing RDS in jection  level at the 
transm itter. However, it was found  tha t adequate perfo rm ance 'w as m ain ta ined  dow n to  the m inim um  injection 
level o f  ±  1 kH z allowed by the specifications o f the RD S system. .

The R F  protection  ratio  needed by the RD S system against in terference from  unw anted  b roadcast signals 
in the sam e o r adjacent channels was determ ined by laboratory  m easurem ents using a procedure sim ilar to  th a t 
used to  derive the protection  ratios given in R ecom m endation 412. The results o f  these m easurem ents for steady 
interference are given in Fig. 3. It m ay be noted th a t for transm issions using the recom m ended channel spacing o f 
100 kH z, the protection  ratio  needed by the RD S system is m uch less than  tha t needed for the stereo program m e 
signal. Figure 3 shows tha t RDS pro tection  ratios are close to those fo r m onophon ic  program m e signals; these can 
be im proved, if  desired, by using an increased level o f RD S sub-carrier.

The existing protection  ratios needed for the m onophonic and  stereophonic broadcasting  services were 
found  to be unaffected by the inclusion o f an  RD S sub-carrier in the in terfering  signal. This was found  to  be true 
for deviation o f the m ain  carrier, by the sub-carrier, o f up  to ±  7.5 kHz.
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Difference between the wanted and 
interfering carrier frequency (kHz)

FIGURE 3 -  Com parison o f  p ro tec tio n  ra tios fo r  m on oph ony and stereoph on y  
given in R ecom m endation  4 1 2  w ith  those m easured fo r  the radio-data system  R D S

Curve M l: m onophonic broadcasting, steady interference 
Curve M2: m onophonic broadcasting, tropospheric interference 
Curve SI: stereophonic broadcasting, steady interference 
Curve S2: stereophonic broadcasting, tropospheric interference 

Curve RDS-1 kHz: radio-data transmission at ±1 kHz deviation, steady interference, 
bit-error rate 1 x 1(T3

C urveRDS-2 kHz: radio-data transmission at' ±2 kHz deviation, steady interference, 
bit-error rate 1 x 10”3
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TRANSM ISSIO N OF M ULTISO UND IN TERRESTRIAL PAL 
TELEVISION SYSTEM S B, G, H AND I *

(Q uestion 47 /10 , Study Program m es 47A / 10 and  47B/10)

' (1990)
The C C IR ,

C O N S ID E R IN G  -

(a) the increasing requirem ent w orldwide for suitable m eans o f  broadcasting  stereophonic a n d /o r  m ulti
channel sound a n d /o r  da ta  from  terrestrial television transm itters;

(b) the technical developm ents in  this area and  in particu lar the relative m erits o f various possible analogue
and  digital m ethods, as described in R eport 795;

(c) the im provem ents in television sound quality achieved w ith recent developm ents o f  equipm ent used for the
transm ission and  reception o f the tw o-sound carrier FM  system;

(d) the im provm ents in television sound quality achieved w ith the N IC A M -728, system using d ig ital coding;

(e) R ecom m endation 651 concerning “ Digital PCM  coding for the em ission o f high quality  sound  signals in 
satellite broadcasting  (15 kH z nom inal bandw idth)” ;

( f )  R ecom m endation 650 concerning the adop tion  o f M A C /packe t systems for satellite b roadcasting  in 
channels defined by W A RC BS-77 and  the desirability o f a close m easure o f com m onality  betw een digital systems 
for satellite and  terrestrial broadcasting ;

(g) the advantage o f  low cost analogue circuitry for m ultisound television receivers for the tw o-sound carrier 
FM  system;

(h) the developm ent o f  digital audio  circuitry for o ther applications in the hom e;

(j) the ruggedness o f the tw o-sound carrier FM  system in d ifficult reception areas — especially under 
m ultipath  reception Conditions — and  its excellent com patibility  with existing receivers, transm itters , netw orks and  
services, including the case o f 7 M H z channel spacing;

(k) the need to use a digital sound system in television that satisfies sim ultaneously and  w ith a generous 
m argin, the contradictory  constrain ts of:
— ruggedness in difficult reception areas, including the requirem ent for failure o f sound after vision, and
— com patibility  between the new and  existing services, including the case o f  7 M H z channel spacing;

(I) the fact tha t the tw o-sound carrier FM system was introduced to  the C C IR  in 1974, becam e opera tional in 
1981, and  is now in extensive use in the Federal R epublic o f G erm any and  in  various o ther countries;

(m) the fact tha t the N IC A M -728 system was in troduced  to  the C C IR  in 1987, becam e opera tional in 1988, is 
now in extensive use in F inland, Sweden and D enm ark, is now  in opera tion  in the U nited  K ingdom  an d  is 
p lanned  for in troduction  in various o ther countries:

(n) the urgency o f establishing unified standards in order to  prov ide fo r the in troduction  o f  stereophonic 
a n d /o r  m ultichannel sound for the television broadcast services,

U N A N IM O U S L Y  R E C O M M E N D S

1. that if analogue m ultisound is introduced in terrestrial television em issions in countries using PAL 
television systems B, G  and  H, the tw o-sound carrier FM  system, as defined in A nnex I should  be used;

2. that if digital m ultisound is in troduced in terrestrial television em issions in countries using PAL television 
systems B, G, H and I, the system specified in A nnex II should be used.

Note 1 -  Studies are continuing to  define m ultisound system param eters to  be recom m ended for o ther television 
systems. 7

N ote 2 — The transm ission systems described, can in som e cases, be used for data  services. W h e re , applicable, 
reference to these d a ta  services will be found in the Annexes contain ing the system specifications.

Note 3  — Interference caused by m ultisound em ission to  o ther television systems is dealt w ith in R eport 1214.

RECOMMENDATION 707

* This Recommendation should be brought to the attention of Study Group 11 and IEC.
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SY ST E M  S P E C IF IC A T IO N S  FOR T H E  T W O -S O U N D  C A R R IE R  FM SY STEM

T A B L E  I — Em ission characteristics o f  the tw o-sound carrier FM  system  

(T elev ision  system s B, G and H)

ANNEX I . '

C haracteristics Sound carrier 1 Sound carrier 2

R F -sound carriers -

Frequency referred to v ision  carrier (M H z) 5.5 O 5.5 +  0.2421875 (')

Pow er referred to peak v ision (dB). - 1 3 - 2 0

M od u la tion FM FM

Frequency d eviation  . (kH z) ±  50 ' ±  50

A u dio-bandw idth (H z) 40 to 15 000 40 to  15 000

Pre-em phasis (ps) - 50 50

A F -signals '

M o n o p h o n ic  v M o n o p h o n ic  1 M o n o p h o n ic  1

S tereop h onic (A  +  B ) / 2 B

D o u b le  sound M o n o p h o n ic  1 M o n o p h o n ic  2

Identification  signals  (2)

Sub-carrier frequency , (kH z) 54.6875 (3)
(3.5 x  lin e  frequency)

M od u la tion ' A M  :

M od u la tion  depth • (%) 50 (4)

M od u la tion  frequency: (3) (H z)

M o n op h on ic o

Stereophonic 117.5
(line fr e q u e n c y /133)

D o u b le  sound 274.1 
(line freq u en cy /57 )

Frequency d eviation  o f  the secon d  sou n d  carrier 
by the sub-carrier (kH z) ± 2 . 5

A udio-frequency  com panding  (5) N o t  yet defined

(') The frequency d ifference betw een  b oth  sound  carriers is 15.5 x  line frequency =  242.1875 kH z. P haselock ing o f  both  sou n d  
carriers w ith the lin e  frequency g ives im provem ents, but is not ab solu tely  necessary.

(2) A d d ition a l identification  signals o f  the three sound  m odes m ay also  be transm itted in  the digital data line in the vertical 
b lan k in g  interval.

(3) The sub-carrier and identification  frequencies are p h aselock ed  w ith the line frequency.

(4) The residual 50% A M  m odulation  depth is reserved for future identification  o f  aud io-frequency  com p and in g .

(5) The use o f  a com patib le  aud io  com p and in g  system  w ou ld  im prove the audio  sig n a l-to -n o ise  ratio.

C om plete specifications for the system will be found  in [A R D /Z D F , 1982].

R E F E R E N C E S

A R D /Z D F  [1982] T echnische P flichtenhefte 5/2.311. C oder fur das Zw eitontragerverfahren. A R D /Z D F .
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A N N E X  II

S U M M A R Y  O F  T H E  SY ST E M  S P E C IF IC A T IO N  FO R D IG IT A L  M U L T IS O U N D  

W ITH T E R R E S T R IA L  T E L E V ISIO N  SY ST E M S B, G , H A N D  I

1. Introduction

The follow ing is a sum m ary o f  the specification o f the system for transm ission  o f  digital m ultisound with 
terrestrial television systems B, G , H, and  I. C om plete specifications fo r the system will be found  in 
[C C IR , 1986-90] and for system I as used in the U nited K ingdom  in [IB A /B R E M A /B B C , 1988].

2. Frame format , .

Fram e length : 728 bits
Fram e transm ission rate : 1 fram e/m s

2.1 Frame structure

Fram e alignm ent w ord : 8 bits
C ontrol in form ation - : 5 bits
A dditional data : 11 bits
S o u n d /d a ta  coding block : 704 bits

Total : 728 bits

The 720 bits which follow the fram e alignm ent w ord form  a  structure identical w ith th a t o f  the first-level 
protected, com panded sound-signal blocks in the systems o f  the M A C /p ack e t fam ily [C C IR , 1988], so tha t 
decoding o f the sound signals m ay be perform ed by the sam e type o f  decoder which is used in  the above 
M AC systems. The first 16 bits o f  the block, which have no t yet been allocated  in  the system s o f the  M A C /p ack e t 
fam ily, are used to  signal control inform ation  (see § 3.2) and  as add itional da ta  bits (see § 3.3).

Fram e structures for data services use the sam e fram e alignm ent w ord (FA W ), flag b it and  add itiona l data , 
w ith contro l bits as described in § 3.2,2, bu t the audio  sam ples are replaced by o ther data.

2.2 B it interleaving

Interleaving is applied to the so u n d /d a ta  coding block in o rder to  m inim ise the effect o f  m ultip le-bit 
errors. The bits o f each fram e are transm itted  in the follow ing order:

FAW  5 control 11 additional 704 bits o f  in terleaved
bits da ta  bits sound  d a ta

1 . Co —► C4 A D 0 —► ADjq 16 bits

1,2,3,4,5,6,7 ,8 9,10,11,12,13 14,15,16,17,18,19,20,21,22,23,24

44 bits
4 x  11 bit 

com panded sam ples

\  - 

25,69,113,157 ....... :. 685
26.70.114 .................  686
27.71.115 .................  687
28.72.116 .................  688

68,112,156 .........   728

2.3 Energy dispersal scrambling

A fter bit interleaving, the transm itted  bit-stream  i s '  scram bled fo r spectrum -shaping purposes by 
m odulo-tw o addition  o f a pseudo-random  binary  sequence (PRBS). The fram ing code is no t scram bled.
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The PRBS generator is re-initialised after the fram e alignm ent word o f each fram e such th a t the first b it o f 
the sequence is added to the bit tha t im m ediately follows the fram e alignm ent word. The generator polynom ial o f  
the PRBS is x9 +  x4 +  1 and the in itialisation w ord is 111111111.

3. Coding of information

3.1 Frame-alignment word

The fram e-alignm ent w ord is 01001110, the left-m ost bit being transm itted  first.

3.2 Control information

The control in form ation is conveyed by a fram e bit Co, three application  control bits, C (, C2 and  C3 and  a 
reserve sound switching flag C4. .

3.2.1 Frame fla g  bit

The fram e flag bit, C 0, is set to “ 1” for 8 successive fram es and  to  “0” for the next 8 fram es; thus it 
defines a 16-frame sequence. This fram e sequence is used to  synchronise changes in  the type o f 
in form ation  being carried in the channel. ' ,

C 0 =  1 Fram es 1 - 8
C 0 =  0 Fram es 9 - 1 6

3.2.2 Application control bits

The application  co n tro l b it define the application  o f the 704-bit so u n d /d a ta  coding block, as 
show n below.

* W hen a change to  a new application  is required, these contro l bits change to  define the new
application  on fram e 1 o f  the last 16-frame sequence o f the curren t application . The 704-bit so u n d /d a ta  
blocks change to  the new application  on fram e 1 o f  the follow ing 16-frame sequence.

C,

A p p lica tion  control 
in form ation

C 2 C3 O

C ontents o f  704-bit so u n d /d a ta  b lock

Stereo signal com prising  alternate  
A -channel and B -channel sam ples.

T w o independent m o n o  sound  
signals transm itted in alternate  
fram es (designated  M l and M 2).

O ne m ono  signal and  on e  352 k b it/s  
transparent data chan n el transm itted  
in alternate frames.

O ne 704 k b it/s  transparent data  
channel.

( ’) C 3 =  1 provides for signalling ad d ition al sound  or data cod in g  o p tion s w hich  
have n ot yet been  specified . W hen ,C3 =  1, decoders n o t eq u ipped  for such  
additional op tio n s should  prov id e n o  sou n d  output.
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3.2.3 Reserve sound switching fla g

C4 =  0 A nalogue sound signal is no t carrying same program m e as digital signal.
C4 =  1 A nalogue sound signal is carrying same program m e as digital stereo signal (or m ono 

signal in M l frames).

3.3 -Additional data

Eleven additional data bits A D 0 to  A D 10 indicated  in § 2.2 are reserved fo r future app lica tions yet to  be
defined.

3.4 S o u n d /d a ta  block

Sam pling frequency 32 kH z '

In itial resolution 14 b its /sam p le  .

C om panding  characteristics near-instantaneous, with com pression to 10 b its /sam p le  in
32-sample (1 ms) blocks

C oding for com pressed sam ples 2 ’s com plem ent

Pre-em phasis C C ITT  R ecom m endation J.17

A udio overload level Systems B, G , H: +  12 dBuO at 2.0 kHz
System I: 14.8 dBuO at 2.0 kH z

E rro r protection  1 parity  b it/sam p le

Scale factor transm ission signalled in parity

Stereo sound signal transm ission odd-num bered sam ples o f each block convey A -channel (left); even-
num bered sam ples convey B-channel (right)

M ono sound signal transm ission m ono signal M l in odd-num bered fram es; m ono signal M2 in even-
num bered frames. I f  only one m ono signal is transm itted  it will be M l

Bit transm ission order the bits o f each sam ple are transm itted  least significant b it first w ith
. parity  follow ing the m.s.b.v

The control in form ation  described in § 3.6.2.3 o f [CCIR , 1988] (C hap ter 3, Part 3) is no t used. H ow ever 
other inform ation could be transm itted  by the same m eans, i.e. two in fo rm ation  bits m odifying sam ples 55, 56, 57, 
58, 59 and  60, 61, 62, 63, 64 respectively. Receivers should be designed to  take advantage o f  this facility.

4. Modulation parameters

4.1 Analogue signals System s B, G, and H  System  I

4.1.1 Vision com ponent As given in C C IR  R eport 624

4.1.2 A nalogue sound com ponen t As given in C C IR  R eport 624 except for sound carrier pow er as
given below

4.1.3 Power ratio  between peak 
vision carrier and
analogue sound carrier A pprox. 20: 1 A pprox. 10: 1
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4.2 Digital signal

4.2.1 Type o f m odulation

4.2.2 Bit rate

4.2.3 C arrier frequency

, 4.2.4 Signal level

4.2.5 Spectrum  shaping

System s B, G and  H  System  I

D ifferentially encoded quadra tu re  phase shift keying (QPSK )

728 k b it/s  ±  1 p art/m illio n

6.552 M H z above the 
vision carrier • 
frequency * -

5.85 M H z (unrelated  to 
bit-rate) above the 
vision carrier frequency

Power ratio  between peak vision carrier and  m odulated  digital signal 
is approxim ately  100:1. ■

Im pulses at the sym bol rate o f  364 kH z are filtered by a low pass 
filter w ith the follow ing am plitude-frequency response before q u ad ra 
ture m odulation . The filter has constan t group delay.

System s B, G and  H System  I

f o r / <
1 — k  

2 U

cos IS ('- ¥)] 2 tx

for /  >
1 +  k  

2 l
, n * 1 k  =  0.4 ts =  -—  ms 

364

Use o f the same filter on  reception gives 40% cosine 
ro ll-off overall

H ( f )  =
n t s f  e r  ^  1cos —-  fo r /  <  -

2 L

0 fo r /  >  -
- L

ts =  —  ms 
364

Use o f  the sam e filter on  reception 
gives 100% cosine ro ll-o ff overall

R E F E R E N C E S

C C IR  [1988] Specifications o f  T ransm ission  System s for the B roadcasting-Satellite Service. C C IR  Special Publication . 

IB A /B R E M A /B B C  [A ugust 1988] N IC A M  728 S pecification  for tw o  add itional sou n d  ch an n els w ith System  I telev ision .

C C IR  D ocum ents  .

[1986-90]: 1 0 /2 6 9  (E B U ).

* In som e countries the relative carrier frequency and  bit rate m ay be locked  to each  other.

\
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SEC TIO N  IOC: A U D IO  F R E Q U E N C Y  C H A R A C T E R IST IC S O F  SO U N D -B R O A D C A S T IN G  SIG N A L S

R E C O M M E N D A T IO N  562-3*

SUBJECTIVE ASSESSM ENT OF SO U N D  QUALITY

(Q uestion 50/10, Study Program m e 5 0 C /10)

(1978-1982-1986-1990)
The C C IR ,

C O N S ID E R IN G

(a) th a t subjective listening tests perm it assessm ent o f  the degree o f  annoyance caused to  the listener by any
im pairm ent o f the w anted signal during  its transm ission between the orig inating  source and  the listener;

(b) that such an assessm ent im plies tha t a program m e sequence w hich has been subjected to  im pairm ent
should be com pared w ith the original sequence, w hich should be o f  “excellent quality” o r w ith “im perceptib le
im pairm ent” ;

(c) tha t to m ake these assessm ents com parable one w ith the other, the cond itions o f listening, the  com position
of the team  of assessors and  the program m e sequences should, as far as possible, be standard ized ;

(d) th a t it w ould be desirable for a single scale o f  assessment to  be available for bo th  sound  and  television
program m es,

U N A N IM O U S L Y  R E C O M M E N D S

1. tha t the grading scales given below  should be used for the subjective assessm ent o f the quality  or o f the
im pairm ent, o f the quality  o f sound  in broadcasting  (for television p ictures, see R ecom m endation 500). The na tu re  
and  object o f the tests will determ ine w hich o f  the two scales is the m ore app rop ria te :

1.1 Five-grade quality and impairment scale**

TABLE I

Quality Impairment

5 Excellent 5 Imperceptible
4 Good 4 Perceptible, but not annoying
3 Fair 3 Slightly annoying
2 Poor 2 Annoying
1 Bad 1 Very annoying

* T his R ecom m endation  is o f  interest to  the CM TT. -

** In v iew  o f  the large num ber o f  docu m ented  results w hich  have been obtained  u sin g  a six-grade sca le , it is desirable to  have  
a m eans o f  converting these results to  the above five-grade scales so that the data can  still be used. U ncerta in ties arise in 
attem pting to convert results ob ta in ed  w ith on e scale in to  another. H ow ever, as a first ap p roxim ation , the fo llo w in g  linear  
relationship  can  be used to convert a grade, A 6, ob ta ined  in an exp erim ent u sin g  a six-grade sca le  (R eport 405-5  
(D u brovnik , 1986), N o tes 7 and 9) in to  a grade, A$, in the corresponding five-grade scale:

A5 =  5.8 — 0.8 A(,

W hen results w hich have been converted  by m eans o f  the above equation  are presented , it shou ld  be stated that this
con version  has been  carried out.



