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Chapter 1 

Scope of the Guidelines 

Since the R D S Specif icat ion doc. T e c h 3244 ( M a r c h 1984) was issued, the R a d i o D a t a System has 
been introduced in the large major i ty o f West E u r o p e a n countries. I n the first stage o f this implementat ion 
only the static features support ing the automated tuning process, essentially for car radios, were used. 
T h e only dynamic feature that m a n y broadcasters used in the in i t ia l in t roduct ion phase was the traff ic 
announcement feature T A . I n m a n y countries studies are being made on how the dynamic features can 
be ut i l ized. The i r in t roduct ion is more di f f icul t , because, as such informat ion is generally programme-relat
ed, data l inks wi l l be required f rom the broadcast studio to the transmitter sites at which R D S encoders 
have been instal led. I n some countries ( G e r m a n y , F . R . ) the cost for such data l inks is st i l l rather prohibit ive 
so that the dynamic features w i l l not be implemented rapidly, in other countries (Uni ted K i n g d o m and 
Sweden) the dis t r ibut ion of the dynamic R D S features is already technical ly feasible (and is already 
implemented for test purposes), and the problem o f using them in the daily programmes is rather a matter 
o f organizing this on the operat ional side wi th in the broadcast studios, w h i c h is not an easy matter either. 

W h e n the R D S Specif icat ion was finalized in the E B U , work on R D S has of course continued, 
and much of it was car r ied out wi th the v iew to exchange experience on how R D S wou ld be implemented 
in the var ious countries and what par t icular problems had to be solved in this context . Often this required 
extensive coordinat ion wi th the R D S receiver and encoder manufactur ing indust ry which resulted in a 
number o f conventions often published by way o f the R D S Newsletter of the E B U , and also in a pre-print 
o f Chapter 4 of this publ icat ion, a l ready in J an u a r y 1988. 

T h e present document is the result of extensive work carr ied out in the f ramework of E B U Specialist 
G r o u p R / R D S . T h e members o f this G r o u p were pract ical ly involved in a l l further enhancements and 
conventions agreed in the context o f R D S . T h i s document therefore reflects considerable experience 
gathered wi th in E u r o p e in the context o f implementing the Rad io D a t a Sys tem since 1984. 

M a n y meetings were held to formulate these " G u i d e l i n e s " and the text published now has been 
d r a w n up to include all the recent developments so far k n o w n in the E B U . Broadcasters and industry 
should therefore careful ly consult relevant parts of these " G u i d e l i n e s " to ensure that they operate in 
ful l conformity wi th al l the conventions agreed here. 

T h e document is structured in four Chapters . Chapter 2 w i l l main ly be of interest to broadcasters 
and encoder manufacturers ; it explains a number o f operational requirements relating to the installation 
of R D S at the t ransmit ter sites. Chapter 3 gives on the contrary a lot of background informat ion on 
the rel iabil i ty of R D S data reception, the performance o f the error correct ion and detection mechanism, 
its l imits and advice for the receiver manufacturer to exploit the capabili t ies in an op t imum way within 
the receiver. Ex tens ive field trials made essentially in G e r m a n y , F . R . , the Uni ted K i n g d o m and also Sweden 
provide further background about the good performance o f R D S wi th in the exist ing broadcasting coverage 
areas and also about the influence of var ious data injection levels required to achieve compatibi l i ty with 
already existing aux i l i a ry signals, such as A R I . 

3 



C h 3260 
EBU - Guidelines for the implementation of the RDS system 

Chapter 4, giving " G u i d e l i n e s " on how to implement the various features, is perhaps the most 
impor tant part o f this publ icat ion. T h e text ini t ia l ly published as a pre-print has been considerably 
extended. The most important changes relate to more intelligent use of the P I code and A F Method B 
in the case where broadcasters split networks during daily broadcasts, especially to include regional 
p rogramming . Anothe r extension o f the text relates to the Enhanced Other Networks informat ion feature 
w h i c h w i l l be very important for new generations of car radios. A receiver model is developed in this 
text offering the designer a clear concept for future development and testing in those countries that w i l l 
implement the new E O N feature first, i .e. the Un i t ed K i n g d o m and Sweden. T h e broadcaster w i l l also 
f ind important advice in Chapter 4 on how best to implement one or both o f the two A F methods, A 
and B , and examples are given o f how the coding should be implemented, and how the A F lists should 
be structured. F o r the receiver manufacturer such informat ion w i l l be beneficial as well since it provides 
clearer knowledge on the acquisi t ion time required for alternative frequencies used for the automated 
tuning process. F i n a l l y , Chapter 4 also contains important in format ion on the l imited data t ransmission 
capaci ty offered by the R D S system. T h e problem is presented in such a way that it can easily be seen 
w h y it is impossible to implement a l l R D S features simultaneously in the same R D S channel and on the 
same programme. I t becomes obvious that new, not yet defined, features wi l l require a careful assessment 
o f their loading o f the R D S channel before agreement can be reached on specifying their t ransmission 
protocol . 

A s far as the R D S Specification doc. T e c h 3244 of M a r c h 1984 is concerned, it is important to 
realise that four Supplements have so far been issued by the E B U , forming an integral part of the 
Specif icat ion. These are : 

Supplement 1 ( M a r c h 1987) : Protocols for the transmission of Al ternat ive Frequencies 

Supplement 2 ( J u l y 1988) : Rad io Paging 
Supplement 3 ( J u l y 1988) : Revis ion o f Appendix 6 - Programme T y p e Codes 
Supplement 4 ( A p r i l 1989) : Enhanced Other Networks informat ion 

I n the years 1988 and 89 the E B U experts were also involved in the European standardizat ion 
organizat ion C E N E L E C in transcribing the R D S Specif icat ion of the E B U to a Eu ropean Standard 
( E N 50 067, J anua ry 1990). It is expected that the final version o f this standard w i l l be issued in summer 
1990. I t incorporates the four Supplements mentioned above and a large number o f the conventions 
explained also in this document. Once C E N E L E C has adopted the R D S Standard in f inal fo rm, the E B U 
w i l l o f course re-print it as a complete up-date and revision o f the original R D S Specif icat ion which 
therefore in the fol lowing chapters wi l l be a lways referred to as E B U doc. T e c h 3 2 4 4 / C E N E L E C 
E N 50 067. 
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Chapter 2 

Guidelines for the broadcaster 

2.1 M o d u l a t i o n c h a r a c t e r i s t i c s 

I n order to assure the proper performance o f the R D S system, some addit ional information related 
to the modula t ion characteristics of the R D S signal may be found helpful . 

2 .1 .1 P h a s e re la t i on b e t w e e n t h e RDS subca r r i e r and t h e t h i r d h a r m o n i c of the p i l o t - t o n e 

A c c o r d i n g to the Specif icat ion, the phase relat ionship between the broadcast pilot-tone and the 
R D S subcarr ier must be f ixed at either : 

a) 0 ° ± 10° , 

or b ) 9 0 ° ± 10°. 

I n cases where the A R I system is transmitted f rom the same transmitter as R D S , the quadrature 
phase relat ionship (b) must be used for the R D S subcarr ier i n order to minimize interference between 
the A R I and R D S signals. I n other cases the choice is left to ind iv idua l broadcasters. 

T h e correct phase relationship between the pilot-tone and the R D S subcarrier for the in-phase case 
(a ) can easily be checked by using an oscilloscope to v iew the combined pilot-tone and R D S subcarrier 
modula ted at ± 2 k H z deviat ion. T h e phase-error is min imized i f a symmetr ica l figure is achieved on 
the oscilloscope wi th the time-base synchronized wi th the pilot-tone. E x a m p l e s of the correct phase 
relat ionship are given in Fig. 2.1a and b for the in-phase case (a) and the quadrature case (b) , respectively; 
the corresponding display wi th a phase-error o f approximate ly 10° is shown in Fig. 2.2a and b. I f the 
subcarr ier phase is correctly adjusted for the in-phase case, then it may be possible to select the quadrature 
phase relat ion s imply by moving an internal l ink in the R D S encoder, without further adjustment. 

A c c o r d i n g to the R D S Specification (doc. T e c h . 3 2 4 4 / C E N E L E C E N 50 067) the phase relation 
between the A R I and the R D S subcarriers may have a m a x i m u m error of ± 10° . I n order to minimize 
possible mutual interference, however, this error should be kept as small as possible. 

2.1.2 D e v i a t i o n of the FM car r ie r due to RDS 

T h e preferred nominal deviation of the F M carr ier by the R D S signal, as stated in the Specificat ion, 
is : 

± 2.0 k H z . 

5 
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I f , however , R D S is used simultaneously wi th the A R I traff ic broadcast identification system, then 
the recommended nomina l deviat ion of the ma in carrier is : 

± 1.2 k H z due to the R D S signal, 

± 3.5 k H z due to the unmodulated A R I subcarrier. 

I n this case the tolerance for the R D S deviation is ± 200 H z . 

I n those countries w h i c h use the A R I system, the deviat ion due to R D S signals should be restricted 
to ± 1 . 2 k H z even for those transmitters which do not broadcast A R I signals. T h i s is to avoid false 
ac t iva t ion o f A R I decoders. A s discussed in some greater detail in Chapter 3, this has, of course, an 
impact on the rel iabi l i ty o f data reception. 

T o measure the deviat ion o f the R D S signal , it should preferably be set to 'all-zeroes' data which 
leads to the m a x i m u m devia t ion . I n the absence of a special measurement device the deviation may most 
easi ly be determined by compar i son wi th the voltage levels o f a signal which leads to a known deviation. 
T h i s may most convenient ly be done using an oscilloscope. 
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a : In phase b: In quadrature 

Fig. 2.1: Wave fo rm obta ined at mult iplex output with only 19 kHz and 57 kHz present. 

a : In phase b: In quadrature 

Fig. 2.2: Wave fo rm obta ined at mult iplex output with oniy 19 kHz and 57 kHz present, 
but with a phase-error of approx imate ly 10° 
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2.1.3 S p e c t r u m s h a p i n g a n d t i m e - f u n c t i o n (of b a s e b a n d ) 

T h e spectrum and the t ime-funct ion of a transmitted single biphase s y m b o l is shown in F i g s . 4a 
and 4b o f the Speci f ica t ion . F o r m u l a s for the spectrum and t ime function have been derived f rom the 
Speci f ica t ion and are presented below : 

Spectrum of biphase coded radio-data signals 

T h e baseband equivalent spectrum is given by 

i r f t d 7rft d 

U ( f ) = 2s in ( - ) • cos ( - ) - 2 / t d ^ f ^ 2 / t d 

2 4 

= 0 otherwise, 

where l / t d = 1187.5 H z 

Time-function of a biphase symbol 

3 1 1 
U ( t ) = ± COS (47TX) ( - ) - o o < t < CO 

4 1 / X - 6 4 X 9 / X - 6 4 X 

where X = t / t d = t • 1187.5 

and t is t ime expressed i n seconds. 

T h e spectrum o f the modulated transmit ted R D S signal should have a tolerance less than ± 1 d B 
(wi th in the band ± 2.4 k H z centred on 57 k H z ) . 

T h e asymmetries between upper and lower sidebands should be less t han ± 0.5 d B . 