1.2 Seven-grade comparison scale

For certain types o f subjective tests it may be m ore convenient to  use a com parison scale, in which case 
the follow ing seven-grade scale should be used:
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TABLE II

3 Much better 
2 Better 
1 Slightly better 
0 The same 

- 1  Slightly worse 
- 2  Worse 
-  3 Much worse

2. Presentation of results

T he results ob ta ined  by the use o f expert listening panels should be presented separately from  those 
provided  by non-expert panels. D etails should be given o f listening conditions and  sound levels; any statistical 
m ethods used to analyse the test results should be described.

Note — The general considerations governing the assessm ent procedure, the listening conditions, the selection o f 
assessors, etc., are given in A nnex I.

. A N N E X  I . ■

1. General

Program m e sequences used for testing should include silent intervals so tha t, in the absence o f  the w anted 
signal, the subjective assessm ent o f the im pairm ent caused by noise in the system is no t excluded. On the o ther 
hand , the tests should exclude any assessm ent o f defects, the audible effects o f  w hich m ight, in certain  cases, no t 
be objectionable and  which m ight even give a subjective im pression o f  im proved  quality. The program m e 
sequences should, therefore, be free o f any audible defects sim ilar to  those p roduced  in the system under test, bu t 
where this is im practicable the consequent lim itations on the validity o f the results should be clearly indicated.

F or tests using the five-point g rading scale m entioned in § 1.1 o f the R ecom m endation, a system o f lights 
should be used to  indicate to the listener the source (im paired  or un im paired) o f  the program m e he is hearing. To 
test the listener’s atten tion  and consistency, some tests in  which the im paired  condition  w ould be replaced by the 
un im paired  condition  should be included random ly, w ithout inform ing the listener. F or tests involving the use o f  
the seven-grade com parison scale, no  indication  should be given which m ay bias the judgem ent o f the listener. 
H ow ever, for the com parison tests, it could be useful from  tim e to tim e to give a reference condition  w hich m ay 
be the un im paired  source, and  this reference condition  m ay be indicated by a  light.

The am ount o f data  which needs to be collected depends upon  such in terrelated  factors as the degree o f 
statistical confidence which is needed in the result, the standard  deviation o f  the m easurem ents, and  the relative 
m agnitude o f the effect which it is required to detect. The follow ing suggestions are in tended  as guide-lines to  
assist in form ulating a considered experim ental design.

2. Selection of listening panel

A lthough in a norm al listening audience there will be some expert listeners*, the p ropo rtion  o f them  is 
likely to  be so sm all tha t it is p roper to  concentrate the objective o f labora to ry  tests on t h e ' op in ions o f 
non-experts, because the use o f experts could lead to  results which are m uch m ore critical than  w ould be ob ta ined  
w ith non-expert listeners. The choice o f test listening conditions should be m ore critical than  average, b u t no t 
unduly  so. As tests with non-expert listeners tend to  be lengthy, it is often desirable that a quick test should  be 
carried ou t by experts. In this case, a sm aller num ber o f listeners can be used. H ow ever, it should  be no ted  th a t in 
certain  circum stances tests carried out with expert listeners m ay no t be a satisfactory substitute fo r tests carried out 
by non-experts. In  cases o f doubt, the relationship  between expert and  non-expert op in ion  should be investigated.

* The term “expert listeners” is considered  to apply to listeners w ho have had recent exten sive experience o f  a ssessin g  sou n d  
quality  or im pairm ent, particularly o f  the type being  studied in  the subjective tests.
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The m inim um  num ber o f  non-expert listeners should norm ally be tw enty whilst the m inim um  niim ber o f  
expert listeners should norm ally be ten. In all cases, the num ber and category o f listeners and  the duration  o f  the 
tests should be stated. W henever the system is in tended for high-quality sound broadcasting  or reproduction , 
expert listeners should be used exclusively.

3. Test procedure and duration

Because o f the extrem e unreliability  o f the long or m edium -term  aural m em ory, the instan taneous 
com parison m ethod should always be used.

F or tests using the five-grade quality  or im pairm ent scales each process involves the repetition , four tim es 
consecutively, o f the sam e program m e sequence in  the follow ing order:

1. original sequence,
2. same sequence, im paired
3. original sequence (repeated),
4. same sequence, im paired  (repeated).
Each program m e sequence should  no t last longer than  15 to 20 s; it m ay be very short (a few seconds) for 

some tests. In the case where the sequence is a m usical item, the phrase should  no t appear to  be in terrup ted . The 
in terval between presentation  1 and  2 and  between 3 and  4 should be abou t 0.5 to  1 s, while the in terval between 
2 and  3 should be som ew hat longer, for exam ple 1.5 s. The exact tim e should  depend  u p o n  the type o f 
program m e. The sw itching device should  no t in troduce audible interference.

The program m e sequences and  im pairm ents should be presented in random  order subject to  the condition  
tha t the same sequence should never be presented on two successive occasions w ith the sam e o r d ifferent levels o f 
im pairm ent.

N o session w ith any one listener should last for m ore than  abou t 15 to  20 m in w ithout in terrup tion . I f  the 
sessions m ust be consecutive, they should  be separated by rest periods o f roughly the sam e length.

F or tests w ith the seven-grade com parison scale involving tw o im paired  conditions, a sim ilar set o f 
p resentations can be used, the o rder being:

1. C ondition  1,
2. C ondition  2,
3. C ondition  1 (repeated),
4. C ondition  2 (repeated).
C onditions 1 and  2 should be in terchanged on a random  basis. In  add ition , a reference cond ition  m ay be 

presented  at the beginning o f each four presentations and, in  this case, a defin ite  ind ication  (such as the use o f a 
light signal) should be given, that this item  is the reference condition.

4. Choice of programme sequences

D epending on the precise objective fixed and  in particu lar on the category o f  the sound-program m e 
transm ission or reproduction  system tested, the follow ing program m e sequences should  be used:
— either a representative selection o f typical program m e m aterial,
— or, a selection o f a few sequences picked deliberately for their highly critical behaviour w ith respect to  the 

im pairm ents in troduced by the system being tested. F or exam ple, w hen assessing p ro tection  ratios, a suitably 
critical test sequence would be speech on the w anted program m e im paired  by “p o p ” m usic on the unw anted  
program m e.

W henever the system is in tended  to  carry high-quality sound, the second type o f  p rogram m e sequence 
should  be used. To ensure the com parability  o f  test data  obtained in d ifferen t places and  at d ifferent tim es, 
preferably  the sam e program m e sequences should be used. The subjective quality  assessm ent m ateria l (SQ AM ) 
com pact disk adop ted  and  published by the EBU provides an ap p ro p ria te  source o f h igh-quality  digital 
program m e m aterial from  which suitable items m ay be chosen for this pu rpose [1986-90a, b].

In any event, the artistic o r intellectual content o f a program m e sequence should  be neither so attractive 
no r so disagreeable or wearisom e th a t the listener is distracted  from  his purpose.

5. Choice of reproduction device

D epending on the category o f im pairm ent to  be assessed, either headphones or loudspeakers m ay be used.
It has been show n that certain  quality  shortcom ings are m ore clearly perceptib le in the case o f headphone 

reproduction  than in the case o f  loudspeaker reproduction . For exam ple, the signal-to-noise ra tio  required  for 
noiseless listening using headphones exceeds the figure ob ta ined  using loudspeakers a t the sam e sound  intensity  by 
as m uch as 10 dB. S im ilar differences occur in the case o f  the quality losses caused by clicks (caused by b it errors 
in digital transm ission), by quantizing distortions, non-linearity  distortions, phase d isto rtions, etc.

However, o ther quality shortcom ings are m ore clearly perceptible in the  case o f loudspeaker reproduction . 
Especially those influences which affect the characteristics o f the stereophonic sound-im age between the loud 
speakers should be assessed by m eans o f  loudspeaker reproduction . F or exam ple, this is due to  the quality  losses 
caused by any difference between the A and  B channels.
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In order to  m ake the assessm ents as far as possible com parab le with one another, it may be advisable to 
use headphones. Because headphone reproduction  is independent o f the geom etric and  acoustic properties o f 
listening and  control room s, it can , in principle, be defined with great accuracy and  can easily be reproduced 
w ithout system atic error. This does no t apply  to  loudspeaker reproduction .

In addition , in the case o f  headphone reproduction , assessm ent tests can be carried out with a great 
n um ber o f  listeners a t the sam e tim e and  under identical listening conditions.

6. Sound level

6..1 Loudspeaker reproduction

W hen using a w anted signal o f  high peak level, the sound level should  be m easured with a sound level 
m eter w ith no w eighting and the “slow ” tim e constan t standardized by the IEC  (Publication 123). For other 
signals, and  for m easuring room  noise, the level should  be m easured with a sound level m eter with weighting A 
and  the “slow ” tim e constan t s tandard ized  by the IEC  (Publication  123). F or m easurem ent o f  the sound level o f  a 
p rogram m e sequence in the special conditions o f the test and  a t a given position  in the listening room , the sound 
level will be taken by defin ition  as equal to  the m axim um  value show n by the sound level m eter during each 
sequence. In  case o f assessm ents o f high-quality high-level signals, a listening sound level o f 80 to  90 dB should 
be used.

The sound level considered in defining exactly the conditions in which the tests have been carried out will 
be the m ean of the sound levels m easured at the various positions occupied by the listeners. The difference from  
this m ean value for any position  m ust be as sm all as possible. A value o f  ±  4 dB m ight be reasonable. All 
m easurem ents should be m ade w ith the listeners present. .

6.2 Headphone reproduction

In  order to  avoid m easuring the sound level in the ear canal in the case o f  headphone reproduction , the 
sound  level should be adjusted in such a way th a t loudness equal to  a reference sound field is achieved. To 
determ ine equal loudness, the listener should  be positioned in a reference sound  field according to  § 6.1.

W hen com paring the loudness o f the headphones w ith tha t o f the reference sound field, the signals are 
p resen ted  to  the listeners alternatively (no t sim ultaneously). The headphones are supplied w ith an  inpu t signal o f 
the sam e nature as tha t o f the reference sound field and  are adjusted to the sam e loudness according to  the 
judgem ents o f the listeners.

The m ean value o f all loudness com parison judgem ents should  be used to  ensure th a t the correct 
headphone sound level is used fo r the tests.

7. Listening conditions

G enerally  speaking, an  effort should be m ade to  m inim ize the m asking effect due to  room  noise, 
particu larly  when establishing tolerances for high-quality  sound transm ission.

The m ean level o f the room  noise should always be indicated  and , w hen it is m anifestly likely to  have a 
no ticeable m asking effect, the m ean spectrum  should also be indicated.

Furtherm ore, p recautions should  be taken to  prevent as far as possible the listener(s) from  being annoyed 
or d istracted  by certain  features o f the surroundings (tem perature, light, m oving objects or persons, etc.).

7.1 Loudspeaker reproduction

W henever the tests are conducted  w ith loudspeakers, all the essential inform ation  concerning the 
d im ensions and the reverberation  tim e o f  the listening room  *, the arrangem ent o f  listeners in the room  and  their 
d istance from  the loudspeaker o r loudspeakers should be given.

Technical requirem ents fo r the loudspeaker characteristics, which are in use in the U SSR, are described 
in  [C C IR , 1978-82a].

7.2 Headphone reproduction

W henever the tests are conducted  with headphones, all the essential in form ation  concerning the type 
designation  o f the headphones used should  be given.

Technical requirem ents for the headphone characteristics have to  be defined. A current EBU text proposes 
an  action  program m e aim ed at d raw ing up an  in te rnational standard  applicab le to  high-quality  headphones 
[Theile, 1985]. '

For acoustical properties o f  listen in g  room s, see R eport 797.
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8. Assessment of special characteristics of equipment *, programmes, studios, etc.

8.1 Protection ratios

The assessment o f p rotection  ratio requires a slightly different testing procedure. In this case, the 
unim paired program m e sequence used for com parison should be such th a t the sound quality  reproduced  by the 
receiver is appropriate  to the broadcasting  system for which the receiver is designed.

8.2 Recorded programmes, studios

For the assessm ent o f recordings no uniform  m ethod exists. The O IR T  suggests [C C IR , 1978-82b] special 
w orking m ethods for assessing recordings in tended for the in te rnational exchange o f p rogram m es (O IR T , 
R ecom m endations Nos. 6 3 /1 ; 91), and  [CCIR, 1974-78a] m ethods o f assessing the acoustical properties o f studios 
and  concert halls (O IR T, R ecom m endation No. 68). [CCIR, 1974-78b] gives in form ation  on requirem ents for 
high-quality subjective assessm ent w hich are applied in the USSR (listening conditions, choice o f m ethod, num ber 
o f listeners and their selection).

8.3 Applications o f  subjective assessm ent o f  sound quality

Studies in the USSR have attem pted to identify requirem ents fo r subjective tests in b roadcasting  
[CCIR, 1982-86a]. The applications o f subjective assessm ent were divided in to  three areas:
— sound recordings for p rogram m e exchange;
— studios, halls and  other listening room s;
— equipm ent. *

These three areas were further b roken  dow n in to  groups and presented  in a table.

The assessm ent requirem ents are based on in ternational practice reflected in ISO, IE C  and  O IR T  texts 
(i.e. fo r noise level, lighting, instructions, positions o f loudspeakers and  subjects, etc. in IE C  Publication  543; for 
protocols in O IR T  R ecom m endation No. 68/1 [C C IR , 1974-78a].

Note — D uring the discussions a t the F inal M eeting o f Study G roup  10 it was considered th a t a successful result 
from  the in ternational w ork in subjective assessm ent o f program m es fo r exchange and  the refinem ent o f  the 
categories proposed  above, can be reached only after the determ ination  o f un ifo rm  defin itions o f subjective 
param eters. Therefore, Study P rogram m e 5 0 C /10 was am ended. F urther contribu tions are requested to  im prove 
this R ecom m endation.

9. Subjective assessments of multi-dimensional sound systems

In  [CCIR, 1986-90c] it is argued that subjective assessments o f signal d isto rtion  caused by non-linearities,
interference or noise can appropriately  be m easured by the m ethods given in  the body o f  this R ecom m endation.*

However, in certain fields such as sound “surround-sound” or high defin ition  television, the design 
problem  is m ore com plex. The subjective assessments are needed to  design o r choose a m ulti-channel sound  
system, and  there are in this case new considerations which go beyond d isto rtion  o f a sound channel alone. They 
include the extent to which localization is possible o r the effectiveness o f  the rep roduction  o f a m ulti-d im ensional 
sound field at a given point. In  this case, new assessm ent m ethods are needed, w hich go beyond  those considered 
currently  in this R ecom m endation.

As an  exam ple, in the study by Oghusi o f N H K  using m ulti-d im ensional scaling, the follow ing attribu tes 
were exam ined: .
— apparen t sound stage w idth,
— surround  effect,
— apparen t room  size, .
— horizontal and vertical localization, ' ,
— naturalness, •
— sense o f reality,
— agreeableness,
— correspondence o f sound and  im age,
— appropriateness o f sound im age for pictures. ■

For exam ple, apparatus such as com pressors, com pandors, recorders, etc.
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Assessors were asked to  grade a num ber o f alternative systems for these attributes. A table o f  d issim ilari
ties was prepared, from  which two orthogonal perceptual axes seem to be associated with the perceived realism 
(strongest link to the num ber o f channels) and  the coincidence o f sound and  picture (strongest link to the 
provision o f a central source). The choice o f system in the N H K  case was based on overall quality  and  Japan  
w ould advocate such an approach  in such cases [C C IR , 1986-90c and  d].

R E F E R E N C E S

T H E IL E , G. [M arch, 1985] On the standardisation  o f  the frequency response o f  high quality studio h eadphones. 77th A E S — 
C on ven tion , H am burg, Preprint N o . 2207 (D -3).

C C IR  D ocum ents  .

[1974-78]: a. 10 /2 6  (O IR T ); b. 10 /311 (U S SR ).

[1978-82]: a. 10 /45  (U S SR ); b. 1 0 /3 5  (O IR T ). '

[1982-86]: a. 1 0 /1 8 l(R e v .l)  +  C orr.l (U S SR ).

[1986-90]: a. 1 0 /2 2 4  (E B U ); b. 1 0 /2 8 4  (Ita ly); c. 1 0 /2 2 6  (E B U ); d. 1 0 /337  (Japan).

' B IB L IO G R A P H Y

O IR T  [1985] M onography N o . 3 /1 :  Term s and d efin ition s for the assessm ent o f  sou n d  events by m eans o f  subjective eva lu ation  
o f  the quality o f  listen ing events. * .

R E Z V IA K O V A , Z. N . [1982] Predlozheniya po p roveden iyu  subyektivnoy otsenki kachestva. zvuka (P roposal on  subjective
assessm ent o f  sound  quality). R a d io  i te leviden ye O EPT, 5 , 17-29.