A plot ted tolerance mask for the spectrum o f the modula ted subcarrier relat ing to the baseband 
spectrum o f F i g . 2 .4a o f the Speci f ica t ion is given in Fig. 2.3a and b below. 
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a : Relative ampl i tude, l inear b: Relative ampl i tude , dB 

Fig. 2.3: The RDS ampl i tude spec t rum, showing ± 1 dB to lerance mask . 
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Fig. 2.4: M in imum suppression of the subcarr ier relative to nominal output level. 
The modulat ion is an " a l l - z e r o e s " data s t ream. 

T h e 57 k H z subcarr ier should be suppressed by more than 40 d B wi th respect to the nominal output 
level corresponding to ± 2 k H z deviat ion, see Fig. 2.4. 

A c c u r a t e spectrum-shaping can easily be achieved in R D S encoders by using digital techniques to 
generate the shaped biphase symbols directly. 

2.1 .4 P e r m i s s i b l e l eve ls of s p u r i o u s s i d e b a n d s at the o u t p u t of the RDS e n c o d e r 

I n most instal lat ions the aux i l i a ry input terminal v i a which R D S signals are added to the composite 
mul t ip lex s ignal is wideband. There fore any spurious sidebands or noise present at the output o f the R D S 
encoder w i l l degrade the qual i ty o f the broadcast sound-programme signal . Acco rd ing ly , it is recommended 
that the levels o f these unwanted emissions should comply wi th the fo l lowing specification : 

— I n the region below 53 k H z : 

less than - 96 d B relative to a signal deviating the transmitter ± 75 k H z . 

— I n the region above 53 k H z : 

less than - 86 d B relative to a signal deviating the transmitter ± 75 k H z . 

I t should also be recognized that distortions in the stereo encoder a n d / o r transmitter equipment 
may also lead to unwanted crosstalk between the R D S data-signal and the m a i n sound-programme signal 
(see Sec t ion 2 .4 ) . 
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2.2 I n t e r f a c e r e q u i r e m e n t s 

T h e basic conf igura t ion o f the R D S source equipment at the transmitter is given in Fig. 2.5, and 
a more detailed conf igura t ion of the R D S encoder is shown in Fig. 2.6. W h e n R D S encoders are 
introduced into exist ing transmitter systems the interfacing constraints w i l l be imposed mainly by the 
existing equipment. 

2.2.1 S y n c h r o n i z a t i o n o f t h e 57 kHz s u b c a r r i e r 

a) Some stereo encoders do not have an output o f their 19 k H z pilot-tone; in such instances the composite 
mult iplex signal must be used as the phase-reference. T h i s w i l l require the R D S encoder to be able 
to extract the necessary phase informat ion from such a composite s ignal , using, for example, a standard 
commerc ia l stereo decoder integrated circui t . 

b) I n the interests o f economy, in some installations only one R D S encoder may be used to supply both 
the ma in and reserve transmitter equipments. I n this case it w i l l be found more convenient to derive 
the necessary pilot-tone reference signal f rom the latter stages of the transmitter so that the R D S 
encoder is a lways referenced to whichever stereo encoder is on the a i r . 

c) A simple way o f selecting the in-phase or quadrature-phase lock ing (19 /57 k H z ) should be provided. 

d) F o r monophonic t ransmissions , the R D S encoder w i l l have to generate the 57 k H z subcarrier . 

S t u d i o 
A 

S t u d i o 
B 

S t u d i o 
C 

Serial 
data-link 

RDS 
Encoder 1 

RDS 

Monitor 

Stereo 
Coder 1 

MPX 

19kHz or MPX 

RDS 
Encoder 2 

RDS 

Monitor 

Stereo 
Coder 2 

MPX 

TRANSMITTER SITE 2 

FM 
Dr ive 1 

FM 
Dr ive 2 

RF 1 

RF2 

TRANSMITTER SITE 3 

N o t e : For a single RF service there may be main and reserve transmitter equipment, see Section 2 .2 .1 (b) 

Fig. 2.5: Typical RDS installation and data-l ink showing interface requ i rements . 
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Clock 
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Fig. 2.6: RDS encoder block d iagram. 

2.2 .2 E n c o d e r o u t p u t 

a) T h e R D S signal input to the transmitter may be either an aux i l i a ry input to the stereo encoder or 
an aux i l i a ry input to the F M drive itself. I n either case, however, note should be taken that i f this 
aux i l i a ry input is wideband, noise or other disturbances added v i a this input w i l l degrade the quality 
o f the ma in sound programme s ignal . T o avoid this it is preferable to use a rather insensitive auxi l iary 
input , and careful ly screen the interconnections with the R D S encoder. 

b) T h e R D S signal level should be adjustable between 0 and 1 V o l t . 

c) F o r moni tor ing purposes, the R D S encoder should preferably supply more than one output. 

2.2.3 Data i n p u t . 

a) I n many broadcasting organizations it wi l l not be possible to provide a two-way data- l ink between 
the studio centre and the R D S encoder at the transmitter. The R D S encoder should therefore be capable 
o f accepting up-date in format ion without the need for a return path to the studio centre. 

b) T o economize on the provis ion o f data-l inks, it may be necessary to up-date several encoders fed in 
paral lel v i a a single data- l ink, even though the data for the separate encoders m a y originate from 
different areas wi th in the studio centre. Th i s implies that the encoders must be addressable (see also 
Section 2 .5) . 

c) Since the data-l ink provided for the R D S information may be par t icular to the broadcast ing network 
concerned, it is expected that special-purpose equipment m a y be needed to interface wi th these 
da ta- l inks . H o w e v e r , this would be made easier i f a standard protocol and connector were adopted 
(e.g. C C I T T Speci f ica t ion V . 2 4 and R S 232) for the data input to the encoder. 
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d) In some installations the R D S encoder w i l l need to accept data f rom more than one source, for example, 
when broadcasts do not necessarily originate from one studio centre and also when radio paging is 
implemented. T o assist with such cases the R D S encoder should preferably have several addressable 
data inputs, each w i t h an associated control and pr ior i ty system. E x a m p l e s for achieving this are given 
in Appendices 1 and 2 o f Chapter 2. 

e) C lock- t ime and date, i f broadcast, should be accurate and provis ion should therefore be made to 
synchronize the in ternal R D S clock-t ime generator with an external s tandard. 

0 I n addi t ion to the normal ly connected data paths, an addi t ional data input should be provided for 
local pre-setting and data maintenance v i a a standard data terminal or a micro-computer . T o make 
this procedure user-fr iendly, the corresponding software has to be provided for setting the order o f 
group types and the repetition rates o f var ious features, creating A F lists according to Method A or 
B , etc. 

2.2.4 C o n t r o l i n t e r f a c e 

a) T o enable the encoder to be connected to the telemetry systems used for control purposes in transmitter 
instal lat ions, a suitable connector is required. T h i s may be used to provide an a la rm output when 
incorrect functioning o f the R D S encoder is detected. 

2.3 P h y s i c a l c o n s i d e r a t i o n s 

Atten t ion is d r a w n to the fact that R D S encoders wi l l often be installed at unattended transmitter 
sites. T h i s implies the fo l lowing cons t ra in ts : 

a) T h e encoder should never need manual resetting after an interruption to the electricity supply. T h u s 
al l essential data must be stored in R O M , or in non-volati le (or battery-backed) R A M . Fur thermore , 
the use of a separate ' ' w a t c h - d o g " circui t to moni tor and i f necessary reset the microprocessors is 
recommended. 

b) Ca re fu l attention should be paid to the need to operate wi th non-standard supply voltage waveforms 
or transients result ing in part icular f rom the use o f standby-generator equipment. 

c) Considera t ion should be given to the need to mount the R D S encoder in existing equipment bays; 
in part icular this m a y require that the R D S equipment does not impede the flow of cooling air . 

d) Possibi l i t ies for amending encoder software for expansion and maintenance should be provided. 

e) G i v e n the fact that broadcasters may not make use o f certain options, R D S encoders should be designed 
in modular f o rm so that the suitable options m a y be chosen as required. T h i s would concern in 
par t icular an A R I module and options for paging, clock time and date functions and also in-house 
applications. 

f) Encoders should preferably contain test programs for self-diagnosis (signature analysis , etc.) . 

2.4 T r a n s m i t t e r s p e c i f i c a t i o n s fo r RDS 

T h e pr incipal addi t ional parameters wh ich need to be checked when assessing or specifying the 
performance of ma in s tat ion transmitters, rebroadcast transmitters or transposers from which it is intended 
to broadcast R D S signals are : 

— Ampl i tude / f requency response in the region 54 k H z to 60 k H z . 

— G r o u p delay/f requency response in this region. 

— Non-l inear distort ion ( intermodulat ion and spurious signals) . 

11 
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T h e first two items w i l l affect the performance o f R D S data decoders, whils t the th i rd i tem may 
affect bo th the qual i ty o f the ma in sound-programme signal reproduced by a l l receivers, and rel iabi l i ty 
o f reception o f the da ta signal . 

Regard ing ampli tude/f requency response, reference should be made to the R D S spectrum tolerance 
mask given i n Sect ion 2 . 1 . Pa r t i cu la r attention should be paid to the cumulat ive effects along long chains 
o f t ransposers , especially regarding R D S injection-level and ampli tude/frequency slope across the 
bandwid th o f the R D S signal . 

S i m i l a r l y , group delay/frequency aberrations may be cumulat ive along chains o f transposers. I n 
this case, however , the diff icul ty o f measuring the relevant group delay/frequency response must be 
recognized, and this parameter is perhaps better assessed in terms of its effect on the eye-pattern (see 
be low) . 

Non- l inear distort ions may produce two effects : 

a) D i s to r t i on products (most notably in the region o f 2.4 k H z resulting f rom the difference frequency 
between the upper and lower sidebands of the R D S signal) may cause disturbance to the reception 
o f the m a i n sound-programme signal ( i . e . intermodulat ion f rom R D S to the sound-programme signal) . 

b) D i s to r t i on products wh ich fal l w i th in the R D S data channel ( i .e . harmonics of, or in termodulat ion 
products f rom, the sound-programme signal) which reduce the rel iabil i ty o f reception o f the R D S signal . 
T h i s m a y occur because o f band-l imit ing o f the F M signal (e.g. in receivers or transposers) or because 
o f phase distort ion or mul t ipa th . 

I t is recognized that existing transmitter installations may have to be accepted in these respects. 
H o w e v e r , it may be found helpful to refer to Table 2.1 which gives figures relevant to these parameters 
measured on a transmitter network w h i c h has already successfully implemented R D S . 

Tab le 2.1 

E x a m p l e s p e c i f i c a t i o n f o r a t r a n s m i t t e r n e t w o r k w i t h RDS 

Main transmit ter 
stat ion 

Rebroadcast 
receiver Transposer 

Ampl i tude / f requency response 
(53 kHz to 60 kHz) relative to 
level at 500 Hz ± 0.5 dB ± 0.5 dB (1) ± 0.5 dB (1) 

In termodula t ion products (in the 
band 15 to 75 kHz relative to 
± 75 kHz deviat ion) 

2nd order products 
3rd order products 

- 50 d b 
- 46 d b 

- 46 dB (2) 
- 42 dB (2) 

- 60 dB 
- 44 dB 

Spur ious modulat ion expressed 
as signal- to-noise ratio after dem
odu la t ion and decod ing relative 
to ± 75 kHz deviat ion measur
ed in audio bandwidth (4) 

Mono 
u n w e i g h t e d : - 65 dB 
we igh ted : - 71 dB 
Sfereo 
u n w e i g h t e d : - 5 9 dB 
weighted : - 65 dB 

- 65 dB (3) 
- 71 dB (3) 

- 65 dB (3) 
- 65 d B (3) 

- 65 dB 
- 65 dB 

- 65 dB 
- 65 dB 

Notes : 

(1) The cumula t ive effect of to lerances on all channels in the chain should be such that the 
spec t rum of the broadcast RDS signal should still fit the mask given in Sect ion 2 . 1 . 