/ ■ . - ■ . ■ .
C C IR  D ocum ents

[1970-74]: C M T T /45  (France); 1 0 /2 0 2  (U n ited  K ingdom ). «
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AUDIO QUALITY PARAMETERS FOR THE PERFORM ANCE OF A 
HIGH-QUALITY SOUND-PRO GRAM M E TRANSM ISSIO N CHAIN

(1986-1990)
The C C IR ,

C O N S ID E R IN G

(a) tha t the perform ance characteristics o f in ternational sound-program m e circuits used for program m e
exchange are based on a hypothetical reference circuit (H R C ) defined in R ecom m endation 502;

(b) th a t the perform ance o f a realistic in ternational sound-program m e circuit shorter o r longer th an  the H R C
can be derived by calculation according to rules given in R ecom m endation 605;

(c) tha t the perform ance o f the sound-program m e transm ission chain from  the broadcasting  house to  the
ou tpu t o f the receiver should therefore be based on a reference chain;

(d) tha t sound-program m e signals in tended  for in ternational exchange are conveyed from  the broadcasting  
house to  the in ternational sound-program m e centre (ISPC) on national circuits which are either the sam e as, or 
sim ilar to , the national circuits which form  part o f the sound-program m e transm ission  chain;

(e) th a t the perform ance o f the sound-program m e transm ission chain should  be described by a num ber o f
param eters;

( f )  that for reasons o f com parison, clearly defined param eters m easured using test signals, should  be used; 1

(g) tha t these param eters and  the ir target values should be based on the perceptibility  o f the im pairm ents by
the hum an ear,

U N A N IM O U S L Y  R E C O M M E N D S

1. th a t the perform ance characteristics o f a high-quality sound-program m e transm ission chain  should  be
based on the reference chain described in A nnex I;

2. tha t the perform ance o f the reference transm ission chain from  the ou tp u t o f the broadcasting  house to the
ou tpu t o f  the receiver should be described by the param eters listed in A nnex II;

3. tha t the lim its given in A nnex III  be used as realistic target values fo r these param eters;

4. th a t for the purposes o f p lann ing  the entire b roadcasting  chain from  the m icrophone o u tpu t to  the receiver
output, the subjective threshold values for quality param eters given in A nnex IV should  be taken  fo r guidance.

RECOMMENDATION 644-1 *

' . A N N E X  1

R E F E R E N C E  S O U N D -P R O G R A M M E  T R A N S M IS S IO N  C H A IN

The reference sound-program m e transm ission chain is represented, fo r the purpose o f this R ecom m enda
tion , by Fig. 1 in which A, B, and  C are 0 dBrs audio  signal interface po ints, perm itting  perform ance com parison:

A : interface between the program m e source (broadcasting house) and  the sound-program m e circuit
system;

A-B : sound-program m e circuit system com prising a single cable, rad io , com m unication  satellite o r
optical-fibre section;

B : interface between the sound-program m e circuit and em ission-reception systems;

B-C : em ission-reception system , com prising a single broadcasting  em itter o r a single Cable netw ork and  a
high-quality m onitoring  receiver under optim um  conditions;

C : audio signal interface a t the ou tput o f the receiver.

* T h is R ecom m endation , derived from  R eport 293 w hich has been can celled , sh ou ld  be brought to the atten tion  o f  the  
C M T T.
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A B C

FIG U R E  1 -  R eference sound-program m e transmission chain

■ . i

The EBU [CCIR, 1986-90] has published R ecom m endation R.50 to  define the polarity  o f  acoustic signals, 
electrical audio signals, audio signals a t connectors, m agnetic signals on audio  and video tapes, digital audio 
signals and  acoustic pressure signals for loudspeakers.

' R E F E R E N C E S

C C IR  D ocum ents  

[1986-90]: 1 0 /313  (E B U ).

. A N N E X -II

L IST  O F  A U D IO  Q U A L IT Y  P A R A M E T E R S

The audio quality param eters listed below are those which are considered to  be the m ost im portan t in the 
analogue environm ent. Some param eters are also app rop ria te  for connections incorporating  d igital systems, bu t 
some fu rther param eters need to  be specified for testing these digital systems. *

All test signals should be at the m easurem ent level (see R ecom m endation 645) unless otherw ise stated. F or 
stereo, m easurem ents should be m ade in bo th  A and  B channels.

1. Nominal bandwidth

The effective transm itted  frequency b and  (for bo th  A and  B channels, in the case o f  stereo).

2. Amplitude/frequency response

The response should be expressed relative to  the level at the reference frequency o f  1 kHz.

3. Group-delay variation ,

The results o f m easurem ents th roughou t the nom inal bandw id th  should  be expressed relative to  the 
m in im um  group delay.

4. Non-linear distortion **

Total harm onic d isto rtion  (TH D ) m ay be m easured using a single-tone te s t- s ig n a l 'a t  + 9  dBuOs, at 
frequencies in the range from  40 Hz to  1 kH z, and  the result expressed as a “separa tion” value (i.e. the d ifference 
in  level between the test signal and  the harm onics, expressed in  dB).

* A dm in istrations are requested to study quality param eters and  testing m ethods for  dig ita l system s, and contribute to the  
w ork  o f  the C C IR  under Study Program m e 5 1 B /1 0 . R eport 1070 is a lo  relevant.

** A dm in istrations are requested to  con sid er these and other suitable d istortion  m easurem ent m ethods, and contribute their  
co n clu sio n s to the C C IR  under Study Program m e 5 0 E /1 0 .
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D istortion may, alternatively, be m easured using the total difference frequency (T D F D ) m ethod [Thiele, 
1975]. This is an interm odulation  test in which the test signal com prises two tones at frequencies chosen so tha t 
second-order and  th ird-order in term odulation  products (i.e. one o f each) occur close in frequency, and  m ay be 
m easured together by a m eter with a selective Filter. Tests in the UK [C C IR , 1986-90a] have show n tha t the T D F D  
m ethod is less sensitive to noise than  T H D , and  is not restricted to  the use o f  test signals at frequencies below  
5 kHz. This could be im portan t when testing pre-em phasised connections, although care m ust be taken  to  avoid  
the possibility o f overloading resulting from  the pre-em phasis.

The T D F D  m ethod is described in Annex V.

The duration  for which the test signals are transm itted  should  be restricted in accordance w ith the 
appropria te  C C IT T  R ecom m endations o f the N series.

5. Error in reconstituted frequency

The error in  reconstituted frequency should n o t exceed the values in  A nnex III , for ind iv idual channels. 

For stereo, any differential frequency shift between A and  B channels is unacceptable.

A sensitive m easuring m ethod is described in [Thiele and  Bonner, 1985].

6. Error in amplitude/amplitude response

A 1 kH z tone is app lied  to  the input o f the transm ission chain  a t + 9  dBuOs an d  a t —31 dBuOs 
alternatively. The ou tpu t levels should  be m easured selectively, and  the difference should be w ithin the lim its 
specified in A nnex III.

The duration  for which the test signal is transm itted  should be restricted in accordance w ith the 
app rop ria te  C C IT T  R ecom m endations o f  N  series.

7. Level stability

The difference in the level o f a constant reference signal, at the m easurem ent level, app lied  to  the in p u t o f 
the transm ission chain, from  its nom inal level should be determ ined fo r a  24 h period. This d ifference m ay vary 
over the 24 h period, and  include a fixed adjustm ent error.

For stereo, the level stability should  be determ ined concurrently  fo r bo th  A and  B channels.

8. Noise (and single-tone interference) ''

W eighted noise voltage level (and, where appropria te , single-tone in terference voltage level) is m easured in 
accordance with R ecom m endation 468. The perm itted  m axim um  signal-to-(w eighted) noise ra tio  (P M S /N , 
expressed in dB) is determ ined as the difference between the perm itted m axim um  signal (PM S) an d  the w eighted 
noise levels.

— Idle-channel noise.

— Program m e-m odulated noise, m easured with a 60 Hz sinusoidal test signal applied  to  the input o f  the 
transm ission chain at + 9  dBuOs and  —31 dBuOs. The fundam ental and  low -order harm onics are suppressed 
at the inpu t to  the m easuring instrum ent by a high-pass Filter w ith a cut-off frequency betw een 200 H z and  
400 Hz. The insertion loss o f the Filter should be at least 56 dB at 60 Hz, taking in to  account the a ttenuation  
o f  the weighting filter (24 dB at this frequency).

' The duration  for which the test signal is transm itted  should be restricted in accordance w ith the C C IT T  
R ecom m endations o f the N  series.

— If  necessary, steady single-tone interference should be m easured selectively at the frequencies at which tones 
are detected or m ay be expected. The m easurem ent should be m ade using a bandpass filter (having effectively 
0 dB insertion loss in the passband) in conjunction  with the noise m easuring appara tu s described in 
R ecom m endation 468, o r using a spectrum  analyzer and  correcting the m easured level by the co rresponding  
weighting factor.

9. Disturbing modulation by power supply

This is the ratio  o f a 1 kH z sinusoidal test signal to  the highest level unw anted  side-com ponent resulting 
from  m odulation  o f  that test signal caused by interference from  conventional a.c. (50 /60  Hz) line pow er supply 
sources.
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10. Stereo: level difference between A and B channels

The difference in level betw een the A and  B outputs o f the transm ission chain should be m easured with 
the sam e sinusoidal test signal applied  to  both channel inputs sim ultaneously.

11. Stereo: phase difference, between A and B channels ,

The difference in phase between the A and  B outpu ts o f the transm ission chain should be m easured with 
the sam e sinusoidal test signal applied  to  both channel inputs sim ultaneously.

C onservation o f the po larity  [C C IR , 1986-90b] o f audio signals is recom m ended.

12. Stereo: crosstalk between A and B channels

— Linear cross-talk

A sinusoidal test signal is applied to each channel in  tu rn , and  the level o f the signal in the other 
channel is m easured selectively. The cross-talk attenuation  (expressed in dB) is the difference between the 
levels o f the signal in the two channels. .

— Non-linear cross-talk .

The conventional test signal for sim ulating sound-program m e signals specified in R ecom m enda
tion  571 is applied  to each channel in turn. I f  the o ther channel is influenced by non-linear cross-talk, an 
increase in the weighted noise level m ay be observed.

The increased noise voltage N s form ed by the sum o f tw o noise contribu tions: the idle-channel . 
noise N0 and  the non-linear cross-talk noise N cT. The latter voltage can be calculated using the following 
form ula:

■' A’-, -  /(AT,)2 -  (W0)2 '

The non-linear cross-talk is expressed as the ratio  o f  the perm itted  m axim um  signal to  this level o f 
non-liriear cross-talk noise (i.e. P M S /N cT). -

R E F E R E N C E S

T H IE L E , A . N. [Septem ber, 1975] M easurem ent o f  non -lin ear d istortion  in a band-lim ited  system . IR E E C O N  International 
C on ven tion  D igest, 480-482, Sydney , Australia.

T H IE L E , A. N . and B O N N E R , D . J. [Septem ber-O ctober, 1985] M easuring reconstituted  frequency error in f.d.m . sound- 
program m e circuits. IR E E C O N  International C on ven tion  D igest, 684-686, M elbourne, Australia.

C C IR  D ocum ents  . .

[1982-86]: a . 10 /213 (Sw eden); b. 1 0 /2 2 4  (France).

[1986-90]: a. 1 0 /236  (U nited  K ingdom ); b. 1 0 /3 1 3  (E B U ).
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A N N E X  III

T A B L E  I — R ealis tic  ta rge t values fo r  the reference  
sound-program m e transm ission chain

Parameter 
(for details see  

A nnex II)

Test signal Sound-program m e  
circuit system  

(A -B ) (')

E m ission- 
reception  

system  (B -C ) (')

W hole reference

Frequency Level
chain  (A -C ) (')

N o m in a l bandw idth  
(see § 1) ' - 40 H z-15 kH z 40 H z-15 kH z 40 H z-15 kH z

A m p litu d e/freq u en cy  response  
(see § 2)

40 H z -125 Hz  
125 H z - 10 kH z  

10 kH z- 14 kH z  
14 kH z- 15 kH z

- 1 2  dBuOs

. + 0 . 2 / - 1 . 0  dB  
+  0 . 2 / - 0 . 2  dB  
+  0 . 2 / - 1 . 0  dB  
+  0 . 2 / - 1 . 4  dB

+ 0 . 4 / - 1 . 5  dB  
+  0 .4 /  — 0.4 dB  
+  0 . 4 / - 1 . 5  dB  
+  0 .4 /  —2.3 dB

+  0 . 5 / - 2 . 0  dB  
+  0 . 5 / - 0 . 5  dB  
+  0 . 5 / - 2 . 0  dB  
+  0 . 5 / - 3 . 0  dB

G rou p -d elay /varia tion  
(see § 3)

40 Hz 
15 kH z - 1 2  dBuOs 18 m s 

4 m s
37 ms 

. 8 ms
55 m s 
12 m s

T otal harm onic d istortion  
(see § 4)

40 H z -125 H z  
125 H z - 1 kH z +  9 dBuOs - 4 6  dB  

- 5 2  dB
- 4 2  dB  
- 4 8  dB

- 4 0  dB  
- 4 6  dB

Error in  reconstituted  
frequency (see § 5) A n y — 12 dBuOs 0.2 Hz 0 0.2 Hz

Error in a m plitu d e/am p litud e  
response ' 
(see § 6)

1 kH z +  9 dBuOs 
- 3 1  dBuOs 0.4 dB 0.8 dB 1.0 dB

Level stability  (over 24-h  
period)
(see § 7) .

1 kH z — 12 dBuOs 0.6 dB 0.8 dB 1.0 dB

N o ise  and single-tone  
interference:
— id le-channel no ise - ' - 53 dB 56 dB 51 dB
— program m e-m odulated  

n o ise 60 H z - 3 1  dBuOs 53 dB 56 dB 51 dB
— program m e-m odulated  

n o ise 60 H z -1-9 dBuOs 43 dB 46 dB 41 dB
— sin g le-tone interference  

(see § 8)
■ ■ — : 73 dB 76 dB 71 dB

D isturbing m odulation  by  
pow er supply  
(see § 9)

1 kH z 0 dBuOs 51 dB 47 dB 45 dB

Level d ifference betw een A  
and B channels 
(see § 10)

40  H z -125 Hz 
125 H z - 10 kH z  

10 kH z- 14 kH z  
14 kH z- 15 kH z

— 12 dBuOs

1.0 dB  
0.5 dB
1.0 dB
2.0 dB

1.0 dB  
0.5 dB  
0.5 dB
1.0 dB

1.5 dB  
1.0 dB
1.5 dB
2.5 d B  ,

Phase d ifference betw een A  
and B channels  
(see § 11) ■

40 H z
40 H z -125 Hz 

125 H z - 10 kH z  
10 kH z- 15 kH z  
15 kH z

- 1 2  dBuOs

15°
(2) - 
10°
(2)

. 15°

10°
(2)
8°

(2)
10°

20°
(2)
15° .
(2)

25°

C ross-talk  betw een A  
and B channels:
— linear cross-talk 40 H z

40 H z -300 Hz 
300 H z - 4  kH z  

4 kH z- 15 kH z  
15 kH z

0 dBuOs

46 dB
(2) 

56 dB
(2) 

46 dB

22 dB
(2)

(2) 
26 dB

21 dB
(2) 

35 dB
(2) 

25 dB

— non -lin ear cross-talk  

(see § 12)

Sound  program m e  
sim ulating signal 

(see R ecom m en dation  571)

6 0 .dB (3) (3)

(')  The values given for sections A -B  and B-C , and for the w h ole  transm ission chain  (A -C ) are d esirable, and are to be taken  
in to  account w hen design ing new  nation al broadcasting netw orks.

(2) V alues w ithin this range are obta ined  by linear in terpolation  betw een the values for adjacent ranges on  a graph w ith a 
logarithm ic frequency scale.

(3) ' A dm inistrations are requested to suggest target values.
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S u b je c t iv e  th r e sh o ld  v a lu e s  a r e  th r e s h o ld s  o f  p e r c e p t io n , f o u n d  b y  su b je c t iv e  s ta t is t ic a l r e se a r c h  u n d e r  id e a l  
l i s t e n in g  c o n d it io n s .  T h e y  h a v e  b e e n  a s c e r ta in e d  fr o m  te st  r e su lts  o b ta in e d  b y  C C I R  m e m b e r s  a n d  fro m  
in te r n a t io n a l  lite ra tu re . .

. ANNEX IV '

T A B L E  II — Subjective threshold values

Parameter Frequency o f  
test signal

Subjective  
threshold  value

A m p litu d e/freq u en cy  response (see § 2 o f  A nnex II) 40 H z -125 Hz 
125 H z - 10 kH z  

10 H z - 14 kH z  
14 kH z- 15 kH z

± 1 .0  dB  
± 0 .5  dB  
±  1.0 dB  
±  2.0 dB

G roup  delay variation (see § 3 o f  A n n ex  II) 40 H z-15 kH z (see N o te  1)

N on -lin ear d istortion  T H D  (see § 4  o f  A n n ex  II) 40 Hz-1 kH z - 5 2  dB  
(see N o te  2)

Error in reconstituted frequency (see § 5 o f  A n n ex  II) A n y . 0.25 H z

Error in a m p litu d e/am p litu d e response (see § 6 o f  A nnex II) 1 kH z (see N o te  1)

Level stability (over a 24-h period) 
(see § 7 o f  A n n ex  II)

1 dB  
(see N o te  3)

N o ise  and sing le-tone interference:

— id le-channel con d ition s

— test signal level: + 9  dBuOs

— test signal level: —31 dBuOs

— single-tone interference _
(see § 8 o f  A n n ex  II)

60 H z  

60 H z

70 dB  

(see N o te  1) 

(see N o te  1) 

80 dB

D isturbing m odu lation  by p ow er supp ly  
(see § 9 o f  A nnex II)

(see N o te  1)

Level d ifference betw een  A  and B channels  
(see § 10 o f  A n n ex  II)

40 H z -125 Hz 
125 H z - 10 kH z  

10 kH z- 14 kH z  
14 kH z- 15 kH z

2.0 dB  
0.5 dB  
1.5 dB
2.0 dB

Phase difference betw een A  and  B channels  
(see N ote  4) (see a lso  § 11 o f  A n n ex  II)

40 H z
40 H z -125 Hz 

125 H z - 10 kH z  
10 kH z- 15 kH z 
15 kH z

45°
(see N o te  5) 

30° - 
(see N o te  5) 

90°

C ross-talk  betw een  A  and B channels:

— linear cross-talk

— n on-linear cross-talk  

(see § 12 o f  A n n ex  II)

40 H z
40 H z -300 Hz 

300 H z - 4 kH z  
4  kH z- 15 kH z 

15 kH z  

Sound-program m e  
' sim ulating signal 

(R ecom m en d ation  571)

15 dB  
(see N o te  5) 

20 dB  
(see N o te  5) 

15 dB  

(see N o te  1)

N o te  1. -  A dm inistrations are inv ited  to contribute figures for this value. .

N o te  2. — T his figure assum es that the d istortion  is predom inantly  secon d  and third harm onic.