(2) 15 to 53 kHz, above 53 kHz this is not yet speci f ied. 

(3) For avai lable RF input power of 23 dB(pW) for mono, 43 dB(pW) for stereo. 

(4) Quas i -peak values measured accord ing to CCIR Recommendat ion 468. 
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A s w i t h the broadcasting of teletext in a television channel , the overa l l qual i ty o f the broadcast 
R D S data s ignal may be readily assessed by inspection and /o r measurement o f its eye-pattern, as recovered 
by a profess ional receiver/demodulator . A t present no specialized measuring equipment exists for this 
purpose. 

A n al ternat ive simple approach to the overall assessment o f the qual i ty of the broadcast R D S signal 
involves insert ing a var iable attenuator into the aerial input feed o f a professional R D S receiver/decoder. 
T h e a t tenuat ion is then increased unti l an error-rate threshold (e.g. 1 in 10 3 ) is reached. T h e equivalent 
aer ia l input s ignal strength may then be measured and /or ca lcula ted. T h i s may then be compared wi th 
that expected f rom theory for an ideal receiver/decoder (see Chapter 3). 

2.5 N e t w o r k a s p e c t s 

T h e dis t r ibut ion o f R D S source-data f rom studio centres to t ransmit ters requires that the following 
aspects be considered : 

a) T h e compi la t ion o f messages wi th in the studio centre. 

b) T h e p rov i s ion o f data-circuits to the transmitters. 

c) T h e accommoda t ion o f local or regional splitting f rom nat ional programme ne tworks . 

d) T h e response-time involved between originating an R D S message at the studio-centre and its broadcast. 

De ta i l ed considerat ion o f the compilat ion of messages w i th in the studio-centre lies outside the scope 
of this document but, in general, it w i l l comprise two m a i n steps : 

— I n f o r m a t i o n acquis i t ion (e.g. from buttons in studio cont ro l rooms) and representation of this 
i n fo rma t ion in a suitable format . 

— Mul t ip l ex ing and formatt ing prior to transmission on the data-circui t . 

T h e p rov is ion o f data-circuits is often a major cost considerat ion, par t i cu la r ly i f special circuits 
have to be leased for R D S . I n such cases, messages for several co-sited transmitters may have to be 
mul t ip lexed onto one data-circuit . T o facilitate their demul t ip lexing at the transmitter , R D S encoders 
should be made addressable so that each can recognise its o w n messages on a c o m m o n data-circuit without 
the need for separate demult iplexing equipment. A n address-field o f at least 8 bits is recommended for 
this purpose. 

A var ie ty of data-circuits may be used including C C I T T V . 2 4 circui ts (w i th 2-wire or 4-wire 
modems) , X . 2 5 packet-switched networks, digital dis tr ibution c i rcui ts , audio subcarr ier systems (e.g. 
A u d i o d a t * ) , radio- l inks and off-air rebroadcast feeds. It should be noted, however , that in many 
broadcast ing ne tworks it is difficult to provide a reverse data-circuit ( i . e . f rom the transmitter back to 
the studio-centre) . . • 

A t t en t ion also has to be given to the need to provide reserve feeds o f R D S data; in part icular 
it is impor tant to be aware that when the sound-programme signal provided by a reserve feed is different 
f rom that provided by the main feed (e.g. because it is a rebroadcast o f a t ransmiss ion from another 
area) , the R D S in format ion may be incorrect. In such c i rcumstances , it c a n often be useful to revert 
to basic default R D S data stored locally in the R D S encoder. 

One o f the more difficult aspects of networking R D S signals is l ike ly to be concerned with the 
response-times involved in broadcasting real-time switching funct ions, e.g. the T r a f f i c Announcement ( T A ) 
f lag. T h i s becomes par t icular ly difficult when cross-referencing networks v i a the Enhanced Other Networks 
( E O N ) feature, especially where national networks cross-reference local stat ions. I n these cases, provision 

* Gunter Lóber , Jùrgen Hempel, " Datenùbertragung im Stereo-Multiplex-Kanal mit A u d i o d a t - G e r à t e n " , Neues von Rohde & Schwarz, 79, 
Herbst 1977. 
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has to be made to compile messages f rom sources which may be outside the m a i n studio-centre, and 
appropriate delays in the broadcast o f such messages f rom the parent transmitter ne twork (and any related 
messages v i a the ma in programme signal) may be needed to take account o f this . 

One possible solut ion to help min imize the response t ime due to l imited capacity on data-circuits 
is to preload the R D S encoders w i th new informat ion messages wel l i n advance o f their scheduled broadcast 
and then initiate the broadcast o f this new informat ion wi th a simple start pulse. T h e relatively low cost 
o f storage makes it feasible to store several " p a g e s " o f messages i n every encoder and to load these 
pages in non-real-t ime, thus mak ing good use o f expensive data-circuits by evening-out the peak demand 
on their capaci ty. 

14 



EBU - Guidelines for the implementation of the RDS system 

t e c h 3260 

Appendix 1 to Chapter 2 

Up-dating of RDS encoders by ARD* broadcasters 

1. Introduction 

T h e A R D T e c h n i c a l Standard Requirements 5 /3 .8 , " E n c o d e r for R a d i o D a t a System ( R D S ) " [1] , 
describes an R D S encoder which is used to generate an R D S signal according to the R D S Specif icat ion 
E B U doc. T e c h 3 2 4 4 / C E N E L E C E N 50 067. A s an option, the R D S encoder incorporates an encoder 
to generate the A R I s ignal . 

T h e R D S encoder has memories for at least eight different da ta sets, also one " o n - a i r " memory 
set, and one default data memory set. The informat ion stored in these data sets is intended for use in 
conjunct ion wi th different network configurations and /o r different programmes. A sequence control 
ensures that the da ta contained in the " o n - a i r " memory set is t ransmit ted in the intended sequence in 
accordance wi th the R D S specification. 

Several different methods are implemented to communicate w i th the R D S encoder and to handle 
the R D S data to be t ransmit ted. 

2. Terminal interface 

A serial interface as described in D I N 66020 ( C C I T T V . 2 4 / 2 8 ) is provided at the front panel of 
the encoder. T h e encoder is regarded there as a D a t a C o m m u n i c a t i o n Equ ipmen t ( D C E ) . T h e data 
t ransmission is real ized according to D I N 66022 as an asynchronous ful l duplex communica t ion using 
hardware handshaking wi th R T S / C T S and 7 bit code wi th a data rate o f up to 9600 b i t / s . 

I t is possible to use commercial terminals for local set-up. U s i n g the specified protocol , al l the 
possible R D S in fo rma t ion in the different data sets can be edited, updated and l isted. Fur thermore the 
order of groups to be transmitted can be f ixed. T h e specific data set to be transmitted can also be selected. 

3. Data link interface 

F o r the connect ion o f data l inks or modems, four separate serial interfaces s imi lar to the terminal 
interface, using however an 8 bit code, are provided at the rear of the uni t . 

F o r these data l ink interfaces a different protocol is specified, in order to provide for a compressed 
data input . A checkword ensures reliable communicat ion . 

T h e t ransmission of certain information for which a repetition rate can be specified ( i .e . I H , R T , 
T D C ) is acknowledged at the interface. 

* A R D = Arbeiisgemeinschaft der offemlich-rechdichen Rundfunkanstalten in der Bundesrepublik Demschland. 
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4. Switching inputs and message outputs 

T o provide for a hardware remote control , the R D S encoder is equipped wi th swi tching inputs 
and message outputs for several functions. Us ing the inputs it is possible, for example , to swi tch R D S 
and A R I on and off , to swi tch T A on and off, to control which o f the different data sets shal l be 
t ransmit ted, and to change the least significant bit of D I (mono/s tereo) . Fu r the rmore , it is possible to 
decide w h i c h of two different pilot tone sources should be used. 

5. Priorities and data transfer 

I n pr inciple , the in format ion to be transmitted may be changed f rom different sources. Therefore 
provis ion is to be made in order to assign a pr ior i ty to a given input to change specific in fo rmat ion . 
Once a pr ior i ty is assigned, the specific informat ion can only be changed by using that privileged input . 
I n a s imi la r way it is also possible to exclude the change of specific in fo rma t ion at an input . 

A n R D S decoder as described in Techn ica l Standard Requirements 5 / 3 . 9 , " Opera t iona l and control 
decoder for Rad io D a t a Sys tem ( R D S ) " [2] uses the same data l ink protocol as the encoder. Therefore 
it is possible to connect the R D S encoder directly to a decoder which is connected to a rebroadcast receiver, 
and thus s imultaneously pass on programme-related informat ion and introduce new station-related 
in format ion . 

A program for an I B M P C (or compatible) has been developed in order to provide a tool wh ich 
can easily be used to load and update the R D S encoder wi th the complex and extensive data to be 
t ransmit ted. 

References 

[1] Techn isches Pf l ichtenhef t 5/3.8, " C o d e r fur Radio-Daten-System ( R D S ) " , publ ished by Institut fur Rundfunktechn ik 
G m b H , Mun ich , March 1987. 

[2] Techn iches Pf l ichtenhef t 5/3.9, " Betr iebs- und Uberwachungsdecoder fur Radio-Daten-System ( R D S ) " , publ ished 
by Institut fur Rundfunk techn ik G m b H , Munich, June 1988. 
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Appendix 2 to Chapter 2 

Up-dating of RDS encoders in the BBC's RDS network 

1. Introduct ion 

T h e B B C ' s R D S service as radiated f rom the V H F transmitters o f the ma in programme networks, 
is dynamic . A t present, this includes altering P S , ma in A F s and other network A F s ( E O N ) to reflect 
the changing state o f the ne tworks during op-outs or spli ts . I n future, the dynamic control o f R D S data 
is l ike ly to be extended to other features. 

T h e B B C system consists o f a central R D S computer [1 ] , based at Broadcas t ing House , wh ich 
controls R D S encoding equipment [2] at each major t ransmit t ing site. Re lay sites merely rebroadcast the 
R D S signal o f their parent . C o m m u n i c a t i o n between the computer and the encoders uses spare data 
capaci ty avai lable on the P C M distr ibut ion system which carries the audio signals to the transmitters. 
T h i s A p p e n d i x examines , br ief ly , how this is achieved and summarizes the factors governing the choice 
o f a suitable communica t ion protocol . 

2. The PCM sound-distr ibut ion system 

T h e sound signals for the ma in programme networks are distributed digitally. T h e y are mult iplexed, 
a long wi th other signals, into an 8 M b i t / s bi tstream. T h e basic building block o f the system is the 
N I C A M - 3 coding equipment [3] w h i c h carries a pair of sound channels, wi th an associated data signal, 
i n 676 k b i t / s . T h e capaci ty of the data channel is jus t over 2400 baud and it is used to car ry R D S and 
t ransmit ter control in fo rmat ion pertinent to its associated sound signal . F o r example, one of the 676 kb i t / s 
channels carries R a d i o 4 sound (stereo), R a d i o 4 R D S and R a d i o 4 transmitter control informat ion , to 
a l l the m a i n Rad io 4 transmitters in the U K . 

3. Other sources of RDS information to the transmitters 

A s wel l as the P C M source of R D S described above, there are two other potential sources of R D S 
data at a t ransmitter . T h e first o f these is the Rebroadcast Standby ( R B S ) source. I f the P C M signal 
to a par t icular t ransmit ter fails for any reason then a sound signal received off-air f rom a nearby 
t ransmit ter is used as a reserve. I n this case, at least some of the R D S informat ion also needs to be 
der ived f rom the R B S source. 

T h e other source occurs when a transmitter opts out o f car ry ing the main sound signal. In i t ia l ly , 
for this s i tuat ion, only static R D S data w i l l be broadcast . I n future, however, this informat ion may also 
need to be dynamic . T h e control l ing source wi l l be the source of the opt-out programme, e.g. a local 
s tudio close to, but not at, the t ransmit t ing site. T h e sound feed w i l l usually be by audio land-line wh ich 
has no significant capaci ty to carry any extra data. T h e data wi l l need to be fed to the transmitter by 
an R S 2 3 2 type serial data l ink (telephone or private w i r e ) . 
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4. Choice of communication protocol and data format 

I t is obviously sensible for the R D S encoder to have a common communica t ion protocol for the 
three possible sources o f R D S data ( P C M , R B S and local) and the most appropriate choice is R S 2 3 2 
ser ia l data (unidi rec t ional ) . T h e way in which R D S data is formatted for t ransmission on the serial l inks 
is influenced by a number o f factors : 

a) I n the case o f the P C M network, and possibly the local feed, one data source is control l ing many 
transmitters v i a a shared data l ink . T h e R D S data w i l l i n some cases be different for each transmitter 
and so the l ink must car ry several sets o f data w i t h each set addressed to one, or possibly more, 
encoders. 

b ) One source can feed many destinations and most data changes are l ikely to be happening at the same 
t ime, i .e. at programme junct ions . A " l o g - j a m " o f informat ion is l ike ly to happen. T h i s can be 
mitigated by sending informat ion in advance o f the time at wh ich it is required, storing this informat ion 
in the encoders, and sending data to select the stored informat ion at the appropriate t ime. 

c) T h e l inks are unidirect ional and hence have no means o f signalling back to the source to ask for 
repetition o f errored data . T h e data format must a l low means for detecting errored data and all data 
must be repeated often to ensure that it i s , eventually, received correctly. 

d) I n some situations, it may be desirable to be able to modify the ordering o f the different group types 
f rom the central source e.g. to modify the propor t ion o f R D S groups allocated to the In-house channel . 
T h e communica t ion format must al low for this . 

e) T h e data format must be flexible enough to a l low for the addi t ion o f future facilities not yet specified. 

f) Maintenance and fault-finding is made easier i f the data format can give an intelligible, and reasonably 
easily interpreted, display o n standard R S 2 3 2 equipment, i .e. terminals and /o r printers. 

W i t h these cr i ter ia i n mind , a suitable data format has been devised. A full description can be 
found in a B B C D & E D T e c h n i c a l Memorandum [4 ] . 

Stated brief ly, the format consists of a stream of data records. E a c h record is delineated by a 
start and stop character, and contains an address code (for one or more encoders), some characters for 
error detection, and a command code wi th associated data. T h e commands are instructions to the 
addressed encoders to take some action, e.g. store data for future use, use a previously stored set o f 
data or change to a different m i x of R D S group types. T h e Techn ica l M e m o r a n d u m gives a detailed 
descript ion o f the commands recognized by the B B C R D S encoders. 

References 

[1] BBC D&ED Technical M e m o r a n d u m A1003(86), RDS Originat ion Computer Equipment . 

[2] B B C Engineer ing Design in fo rmat ion : " R D S transmit ter e q u i p m e n t " , C D 4 U 2 1 : EDI 10553(1), June 1988. 

[3] Caine, Engl ish, O 'C la rey : " N I C A M - 3 , near instantaneously companded digital t ransmission system for high-quality 
sound p r o g r a m m e s " , Radio & Electronic Engineer, October 1980, pp. 519-530. 

[4] BBC D&ED Technical M e m o r a n d u m No. A1032(87), RDS Service Update Speci f icat ion, Issue 1, 19.7.88. 
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Chapter 3 

Experience of the performance of the RDS system 
during its development 

3.1 H i s t o r y of l a b o r a t o r y a n d f i e l d - t e s t e v a l u a t i o n 

D u r i n g the ten years o f development o f the R D S system, extensive labora tory and field tests were 
conducted. T h e earl ier tests were pr imar i ly intended to help optimize the choices o f the modulation system 
and base-band coding, whi le the later tests were directed towards determining the performance o f the 
overa l l system pr ior to its introduct ion as a service. 

T h e results quoted here are derived f rom the fol lowing sources : 

1. F i e l d tests i n Swi tze r l and , 1980 

2. L a b o r a t o r y and field tests in S tockho lm, 1981/2 

3. F i e l d tests in G e r m a n y , 1985 [1] 

4. F i e l d tests in the Uni ted K i n g d o m , 1985 [2] 

A l t h o u g h some o f these tests included assessments o f the compat ib i l i ty o f the system, we shall 
consider here only tests o f reception reliabil i ty (ruggedness). T h e earlier tests are included not only to 
provide a his tor ical perspective but also because they illustrate some impor tant properties of the system 
w h i c h are not documented elsewhere and which may be of use in its future development. 

3.2 R e s u l t s o f m e a s u r e m e n t s o f r e c e p t i o n r e l i a b i l i t y 

T h e performance o f the R D S demodulator/decoder i s , o f course, c ruc ia l i n determining the 
re l iabi l i ty o f reception o f the system. T h e demodulator/decoder used in most o f the tests described here 
was developed j o i n t l y by the B B C and Swedish T e l e c o m R a d i o ( S T R ) dur ing 1981/82 (with later 
improvements int roduced by the I R T ( G e r m a n y ) in 1985). T h i s demodulator is described in outline in 
Reference [3] and uses a Costas loop to recover the 57 k H z subcarr ier . It is expected that commercial 
R D S receivers w i l l achieve s imi la r , or even better, performance. 

3.2.1 L a b o r a t o r y t e s t s 

Bit-error rate 

Fig. 3.1 curve (a) shows the bit-error rate of the reference R D S demodulator measured as a function 
of the power applied at the aerial input of the V H F / F M receiver. T h e V H F / F M receiver used in these 
measurements had a noise figure o f 5.5 d B . F o r the purposes o f compar i son , the theoretical bit-error 
rate expected according to the theory given in Appendix 1 to this chapter , is given as curve (b) . It may 
be seen that the measured performance of this experimental R D S decoder is w i t h i n about one decibel 
o f that expected f rom theory. 
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Fig. 3.1: Bit-error rate of the reference RDS demodulator (theoretical and measured results). 

Note that deviat ion due to the R D S signal was ± 2 k H z . F o r other deviations, the results may 
be l inear ly scaled. F o r example, for ± 1 . 2 k H z deviation the R F input power needed to attain a given 
bit-error rate w o u l d be about 4.4 d B greater. 

Cu rves (a) and (b) i n Fig. 3.1 i l lustrate the rapid failure w i th the typical declining signal-to-noise 
ratio characterist ic o f most digital systems. F o r satisfactory operation, the R D S system needs a bit-error 
rate better than about 2 in 10 2 . 

A l s o shown in Fig. 3.1, as curve (c) is the mono peak-signal-to-peak-weighted-noise ratio (measured 
according to C C I R Recommendat ion 468) obtained in the sound programme channel o f the same V H F / F M 
receiver used in the error rate measurements of curve ( a ) . T h i s was measured after 50 [is de-emphasis 
relative to a - I - 8 d B m tone at 440 H z ( i . e . 54 k H z deviation wi th standard B B C line-up levels) . Stereo 
reception wou ld , i n theory at least, need 20 d B more R F power to achieve the same signal-to-noise ratio 
as that shown for mono . 

T h u s it is found that, when the only impairment to reception is random noise due to low 
field-strength, the R D S system operates satisfactorily unti l beyond the point at which stereo reception 
o f the programme signal becomes unusable. A t the field-strength corresponding to the failure point of 
the R D S system, mono reception is noisy but still intelligible and remains so for aerial input levels down 
to about - 10 d B ( p W ) . I n practice, this is not a problem because such low field-strengths usually 
occur only wel l outside the service area o f the transmitter and it is often possible to switch to an alternative 
frequency car ry ing the same service. Fur the rmore , where such low field-strengths prevai l , there are usually 
other impairments to reception, such as mul t ipath , which render the programme signal unusable. 

Block-error rate 

I t is important to remember that because of the use o f differential decoding in the R D S 
demodulator , the errors usually occur in bursts spanning two bits. Single errors occur only when adjacent 
bits i n the received data-stream, before differential decoding, are in error. 
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I n the R D S system, the block-length for the purposes o f error protection is 26 bits. Curves showing 
the probabi l i ty o f correct reception o f P I codes (which are equivalent to one R D S b lock ) , when the only 
impai rment to reception is random noise due to low field-strength and plotted as a function of R F input 
power to the aer ia l input o f the V H F / F M receiver, are given in Fig. 3.2 [ 1 ] . C u r v e s (4) and (3) show 
the results w i t h and wi thout error correct ion respectively for ± 2 k H z deviat ion; curves (2) and (1) show 
the corresponding results for ± 1.2 k H z deviat ion. T h e error correct ion used in obtaining the results 
shown in curves (4) and (2) accorded wi th that recommended in the Specif ica t ion, i .e. bursts of errors 
spanning only up to two bits i n a block were corrected; longer bursts were detected and those blocks 
were rejected. 

C o m p a r i n g curves (3) arid (4) wi th curves (2) and (1) it may be seen that under conditions where 
the received signal is impai red by low field-strength only, the use o f error correct ion yields a m a x i m u m 
improvement equivalent to less than 2 d B i n R F level. However , as wi l l be s h o w n , error correction yields 
a greater improvement w i t h the burst errors characteristic o f mobile reception. 

Received RF power 

Fig. 3.2: Inf luence of the RF level, error correct ion and f requency deviat ion on the broadcast reliability. 

Error rates for RDS messages 

A s was noted above, the probabil i ty of correct reception o f a P I code is s imply the probability 
o f reception o f an R D S block as shown by the curves in Fig. 3.2. T h e same is also true for a l l other 
kinds of messages w h i c h occupy fixed positions wi th in ail R D S G r o u p types and can therefore be decoded 
without reference to any informat ion outside the block which contains them. Inc luded i n this category 
are P I , P T Y and T P . Other messages require correct decoding of the G r o u p type address and perhaps 
other informat ion such as the segment address for P S codes. Inevi tably , the more R D S blocks which 
a message and its related addressing occupy, the lower the probabil i ty of correct reception o f the complete 
message. H o w e v e r , in most applications needing long messages, e.g. R T , it is not necessary to receive 
the whole message correctly before making use o f it; missing or erroneous characters can easily be tolerated 
on displayed messages. 
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Fig. 3.3: Reliability of recept ion of RDS messages. 