N o te  3. — A  change o f  1 dB is perceptib le on ly  i f  it is a sudden change.

N o te  4. — The tolerances g iven  for phase d ifferences betw een A  and B ch an n els are for stereo listen ing, and they
p rovok e unacceptable variations in the am p litu d e/freq u en cy  response o f  the m o n o  (A  +  B) signal. The requirem ents 
for the m ono signal therefore p lace  a m ore stringent specification  on  the phase d ifference betw een  A  and B channels, 
and  this is taken into account in  the tab le o f  A nnex III.

N o te  5. — V alues w ithin  this range are obta ined  by linear in terpolation  betw een  the va lu es for the adjacent ranges on  
a graph with a logarithm ic frequency scale.
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_ A N N E X  V

SP E C IA L  M E T H O D S  F O R  M E A S U R IN G  

A U D IO  Q U A L IT Y  P A R A M E T E R S

1. M easurem ent of non-linear distortion a t high frequencies in preemphasized circuits [C C IR , 1986-90a]

1.1 Introduction

N on-linear distortion  in sound-program m e circuits is m ost often m easured by the to ta l harm on ic  d isto rtion  
(TH D ) m ethod, in which a pure tone is inpu t to the circuit as a test signal. At. the ou tpu t, the pure to n e  is 
rem oved from  the signal by a filter, either high-pass or band-stop, and  the signals rem ain ing  are m easured  as 
TH D , w ith their m agnitude expressed as a ratio  with respect to the m agnitude o f  the w hole ou tpu t signal.

Because non-linear d istortion is com m only greatest at the highest levels in the circuit, it is usually  tested at 
o r very near to the m axim um  level o f  which the circuit is capable, in b roadcasting  practice, usually  at the 
perm itted m axim um  level (PM L), i.e. + 9  dBuOs. -

I f  the frequency o f  the test signal is m ore than  one-th ird  the b an d  lim iting frequency, e.g. if  in a 15 kH z 
circuit the testing signal is above 5 kH z, then any th ird  harm onic com ponents p roduced  in  the circuit will no t 
reach the ou tput, and  the T H D  test is valueless.

Thus non-linearity  in the up p er half-decade o f a b an d  lim ited circuit, e.g. betw een 5 kH z an d  15 kH z in  a 
15 kH z circuit, can be tested only by an in term odulation  m ethod, in w hich tw o tones at frequencies f  and  f 2 are 
m ixed together to  produce the test signal, and  the m ajor in-band in term odulation  products betw een them , at 
frequencies f 2 — f \  for even-order d isto rtion  and  2 f  — f 2 for odd-order d isto rtion , are m easured and  sum m ed
r.m.s. as a m easure o f the non-linearity  o f the circuit. .

This test in fact measures the in term odulation , o r “bea t”, products. It should  be no ted  that' it is the
spurious inharm onic products that cause m ost, if  no t all, o f  the subjective degradation  o f sound  quality  due to
non-linearity , rather than  the harm onics which tend  to  sim ply add  “brigh tness” to  the sound.

The use o f high-frequency preem phasis, fo r the purpose of reducing noise, increases the incidence and  
severity o f  such d istortion  and  a m ethod o f m easuring it is clearly essential.

1.2 Test m ethod ,

O f the d ifferent m ethods tha t have been proposed  for in term odulation  testing, the preferred  m ethod is th a t 
in which the two test frequencies f  and  f 2 are related as 2fQ and  3 ^  +  A, w here A is sm all [Thiele, 1983]. The 
m ajor in-band in term odulatiori p roducts are consequently  at fo +  A and  f 0 — A for even-order and  odd-order 
non-linearities respectively. These products are m easured together th rough  a  band-pass filter o f  centre frequency 
and  w ith a narrow  pass-band o f ± A , i.e. 2A wide. The filter removes the in itial test signals an d  a t the sam e tim e 
m uch o f the in -band  noise, m aking m easurem ent possible to levels th a t are m ore th an  10 dB below  the 
b road -band  noise in  the circuit.
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The test frequencies need to be as high in the band  as possible, but no t so high as to  risk attenuation  Of 
the higher frequency com ponents due to  the ro ll-off o f response near the band  edge, which could affect the 
accuracy o f the non-linearity  m easurem ent. In the test adopted  in the d raft revision o f IEC  Publication 268 - 
Sound system equipm ent: Part 3, A m plifiers - the two test frequencies are 8000 Hz and  11 950 Hz. In this 
configuration , is 4000 Hz and A is — 50 Hz. This is shown schem atically in Fig. 2.

Calibrate Read

F IG U R E  2 — Frequencies o f  testing tones an d  in-band distortion p rodu cts

In  the above m ethod, the am plitudes o f the two test tones at 2f 0 and  3./o +  A are equal. The peak 
am plitude o f  a m ixture o f two equal am plitude tones, whose frequencies are n o t related  by sm all whole num bers, 
is tw ice the peak am plitude o f each individual tone. Thus, to  test the circuit to  a peak  am plitude equal to  tha t o f a 
single sine, wave at + 9  dBuOs (PM L), the am plitude o f each tone m ust be + 3  dBuOs. The pow er o f  this sum 
signal is twice tha t o f  each tone, i.e. equal to a single sine wave o f  + 6  dBuOs in  the above case. H ow ever it m ust 
be em phasized tha t the lim itation  on the level th a t can be carried by a program m e circuit is always the peak 
am plitude, i.e. peak voltage, peak  current, peak deviation, etc. which is twice the am plitude o f each tone, i.e. 6 dB 
greater.

The r.m.s. m agnitude o f the sum o f  the in -band  in term odulation  products, m easured th rough  the band-pass 
Filter, is expressed as a ratio  w ith respect to the r.m.s. value o f one o f the com ponen t tones (sine waves) in the test 
signal, i.e. to  a single sine wave at + 3  dBuOs in the above case. This ratio  is close num erically to  th a t ob ta ined  by 
a T H D  m easurem ent o f  the sam e non-linear m echanism , so tha t its significance is readily apprecia ted  by staff 
m ore fam iliar w ith the older m ethod. The m agnitude o f the test signal at the ou tpu t m ay be m easured directly by 
a  true r.m.s. m eter and  using a level 3 dB lower for the reference level. This m ethod is suitable when the 
m agnitude o f the level needs to be established only in the case o f a m easuring instrum ent, whose indicating  device 
reads r.m.s. .

1.3 N eed fo r  calibration signal

However, it is im portan t th a t signals passing along sound-program m e circuits can be m onitored  by the 
types o f meters com m only used for level m easurem ents in b roadcasting  studios. These do no t read  pure r.m.s. 
levels. Both the VU m eter, w hich reads average, and  the “peak program m e m eter” (PPM ), which reads 
quasi-peaks, are calibrated  using a  sine wave signal and  should therefore be sufficiently accurate fo r reading levels 
o f  single sine waves. They do no t read true r.m.s., n o r true peaks, for any o ther k ind  o f signal, and  in  particu lar 
for a tw o-tone test signal. H ow ever this latter level can be inferred precisely from  the readings o f  such m eters by 
First sending, p rio r to  the m ain test signal, a single sine wave calibrating  signal whose level is standard ized  w ith 
respect to  tha t o f the tw o-tone test signal.

The calibrating sine wave is at frequency f 0, e.g. 4 kH z when 2fQ is 8 kHz. If  its level was + 3  dBuOs, it 
could be used directly to calibrate the reference level for the d isto rtion  m easurem ents. H ow ever a signal at 
A lignm ent Level, 0 dBuOs, is m ore suitable, first for reading on vu m eters, and  secondly for testing circuits w ith 
high-frequency preem phasis, as is show n in Table III. As the signal is a sine wave, it can be read accurately by 
standard  level m eters, and  with the frequency f 0, it passes directly th rough  the band-pass Filter used in  m easuring 
d istortion , and  thus provides a check on the ca libration  o f  the d istortion  reading instrum ent.
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1.4 M e a s u r e m e n t  in  p r e e m p h a s iz e d  c irc u its

The tw o-tone m ethod, m easuring total difference-frequency disto rtion  (TD F D ), is superior to the T H D  
m ethod for m easurem ents at all frequencies, bu t at high frequencies it is the only one tha t is effective. So far, it 
has been assum ed tha t the transm ission channel has a flat am plitude response, and  tha t its peak am plitude 
capability  is the sam e at all frequencies.

However, in broadcasting , such a capability  can be expected only from  am plifiers and  studio quality 
digital equipm ent. In  alm ost all o ther signal-handling processes, in recording, transm ission and  FM  em ission, the 
high frequencies are preem phasized to  a standardized characteristic before passing th rough  the m ain signal- 
handling process. At the output, the signal is deem phasized in a com plem entary m anner. The purpose is to reduce 
the effect in the ou tpu t o f noise at the higher frequencies, on the im plicit assum ption  tha t p rogram m e m aterial 
rarely contains high-frequency com ponents near the peak capability o f  the circuit. W hile this assum ption  m ay not 
be true for some kinds o f p rogram m e m aterial which is already preem phasized, especially som e present-day 
program m e m aterial, the use o f  preem phasis is a convention which broadcasters have for a long tim e agreed to  
use.

A  transm ission circuit is tested conventionally  by feeding a test signal into it a t a p o in t where the 
frequency response is flat, i.e. before any preem phasis. Likewise the ou tpu t is read  conventionally  at a po in t where 
the frequency response is again flat, i.e. after deem phasis. Thus any test signal th a t is fed in to  the inpu t o f the 
circuit will reach the m ain transm ission path  in a preem phasized form . A high-frequency signal tha t is already 
optim ized to fully load a flat circuit w ould therefore drastically  overload the preem phasized path .

F or exam ple, if  the IEC test signal com prised o f a m ixture o f  two tones at 8000 Hz and  11 950 Hz, each at 
+  3 dBuOs, is passed through a circuit preem phasized to  C C IT T  R ecom m endation  J.17 w ith 6.50 dB loss at 
800 Hz, its peak level, initially identical w ith tha t o f  a single sine wave at + 9  dBuOs, will rise afte r preem phasis 
to  the equivalent o f  +14.89 dBuOs. This is 2.89 dB above the overload po in t o f + 1 2  dBuOs specified fo r C C IR  
digital coding m ethods A l, A2, A3 and  A4, and  only 0.11 dB below  the overload p o in t o f  + 1 5  dBuOs for 
M ethod B5 (see R eport 647).

If  however such a signal, optim ized for testing a flat path , is first deem phasized to  the sam e characteristic 
before feeding the input, it will reach the preem phasized path  in exactly the sam e form , and  test it to  exactly the 
sam e extent, as it w ould have done unem phasized in a flat path . Such deem phasis does no t require a 
frequency-sensitive netw ork as the signal in com prised o f  only the two com ponen t tones a t 2f 0 and  3f0 +  A, the 
sam e effect is p roduced equally well by attenuating  each by the ap p rop ria te  deem phasis w ith in  the generator 
before they are m ixed and fed to the input. At the ou tput, the m agnitude o f  the in te rm odulation  products is 
com pared with the reference level, which is taken as 3 dB below  the r.m.s. sum o f  the two testing tones. N ote that 
no com plem entary preem phasis is needed before reading the ou tpu t signal. The ratio  o f d istortion  to  to ta l signal is 
m easured as it appears in  the output.

For the m ethod in which the signal level is m onitored  by broadcasting level m eters using a  calib ration  tone 
at fo, near 4 kHz, the level o f the sum o f the test tones, after deem phasis a t the ou tpu t, is in ferred  from  the 
m agnitude o f the calib ration  tone. The difference is then estim ated between the calib ration  level and  the m ean 
between the powers o f the two testing tones, tabu lated  as “r.m.s. m ean 8 kH z +  12 kH z” in Table III. The 
m agnitude o f the in term odulation  products is then adjusted by this difference and  read as a ratio  to  the 
ca libration  level. This involves attenuation  o f  the d isto rtion  products by 3 dB in the flat cond ition  and  gains o f 
various am ounts for the different preem phasis standards. A schem atic layout o f  the equipm ent is show n in Fig. 3.

Table III  illustrates the levels in various parts o f the circuit. It assum es th a t while no in te rm odulation  
p roducts ( — oo dBuOs) are present in the input test signal, in term odulation  products a t the sam e level, taken 
arb itrarily  for the purpose o f illustration  as —37 dBuOs, are produced in  each type o f preem phasized path , when 
the test signal levels are identical. It thus dem onstrates how, with increasing preem phasis, the sam e ratio  o f 
high-frequency in term odulation  in the preem phasized path  produces a greater ratio  o f  in -band  d isto rtion  products 
in the deem phasized output.

1.5 U se  w ith  d if fe r e n t  p r e e m p h a s is  c h a r a c te r is tic s

A lthough the frequencies o f the test signals in the figures are those recom m ended in IE C  Publication  268, 
Part 3, i.e. 2fo at 8000 Hz and  3 ^  +  A at 11 950 Hz, slightly different sets o f frequencies are used for the d ifferent 
preem phasis standards used in broadcasting. Figure 4 shows schem atically how  each set o f  frequencies is offset 
from  its neighbour. An offset ratio  o f approxim ately  1.03 is sufficient to  ensure tha t the signals for one 
preem phasis standard , with its special adjustm ents o f  level and  gain, canno t be received by m istake in equipm ent 
set to  receive ano ther standard  requiring d ifferent adjustm ents. W ith the pass-bands o f the m easurem ent filters 
each approxim ately  ±  1% about fo, any calibration  signal received from  a neighbouring channel will be attenuated  
by at least 30 dB. This procedure, if  the control settings are inapp rpp ria te  for the incom ing signal, alerts the 
receiving operator, and  makes m easurem ent with the w rong preem phasis characteristic v irtually  im possible.
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T A B LE III — S ig n a l levels, gain  ad ju stm en ts a n d  re la tive values fo r in term odulation  m easurem ents

Rec. 644-1

Pre-em phasis type
-

Flat J.17 50 p s /1 5  ps. 50 (is

Input level (dBuOs) before pre-em phasis  

calibration 4 kH z 0.0 0.0 0.0 0.0

com p on en t f 8 kH z +  3.0 - 2 . 6 , - 3 . 7 - 5 . 6

co m p o n en t f  ' «  12 kH z +  3.0 - 3 .1 - 5 . 2 - 8 . 8

distortion «  4 kH z — oo — OO — OO —' °°.

L evel (dBuOs) in p re-em ph asized  p a th  

calibration 4 kH z 0.0 +  3.5 +  3.5. ' +  4.1

com p on en t f 8 kH z +  3.0 +  3.0 +  3.0 +  3.0

co m p o n en t fa , «  12 kH z +  3.0 +  3.0 +  3.0 +  3.0

distortion  , «  4  kH z - 3 7 .0 - 3 7 . 0 - 3 7 .0 - 3 7 .0

O utpu t level (dBuOs) a fter  de-em phasis  

calibration 4  kH z . 0.0 0.0 0.0 0.0

com p on en t f 8 kH z +  3.0 - 2 . 6 - 3 . 7 - 5 . 6

com p on en t f «  12 kH z +  3.0 - 3 .1 - 5 . 2 - 8 . 8

r.m.s. m ean 8 kH z +  12 kH z + 3 .0 - 2 . 8 - 4 . 4 - 6 . 9

d istortion «  4 kH z - 3 7 .0 - 4 0 .5 - 4 0 .5 - 4 1 .1

D istortion  ratio  (dB) - 4 0 .0 - 3 7 .7 - 3 6 .1 - 3 4 .2

Generators “De-emphasis 
attenuators”

F IG U R E  3 — B lock  schem atic o f  m easuring equipm ent 

In mode I, calibrate and test signals are sent sequentially.

In m ode n ,  test (two-tone) only signal is sent. Generator frequencies, attenuations and band-pass filters change 
with pre-emphasis.
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It is anticipated  that the flat or J.17 characteristics will be used in testing transm ission chains, and  the 
50ps/15|xs and 5 0 j i s  characteristics in testing em ission chains. A chain that is m ade up o f  links with d ifferent 
characteristics is tested for the one with the greatest high-frequency preem phasis.

C alib ra te

fo A fo B fo C fo D 
± A A ± A B  ± A C  +A D

Distortion products

2 f0 A 2 f0 B 2 fo C 2 fo D

Testing tone / ,

3 f o A 3 fo B 3 f o C 3 f 0 D

+ A a  + A b  + A c  +A  d

Testing tone / ,

F IG U R E  4 — Testing tones an d  distortion products, with different 
pre-em phasis characteristics A, B , C  an d  D

1.6 Conclusion

The m ethod described herein provides a straightforw ard m ethod o f  m easuring non-linear d isto rtion  at the 
upper end o f the audio  frequency band. It is easily used and  allows m easurem ents to  be m ade in  a variety o f  
preem phasized circuits w ith a m inim um  risk o f  erro r in the alignm ent o f  levels o r in the choice o f  preem phasis 
characteristics.

2. M ethod of measurement o f impulsive noise [C C IR , 1986-90b]

D uring the transm ission o f  sound signals, short duration  noise frequently  appears, w hich w hen acoustically 
reproduced  is perceptible in the form  o f clicks and  is disturbing to  the listener. F or the quality  param eter 
“ im pulsive noise” there is at present no  app rop ria te  m easuring procedure available which takes in to  account the 
subjective disturbing effect and the so-called annoyance factor.

C om prehensive subjective-statistical studies have been m ade in the G erm an  D em ocratic R epublic on  all the 
relevant factors tha t influence the subjective annoyance o f  pulses. As a result o f  these investigations the follow ing 
m ethod o f m easurem ent o f  im pulsive noise has been suggested:

F or the tone-com pensated m easurem ent o f im pulsive noise it is suggested tha t a 
value tJiw” which is defined as follows, should be determ ined:

‘pulse w eighted peak

UIW { dB) =  20 • log ( —- j +  20 • log (k\ x k 2 x k3) 
' Un'

where k\, k2 and  k3 are objective rating  factors for the pulse duration  .pulse shape u ( t ) and  pulse repetition  
frequency f p which result from  predeterm ined subjective evaluation tables. The determ ination  o f  the value UIW can  
only be m ade w ith a com puter-assisted m ethod o f m easurem ent. To do this, the arriv ing pulse is first stored and  
analysed. The pulse am plitude U and  the pulse duration  can directly be m easured, likewise the period  until the 
arrival o f the next pulse. The pulse shape can be determ ined by spectral analysis by m eans o f  F FT  analysers o r 
(sim pler) by com parison w ith previously determ ined standard  pulse shapes. F rom  the m easured values fo r t {, u ( t )  
and  f p the factors k \ , k2 and  k3 can be determ ined using the subjective evaluation  tables, and  finally  the value tj,iw 
can be calculated.