C u r v e s showing the probabi l i ty o f correct reception of P I , P S and R T messages when the only 
impa i rmen t to reception is r andom noise due to low field-strength, are given in Fig. 3.3. T h e deviation 
due to the R D S signal was 12 k H z and two-bit burst-error correct ion was applied. 

3.2 .2 M o b i l e f i e l d t e s t s 

I n mobi le reception of R D S , mul t ipa th reception due to reflections f rom hills and /o r ta l l buildings 
is the dominant problem rather than low field-strength. Fig. 3.4 shows pen charts recorded dur ing the 
1980 field tests i n Swi tze r land . Fig. 3.4a shows the recorded field-strength along one section of road about 
12 k m long . T h i s m a y be seen to be un i fo rmly strong. Fig. 3.4b shows the number of errors in a sequence 
o f 1000 bi ts . Note that for much o f the route, between 10 and 100 errors occurred in each sequence 
o f 1000 bi ts . 

Fig. 3.4 : Pen charts of f ield-strength and bit-error rate. 
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T h i s route was characterized by strong multipath due to the mountainous surrounding terra in . I n 
V H F / F M reception, mul t ipa th produces non-linear distortion o f the demodulated F M signal . T h i s 
non-l inear dis tor t ion manifests i tself as harmonics and intermodulat ion distortion products o f and between 
the var ious elements o f the mult iplex signal. F o r example, harmonics o f the relat ively large programme 
signal can easily swamp the R D S signal . Because of this, the instantaneous error rate in mobile reception 
o f R D S is found to be strongly dependent upon the instantaneous programme volume level . T h i s is 
i l lustrated in Fig. 3.5 for the same time and route as was used to obtain the results shown in Fig. 3.4. 
T h e programme mater ia l was male speech. Note that at low programme volume relatively few errors occur . 
T o achieve this result , however, the R D S demodulator must be designed to ignore harmonics o f the 19 k H z 
pilot-tone; this is done in the Costas loop reference demodulator by rejecting components at and close 
to 57 k H z in the subcarr ier recovery and data-detection circui ts . ( T h i s is also a prerequisite for sat isfactory 
compat ib i l i ty w i th signals o f the A R I system.) 

A s Fig. 3.4 indicates, for mobile reception of R D S , the mean bit-error rate (total number of errors 
in the received data divided by the total number of bits t ransmitted) is of little use as a parameter for 
assessing performance. T h i s is because the errors in mobile reception o f R D S tend to occur in dense bursts 
(or even clusters o f bursts) rather than randomly. Therefore , a bit-error rate averaged over periods o f 
several minutes w i l l overestimate the density o f errors during the periods of relatively good reception and 
underestimate the density during the periods of bad reception. 

Statistical analysis 

I n order to analyze the performance of the R D S system under mobile reception condit ions, a 
number o f statist ical analyses have been developed. 

1) P robab i l i t y o f bursts o f var ious lengths in blocks, P v ( l , n ) . 

2) P robab i l i ty of mult iple r andom errors in blocks, P ( m , n ) . 

3) Percentage o f messages received correctly and percentage received wi th unrecognised errors. 

4) Access time to blocks and var ious R D S messages. 
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Fig. 3.5: Corre lat ion of mean bit-error rate with programme vo lume level, f ield tests in Switzer land. 
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T h e first two analyses were main ly of use in the design of the R D S system but are quoted here 
to assist i n understanding o f the design philosophy and to help receiver designers make best use of the 
error protect ion avai lable in R D S . T h e second two analyses were used in full-scale R D S field trials in 
G e r m a n y and the U K to assess the overal l performance of the system. 

Block-error analysis 

T h e probabi l i ty o f bursts o f errors o f various lengths is o f help in determining the error protection 
strategy to be used i n the receiver; the R D S system gives the receiver designer a number o f options in 
this respect. Fig. 3.6 i llustrates the burst lengths o f errors in 26-bit blocks for two vehicle speeds, 90 
k m / h and 10 k m / h . Note that, as would intuitively be expected, the length o f the error bursts is longer 
at low vehicle speeds. T a k i n g the 90 k m / h results from Fig. 3.6, it may be seen that whereas 1 5 % of 

locks conta in one or more errors, only 3 % contain bursts o f errors spanning three or more bits in a 
26-bit b lock . T h u s the use o f two-bit burst-error correction under those conditions wou ld have corrected 
80 °7o o f b locks w i t h errors . 

T h e probabi l i ty o f mult iple r andom errors in a block is o f less direct use than the burst length 
analysis because the error-protecting code in the R D S system cannot correct mult iple random errors. It 
i s , however, included here as Fig. 3.7 for completeness. Note that the results in Fig. 3.7 are presented 
as the cumula t ive probabi l i ty of m or more errors in a block o f 26 bits. T h i s curve was plotted by noting 
the frequency wi th w h i c h m errors occurred in blocks of 26 bits each. F r o m this the probabil i ty distr ibution 
P ( > m , n) o f m or more errors i n a block o f 26 bits may then s imply be estimated a s : 

n 

P ( > m , n) = ]T P ( i , m) 
i = m 

where > m means the number o f m or more errors in n bits. 

T h e p r inc ipa l feature to note in the curve o f Fig. 3.7 is that large numbers o f mult iple errors in 
a block occur relat ively frequently. Note also, however, that single-bit errors also occur more frequently 
+ h a n w o u l d have been expected given differential decoding. It is believed that the explanat ion for this 

i that, under condit ions o f mul t ipath propagation, the R D S demodulator often skips ha l f carr ier cycles 
( i . e . carrier phase-change o f 180°) due to failure to track rapid changes in the phase o f the received R D S 
signal . Impuls ive interference f rom, for example, the vehicle ignit ion system, produces the expected paired 
errors . 

2 0 -

Fig. 3.6: Distr ibution of burst- lengths in 26-bit b locks. 
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Fig. 3.7: Cumula t ive probabi l i ty distr ibut ion of errors in 26-bit b locks, f ield trials in Swi tzer land. 

Overall system performance 

a) Field trials in Germany, 1985 

T o evaluate the reliability of R D S reception over large areas and including a wide variety of reception 
conditions, two independent large-scale field trials were undertaken during 1985, one in the Federal Republic 
of Germany [1] and one in the U K [2]. 

The field trials in Germany included service areas of transmitters broadcasting signals of the A R I 
motorists' information system which is used in that country. In an earlier field tr ial , in which ± 2 k H z deviation 
had been used for the R D S signal, poor compatibility with A R I receivers had been found to occur. T o overcome 
this difficulty it had been found necessary to restrict the deviation due to the R D S signal to ± 1 . 2 kHz , and 
it was therefore of interest to investigate what impact this reduction in deviation would have upon R D S reception 
reliability. 

Fig. 3.8 shows the percentages of correctly received Programme Identification ( P I ) codes and Programme 
Service (PS) name codes for each broadcasting organization taking part in this full-scale field trial . It also 
highlights the influence of error correction* and the frequency deviation used for the R D S signal. The average 
R F level found in the service area of each broadcasting organization is also shown. Note, however, that these 
R F levels indicate only the signal strength at the receiver input in these tests : in mobile reception this depends 
upon the type of aerial used, its location on the vehicle and the type of vehicle. Furthermore, in this case 
the R F levels shown are as measured after passing through an R F transformer, and are about 1.5 dB lower 
than the levels picked up by the antenna. 

* The R D S demodulator decoder used in these tests had adaptive error correction such that if less than 40 % of the transmitted blocks were received 
correctly, the decoder turned off the error correction and applied error detection only. 
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± 1.2 kHz ± 1.2 kHz error correction 

V?, 

* 2 . 0 k H z * No measurement results for ± 2.0 kH i 

Fig. 3.8: Da ta broadcast reliability in the full-scale RDS field trial in Germany . 

T h e results presented in Fig. 3.8 represent measurements taken over routes total l ing a distance of 
some 2300 k m . Ove ra l l the fo l lowing error statistics were measured : 

C R M P I = 8 5 % 

C R M P S = 7 5 % 

U E P I = 2 . 6 % 

U E P S - 0 % 

where 

C R M 
Number of correctly received messages 

Number of messages transmitted 
X 1 0 0 % 

and 

U E 
Number of unrecognised errors 

Number o f correct ly received messages + unrecognised errors 
x 1 0 0 % 

I t m a y be seen that w i th a frequency deviation o f ± 1 . 2 k H z both the P I and P S codes were 
received adequately re l iably . I n these measurements a rebroadcast receiver was used to provide the 
mul t ip lex s ignal for the R D S demodulator/decoder; even better results would be expected wi th the better 
R F sensit ivi ty wh ich is attained w i t h normal car radios. The low percentage o f undetected errors in the 
P S codes is characterist ic o f the design of the R D S demodulator/decoder used in these tests. 

T h r o u g h the use o f error correc t ion , it was possible to receive an average of 4 % addit ional correct 
messages, over and above those achieved wi th error detection alone. F a r greater benefits were sometimes 
observed, however, and in par t icular when reception suffered moderately severe interference, i.e. during 
those periods when 20 to 4 0 % of transmitted blocks were received with errors (compare wi th Fig. 3.2). 
I n such ci rcumstances , error correc t ion allowed correct reception of as many as 30 % o f additional 
messages. H o w e v e r , this sort o f propagation condition affects only a l imited propor t ion o f the coverage 
area so the overal l influence o f error correction on reliability of reception is relatively smal l . It should 
also be pointed out that, when using error correction on P S messages, an average of 0 . 6 % of such 
messages were decoded wi th unrecognised errors. 
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T h e influence o f changing the injection level due to the R D S signal may be clearly seen in the 
test results for the service areas o f Hessischer Rundfunk ( H R ) , Saar landischer R u n d f u n k ( S R ) and 
Westdeutscher R u n d f u n k ( W D R ) . Measured over the same area, and broadcas t ing f rom the same 
transmit ters , it was found that on the basis o f the results obtained for H F , S R and W D R service areas, 
an increase in the frequency deviat ion due to R D S from ± 1.2 k H z to ± 2 k H z improves the proport ion 
o f C R M by about 5 to 6 % for P I codes and about 8 to 11 % for P S codes. 

Fig. 3.9 shows the dis t r ibut ion o f reception rel iabil i ty and R F level over a l l the measurement areas. 
T h e plotted curves indicate the percentage o f time for which the indicated values o f correct ly received 
messages ( C R M ) , unrecognized errors ( U E ) or R F level , in d B ( p W ) , is exceeded. Note that the hor izonta l 
axis is plotted on a non-l inear " p r o b a b i l i t y " scale. T h e reception re l iabi l i ty w i t h error detection only 
(no correct ion) is s h o w n as the sol id line curves (2 , 3 and 6 in Fig. 3.9), and that w i t h adaptively applied 
two-bit error correc t ion appears as the dotted line curves (4 and 5, 7 and 8 ) . T h e r e were no unrecognized 
errors ( U E ) for P S codes when error detection only was used (and therefore no U E curve is given for 
this condi t ion in Fig. 3.9). 

T h e reception re l iabi l i ty for P I and P S codes was measured at intervals cover ing 100 messages. 
Measurements o f R F level were taken every 0.5 seconds. Bear ing in m i n d that for the evaluat ion o f 
reception re l iabi l i ty i n different areas, greater importance must be attached to the dis t r ibut ion o f errors 
as a funct ion o f distance rather than time, the speed of the vehicle was main ta ined as constant as possible 
(at about 85 k m / h ) whi le the measurements were being taken. Under these c i rcumstances , w i th the vehicle 
speed pract ical ly constant , the temporal and distance distributions are v i r tua l ly the same shape. 

T h e curves o f Fig. 3.9 show that reliable R D S reception was obtained throughout about 87 % of 
the service areas. O f the 3 % not covered by R D S , about 0.5 °7o is accounted for by R F levels below 
- 4 d B ( p W ) (compare w i t h Fig. 3.2) and the remainder by the effects o f mul t ipa th and /o r co- or 
adjacent-channel interference. F o r 72 % of the t ime (and thus distance) it was found that more than about 
90 % o f P I codes cou ld be received correctly w i th error detection only in the decoder. S im i l a r l y for 48 °Io 
of the t ime and distance, more than about 90 °7o of P S codes were correct ly received w i t h error detection 
only . 

Fig. 3.9: Distr ibut ion of broadcast reliabil i ty and RF level in the presence of A R I t ransmi t ters . 

2 7 

P
er

ce
nt

ag
e 

of
 C

R
M

 a
nd

 U
E

 

R
ec

ei
ve

d 
R

F
 p

ow
er

 

1 RF level 
2 CRM PI 
3 CRM PS 
4 CRM PI, correct ion 
5 CRM PS, correct ion 
6 UE PI 
7 UE PI, correct ion 
8 UE PS, correct ion 

Percentage of time 



t e c h 3260 
EBU - Guidelines for the implementation of the RDS system 

T h e use o f error correction recovered, on average, an extra 6 to 7 % o f P I and P S codes, but 
also increased the unrecognized errors ( U E ) . T h e trends for the U E above 1 0 % U E cannot, however, 
be shown because o f the adaptive error correction system used. 

b) Field trials in the UK, 1985 

F i e l d trials carried out by the B B C in the U K in J an u a r y 1985 [21 adopted a different approach 
to measur ing the rel iabil i ty o f R D S reception. These measurements were carr ied out in the service area 
o f the W r o t h a m transmitter wh ich serves L o n d o n and much o f the South-east of E n g l a n d . A wide variety 
o f reception conditions were encountered in the survey including severe mult ipath interference due to the 
hi l ls o f the North D o w n s and ta l l buildings i n central L o n d o n . Routes w h i c h were we l l k n o w n for their 
adverse reception conditions were included. 

A typical high-quali ty modern car radio o f European design and manufacture was used in this 
survey instead of a professional rebroadcast receiver as was used in most other surveys . C a r e was also 
taken to ensure that the whip aer ia l arrangement used on the survey vehicle represented the antenna 
characterist ics of a typical private car . T h u s , overa l l , this survey was intended to show how R D S would 
per form for the private motorist wi th in the first few years o f its introduct ion as a service. 

T h e survey had two important objectives, which it successfully achieved : 

F i r s t , the survey related R D S reception rel iabil i ty to the qual i ty o f the received sound-programme 
s ignal . T h i s accorded with the design objective for R D S that it should w o r k rel iably wherever the 
p rogramme signal is usable. Fur the rmore it enables the results o f this necessarily l imited survey to be 
extrapolated to estimate coverage in other areas using existing data relating to the qual i ty o f the programme 
signal received in a vehicle. A s is we l l k n o w n , field-strength is not the only determining factor in such 
cases. 

Second, the survey measured the time intervals between successful reception o f the R D S P I and 
P S codes. T h a t i s , the lengths o f the gaps in w h i c h no correct P I (or P S , as appropriate) codes were 
received was measured. Us ing this statistical informat ion, it was then possible to answer the important 
question o f acquisit ion time for R D S data, i .e. when an R D S receiver is turned on or retuned, how long 
w i l l it take to acquire correct R D S data . 

T h e results o f this survey are summarized in Fig. 3.10 w h i c h shows, for P I and P S codes, the 
percentage o f the attempts to acquire a code when there were N or fewer erroneous receptions before 
successful reception o f a correct P I code. T h u s , for example, w i t h 12.25 k H z deviat ion, i n 9 7 . 5 % of 
cases a correct P I code was received on the first attempt wi th no intervening erroneous P I codes. F o r 
11 k H z deviat ion, the corresponding figure is 9 1 . 5 % . 

Fig. 3.10: Percentage of the attempts w h e n there were N 
or fewer erroneous recept ions before successful acquis i t ion of a correct code. 
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S i m i l a r l y , for P S codes, in 79 % of cases, wi th ± 2.25 k H z deviat ion a correct code was acquired 
on the first at tempt, reducing to 57 % with ± 1 k H z deviat ion*. 

O v e r a l l , in this reception survey the percentage of correctly received messages (sample size 
approx imate ly 3 m i l l i o n P I codes and 300 thousand P S codes) were as fol lows : 

F o r P I c o d e s : 97.3 % correct at ± 2 . 2 5 k H z deviat ion; 9 0 . 5 % correct at ± 1 . 0 k H z deviat ion 

F o r P S codes : 70.7 % correct at ± 2 . 2 5 k H z deviat ion; 6 8 . 6 % correct at ± 1 . 0 k H z deviat ion 

Note that the results presented in Fig. 3.10 do not include the lock-up time for the R D S 
demodula tor /decoder ( w h i c h depends upon the part icular design but is typical ly expected to be equivalent 
in dura t ion to one or two R D S groups, i.e. 1/10th to l / 5 t h o f a second, under most condi t ions) . I t 
should also be noted that the decoder used in these tests used two-bit burst-error correct ion at a l l error 
rates. Unrecognized errors were detected by the error analysis equipment used and have therefore been 
e l iminated f rom the totals o f correctly received messages. 

These are encouraging results showing highly reliable reception of P I codes even at the lower 
devia t ion o f ± 1 k H z . T h e results for the P S codes are as expected, poorer than for the P I code, but 
indicate sat isfactory acquis i t ion times in most cases. Fur thermore , the results underestimate the rel iabil i ty 
o f reception o f the R D S system because a large proport ion o f the survey was deliberately done in areas 
where V H F / F M reception is k n o w n to be poor. I f a representative sample o f test routes had been used, 
then even better results wou ld have been obtained. 

T h e corre la t ion w i t h the quali ty of the sound programme signal revealed that the R D S system 
performs best when the dominant impairment to reception is mul t ipa th propagation on ly . T h i s is because 
in areas o f relat ively high field-strength there are frequent opportunit ies for the receiver to " s n a t c h " 
a P I code dur ing peaks in the standing-wave pattern caused by the mult ipath propagation. Short pauses 
in the sound-programme signal (for example, syllabic pauses in speech) also help this (see Fig. 3.5 for 
the influence o f p rogramme volume level of R D S error rate) . Unde r mul t ipath conditions the distortion 
and break-up o f the sound-programme signal render it unusable before the acquis i t ion time for R D S data 
increases s ignif icant ly f rom that for error-free conditions. 

T h e R D S system was found to be weakest when the dominant impairment to reception was low 
field-strength in the absence o f mult ipath interference. Under these condit ions, and wi th ± 1 k H z 
devia t ion , the m a x i m u m delay for acquisit ion of a correct P I code was about one second. Under such 
condit ions the qual i ty o f the sound-programme signal was assessed to be Grade 2 ( P o o r ) on the C C I R 
5-point Qua l i ty Scale . Howeve r , it is important to note that such condit ions o f low field-strength without 
other impairments to reception were found to be very rare. U s u a l l y mul t ipa th or co- or adjacent-channel 
interference also degraded the quali ty of the received signal . Fur the rmore , it was indeed found that the 
nature o f the programme material on B B C R 3 was such that it became unusable wi th smaller impairments 
to reception than were found tolerable for the other services. T h u s , there is some measure of compensation 
for the lower devia t ion used on this service. 

I t should also be remembered that in many cases the R D S receiver w i l l automat ical ly retune to 
an al ternative frequency ( i f one is available carrying the same service) , thus avoiding some of the poor 
reception condit ions encountered in a " f i x e d frequency s u r v e y " such as this . 

These results c lear ly show that acquisition times for R D S data cannot be determined from random 
event models using an overa l l mean bit-error rate or block-error rate as a parameter. Such models w i l l 
tend to overestimate the average acquisit ion time because they take no account o f clustering of the errors. 

* In these experimental test transmissions a deviation of ± 2.25 kHz was used for all services except B B C R 3 , for which the minimum deviation 
allowed by the R D S Specification ( = I kHz) was used. The lower deviation on B B C R3 was selected because of the critical nature of the 
programme material (classical music) and its vulnerability to interference from R D S signals. In the B B C R D S service which commenced in the 
autumn of 1988, a deviation of ± 2.0 kHz is used on all services except B B C R3 , for which ± 1.2 k H z deviation is used. 
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T h e acquisi t ion times for other types o f R D S messages could easily be estimated from the data 
provided by this survey. In fo rma t ion occupying fixed positions in al l R D S G r o u p types, e.g. Programme 
T y p e ( P T Y ) code and T r a f f i c Programme ( T P ) code, wou ld be expected to have the same reception 
re l iabi l i ty as the P I codes. (Al though these messages are shorter than P I codes, the smallest entity o f 
in fo rmat ion wh ich can be recovered by a conventional R D S decoder is a block containing 16 informat ion 
bi ts . ) Messages such as Radio tex t (which occupy several addressed segments) wou ld be expected to be 
s imi la r to the P S codes. T h e most vulnerable messages would be expected to be those contained in variable 
format Groups , e.g. Transparen t D a t a Channe l ( T D C ) . 

3.3 C o n c l u s i o n s a n d r e c o m m e n d a t i o n s f o r f u t u r e w o r k 

T h e performance o f the R D S system has been investigated in a number o f laboratory and field 
tests during its development and subsequent evaluat ion. T h e early tests were directed towards optimizing 
the system to convey to moving vehicles the short , frequently repeated, messages needed to assist the 
automat ic tuning features o f R D S car receivers. La te r tests have confirmed that the coverage provided 
by the system, and the acquis i t ion time for these short codes, are adequate even w i t h the reduced deviation 
now used to overcome problems o f interference to A R I receivers and /o r the stereo programme signal . 

T h e error-correct ing code used in the R D S system is potentially ve ry powerful [6, 7] and 
opportunities exist for further enhancing the performance of R D S by the development of new decoding 
techniques to exploit the power of this code. I n par t icular , the use of soft-decision techniques [5] a n d / 
or bit-by-bit major i ty logic over repeated copies o f the same message offer p romis ing routes for further 
improv ing the performance o f decoders. 