W hen evaluating the quality  o f  studio equipm ents and  transm ission links* the value UIW m ay serve as a 
m easure o f the im portan t param eter “im pulsive noise” . However, fu rther studies are required  to  determ ine an 
adm issible value.
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M EASUREM ENT OF AUDIO-FREQUENCY N O ISE VOLTAGE 
LEVEL IN SO U N D  BROADCASTING

, (Q uestion 50/10)

(1970-1974-1978-1982-1986)
The C C IR ,

C O N S ID E R IN G

(a) th a t it is desirable to  standardize the m ethods o f  m easurem ent o f  audio-frequency noise in b roadcasting , in
sound-recording systems and  on sound-program m e circuits;

'(b )' that such m easurem ents o f  noise should provide satisfactory agreem ent w ith subjective assessm ents, 

U N A N IM O U S L Y  R E C O M M E N D S

tha t the noise voltage level be m easured in a quasi-peak and  w eighted m anner, using the m easurem ent 
system defined below:

1. Weighting network

The nom inal response curve o f  the weighting netw ork is given in  Fig. lb  which is the theoretical response 
o f  the passive netw ork show n in Fig. la . Table I gives the values o f  this response a t various frequencies.

The perm issible differences between this nom inal curve and  the response curve o f  the m easuring 
equipm ent, com prising the am plifier and  the netw ork, are show n in the last colum n o f  Table I and  in  Fig. 2.

(A constant-resistance realization is described in Annex I)

A  tolerance o f  at m ost 1 % on the component values and a g-factor o f  at least 2 0 0  at 10 0 0 0  Hz 
are sufficient to m eet the tolerances given in Table I.

(The difference between the responses at 1000 Kb and 6 300 H z m ay be adjusted more precisely  
by a small adjustment o f  the 33 .06  nF capacitor or by a different approach using an active 
filter [CCIR, 1982-86a].)

* This Recommendation should be brought to the attention of the CMTT.
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Frequency (Hz)

FIGURE lb  -  F requency response o f  the w eighting n e tw o rk  show n in.Fig. la

TABLE I

Frequency Response Proposed tolerance
(Hz) (dB) (dB)

31.5 - 2 9 .9 ± 2 .0
63 - 2 3 .9 ± 1 .4 (1 )

100 - 1 9 .8 . ± 1 .0
200 . - 1 3 .8 ± 0 .8 5  0 )
400 -  7.8 ± 0 .7  (*)
800 -  1 9 ± 0 .5 5  (*)

1000 0 ± 0 .5
2000 +  5.6 ± 0 .5
3150 +  9.0 ± 0 .5 (1 )
4000 +  10.5 ± 0 .5 (1 ) .
5 000 + 11.7 ± 0 .5
6300 +  12.2 0
7 100 +  12.0 ± 0 .2 (1 )
8000 + 11.4 ± 0 .4 (1 )
9000 + 10.1 ± 0 .6 (1 )

10000 + 8.1 .- ± 0 .8 (1 )
12500 0 .  ± 1 .2 (1 )
14000 -  5.3 ±  1-4(1)
16000 - 1 1 .7 ± 1 .6 (1 )
20000 - 2 2 .2 ± 2 .0

31500 - 4 2 .7 f  + 2 .8 (1 )
I  -  00

(i) This tolerance is obtained by a linear interpolation on a logarithmic graph on the basis 
o f  values specified for the frequencies used to define the mask, i .e ., 31.5, 100, 1000, 
5000, 6300  and 20000  Hz.
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Frequency (Hz)

FIGURE 2 -  M aximum tolerances f o r  the frequency response o f  the weighting network
and the amplifier

N ote 1 — W hen a weighting filter conform ing to  § 1 is used to  m easure audio-frequency noise, the m easuring 
device should be a quasi-peak m eter conform ing to  § 2. Indeed, the use o f any o ther m eter (e.g. an  r.m.s. m eter) 
for such a m easurem ent w ould lead to  figures for the signal-to-noise ratio  th a t are no t directly  com parab le w ith 
those ob ta ined  by using the characteristics tha t are described in  the presen t R ecom m endation.

N ote 2  — The whole instrum ent is ca librated  a t 1 kH z (see § 2.6).

2. Characteristics of the measuring device

A quasi-peak value m ethod o f  m easurem ent shall be used. The required  dynam ic perfo rm ance o f  the 
m easuring set m ay be realized in a variety o f  ways (see Note). It is defined in the follow ing sections. Tests o f  the 
m easuring equipm ent, except those fo r § 2.4, should be m ade th rough the w eighting network.

N ote  — After full wave rectification o f the inpu t signal, a possible arrangem ent w ould consist o f  tw o peak
rectifier circuits o f d ifferent tim e constants connected in tandem  [C C IR , 1974-78].

2.1 Dynamic characteristic in response to single tone-bursts 

M ethod o f  measurement

Single bursts o f 5 kH z tone are applied  to  the inpu t at an  am plitude such th a t the steady signal w ould give 
a reading o f 80% o f full scale. The bu rst should start at the zero-crossing o f  the 5 kH z tone and  should  consist o f 
an  integral num ber o f full periods. The lim its o f reading corresponding to  each d u ra tion  o f tone b u rst are given in  
Table II.

The tests should be perform ed both  w ithout adjustm ent o f the a ttenuato rs, the readings being observed
directly from  the instrum ent scale, and  also with the attenuators adjusted  for each burst d u ra tion  to  m ain ta in  the
reading as nearly constan t at 80% o f full scale as the a ttenuato r steps will perm it.

2.2 Dynamic characteristic in response to repetitive tone-bursts 

M ethod o f  measurement

A series o f 5 ms bursts o f  5 kH z tone starting a t zero-crossing is app lied  to  the inpu t a t an  am plitude such 
tha t the steady signal w ould give a  reading o f 80% o f full scale. The lim its o f  the reading correspond ing  to  each 
repetition  frequency are given in Table III.

The tests should be perform ed w ithout adjustm ent o f the attenuators b u t the characteristic should  be w ith in  
to lerance on all ranges.
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TABLE II

Burst duration (ms) K 1) 2 5 10 20 50 100 200

Am plitude reference 
steady signal reading 

(%) 17.0 26.6 40 48  . 52 59 68 80
(dB) - 1 5 .4 - 1 1 .5 - 8 .0 - 6 .4 - 5 .7 - 4 .6 - 3 .3 - 1 .9

Lim iting values

-  low er limit (%) 13.5 22.4 34 41 44 50 58 68
(dB) - 1 7 .4 - 1 3 .0 - 9 .3 <-7.7 - 7 .1 - 6 .0 - 4 .7 - 3 .3

-  upper limit (%) 21.4 31.6 46 55 60 68 78 . 92
(dB) - 1 3 .4 - 1 0 .0 - 6 .6 - 5 .2 - 4 .4 - 3 .3 - 2 .2 - 0 .7

(!) The Administration o f  the USSR intends to use burst durations >  5 ms.

TABLE III

Number p f bursts per second 2 10 100

A m plitude reference steady signal 
reading (%) 48 77 97

(dB) - 6 .4 - 2 .3 - 0 .2 5

Lim iting values 

— lower limit (%) 43 72 94
(dB) . - 7 .3 - 2 .9 - 0 .5

upper limit (%) 53 '82 100
(dB) - 5 .5 -1 -7 - 0 .0

.2.3 Overload characteristics

The overload capacity o f  the m easuring set should be m ore than  20 dB with respect to  the m axim um  
ind ication  of the scale at all settings o f  the attenuators. The term  “overload  capacity” refers bo th  to  absence o f 
clipp ing  in linear stages and to retention  o f  the law o f any logarithm ic or sim ilar stage which m ay be 
incorporated .

M ethod  o f  measurement

Isolated 5 kH z tone-bursts o f 0.6 ms duration  starting a t zero-crossing are applied  to  the inpu t a t an  
am plitude giving full scale reading using the m ost sensitive range o f  the instrum ent. The am plitude of. the 
tone-bursts is decreased in steps by a to ta l o f 20 dB while the readings are observed to  check tha t they decrease by 
corresponding  steps w ithin an overall to lerance o f ±  1 dB. The test is repeated  for each range.
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2.4 Reversibility error

The difference in reading when the polarity  o f an asym m etrical signal is reversed shall not be greater than
0.5 dB.

M ethod o f  measurement .

1 ms rectangular d.c. pulses w ith a pulse repetition rate o f 100 pulses per second or less are applied  to  the 
input in the unw eighted mode, at an  am plitude giving an indication o f 80% o f full scale. The po larity  o f the input 
signal is reversed and  the difference in indication  is noted.

2.5 Overswing

The reading device shall be free from  excessive overswing.

M ethod o f  m easurement

1 kH z tone is applied to  the inpu t at an  am plitude giving a steady read ing  o f 0.775 V or 0 dB (see § 2.6).
W hen this signal is suddenly applied  there shall be less th an  0.3 dB m om entary  excess reading.

2.6 Calibration

The instrum ent shall be calib rated  such tha t a steady input signal o f 1 kH z sine-wave at 0.775 V r.m.s., 
having less than  1% total harm onic d istortion, shall give a reading o f  0.775 V, 0 dB. The scale should  have a 
calibrated  range o f at least 20 dB w ith the indication  corresponding to  0.775 V (or 0 dB) betw een 2 and  10 dB 
below  full scale.

2.7 Input impedance

The instrum ent should have an  input im pedance 3* 20 k f i  and  if an inpu t term ination  is prov ided  then 
this should be 600 Q  ±  1%.

3. Presentation of results

N oise voltage levels m easured according to  this R ecom m endation are expressed in  units o f  dBqps.

Note 1. — If, for technical reasons, it is desirable to  m easure unw eighted noise, the m ethod  described in
A nnex II should be used.

Note 2. — The influence o f the w eighting netw ork on readings ob tained w ith d ifferen t spectra o f  random  noise is 
discussed in  R eport 496.

. R E F E R E N C E S

C C IR  D ocum ents  .

[1974-78]: 1 0 /2 8  (U n ited  K ingdom ).

[1982-86]: a. 10 /248  (A ustralia). \

B IB L IO G R A P H Y

BBC [1968] R esearch D epartm ent R eport N o . EL-17. The assessm ent o f  no ise in au d io-freq u en cy  circuits.

D E U T S C H E  N O R M E N  D IN  45 405.

S T E F F E N , E. [1972] U ntersuchungen zur G erauschspannungsm essung (In vestigations in to  the m easurem ent o f  n o ise  voltage). 
Techn. M itt. RF Z, H eft 3.

W IL M S, H. A . O. [D ecem ber, 1970] Subjective or psophom etric  audio noise m easurem ent: A  review  o f  standards. J. A u d io  Eng. 
Soc., V ol. 18, 6.

C C IR  D ocum ents  .

[1978-82]: 1 0 /9  (E B U ); 10/31 (LM  Ericsson); 1 0 /3 8  (O IR T ); 1 0 /225  (G erm an D em ocratic  R epublic).
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A N N E X  I

C O N S T A N T  R E S IS T A N C E  R E A L IZ A T IO N  O F  W E IG H T IN G  N E T W O R K

Rec. 468-4

R(Q) 
Ro: 600 

ViRo: 300 
Ri: 912 
R2: 3340 
R3: 941

C(nF) 
2Ci: 83.7 

C2: 35.28 
C3: 38.4  
C4: 7.99 
C5: 23.8 
C5: 13.94 
Cr. 35.4

A: unbalanced 
S: balanced

L(m H )

Li: 12.70 (for both windings in series) .

L2: 15.06 (for each o f two windings separated
by electrostatic shield)

L 3 a  +  b : 16.73 (two equal windings in series) '
L3c : 4.18 (one winding, turns half L3a  + b, can have large d.c.

resistance, absorbed in R3)

L4: 20.1 (can have large d.c. resistance, absorbed in R3)

L5: 31.5 (with tap 20.1 at 0.798 o f  total turns)

L6: 13.29 .
L7: 8.00

B IB L IO G R A P H Y

A U S T R A L IA N  B R O A D C A S T IN G  C O M M IS S IO N  E ngineering D evelop m en t R eport N o . 106 — C onstant resistance realiza
t io n  o f  C C IR  n oise  w eighting netw ork , R ecom m en dation  468.

A N N E X  II .

_ U N W E IG H T E D  M E A S U R E M E N T

It is recognized tha t unw eighted m easurem ents outside the scope o f  this R ecom m endation m ay be required  
fo r specific purposes. A standard  response for unw eighted m easurem ents is included here for guidance.

• \  . .

Frequency response

The frequency response shall be w ithin the lim its given in Fig. 4.

This response serves to standard ize the m easurem ent and ensure consistent readings o f noise d istribu ted  
across the useful spectrum . W hen out-of-band  signals, e.g. carrier leaks, are p resen t at a sufficient am plitude, they 
m ay produce readings tha t are inconsistent between m easuring equipm ents w hose responses are d ifferent bu t still 
fall w ith in  the tolerance tem plate o f  Fig. 4.
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Frequency (Hz) Frequency (kHz)

FIGURE 4

B IB L IO G R A P H Y

C C IR  D ocum ents

[1978-82]: 1 0 /7 6  (C M T T /14) (C anada).
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RECOMMENDATION 645-1 *

TEST SIGNALS TO BE USED ON  
INTERNATIONAL SOUND-PRO GRAM M E CO NNECTIONS

(Questions 50 /10  and  19/C M TT, Study Program m es 50B /10 and  50E /10)

(1986-1990)
The C C IR ,

C O N S ID E R IN G  ’ ,

(a) th a t many im pairm ents in in te rnational p rogram m e exchange on sound-program m e connections are
attribu ted  to different national test signal definitions;

(b) th a t some existing definitions are found in d ifferent R ecom m endations o f the C C IT T  and  the C C IR ;

(c) th a t for clarification, a list o f those definitions should be available,

U N A N IM O U S L Y  R E C O M M E N D S  _ . '

tha t for an in ternational sound-program m e connection  only the test signals defined below  should  be used:

1. Alignment signal (AS)

Sine-wave signal at frequency o f  1 kH z, which is used to  align the in ternational sound-program m e 
connection. The signal level corresponds to  dBuOs (see N ote) (i.e. 0.775 V r.m.s at a zero relative level point). In 
accordance with C C IT T  R ecom m endation N.13, the period  o f sending the alignem ent signal should  be kep t as 
short as possible — preferably to  less than  30 s.

N ote  — The nota tion  “dBuOs” is defined in R ecom m endation 574. O ther related  texts o f the C M TT use the 
no ta tion  “dBmOs” also defined in R ecom m endation 574. -

2. Measurement signal (M S)

Sine-wave signal at a level 12 dB below the alignm ent signal level w hich should be used fo r long-term  
m easurem ents and  m easurem ents at all frequencies (see C C IT T  R ecom m endations N.12, N.13, N.21 and  N.23).

3. Permitted maximum signal (PM S)

Sine-wave signal at 1 kH z, 9 dB above the alignm ent signal level, equivalent to the perm itted  m axim um  
program m e-signal level. The sound-program m e signal should be contro lled  by the sending b roadcaster so th a t the 
am plitudes o f the peaks only rarely exceed the peak am plitude o f the PMS.

Note  — U nder these conditions a peak program m e m eter will indicate levels no t exceeding the level o f the
perm itted  m axim um  signal.

A num erical exam ple m ay serve to  clarify this definition. The alignm ent signal has an  r.m.s. voltage o f
0.775 V and  a peak am plitude o f  1.1 V at a zero relative level point. The instan taneous peak am plitude o f  the 
sound-program m e signal at this po in t should only rarely exceed 3.1 V.

A lthough it is intended tha t the peaks o f the sound-program m e signal should no t exceed the perm itted 
m axim um  signal level, an  overload m argin m ust be provided so tha t rare excursions o f the sound-program m e 
signal above the perm itted m axim um  signal level m ay be tolerated.

Note — Annex I describes the response o f peak program m e and  vu meters to  these test signals.

The CMTT and Study Group 10 will coordinate the future development of this Recommendation. This Recommendation
should be brought to the attention of Study Group IV of the CCITT.
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A N N E X  I

A L IG N M E N T  U S IN G  T H E  R E C O M M E N D E D  T E ST  S IG N A L S  

W IT H  P E A K  P R O G R A M M E  M E T E R S A N D  V U  M E T E R S

1. Broadcasters have evolved, over a period o f forty years, procedures fo r using bo th  types o f m eter to 
contro l program m e levels. These procedures are satisfactory to the organizations using them , so th a t they produce 
neither "over-m odulation, leading to  d istortion , no r under-m odulation , leading to  im pairm ent from  noise.

A lthough different kinds o f program m e m aterial deflect the two m eters differently, the organizations using 
them  have evolved techniques tha t p roduce satisfactory level control and  artistic balance w ithin the program m e.

2. The sensitivity o f peak program m e meters (PPM ) is such that a sine wave signal at the alignm ent level, 
0 dBuOs, indicates “test” on an  EBU  PPM  (this corresponds to  “4” on the BBC PPM  and  “ — 9” on the PPM s o f 
the Federal R epublic o f G erm any and  the O IR T  (see Fig. 1)).

IEC 
type I

IEC
type Ila

IEC
type lib

-20

-20

Measurement 
level (ML)

PPM
(FRG)
(OIRT)

PPM
(BBC)

PPM
(EBU) Decibels

•10 -8 -6 -4 -2 0 1 2  3
I 1111 11 1111 11111111111 11 L-lJ

(-12)

-10 -8 -6 -4 -2 0 1 2  3
' 1111 i 111 I ■ 1111111 1111 1111 l!

Vu meter 
(Australia, 
North America, 
etc.)

Vu meter 
(France)

FIGURE 1 -  Indications produ ced  b y  various typ es  o f  program m e m eter w ith  the recom m en ded  te s t signals

N o te . -  Meter indications are schematic -  not to scale.

3. The sensitivity o f the vu m eter is such that a sine wave signal a t the alignm ent level, 0 dBuOs, produces 
nearly  full indication , 0 vu in A ustralia and  N orth  A m erica and  + 2  vu in F rance (see Fig. 1).
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4. The PPM reads “quasi-peak”, that is, its peak indication  on program m e signals reads a little lower than
true peaks. O perators are instructed to m ake the program m e peaks give the sam e indication as a sinusoidal tone at 
+  9 dBuOs ( +  8 dBuOs in some organizations). The true peaks o f the program m e are higher than indicated by up 
to  3 dB. W hen, additionally , opera to r errors are taken in to  account, the true peaks o f the program m e signal may 
reach the am plitude o f a sinusoidal tone at + 1 5  dBuOs. '

5. The vu m eter indicates the m ean level o f the program m e, which is generally much lower than the true 
peak. O perators are instructed to  m ake program m es peak generally to the 0 vu reading. Experience has shown that 
the true program m e peaks are higher than indicated by between + 6  dB and + 1 3  dB, depending on the 
program m e m aterial. W hen, additionally , opera to r errors are taken into account, the true peaks o f the signal may 
be up  to  16 dB higher than indicated , corresponding to the peak am plitude o f  a sinusoidal tone a t + 1 6  dBuOs, or 
alternatively + 1 4  dBuOs when application  o f  the alignm ent level signal results in + 2  vu indication.

6. Thus, although the dynam ic characteristics o f  the two m eters are different, the highest peak levels 
encountered  after contro l using either m eter are very sim ilar.

7. Thus, an in ternational connection  between broadcasters will be correctly aligned regardless o f  the type o f 
m eter em ployed when a sinusoidal signal a t alignm ent level, 0 dBuOs, produces the indication  app rop ria te  to  that 
level at bo th  the sending and receiving ends o f the circuit. .

To avoid any confusion between alignm ent level and  other levels that m ight be used, it is recom m ended 
th a t the three level tone test signal described in R ecom m endation 661 be used for the alignm ent o f  an 
in te rnationa l sound-program m e connection.

F igure 1 illustrates the ind ications given by a num ber o f  program m e level meters when the recom m ended 
test signals are applied  to them . .
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DETERMINATION OF THE ELECTRO-ACOUSTICAL PROPERTIES 
OF STUDIO M ONITOR H EADPH O NES

(Question 50 /10 , Study Program m e 50F /10)

(1990)
The C C IR ,

C O N S ID E R IN G  . .

(a )  tha t unified and closely specified reference listening conditions are an  essential p rerequisite for subjective 
assessm ent and quality contro l;

(b ) tha t there are1 great difficulties in harm onizing the acoustical characteristics o f  existing con tro l room s and  
listening room s; .

(c) tha t some aspects o f the audio  signal are m ore clearly perceptible by using headphones than  by using 
loudspeakers;

(d) th a t the frequency response o f studio m onito r headphones should provide the sam e sound-co lour neu tra lity  
as required for loudspeaker m onitoring  in contro l room s and  high-quality listening room s,

U N A N IM O U S L Y  R E C O M M E N D S  , ,

1. th a t the frequency response curve m easured in  accordance w ith A nnex II  should  be flat w ith in  the lim its 
specified in A nnex I ;

2. th a t the frequency response o f studio m onitor headphones should  be m easured in accordance with 
A nnex II;

3. th a t the difference of frequency response between left and right earphone should  no t exceed 1 dB in the 
frequency range 100 Hz-8 kHz and  2 dB in the frequency range 10 kH z-16 kHz.

A N N E X  I .

S P E C IF IC A T IO N  O F T O L E R A N C E S

The frequency response requirem ent for studio m onitor headphones is defined by Fig. 1. The to lerance 
m ask for the diffuse-field frequency response show n in Fig. 1 is based on m easuring accuracy achievable by 
m eans o f  16 test subjects.

. RECOMMENDATION 708*

62.5 '125 250 500 1 K 2 K  4 K  8 K  16 K
' /  (Hz)

F IG U R E  1 — Tolerance m a sk  fo r  the diffuse-field frequency response 
o f  stud io  m onitor headphones

G d s : diffuse-field earphone response (dB (Pa/V ))

* This Recommendation should be brought to the attention of the IEC and the Audio Engineering Society tAES).
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a n n e x ' II

D IF F U S E -F IE L D  F R E Q U E N C Y  R E S P O N S E  O F S T U D IO  M O N IT O R  H E A D P H O N E S

Measurement specification

1. General

The m easurem ent procedure is used to  determ ine the frequency response o f the individual earphones o f a 
headphone as a function o f the frequency by m eans o f sound-pressure m easurem ents in the auditory  canals o f test 
subjects. In the direct m easurem ent procedure the sound pressure in the auditory  canal caused by the headphone 
is com pared  with th a t caused by the reference sound field. In the indirect procedure, the sound field is replaced by 
a reference headphone calibrated by m eans o f the direct m ethod. The reference sound field is the diffuse sound 
field [C C IR , 1986-90a]. .

The m easuring set-up consists o f signal source and  signal receiving equipm ent. The source com prises a 
noise generator, th ird-octave filters, at least one loudspeaker or a reference headphone and  the headphone to  be 
tested. It is also possible to use a real-tim e third-octave analyser to  which a suitable w ideband noise signal is 
applied . The receiving equipm ent contains a m iniature or probe-m ounted  m icrophone to m easure the sound 
pressure in the outer auditory  canals o f the test subjects and, if  the d irect p rocedure is used, a calibrated 
m icrophone with a know n diffuse-field frequency response to  m easure the unw eighted sound-pressure level in the 
reverberation  cham ber. The signal voltages o f  the m icrophones and  loudspeakers should be determ ined by m eans 
o f  an  r.m .s.-reading voltm eter w ith a sufficient in tegration  tim e. .

2. Probe microphone

The follow ing requirem ents apply  to  the probe-m ounted m icrophone, w hich is called “p ro b e” in this text:
— the sound pickup should take place w ithin the audito ry  canal at least 4 mm away from  its beginning;
— in the area o f the auricle and  the ou ter 4 mm o f the audito ry  canal the p robe should no t have a cross-section 

o f  m ore than 5 m m 2;
— in the following p art o f the audito ry  canal the ratio  between the probe cross-section and  the auditory  canal 

section should be less than  0.6. (The average auditory  canal cross section o f an  adult is approxim ately  
45 m m 2.) The probe volum e including fixing elem ents should be sm aller than  130 m m 3;

— no special requirem ents are m ade for the transfer function  o f the probe. However, the response o f the probe 
should  be free o f resonances. It is sufficient tha t the response o f neighbouring th ird  octaves does no t differ by 
m ore than  3 dB;

— it should be guaranteed tha t, w ith an occluded ear, the probe ou tpu t level is at least 15 dB below  tha t
ob ta ined  with an open ear; (

— fixing elements are necessary to  keep the p robe at a central positipn  in the auditory  canal. The spring 
suspension o f these elem ents should  be dim ensioned such tha t the p robe fits sufficiently well into audito ry  
canals with d ifferent cross-sections and  can still be inserted and  rem oved easily;

— the p robe should be inspected and  certified for use with regard to m edical aspects by a physician.

3. Direct method of measurement

This m ethod is based on a com parison o f  ou tpu t voltage levels o f a p robe placed in the outer auditory  
canal o f  a test subject when a noise signal is produced  by alternating  sources, nam ely the headphone under test 
and  a diffuse sound field o f a reverberation  cham ber. .

3.1 Test signals

The preferred sound signals are filtered noise signals tha t are ob ta ined  from  p ink noise by m eans o f 
th ird-octave filters, specified in IE C  Publication 225 (type b). The probe ou tpu t has to  be m easured selectively in 
th ird  octave steps. This can be done successively o r at the sam e tim e w ith a real-tim e th ird  octave analyser. The 
sound pressure levels o f the test signals should be such tha t the inpu t signals a t the m icrophone am plifier are at 
least 10 dB above the inherent electric noise level and  the noise level ensuing from  body noise in  the audito ry  
canal. The sound pressure level a t the reference po in t m ust no t exceed 85 dB. The headphone voltage should  be 
adjusted  such that, at a th ird  octave centre frequency o f 500 Hz, the ou tpu t level o f the probe m atches the ou tp u t 
for the diffuse sound field w ithin 3 dB.
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3.2 Diffuse sound fie ld

The sound field in the reverberation cham ber is considered sufficiently diffuse if the follow ing require
m ents are satisfied: *
— In the absence o f the test subject the sound pressure level m easured by m eans o f an om nidirectional 

m icrophone at a distance o f 15 cm before, behind, right and left of, above and  below  the reference po in t 
(entrance o f the auditory  canal o f the test subject) m ust no t deviate from  the sound pressure level at the 
reference poin t by m ore than  2 dB;

— in the absence o f the test subject the sound pressure level should be m easured at the reference po in t using a 
d irectional m icrophone which has a directivity index o f at least 8 dB above 500 Hz. The sound  pressure level 
in each third-octave band  >  500 Hz m ust not deviate by m ore than  3 dB independen t o f the direction  o f  the 
m icrophone.

3.3 Test subjects ' . ' > ■

The m easurem ents in the audito ry  canal have to  be done with a t least 16 persons. Spectacles and  earrings 
etc., have to  be taken off, and the ear should no t be covered by hair. There are no  special requirem ents on the 
hearing ability o f test subjects, bu t the m easured outer ear should not show abnorm alities. I f  the p robe  does no t fit 
sufficiently well into the auditory  canal due to its dim ensions, the person concerned canno t be em ployed as a test 
subject. .

The test subjects should m ove as little as possible during m easurem ents. The headphone has to  be w orn as 
in tended by the m echanical construction  especially regarding right and. left hand  earphones. The test subject 
should take care tha t the headphone fits as com fortably and  at the sam e tim e as tightly as possible, and  should  
carefully pu t the headphone on and  o ff himself.

3.4 M easurem ent procedure

Before the m easurem ent the probe is inserted in to  the test subject’s auditory  canal. The position  in the 
auditory  canal is uncritical provided th a t it lies at least 4 mm inw ards. The m icrophone cable o r the p robe tube is 
fixed below  the auricle, e.g. by a strip o f plaster. The probe in  the aud ito ry  canal should  no t change position  
perceptibly when the headphone is pu t on and  off.

The probe ou tput voltage is m easured for each frequency ban d  w hen the test subject is exposed to  sound 
waves in the sound field (first sound-field  m easurem ent). Im m ediately afterw ards the test subject carefully  pu ts on  
the headphone, and  the voltage received from  the probe is then m easured for each frequency b an d  (first earphone 
m easurem ent). A fter the test subject has put Off the headphone and  pu t it on again, the second earphone 
m easurem ent is carried out. Then m easurem ents on a d ifferent type p f  headphone m ay follow . F inally , the 
m easurem ent in the sound field is repeated (second sound-field  m easurem ent).

In order to  m ake sure tha t the probe has ho t m oved  during the w hole m easurem ent cycle — which is an 
indispensable prerequisite for a correct result — the probe voltage levels o f  the first and  second sound-field  
m easurem ent are com pared. I f  the value m easured in one o f  the frequency bands deviates by m ore than  2.5 dB, 
the whole m easurem ent cycle m ust be repeated. If  the repeated  m easurem ents also show differences o f  m ore than
2.5 dB, the test subject should be replaced by another one.

3.5 Determination o f  individual diffuse-field frequency responses

The arithm etic m ean value o f the probe voltage levels o f the first and  second sound-field  m easurem ent is 
calculated for each frequency band . The same applies to the voltage levels o f the two earphone m easurem ents. 
These m ean values are then used to determ ine the individual diffuse-field frequency response o f  the tested 
earphone by m eans of:

GDSi (re 1 P a/V ) =  20 log —  dB +  L D — 94 dB -  20 log —  dB
U s d  U 0

T hese requirem ents are met in reverberation cham bers in tended for acoustical m easurem ents. I f  such a cham ber is not  
availab le, the d iffu se-fie ld  frequency response o f  studio m onitor h eadphones sh ou ld  be determ ined by m eans o f  the indirect 
m easurem ent procedure (see § 4).
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where:

GDSi : individual diffuse-field earphone response per frequency band , ,

Usk • r.m.s. probe ou tpu t voltage with earphone as sound source,

Usd • r.m.s. probe ou tpu t voltage in the diffuse field,

UK : r.m.s. input voltage in the earphone,

Uq : reference voltage I V ,

L d : diffuse-field sound pressure level at reference point.

3.6 Determination o f  the diffuse-field frequency response

The diffuse-field frequency response o f the earphone GDs is determ ined by arithm etically averaging the 
results GDSi o f  the test persons in each frequency band. Also the standard  deviation should be calculated.

4. Indirect method of measurement

I f  the diffuse-field frequency response o f  a headphone was determ ined by m eans o f the direct procedure, 
this headphone can be used as a reference instead o f the diffuse sound field. The m ethods o f  direct m easurem ents
then apply  correspondingly. The individual diffuse-field frequency response o f  the tested earphone is determ ined
by: .

GDSi (re 1 P a /V ) =  GDSr +  20 log —  dB -  20 log —  dB
Uk Usk

w here:

GDSr '■ individual diffuse-field response per frequency band  o f the reference earphone,

Usb ■ r.m.s. p robe ou tpu t voltage with reference earphone as sound  source,

UB : r.m.s. inpu t voltage at the reference-earphone.

I f  the indirect m ethod o f  m easurem ents has been chosen, the type and  diffuse-field frequency response o f 
the reference headphone has to  be indicated.
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RECOMMENDATION 646*

SO U R C E  EN C O D IN G  FOR D IG ITA L SO U N D  SIG N ALS IN BR O A D C A STIN G  S T U D IO S

(Question 51/10, Study Program m e 5 I B / 10)

. (1986)

The C C IR ,

C O N S ID E R IN G

(a) . th a t the in troduction  o f digital techniques in the studio for b roadcasting  applications should  im prove
quality as well as operational facilities;

.(b) tha t there is a need to define a com m on sam pling frequency fo r sound-program m es an d  for sound
accom panying television program m es in studio applications;

(c) - that this sam pling frequency should be sim ply related to the 32 kH z sam pling frequency recom m ended fo r 
transm ission links, and  for satellite broadcasting  by the C C IR  in o rder to  reduce the cost o f  transcod ing  
equipm ent;

(d) tha t the dynam ic range has to provide adequate headroom  fo r processing, tak ing  account tha t at least a
14 bits dynam ic range is recom m ended for transm ission links and  satellite broadcasting ,

U N A N IM O U S L Y  R E C O M M E N D S

1. tha t the sam pling frequency for the digital encoding o f sound signals in  broadcasting  stud io  applications
including recording should have a nom inal value o f  48 kH z;

2. tha t the sam pling frequency for the digital encoding o f sound signals in television app lica tions should  have
the sam e value;

3. tha t when an item o f digital audio  equipm ent is operating  in a free-running m ode, the m axim um  to lerance
for the in ternal sam pling frequency should be ±  1 x  10-5 . W hen item s o f digital audio  equipm ent are 
interconnected, in sound broadcasting  or television applications, prov ision  m ust exist fo r locking the in ternal 
sam pling frequency clocks to  an  external sam pling frequency (e.g. television synchronizing signals, b roadcasting  
house m aster clock, high-accuracy clock from  a telecom m unication netw ork);

4. th a t the coding used should have a m inim um  resolution equivalent to  16 bits per sam ple un ifo rm  coding;

5. tha t no pre-em phasis should be used.

* This Recommendation should be brought to the attention of Study Group 11 and the CMTT.
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A DIGITAL AUDIO  INTERFACE FOR BROADCASTING STUDIO S

- (1986-1990)
The C C IR ,

C O N S ID E R IN G  ■ . .

(a) tha t there will be a need to  interconnect in the digital dom ain  the various different items o f  digital audio  
equipm ent that will be found in broadcasting  studios; these will include d igital audio tape recorders, the audio  
system o f digital video tape recorders, m ixers, etc.;

(b) th a t there w ould be advantages if all equipm ent used the sam e in terface connections;

(c) th a t the interface should m ake allow ance for processing headroom  in term s o f resolution;

(d) tha t the interface should allow  for auxiliary data  o f various kinds;

(e) tha t changes to  this R ecom m endation should be m ade only after due consideration  and  study,

U N A N IM O U S L Y  R E C O M M E N D S

1. tha t the interface described in the Annexes I and  II should be adopted .

2. th a t proposals for the am endm ent o f this R ecom m endation should first be attached to A nnex I II  to  this
R ecom m endation fo r consideration p rio r to their possible adop tion  by the C C IR  and  the consequent am endm ent 
o f A nnex I or A nnex II.

RECOMMENDATION 647-1 *

A N N E X  I

1. Introduction

This Recom m endation describes a serial in terface for the in terconnection  o f  digital audio  equipm ent w ithin 
a b roadcasting  com plex, using cables up  to  a few hundred  m etres in length.

This interface is p rim arily  designed to carry m onophon ic or stereophonic program m es in a studio 
environm ent, at a 48 kH z sam pling frequency and  with a resolution o f up  to  24 bits per sam ple (source signals 
should be sam pled and encoded in accordance w ith R ecom m endation 646). The interface m ay also be used to  
carry one o r two channels sam pled at 32 kHz. Clock references and  auxiliary  in form ation  are transm itted  along 
with the program m e.

A num ber o f these interfaces m ay be used for the in terconnection  o f  m ulti-channel equipm ent.

Note  — In this interface specification for professional applications, m ention  is also m ade o f an  interface for 
consum er applications. The two in terfaces are no t identical. .

2. Terminology

2.1 Sam pling frequency

The sam pling frequency is the frequency o f  the sam ples representing an  audio  signal. W hen tw o signals are 
transm itted  through the same interface, the sam pling frequencies m ust be identical.

2.2 Audio sample word

The audio sam ple w ord represents the am plitude o f a digital audio  sam ple. R epresentation  is linear in  2’s 
com plem ent b inary  form. Positive num bers correspond to  positive analogue voltages at the inpu t o f  the 
analogue-to-digital convertor.

The num ber o f bits allocated per w ord is either 24 o r 20. I f  the source provides fewer bits th an  the 
interface form at requires, the unused least significant bits shall be set to  the logical 0.

I f  the num ber o f bits allocated is 20, the 4 bits which becom e availab le m ay be used to  prov ide up  to  tw o 
voice-quality audio channels, one in  the “A” sub-fram es and one in the “ B” sub-fram es. Further details are given 
in A nnex II. -

* This Recommendation should be brought to the attention of the IEC and the Audio Engineering Society (AES).
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2.3 Validity fla g

The validity flag is associated with each audio  sam ple word and  indicates whether its value is reliable or
not.

2.4 Channel status

The channel status carries, in a fixed form at, inform ation associated with each audio  channel which is 
decodable by any interface user. Exam ples o f  inform ation  to be carried in the channel status are: length o f  audio  
sam ple w ords, pre-em phasis, sam pling frequency, tim e codes, alphanum eric source and  destination  codes.

2.5 User data

A user da ta  channel is prov ided  to  carry any o ther inform ation. The organisa tion  o f user bits is no t 
constra ined ; however, there are advantages in adop ting  a block structure sim ilar to tha t o f channel status (see 
§ 2.10 and  3.6).