New applications o f R D S , in particular the transmission o f informat ion for voice-synthesized traffic 
messages, w i l l probably necessitate further study and innovat ion in the decoder to gain adequate reception 
rel iabi l i ty for mult iple sequence messages under mobile reception condit ions. 
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Appendix 1 to Chapter 3 

Calculation of the bit-error rate at the output 
of the RDS demodulator 

1. General 

I n this Append ix we calculate the bit-error rate to be expected at the output o f an ideal radio-data 
decoder when the only t ransmiss ion impairment is thermal noise due to low field-strength. T h e analysis 
is necessarily fa i r ly complicated and every attempt has been made to s impl i fy the problem by mak ing 
suitable approximat ions . 

2. Calculation of the peak-data-signal-to-r.m.s.-noise ratio 

L e t f b be the bandwid th occupied by the double-sideband suppressed-carrier ampli tude-modulat ion 
radio-data signal; here this is equal to 1187.5 H z . A l s o l e t : 

a = r .m . s . ampli tude o f the R F carrier measured as a potential difference across the receiver aerial 
input (vol ts) 

p n = spectral density o f the thermal noise at the receiver input ( v o l t s 2 / H z ) 

f s c = radio-data subcarr ier frequency ( H z ) = 57 000 H z 

z l f = peak deviat ion o f the V H F carrier due to the modulated radio-data subcarr ier ( H z ) 

•for example A f = 2000 H z 

N o w the spectral density of the thermal ( Johnson) noise at the receiver input is given b y : 

(1) 

where : 

31 

p n = k T R v o l t s 2 / H z 

k = B o l t z m a n n ' s constant = 1.38 • I O - 2 3 J / K 

T = temperature, wh ich we assume to be 290 K 

R = effective resistance of the receiver aerial input , for example 50 ohms. 
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A s s u m i n g for the present an ideal F M receiver (noise figure F = 0 d B ) , the noise power density, 
S Q at frequency f, at the output o f the F M discriminator is approximately given by (for high signal-to-noise 
rat io wel l above the F M thresholds, see reference [1] for de r iva t ion ) : 

2 p n f 2 D 2 

S 0 (0 = v o l t s 2 / H z (2) 
a 

where D is the gain constant o f the F M discriminator ( v o l t s / H z ) . 

T h u s the total noise power in the subcarrier channel (before demodulat ion of the signal) centred 
on 57 k H z and wi th bandwidth f b ( i f f b < < f s c ) is given b y : 

r f s c + v 
2 

2Pn D 2 

N = — f 2 d f (3) 
2 

J f _ JiL 
sc 

2 

2 P n f s c

2 f b D 2 . 
N - n — - v o l t s 2 (4) 

a 

T h e r . m . s . noise level at the F M discriminator output measured in bandwidth f b centred on 57 k H z 
is given by : 

f s c D . 
a s = V 2 p n f b volts (5) 

a 

T h e peak ampli tude o f the modulated radio-data subcarrier at this point is given by : 

h s = A f • D volts (6) 

N o w , wi th an ideal synchronous demodulator for the 57 k H z subcarrier and matched filtering or 
correlat ion detection for the biphase symbols , the r .m.s . noise at the input to the data slicer is then simply 
given by : 

. • 2 f s c D ' . 
o b = V p n f b volts (7) 

a 

where D ' is the combined gain constant of the F M discriminator and the radio-data decoder up to the 
data slicer input . 

T h e peak ampli tude of the baseband data signal at this point is given by : 

h b = A f • D ' volts (8) 

T h u s the peak-signal-to-r .m.s.-noise ratio for an ideal receiver/decoder is given b y : 

h b a • A f 
— = 7 = (9) 
o b

 2 • f s c V p n f b 

3 2 
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* In the calculations used to derive curve (a) in Fig. 1 of Chapter 3, a noise figure of F = 5.5 dB was assumed. 

3 3 

W i t h a real F M receiver having a noise figure F 0 d B * this is degraded t o : 

h b a A f 

Vb

 = 2 f s c ( V ^ A ) 10<™°> ( 1 0 > 

I t must be noted, however , that this result is an approx imat ion w h i c h is only va l id well above 
the F M thresholds. A t very low signal-to-noise ratios F M " c l i c k s " (see reference [2]) rather than 
cont inuous noise w i l l dominate, and the instantaneous noise power w i l l show strong dependence upon 
the instantaneous ampli tude of the (composite) modulat ing s ignal . 

3. Calculation of the bit-error probabil i ty 

T h e probabi l i ty of a bit-error before differential decoding, p , can be wri t ten a s : 

1 
p - - p ( n ( t ) > h b ) (11) 

2 

where p ( n ( t ) > h b ) = probabil i ty that n( t) has a magnitude greater than h b and where n( t ) is the 
instantaneous noise voltage at the data slicer input and h b is the peak ampli tude of the data signal at 
the sample instant . 

T h e factor o f one h a l f arises because the probabi l i ty o f n( t) having the right polari ty to cause 
an error is one ha l f . 

T h e quant i ty n( t) is Gauss i an (for signal-to-noise ratios wel l above thresholds) wi th r .m . s . value 
a ' b as given by equation (10) . W i t h equation (13) , the probabi l i ty that n(t) has a magnitude greater than 
the data s ignal peak ampli tude, h b , is : 

p ( n ( t ) > h b ) = 2 ^ 1 - P ( ^ r ) ^ (12) 

where 7 
r 

P ( Z ) = exp. ( - Z 2 / 2 ) d Z (13) 
2 K 

J — CO 

P ( Z ) is the normal or Gauss i an distr ibution function and is tabulated in reference [3 ] . Hence f rom equation 
( 1 1 ) : 

/ h b \ h b p = i _ p _ L t wi th Z = — (14) 

N o w h b / o ' b is the peak-data-signal-to-r.m.s.-noise ratio as given by equation (10) . T h u s , substituting in 
equat ion (14) for h b / o ' b and using the tabulated values o f P ( Z ) given in reference [3 ] , we may calculate 
the bit-error rate at the input to the differential decoder for any value of aer ia l input level , a. 

T w o further simple steps remain to obtain the results plotted in the graph o f Fig. 3.1, curve ( a ) . 

F i r s t we must convert the quantity " a " (which is a measured potential difference) into received 
R F power P r f and express it in decibels relative to one picowatt . 

Prf = 10 l o g 1 0 ^ j d B ( p W ) (15) 
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Second we must take account of the effect o f the differential decoder. W i t h differential decoding 
an error occurs i f the present or previous data bit is wrong , but not both. T h e probabili ty of one error 
on ly ( m = l ) in any pair (n = 2) o f data bits i s : 

p ( m = l , n = 2) = 2 p ( l - p) (16) 

where p is the bit-error rate at the input to the differential decoder. 

T h u s the bit-error rate, P e at the output o f the radio-data decoder is given by : 

P e = 2 p ( l - p) (17) 

where p is found f rom equat ion (14) . 

F o r example, i f the potential difference is a = 7.07 / / V , the received R F power, P r f , i s : 

P r f = 10 1 O 8 l 0 ( " ^ " ) = 0 d B ( P W ) 

Subst i tut ing in equations (10) , (14) and (17) for a receiver wi th a noise figure F = 5.5 d B and 
for an R D S deviat ion o f ± 2 k H z gives a bit-error rate P e = 2 x 1 0 ~ 5 . 
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Chapter 4 

Recommendations for the implementation 
of the various features 

4.1 I n t r o d u c t i o n 

E B U Recommenda t ion R33-1985 and the Introduct ion to E B U d o c . T e c h 3244 ( M a r c h , 1984) drew 
the attention o f broadcasters and receiver manufacturers to the idea that when R D S is introduced, pr ior i ty 
had to be given to the introduction of features relevant to automatic tuning. 

Successive stages in implementing R D S w i l l be necessary. T h i s is because some o f the R D S features 
need data to be sent f rom the studio centre to the transmitter; the data dis t r ibut ion circuits needed to 
do this do not yet exist in many countries. In i t i a l ly therefore it w i l l be possible in many countries to 
introduce only those features which can be broadcast using in format ion permanently stored in the R D S 
encoder at the t ransmit ter . These are often referred to as " s t a t i c R D S f e a t u r e s " and include features 
such as P I and A F , w h i c h are needed to assist automated tuning of receivers. In t roduc t ion of R D S features 
such as E O N * and T A , wh ich need dynamic updating from the studio centre is , nevertheless, a high 
pr ior i ty for many broadcasters. C lea r ly , therefore, it w i l l be important in receiver design to al low the 
gradual in t roduct ion o f features by the broadcasters, without the need to modi fy existing R D S receivers. 

Three kinds o f R D S features are identified below 

— P r i m a r y features 

— Secondary features 

— Addi t iona l features. 

T h e p r imary features comprise mainly the codes such as the P r o g r a m m e Ident i f icat ion ( P I ) codes, 
w h i c h are essential to assist automatic tuning in R D S receivers. I n m a n y cases these codes are 
t ime-invar iant and might be programmed into the memory of the R D S encoder connected to the transmitter 
equipment. I n other cases, however, even this basic informat ion has to be changed to reflect the use 
o f the transmitter ne twork by different programme services at different times o f the day. 

T h e secondary features comprise codes for applications such as E n h a n c e d Other Networks 
in format ion ( E O N ) , wh ich many broadcasters expect to use but not necessarily in their first stages o f 
implementat ion o f R D S . A s noted above, in many countries the introduct ion o f these features is hindered 
by the lack of suitable data circuits between the studio centre and the t ransmit ters . 

* The E O N feature is transmitted in Group type 14A or I4B and replaces the formerly defined O N feature (Group type 3A or 3B) which will 
no longer be used. 
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T h e addi t ional features comprise codes for applications such as a " T r a f f i c Message C h a n n e l " 
( T M C ) w h i c h are essentially unrelated to the ma in audio programme signal , but use capacity in the R D S 
channel as a convenient data-transport mechanism. 

T h e baseband coding o f R D S is such that some of the secondary features such as the Programme 
T y p e ( P T Y ) code are coded in group types which are needed for p r imary features. I n these cases dummy 
codes must be sent w h e n these features are not used. I n some cases, for example the Mus ic /Speech ( M S ) 
swi t ch , these d u m m y codes are already defined in the Specif icat ion. I n other cases the choice o f dummy 
codes is left to the broadcaster . Receiver manufacturers have indicated that it w o u l d be helpful to them 
i f the d u m m y codes used by ind iv idua l broadcasters could be made k n o w n to them and that preferably 
these dummy messages should change according to a pre-programmed sequence. T h i s would assist in 
testing receivers w h i c h may implement these features in the expectation that broadcasters wi l l introduce 
them during the l i fet ime o f the receivers. 

Other features such as Radiotext ( R T ) occupy specific group types wh ich wi l l not need to be 
transmit ted unless the corresponding feature is used. A g a i n , however, receiver manufacturers have 
indicated that t ransmiss ion o f dummy messages in these group types would assist wi th testing R D S 
receivers. 

A n exceptional case is that of Group T y p e 1A which is identified i n the Specification as being 
used for the P rog ramme I t em Number ( P I N ) feature, but is now also needed i n some countries such 
as Sweden, N o r w a y and France , which implemented the paging appl icat ion o f R D S . Details of this new 
R D S - b a s e d radio paging system are published in Supplement 2 to the R D S Specif icat ion of J u l y 1988 
(see also Section 4 .4 .1 be low) . I n this new system, which is recommended for a l l new R D S - b a s e d paging 
applicat ions, it is necessary to t ransmit at regular intervals a five-bit code to keep the paging receivers 
tuned to the channel on wh ich their data is broadcast. I t was found convenient to include this five-bit 
code i n T y p e 1A groups because there were unallocated (spare) bits i n that group type and the envisaged 
repeti t ion rate was suitable. 