2.6 Parity bit

A parity  b it is provided to  perm it the detection o f an odd num ber o f errors resulting from  m alfunctions in 
the interface.

2.7 Preambles

Pream bles are specific patterns used for synchronization. There are th ree different pream bles, which are 
described in § 3.4.

2.8 Sub-fram e

The sub-fram e is the fixed structure used to  carry the inform ation  described in § 2.2 to  2.7 above. Two 
sub-fram es, one for each audio  channel, are transm itted  in ’ sequence in  any  period  o f the source sam pling 
frequency.

2.9 Frame

The fram e is a sequence o f tw o sub-fram es.

2.10 Block

The block consists o f a g roup  o f  192 consecutive fram es, p roviding fo r each channel the 192 channel status 
da ta  bits and  192 user da ta  bits. The start o f  a block is designated by a special sub-fram e pream ble.

2.11 Channel coding

The channel coding describes the m ethod by which the b inary  digits are represented  for transm ission  
th rough  the interface.

3. Interface format .

3.1 Sub-fram e fo rm a t

Each sub-fram e is d ivided in to  32 tim e slots, num bered from  0 to  31 (Fig. 1).
— Time slots 0 to 3 carry one o f  the three perm itted pream bles denoted  by X, Y, or Z. These are used to  effect 

synchronization o f sub-frames* fram es and  blocks.
— Time slots 4 to 27  carry the audio  sam ple w ord in linear 2’s com plem ent representation. The m ost significant 

b it is carried by tim e slot 27.
— W hen a 24-bit coding range is used, the least significant bit is in tim e slot 4.

— W hen a 20-bit coding range is sufficient, the least significant bit is in tim e slot 8, and  tim e slots 4 to  7 m ay be
used for o ther applications (to carry voice-quality signals for com m entary , coord ina tion  o r ta lk -back  for 
exam ple) as described in A nnex II. U nder these circum stances, the bits in the tim e slots 4 to  7 are designated 
auxiliary sam ple bits.

If  the source provides fewer bits than  the interface allows (24 o r 20), the unused least significant bits m ust 
be set to  a logical 0. By this procedure, equipm ent using d ifferent num bers o f bits m ay be connected  together.
— Time slot 28 carries the validity flag associated w ith the audio sam ple word. This flag is set to  0 if the audio

sam ple is reliable. It is set to 1 if  unreliable. '
— Time slot 29  carries one b it o f the user data channel associated w ith the audio  channel transm itted  in the 

sam e sub-fram e.
. — Time slot 30 carries one bit o f  the channel status w ord associated w ith the audio  channel transm itted  in the 

sam e sub-fram e.
—' Time slot 31 carries a parity  b it such tha t tim e slots 4 to  31 inclusive will carry  an even num ber o f ones and 

an  even num ber o f zeros.
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3 4 7 8 27 28 31

A udio sam ple w ord

Least significant bits (LSB)
Most significant b its (MSB) 

V alidity flag 

User da ta  

Channel sta tus 

. Parity  b it

a  a

FIGURE 1 -  Sub-fram e structure

3.2 Frame fo rm a t

A fram e is uniquely com posed o f  two sub-fram es (Fig. 2). The rate  o f transm ission o f  fram es will 
co rrespond  exactly to  the source sam pling frequency.

In  the tw o-channel opera tion  m ode, the sam ples taken from  both  channels are transm itted  by tim e 
m ultip lexing in consecutive sub-fram es. Sub-fram es related to  the channel 1 (left o f “A” channel in stereophonic 
opera tion  and  p rim ary  channel in m onophon ic operation) norm ally  use p ream ble X. However, the pream ble is 
changed to  pream ble Z once every 192 frames. This defines the block structure used to organize the channel status 
in fo rm ation  (see § 3.5).

Sub-fram es o f  channel 2 (right o r “B” in stereophonic operation  and  secondary channel in m onophonic 
opera tion ) always use pream ble Y.

In  the single-channel opera tion  m ode, only channel 1 is used. In  the sub-fram es devoted to  channel 2, tim e 
slot 28 (validity flag) has to  be set to  1 (sam ple no t valid). ,

X Channel 1 Y Channel 2 Z Channel 1 Y Channel 2 X Channel 1 Y Channel 2 X

Sub-frame Sub-frame

Frame 191 Frarne 0 Frame 1
■■ /

Start o f  block

FIGURE 2 -  Fram e structure

3.3 Channel coding

To m inim ize the d.c. com ponen t on  the transm ission line, to facilita te clock recovery from  the da ta  stream  
and  to  m ake the interface insensitive to  the po larity  o f connections, tim e slots 4 to 31 are encoded in 
b iphase-m ark.

E ach bit to  be transm itted  is represented by a sym bol com prising two consecutive b inary  states. The first 
state o f  a symbol is always d ifferent from  the second state o f  the previous sym bol. The second state o f the sym bol 
is identical to the first if  the b it to  be transm itted  is 0. It is d ifferent if  the b it is 1 (Fig. 3).



Rec. 647-1 185

J J j l J J J J  J J J J  J Clock (2 tim es bit rate)

„ J 1 f I________  , Source coding '

[ I I 1 I 1 I I I L _  Channel coding (biphase-mark)

FIGURE 3 -  Channel coding

3.4 Preambles

Pream bles are specific patterns providing synchronization  and  iden tification  o f  the sub-fram es, fram es and  
blocks. To achieve synchronization  w ithin one sam pling period, and  to  m ake this process com pletely reliable, 
these patterns violate the b iphase-m ark  code rules, thereby avoiding the  possibility  o f d a ta  im itating  the pream bles.

A set o f three pream bles is used. These pream bles are transm itted  in  the tim e allocated to  fou r sym bols 
(time slots 0 to 3) and  are represented by eight successive states. The first state o f  the pream ble is always different 
from  the second state o f  the previous sym bol (representing the parity  bit). D epending  on this state (see N ote), the 
pream bles are:

either: pream ble X: 11100010 (sub-fram e 1)
pream ble Y: 11100100 (sub-fram e 2)
pream ble Z: 11101000 (sub-fram e 1 and  block start)

o r: pream ble X: 00011101
pream ble Y: 00011011 
pream ble Z: 00010111

Like biphase code, these pream bles are d.c. free and  provide easy clock recovery. They differ in a t least 
two states from  any valid biphase sequence or on any biphase sequence offset by one state, as illustrated  in  Fig. 4 
for p ream ble X.

Note  — Owing to  the even parity  b it in tim e slot 31, all pream bles will sta rt w ith a transition  in the sam e 
direction (see §3 .1). Thus only one o f  these sets o f pream bles will, in  practice, be transm itted  th rough  the
interface. However, it is necessary for either set to  be decodable because a po larity  reversal m ay occur in the
connection. ’

H i  H I H  I H I  11 C1°ck
—i__ n_n:i:

♦ «• ii i
Parity J_  J LSB

Lack o f  transition at bit boundary

FIGURE 4 — Pream ble X  (11100010)

3.5 Channel status data fo rm a t

The channel status for each audio  signal carries in form ation associated w ith tha t aud io  signal. Thus, it is 
possible for d ifferent channel status d a ta  to  be carried in the two channel status signals.

The channel status data is organized into byte-wide increm ents. There will thus be 24 bytes per block
(Fig. 5).
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B yte/bit 70 3 4 61 2 5

1

2

3

4

a b
----------1—  —i
• . c

1
d

— ■■■ ■" i----------
e
1

' 1 i3

h i

j

Reserved but undefined at present

6

7

8 

9

10

11

12

13

14

15

16

17

18

19

20 

21

22

23

Alphanumeric channel origin data

Alphanumeric channel destination data

Time-of-day code  
(32 bits binary)

Local sample address code  
(32 bits binary)

Reliability flags

Cyclic redundancy check character

FIGURE 5 -  Channel sta tus data  fo rm a t

a: use o f  channel status block
b: audio/non-audio m ode
c: audio signal emphasis
d: locking o f  source sampling frequency
e: sampling frequency .

f: channel m ode
g: user bits management
h: use o f  auxiliary sample bits
i: source word length and source 

encoding history
j: future m ulti-channel function description



The specific organization follows, wherein the suffix 0 designates the first o f any byte o r bit:
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Byte 0:

bit 0 0 C onsum er use o f channel status block.
1 Professional use of channel status block.

bit 1 0 ' N orm al audio  mode. .
1 N on audio  mode.

Encoded audio  signal em phasis.
2 3 4 '
0 0 0 Em phasis no t indicated. Receiver defau lt to  no  em phasis w ith

m anual override enabled.
1 0  0 N o em phasis, receiver m anual override disabled.
1 1 0 50/15 ps em phasis. Receiver m anual override disabled.
I l l  . C C IT T  R ecom m endation J.17 em phasis (with 6.5 dB insertion

loss at 800 Hz). Receiver m anual override disabled.

All other states o f bits 2 to  4 are undefined at present bu t reserved.

bit 5 1 Source sam pling frequency unlocked.
0 D efault and  source sam pling frequency locked.

Encoded sam pling frequency.
6 7 ' . .
0 0 Sam pling frequency n o t ind icated . Receiver defau lt to  48 kH z and

m anual override or auto set enabled.
0 1 48 kH z sam pling frequency. M anual override or au to  set disabled.
1 0 44.1 kH z sam pling frequency. M anual override or au to  set

disabled.
1 1 32 kH z sam pling frequency. M anual override or au to  set disabled.

Note — The significance o f bits 0 to  4 is such tha t a transm ission from  a consum er interface can  be recognized 
and  a receiver conform ing only to  the consum er form at will correctly receive an  appropria te ly  form atted  signal 
from  a professional transm itter.

E ncoded channel mode.

M ode no t indicated. Receiver default to  tw o-channel m ode. 
M anual override enabled.
T w o ^h an n e l mode. M anual override disabled.
Single channel m ode (m onophonic). M anual override disabled. 
P rim ary /secondary  m ode (channel 1 is prim ary). M anual override 
disabled.
S tereophonic m ode w ith sim ultaneous sam ples in channel 1 and  
channel 2 (channel 1 is the left channel). M anual override 
disabled.
S tereophonic m ode w ith a lternate sam pling (channel 1 is the left 
channel, and is sam pled before channel 2). M anual override 
disabled. .

Reserved bu t undefined.

Vector to byte 3 for fu ture applications.

Encoded user bits m anagem ent. Reserved bu t no t defined at 
present.

Note — F or any channel, if  the channel status is im plem ented, then all da ta  in byte 0 and  byte 1 o f  th a t channel 
status block shall be transm itted.

Byte 1: 

bits 0 to 3
bit 0 1 2 3
state 0 0 0 0

0 0 0 1
0 0 1 0
0 0 1 1

0 1 0 0

0 1 0  1

0 1 1 0
to

1 1 1 0
1 1 1 1

bits 4 to 7

bits 6 to 7 
b it • 
state

bits 2 to 4
bit
state
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If  the channel status is not im plem ented, then all da ta  o f the channel status block shall be set to logical 0. 
In this event, the receiving interface shall default to 48 kH z sam pling frequency, tw o-channel m ode use, with 
20 bits audio sam ple data, and  no em phasis assumed.

In this state, it should be noted  tha t no com m unication from  a consum er transm itter can be received.

B yte 2:

bits 0 to 2
bit
state

bits 3 to 7 

B yte 3:

Bytes 4 to 5: 

Bytes 6 to 9: 

Bytes 10 to 13: 

Bytes 14 to 17: 

Bytes 18 to 21:

0 1 2 
0 0 0

0 0 1

0 1 0

0 1 1

1 0 0 
to 

1 1 1

Encoded use o f auxiliary sam ple bits.

A uxiliary sam ple bits use not defined. A udio sam ple w ord length 
is 20 bits.
A uxiliary sam ple bits used for m ain audio sam ple data. A udio 
sam ple w ord length is 24 bits.
A uxiliary sam ple bits in this channel used to  carry a single 
coord ination  signal.
A uxiliary sam ple bits in bo th  sub-fram es used to  carry two 
coord ination  signals.

Reserved bu t no t defined.

E ncoded source w ord length and  source encoding history. 
Reserved bu t undefined.

Vectored target byte from  byte 1 reserved for future m ulti-channel 
function description. D efault value 0 0 0 0 0 0 0 0.

Reserved but 
0 0 0 0 0 0 0  0.

undefined  at present. D efault value

A lphanum eric channel origin data. 7 bits A SC II da ta  w ith odd 
parity  bit. (F irst character in m essage is byte 6.)

A lphanum eric channel destination  data. 7 bits A SC II da ta  w ith 
odd parity  bit. (First character in m essage is byte 10.)

Local sam ple address code * (32-bit binary). Least significant bits 
are sent first. Value is o f first sam ple o f  curren t block.

Time o f day code** (32-bit binary). Least significant bits are sent 
first. Value is o f  first sam ple o f curren t block.

Note. — A value o f  all zeros fo r the b inary  sam ple address code shall, for the purposes o f transcoding  to  real 
tim e, o r to tim e codes in particu lar, be taken as m idnight (i.e. 00 h, 00 m in, 00 s, 00 frame).

Transcoding o f the b inary  num ber to  any conventional tim e code will then only need the prevalent 
sam pling frequency in form ation  to  provide sam ple-accurate tim e code or o ther tim ing inform ation  o f  conventional 
form .

Byte 22:

bits 0 to  3 
bit 4 
b it 5 
b it 6 
b it 7

Byte 23:

Flag used to  identify w hether the in form ation  carried  by the 
channel status da ta  is reliable.
Reserved, set to  zero.
Bytes 0 to  5 are unreliable.
Bytes 6 to  13 are unreliable.
Bytes 14 to  17 are unreliable.
Bytes 18 to  21 are unreliable.

C hannel status data  cyclic redundancy  check character (C R C C ). 
G enerating  poly nom inal is: G (x ) =  x 8 -l- x 4 +  x 3 +  x 2 + .  1. 
The C R C C  conveys in fo rm ation  to  test valid reception  o f  the 
entire channel status d a ta  block (bytes 0 to  22 inclusive), w ith an  
initial state o f all l ’s.

T his has the sam e function  as a recording index counter.

T his is the tim e-of-day  laid  d ow n  during the source en cod in g  o f  the signal and  it shou ld  rem ain unchanged  during  
subsequent operations.
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3.6 User data fo rm a t

User data bits may be used in any way required by the user. It is, however, advantageous in m any 
applications to adop t a block structure sim ilar to  that o f the channel status, w ith block boundaries aligned with 
those of-the channel status blocks.

For exam ple, in some synchronizing schemes, where it may be necessary to  repeat o r d iscard  sam ples to 
m aintain  long term  synchronism , the d isturbance to both channel status and  user d a ta  can be m inim ized by 
arranging for the repetition or discarding to  involve sam ples in blocks o f 192 as defined by the block structure o f 
the interface.

The default value o f the user bits is logical 0.

4. Electrical characteristics

4.1 General

The electrical param eters o f the interface are based on those defined in R ecom m endation  V .l l  o f  the 
C C IT T  fo r balanced  voltage digital circuits. In o rder to im prove the balance o f  the transm itter o r the receiver, or 
both , beyond tha t recom m ended by the C C ITT, the transm ission circuit configuration  show n in Fig. 6 m ay be 
used. In this version o f  the interface, using transform ers bo th  at the transm itte r and  receiver, the series capacitors 
isolate the transform ers from  d.c. A lthough equalization is em ployed at the receiver, no  equalization  p rio r to 
transm ission is perm itted.

The interconnecting cable shall be screened and  have a characteristic im pedance in the range o f 90 to 
120 Q  at the data  transm ission rates used. These rates can be calculated by m ultiplying the source sam pling 
frequency by 64, th a t is the num ber o f bits per frame.

Interconnecting

FIGURE 6 -  General configuration o f  the circuit

4.2 Line driver characteristics

4.2.1 Output impedance

' The line driver shall have a balanced  ouput with an  in ternal im pedance o f 110 Q  ±  20%, w hen 
m easured a t the term inals to which the line is connected, at frequencies from  0.1 to  6 M Hz.

4.2.2 Signal amplitude

The signal am plitude shall lie between 3 to  10 V peak-to-peak when m easured across a 110 Q  
resistor connected to  the ou tpu t term inals, w ithout any interconnecting  cable present. '
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4.2.3 Rise and fa ll  times

The rise and fall tim es, determ ined between the 10% and  90% am plitude points, shall be between 
10 and 30 ns when m easured across a 110 Q  resistor connected to  the ou tpu t term inals, w ithout any 
interconnecting cable present.

4.2.4 Clock jitter

D ata transitions shall occur w ithin ±  20 ns o f the nom inal clock period m easured at the 
half-voltage points.

- • 1 .

4.3 Line receiver characteristics

4.3.1 Terminating impedance . .

The receiver shall p resen t a substantially  resistive im pedance o f 250 £2 to the interconnecting cable
over the frequency band  o f 0.1 to  6 M Hz. N o m ore than  four receivers shall be connected across the
interconnecting cable from  any one line driver. However, at the longer cable lengths, this num ber m ay 
have to be reduced to m eet the requirem ents o f § 4.3.3.

4.3.2 M axim um  input signals

The receiver shall correctly in terpret the d a ta  when connected directly to  a line driver w orking 
between the extrem e voltage lim its specified by § 4.2.2.

4.3.3 M inim um  input signals

The receiver shall correctly sense the da ta  when a random  inpu t signal produces the eye diagram
characterized by a Vmin o f  200 mV and  a Tmin o f  50% o f T„om (Fig. 7).

|«-----^ -----m\

I I

I V ■ v min

FIGURE 7 -  E ye  diagram

t  . = 0 5 x 7 ’1 min  u nom  ■
V ■ = 200 mV  y m m
T„nm = one half o f  the biphase sym bol period

4.3.4 Receiver equalization

Equalization shall be applied  in the receiver to  enable in terconnecting  cables longer than  100 m  to 
be used. A suggested frequency equalizing characteristic is show n in Fig. 8. The receiver m ust still m eet the 
requirem ents specified in § 4.3.2 and  4.3.3.
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0.1 0.2 0.5 1 2
Frequency (MHz)

10

FIGURE 8 -  A suggested equalizing characteristic fo r  the receiver

5. Connectors
. - ' . I

The standard  connector for bo th  outputs and  inputs shall be the circu lar latching three p in  connector 
described in IEC  Publication 268-12, Sound system equipm ent, Part 12, C onnectors for b roadcast and  sim ilar use 
(this type o f connection is som etim es referred to as “X L R ”).

The standard  convention o f the IEC shall be followed with respect to  p in  and  shell for inputs, ou tpu ts and  
pin  usage.

That is:

An output connector fixed on an  equipm ent shall use m ale pins with fem ale shell. The co rrespond ing  cable 
connector will thus have fem ale pins with a m ale shell. v ,

An input connector fixed on an equipm ent shall use female p ins with a male shell and  the corresponding  
cable connector will have m ale pins with a female shell.
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The pin usage shall be: , .
— Pin 1: cable shield o r signal ground,
— Pin 2: signal,
— Pin 3: signal.

(N ote th a t relative polarity  o f pins 2 and 3 is not im portan t in the digital case.)

E quipm ent m anufacturers should clearly label digital audio  inputs and  outputs as such, including the term s 
“digital audio  in p u t” o r “ou tp u t” as appropriate .

In  such cases, where panel space is lim ited or the function o f  the connector m ight be confused with an 
analogue signal connector, the abbrev iation  “ D I” to  “ D O ” should be used to  designate digital audio  inputs o r 
ou tputs, respectively.

A N N E X  II

T H E  P R O V ISIO N  O F  A D D IT IO N A L , V O IC E -Q U A L IT Y  C H A N N E L S  V IA  

T H E  D IG IT A L  A U D IO  IN T E R F A C E

W hen the digital audio interface is carrying 48 kH z-sam pled audio  in  the studio environm ent, and  w hen 
the num ber o f bits allocated to  the audio  sam ple w ord is 20 (for exam ple, a t the ou tpu t o f  a studio where signal 
levels will have been controlled by the studio operator) 4 bits are available for use as auxiliary sam ple bits. The 
latter m ay be used to  carry voice-quality signals. The provision o f voice-quality channels th rough  the sam e 
in terfaces which are carrying the program m e audio  perm its “co-o rd ination” o r “ta lk-back” signals which are used 
in  broadcasting  for com m unication  between studios, continuity , recording areas, etc., in the studio centre to  be 
connected  via the sam e routing system as is used for the program m e audio. This leads to  a sim pler and  m ore 
econom ical digital routing system than  w ould be needed if  the program m e and  voice-quality signals were to be 
rou ted  separately [Gilchrist et al, 1986].

The voice-quality signals are sam pled at 16 kH z (i.e. at exactly one-th ird  o f  the sam pling frequency for the 
program m e audio) coded uniform ly with 12 b its /sam p le  and  sent 4 bits at a  tim e in  the auxiliary sam ple bits o f  
the interface sub-fram es, as show n in Fig. 9. O ne such signal m ay be sent in  the “A ” sub-fram es and  ano ther in  
the “B” sub-fram es. The “Z ” pream ble at the start o f  each block is used as a  fram e-alignm ent w ord for the 
voice-quality  signals, w ith the 4 least-significant b its o f  the first sam ple follow ing im m ediately, as show n in 
Fig. 10. Figure 10 shows also the in terleaving o f  the tw o voice-quality signals, 4 bits at a time.

4 bits for 
coordination signal
3 4 7 8 27 28 31

Programme sample word 
(20  bits)

Least significant bits (LSB)
Most significant bits (MSB) —  

Validity flag 

User data 

Channel status 

Parity bit

n

Total bit rate = 3t072 Mbit/s

FIGURE 9 -  32-bit sub-frame
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LSB

12-bit sample for “ A ” 
coordination channel 
(sample at 16 kHz)

~ 7

r
MSB

0 1 2 3 4 5 6 7 8 9 10 11

\
‘Nibble” carrying “ A” coordination signal

F IG U R E  10  — F ram e an d  block structure
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A N N E X  III

EVOLUTION OF THE DIGITAL AUDIO INTERFACE

1. Introduction

C hanges m ay be proposed  in  o rder to  im prove the facilities offered by the interface, o r to  enable it to  m eet 
the requirem ents o f  particu lar applications. It is im portan t tha t the advantages an d  d isadvantages o f  m aking such 
changes be thoroughly  exam ined, no t only by those - p roposing the changes, bu t also by o ther users o f  the 
interface.

This A nnex presents a  num ber o f  am endm ents and  ideas w hich have been  p roposed  b u t n o t necessarily 
adopted . The publication  o f this in fo rm ation  is in tended  to  fulfil a num ber o f  purposes:
— to  draw  the atten tion  o f  the user to  possible fu ture problem s;
— to draw  the atten tion  o f  the user to  possible new requirem ents and  facilities ;
— to  help the user m ake effective use o f the interface in  present and fu ture app lica tions;
— to  alert the m akers o f interface equipm ent to  possible areas o f  change;
— to  stim ulate further study.
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2. Alternative time codes

The original specification o f  the digital audio  interface stipulates the use o f  “sam ple address codes” ; these 
are b inary  counts o f  sam ples (i.e. at the audio  sam pling frequency). This is an ideal form  o f tim e code for m any 
purely audio  applications in the digital environm ent, and  disk-based audio  editing equipm ent using sam ple- 
address tim e codes has been developed by a num ber o f  organizations.

However, in som e applications (e.g. television and recording [CCIR, 1986-90a] there m ay be the need to  
in terconnect two items o f apparatus which both  use a BCD (binary coded decim al) tim e code (som etim es term ed 
“ S M P T E /E B U ” tim e-code). The item s o f apparatus could be com patible in respect o f the tim e code, bu t unab le to 
exchange tim e-code inform ation via the digital audio  interface w ithout transcoding  to  and  from  sam ple-address 
form .

Possible solutions to  this problem  are described below.

2.1 Replacement o f  sample address by BCD  time code

The sam ple address tim e codes m ay be replaced directly by BCD tim e codes, using the sam e num ber o f 
bytes in the same positions in the channel status w ords o f  the interface (4 bytes per tim e code). To enable the 
interface to  carry either type o f tim e code, it is advisable to  use one o f the bits in  channel status to  “flag” the 
substitu tion  o f BCD tim e code for the sam ple address code [CCIR, 1986-90b].

2.2 Use o f  a time code incorporating elements o f  both BC D  and sample address codes in channel status

It is possible to  devise a tim e code which com bines elements o f bo th  types o f tim e code, f o r  exam ple, the 
m ost significant part o f the tim e code could be a BCD representation  o f  hours, m inutes and  seconds, an d  tim e 
w ithin the seconds could be indicated  by a b inary  count o f  samples. A nother possibility  w ould be for television 
fields and  interface blocks to be indicated  in  the BC D  count, w ith the b inary  count o f sam ples operating  w ithin 
the interface block count [DuBoyce, 1989].

• - I , • ' .
Thus, it w ould be possible to  provide a tim e code satisfying the requirem ents o f  apparatus using BC D  tim e 

code, incorporating  the resolution o f  the sam ple-address code. However, the d isadvantages w ith this p roposal are 
th a t m ore bytes w ould be needed in channel status for this type o f code, necessitating a re-organization  o f  channel 
status, and  the requirem ent for equipm ent using sam ple-address code to  encode and  decode the BC D  part o f  the 
tim e code a t the interfaces.

2.3 The provision o f  additional time codes in the user channel

The user data  channel o f the interface could be used to  carry BCD  tim e codes, in add ition  to the sam ple 
address codes in channel status. The user data  channel is likely to be too  valuable to  ded ica te solely to  the 
tran sp o rt o f  tim e codes, bu t an  H D L C  (high level d a ta  link control) system for carry ing tim e codes and  o ther d a ta  
in the user channel has been developed [Kom ly and  Viallevieille, 1989] a n d 'th is  m ay be suitable as a possible 
standard  fo r carrying a wide range o f  in form ation  in  the user data channel.

3. Signalling the number of inactive bits in the audio sample

It is often beneficial to add  digital “d ither” to  d igital audio signals before they are trunca ted  or rounded , 
to  avoid  in troducing granular d istortion. However, the correct application  o f  “d ither” is no t possible unless the 
audio  w ord length (i.e. the num ber o f  active bits in  the audio  w ord) is know n.

The facility for indicating the audio  w ord length is provided by bits 3 to  7 in byte 2 o f  channel status. 
These bits are reserved for this purpose, and for the purpose o f indicating  the “source encoding histo ry” . A 
p roposal has been m ade for using a 3-bit code, carried in bits 3, 4 and  5 o f  byte 2, for signalling the num ber o f 
inactive b its [CCIR, 1986-90c]. The num ber o f  active bits (i.e. the audio w ord length) m ay be deduced from  this 
in form ation .
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A proposal from  the In ternational Electrotechnical Com m ission (IE C ) [C C IR , 1986-90d] gives details o f 
copyright protection  and  the m eans o f  indicating whether a recording is the original o r a copy, in the consum er 
interface. C onsideration  should be given to the possibility o f incorporating  such inform ation  in the channel status 
o f the professional interface.

, R E F E R E N C E S

D u B O Y C E , T. [October, 1989] A  p rop osa l for a sam ple-b lock  form at A E S -E B U  ch an n el status tim e code. D ocu m en t subm itted  
to  A ES Standards Subcom m ittee o n  D igita l A u d io , W orking G roup on  In p u t/O u tp u t Interfacing.

K O M L Y , A. and V IA LL E V IE IL L E , A. [Septem ber, 1989] Program m e labelling in  the user channel. D igest o f  the A E S Interface  
C onference. L ondon , U nited  K ingdom .
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[1986-90]: a. 10 /3 4 4  (10 -11R); b. 1 0 /2 4 6  (U n ited  K ingdom ) c. 1 0 /2 1 4  (U nited  K in gd om ); d. 1 0 /3 2 4  (IE C ).

4. Copying
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S EC TIO N  10D: R E C O R D IN G  O F  S O U N D  PR O G R A M M ES

The texts will be found  in Part 3 o f Volumes X and XI.

S E C T IO N  10E: B R O A D C A ST IN G  SER V IC E (SO U N D ) U SIN G  SA TELLITES

The texts will be found  in Part 2 o f Volumes X and XI.
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Res. 64 199

R ESO LU TIO N S A N D  O P I N I O N S

R ESO LU TIO N  64

DETERM INATION OF THE NOISE LEVEL 
FOR SO U N D  BROADCASTING IN THE TROPICAL ZO NE

. (1978)

The C C IR ,

C O N S ID E R IN G

tha t studies on the characteristics o f  atm ospheric rad io  no ise and  collection o f  noise d a ta  com e w ithin the 
purview  o f Study G roup  6, ,

U N A N IM O U S L Y  D E C ID E S

1. tha t the results o f studies contained  in R eport 303 (Geneva, 1974), w hich no longer ap p ear in curren t 
C C IR  texts, should be brought to  the notice o f Study G roup  6;

2. th a t this inform ation  should  be considered by S tudy G roup 6 w henever revision o f w orld-w ide noise grade 
data, as given in R eport 322, is attem pted.
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R ESO LU TIO N  76-1 

PR E SE N T A TIO N  O F  ANTENNA D IA G R A M S

(1982-1990)

The C C IR ,

C O N S ID E R IN G

(a) tha t the W ARC HFBC-87 in R esolution No. 516 invites the C C IR  to  update  the C C IR  Book o f A ntenna
D iagram s and  the IFR B  to base its Technical S tandards on this publication ;

(b) tha t new types o f  antennas as used by adm inistra tions for H F  b roadcasting  are needed to  com plem ent the
pub lication  C C IR , A ntenna D iagram s, edition  1984;

(c) tha t a considerable am ount o f  w ork in this respect was already carried  out by Study G roup  10 in
p repara tion  o f the W A RC H FBC-84 and  W A R C HFBC-87;

(d) tha t Study G roup  10 un d er its Study Program m es 44 H /1 0  and 4 5 F /1 0  has the task to  evaluate the
rad ia tion  patterns o f H F  antennas, including consideration  o f their perform ance in term s o f coverage and  
interference,

U N A N IM O U S L Y  D E C ID E S

1. tha t the results o f the studies carried  ou t by Study G roup  10 and  the related an tenna  diagram s should be
con tained  in a C C IR  R ecom m endation separately published;

2. th a t this R ecom m endation while ensuring a certain  continuity  with the previous C C IR  publications on
an ten n a  diagram s, should also con tain  bo th  sufficient technical background  and  com plem entary in form ation  to  
guide in  the selection o f the an tenna  app rop ria te  to  the desired service together w ith other possible data  relevant 
to  its p ractical operation ;

3. th a t a suitable set o f an tenna  patterns covering as far as possible the range o f the types o f  an tennas used
by adm inistra tions should appear in this R ecom m endations;

4. th a t suitable com puter program s for calculating an tenna rad ia tion  patterns should com plem ent this
R ecom m endation and  be m ade available by the C C IR  Secretariat who will also be responsible for the softw are 
m ain tenance;

5. tha t the participan ts in the w ork o f  the C C IR  should be invited to  cooperate to  m ain ta in  an d  update  this
new R ecom m endation subm itting relevant contribu tiqns to  the C C IR .
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O P IN IO N  15-3 

BR O A D C A STIN G  IN T H E  26 M H z BAND

(1953-1966-1970-1974)

The C C IR ,

C O N S ID E R IN G

(a) th a t it is im portan t th a t long-distance b roadcasting  should use all frequency bands available to  it;

(b) that when the sm oothed relative sunspot num ber reaches 70, long-distance b roadcast transm issions can be
carried out efficiently during  daylight hours, over m any routes, a t frequencies w ith in  the 26 M H z broadcasting  
band ;

(c) th a t these frequencies are seldom  used;

(d) th a t such transm issions on these frequencies, w henever they are possible, are particu larly  advantageous,
because o f  the very low atm ospheric-noise intensity and  the low absorp tion ,

IS U N A N IM O U S L Y  O F T H E  O P IN IO N

1. tha t adm inistra tions should  bring to  the notice o f b roadcasting  organizations the advantages o f  the
26 M H z band  for long-distance terrestrial broadcasting  when ionospheric cond itions are favourab le ; ,

2. tha t receiver m anufacturers be inform ed o f  these possibilities and  encouraged  to  extend the tun ing  range o f 
their p roducts to perm it reception in the 26 M H z band .
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OPINION 51

STUDY O F  D IG ITA L T E C H N IQ U E S  BY C C IR  STUDY G R O U PS
AND T H E  C M TT

(1974)

The C C IR ,

C O N S ID E R IN G

(a) th a t the study o f digital techniques will be an  im portan t part o f  the fu ture w ork o f C C IR  Study G roups 4,
9, 10, 11 and  the CM TT;

(b) th a t CC ITT  Study G roup  X V III has been assigned all questions relating to  pulse-code m odulation  under
study by C C ITT;

(c) th a t C C IT T  Study G roup  X V III will establish perform ance requirem ents for transm ission systems and, for
this w ork, will need to  know  the likely digit rates for the various services to  be carried by digital netw orks and 
perform ance capabilities o f various transm ission m edia, including terrestrial rad io  and  satellite systems,

IS U N A N IM O U S L Y  O F  T H E  O P IN IO N  ,

1. tha t the w ork o f C C IR  Study G roups 4 ,and 9 on digital transm ission systems should be closely
coord ina ted  with the w ork o f C C IT T  Study G roup  X V III. The D irector, C C IR , should transm it the relevant 
docum ents o f Study G roups 4 and  9 directly to C C IT T  Study G roup  X V III;

2. th a t Study G roups 10 and  11 should study the m ethods o f digital encoding and  erro r p rotection
ap p ro p ria te  to the broadcasting , recording and  studio processing o f  sound  program m e and television signals 
respectively, and to  study m ethods for the reduction o f  redundancy  in  these signals;

3. th a t the C M TT should study the m ethods o f  digital encoding, transcoding  and  error pro tection  app rop ria te
to  the long distance transm ission o f  sound  program m e and  television signals. The C M TT should also provide the
necessary coord ination  to  ensure th a t the w ork o f  Study G roups 10, 11 and  the C M TT is transm itted  to  C C IT T  
Study G ro u p  X V III in a unified  m anner th rough  the D irector, C C IR ; '

4. th a t the results o f  the w ork o f  C C IT T  Study G roup  X V III should be transm itted  to  the C C IR  Study 
G roups concerned th rough the D irector, C C IR .

* The Director, CCIR, is requested to bring this Opinion to the attention of the IEC and the CCITT.
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SIM U LA TED  P R O G R A M M E  SIG N A LS

. (1978)

The C C IR , -

C O N S ID E R IN G

(a) tha t sim ulated program m e signals in the form  o f  coloured noise, serving d ifferent purposes, are included
in  R ecom m endations 559 and  571, and  are under consideration  by the IE C ;

(b) that the num ber o f these signals should be kept to  a m inim um ,

IS U N A N IM O U S L Y  O F T H E  O P IN IO N ,

1. th a t the w ork o f C C IR , Study G roup  10 on  sim ulated program m e signals should  be closely co-ord inated
with the w ork o f C M TT and  SC 29 B o f the IEC. The D irector, C C IR , should  transm it the relevant docum ents o f  
Study G roup  10 directly to  the IE C , and  the C hairm an , Study G roup  10 should  do likewise to  the C hairm an , 
C M TT;

2. that the IEC  should be invited to  transm it any further results o f its w ork to  C C IR  Study G ro u p  10
through the D irector, C C IR .

OPINION 59*

* See Report 798.
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O P I N I O N  74-1 *

SYSTEM S FO R SIG N A L INTERFA CE C O N N E C T IO N  BETW EEN  SO U N D -B R O A D C A STIN G  
R EC EIV ERS AND A SSO C IA TED  E Q U IP M E N T

(1982-1990)

The C C IR ,

C O N S ID E R IN G  '

(a) the im portance o f facilitating the enhancem ent and  greater efficienty o f b roadcast systems;

(b) th a t the in troduction  o f  such im provem ents has heretofore often beein delayed by the need to  wait until
equ ipm ent in the hands o f  the pub lic  has becom e obsolete;

(c) th a t such delays could be shortened if app rop ria te  m eans were provided  for the connection  o f associated
equipm ent;

(d) the C C IR  studies decided in Study Program m e 4 6 G /10 and  4 6 H /10,

IS U N A N IM O U S L Y  O F  T H E  O P IN IO N

th a t the IEC  should be invited to  study and  set standards for signal interface connection between sound 
b roadcasting  receivers, audio recorders and  players, decoders for sound b roadcasting  supplem entary  services, and  
o ther associated equipm ent in tended for use by the public, tak ing  in to  ap p rop ria te  account the studies tha t will be 
carried  ou t by the C C IR  on this subject. . ,

* T he D irector, C C IR , is requested to  bring, this O p in ion  to  the attention  o f  the C C IT T  and the IEC . T h is O p in ion  has a lso  
b een  brought to the attention o f  Study G roup  11.
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