4 .2 P r i m a r y f e a t u r e s 

4 . 2 . 1 . PI f e a t u r e ( P r o g r a m m e Iden t i f i ca t i on ) 

T h e P I code is intended to distinguish between different programme services. 

I n order to avo id the receiver arbi t rar i ly switching between two different programmes, the same 
P I code should not be assigned to transmissions carrying different programme services if , at any point, 
two or more of these transmissions can be received at a usable field-strength. 

T h e P I code is very important in assisting the automatic tuning function o f the receiver : when 
the receiver retunes to an alternative frequency it should use the P I code to conf i rm that the audio 
programme signal on the alternative frequency is the desired programme service. I n order to minimize 
disturbance to the audio output signal during automatic retuning, the evaluat ion of the P I code must 
be done as qu ick ly as possible, ideally wi th in the period of one R D S group ( i .e . about 0.1 seconds). 

T h e P I code is not intended to be used directly by the listener. 

Bits 1 to 4 Bits 5 to 8 , Bits 9 to 16 

Country ident i f icat ion Programme type Programme reference nos. 
in terms of 
area coverage 

Fig. 4.1 : The three e lements in the PI code . 
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A s shown in Fig. 4.1 the P I codes consist of three elements, which are specified in the R D S 
Specif ica t ion E B U doc. T e c h 3 2 4 4 / C E N E L E C E N 50 067. These elements a r e : 

— count ry ident i f icat ion (15 codes) 

— programme type in terms o f area coverage (16 codes) 

— programme reference numbers (255 codes). 

I t is intended that each separate programme service, regardless as to whether it is broadcast from 
a single t ransmit ter or a whole ne twork of transmitters should be allocated a n appropriate P I code. T h e 
assignment codes to be used w i t h i n any one country should be coordinated amongst the broadcasters 
concerned so as to avoid the same P I code being used by unrelated programme services. 

I n assigning the P I codes, the following conventions have generally been adopted by broadcasters. 

Bits 1-4: C o u n t r y identifier 

T h e count ry codes are not unique and are for example the same for up to five countries wi thin 
the E u r o p e a n Broadcas t ing A r e a . However , the geographical distances between countries are sufficient 
to avoid t ransmiss ions f rom two countries which share a code being receivable at the same point. T h e 
country code is p r imar i l y intended to a l low broadcasters to allocate the other 12 bits o f the P I code on 
a na t ional basis . 

I n connect ion wi th the T M C feature (see Section 4 .4 .2) it may however become necessary to 
dis t inguish between countries hav ing the same country code. A d d i t i o n a l in format ion needed to distinguish 
between countr ies having the same country code may be provided wi th in the in fo rma t ion broadcast for 
the T r a f f i c Message C h a n n e l ( T M C ) feature (see Section 4 .4 .2 ) . 

I t is not intended to identify the country in which a t ransmit ter is located, but rather the country 
w h i c h originates the programme service. T h u s for example, some transmitters in Nor the rn I t a ly relay 
programme services f rom A u s t r i a , and w i l l accordingly radiate the P I code o f those programme services 
including count ry code " A " for A u s t r i a rather than " 5 " for I t a ly . 

Bits 5-8: P r o g r a m m e type in terms o f area coverage 

I n pr inc ip le , three levels can be distinguished : 

— L ( loca l ) 

A r e a code L (0 hex) signifies that this programme service is radiated f rom a single transmitter 
on ly , so that no al ternative frequency exists ( including M F or L F ) . T h i s means for the receiver 
that the " fo l low-me " funct ion is turned off; regardless o f poor reception, the receiver wi l l not 
search. 

— R l . . . . R 1 2 ( regional) ' 
I n .the R D S system an indicat ion o f traffic areas is not necessary in order to provide assistance 
in tuning to a stat ion w h i c h carries traff ic in format ion relevant to the area in w h i c h the radio 
is used; broadcasters using A R I * w i l l therefore no longer need to indicate t ra f f ic areas in the R D S 
sys tem. T h e twelve avai lable regional area codes R l to R 1 2 (4 hex to F hex) may be freely used 
by the broadcaster . 

Broadcas te r s who t ransmit regional variants o f certain programme services sha l l indicate this by 
using R l . . . R 1 2 for the area code, a l l other bits being ident ical . T h i s concept o f generically linked 
networks is o f great importance, in part icular in connection wi th Method B o f the A F feature 
(see Sec t ion 4 .2 .5) and the E O N feature (see Section 4 .3 .1 ) . 

* A R I is che broadcasts for motorists information system which is used in Germany ( F R ) , Austria. Switzerland and Luxembourg. It is expected 
that A R I broadcasts will be phased out when R D S is well established in the countries concerned. 
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— I ( internat ional) 
N (nat ional) 
S (supraregional) 

Regional networks may be combined to carry a common supraregional , nat ional or even 
internat ional programme service; i n those cases bits 5-8 may change f rom R l . . . R 1 2 to either 
S (3 hex) or N (2 hex) or I (1 hex) , a l l other bits remaining equal . 

T h i s implies that a splitt ing o f one and the same programme service into two or more 
" s u p r a r e g i o n a l " var iants is not possible. I f this occurs , the codes R l . . . R 1 2 should be used. 

Bits 9-16: P rogramme reference numbers 

U p to 255 possible programme services wi th in any given country may be identified (Code 00000000 
is not assigned). T h e al locat ion o f programme reference numbers must also, as stated above, be decided 
na t iona l ly . 

4 .2 .2 PS f e a t u r e ( P r o g r a m m e S e r v i c e name) 

T h e P S code is not intended for automatic tuning purposes and is only intended for the broadcaster 
to send a description, in 8 a lphanumeric characters, o f his programme service name. T h e receiver has 
to display a l l these 8 a lphanumeric characters. T h e R D S Specif icat ion E B U doc. T e c h 3 2 4 4 / C E N E L E C 
E N 50 067 contains the character sets desirable for coding. F o r a low-cost receiver, a l imita t ion to the 
lat in-based alphabet o f the internat ional reference version o f I S O 646 ( A S C I I 7 bit codes) character set 
sha l l be tolerated. Lower-case characters may be displayed as upper-case characters . 

T h e use o f eight characters for P S name represents a compromise between the broadcaster 's desire 
to ful ly name his stat ion and the pract ical l imitations o f the number o f characters which can be displayed. 
T h u s , although the broadcaster w i l l frequently vocalize his stat ion name in f u l l , P S in R D S is l ikely to 
become the first choice for a s tat ion identif ication. 

A number o f examples* o f possible P S names fol low : 

O E _ R - S T _ Osterreich Regional - Steiermark 

A V R O - R 2 _ Algemene Vereniging Rad io Omroep - R a d i o 2 

J ò n k ò p n g J ò n k ò p i n g 

Y L E O U L U Y le i s r ad io O u l u (F inn i sh L o c a l R a d i o ) 

_ B B C _ R 4 _ B r i t i s h Broadcast ing Corpora t ion , R a d i o 4 

B B C _ E d u c B r i t i s h Broadcast ing Corpora t ion , Educa t iona l Programmes** 

I t is recommended that broadcasters distribute the space characters i n such a w a y that the P S name 
appears to be centred on an 8-character display. The re exist however receivers performing this 
au tomat ica l ly . 

I t should not be forgotten that the P S name is not necessarily f ixed for a l l time at the start o f 
an R D S service. Some broadcasters significantly change (or split) their networks and wi l l wish to use 
more than one P S name. T h u s , for example in the case o f B B C R 4 and B B C E d u c , both programme 
services use the same V H F transmitter network; the former is the news and current affairs programme 
and the latter comprises two periods per day during school hours when educat ional broadcasts are 
t ransmit ted on V H F whilst the B B C R 4 programmes continue to be broadcast f rom the L F transmitters. 

* In these examples the symbol " _ " represents a space. 
** This P S name may be used to identify broadcasts for schools which are carried out on the B B C Radio 4 network at certain times of the day. 
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It is also desirable wi th a car radio for the P S name to be displayed on a sufficiently large and 
separate display in a more convenient and safe posit ion for the dr iver , perhaps in the car dashboard. 
A d a p t a t i o n o f the w i r ing standards for car electronics may however be required to achieve this (see also 
Appendix 1 to this C h a p t e r ) . 

4.2 .3 A F f e a t u r e ( A l t e r n a t i v e f r e q u e n c i e s ) 

A l l the broadcasters intending to implement R D S have realized the great importance o f the A F 
feature for automat ic tuning o f receivers, and this feature should therefore be considered as essential. 

T h e list o f al ternative frequencies (the codes are in fact composed of frequency-channel numbers) 
should be as short as possible, i .e . the A F lists should include, in pr inciple , only the frequencies o f stations 
receivable at usable field-strength somewhere w i th in the service area o f the transmitter broadcasting that 
par t icu la r A F list . H o w e v e r , because of economic reasons and the use o f repeater stations in mountainous 
areas, the generation o f a unique A F list at each station is not a lways possible. Therefore , most o f the 
A F lists w i l l include, in practice, frequencies w h i c h are not really alternatives in some parts of the service 
areas. 

F o r the t ransmiss ion o f A F lists two different solutions are described in the R D S Specif icat ion 
E B U doc. T e c h 3 2 4 4 / C E N E L E C E N 50 067, Methods A and B . T y p i c a l examples for the use o f these 
codes are given in Appendix 2 of Chapter 4. I t is strongly recommended for broadcasters to use Method 
B for networks using regional var iants , so that receivers can determine w h i c h frequencies relate to those 
regional var iants o f the programme service. 

Regardless o f the method chosen by the broadcaster any R D S receiver must continuously decode 
the A F s and i f necessary update the stored al ternative frequencies. 

Method A 

Method A is s t i l l preferred for networks w h i c h have no regional var iants and for which the A F 
list is short . 

E a c h transmit ter belonging to a network broadcasts only one single A F list o f up to 25* 
frequency-channel numbers . A l l frequencies of transmitters and repeater stations w h i c h broadcast this list 
should be included in the l is t . T h e list w i l l therefore inevitably include some frequencies which are not 
really alternatives in the service area of the station f rom which the list is received. Details for the coding 
o f the A F s are given in the R D S Specification E B U doc. T e c h 3 2 4 4 / C E N E L E C E N 50 067. 

Where Method A is used, the first code in the list indicates how many different frequencies, 
excluding filler words , are included in the l is t . 

I f Method A is used for a network consisting o f a ma in transmitter and a number of repeater 
stations, then the frequency o f the main transmitter should immediately fol low the code showing the total 
number o f frequencies, in the l is t . I n the same sense, although the R D S Specif icat ion, E B U doc. 
T e c h 3 2 4 4 / C E N E L E C E N 50 067, does not specify the order in w h i c h the A F s are included in the list , 
broadcasters may insert A F s in a sequence of decreasing importance in terms o f coverage area and /o r 
radiated power, because this w i l l then facilitate the evaluat ion o f a relatively long list in the receiver. 

I f this feature is used for a local programme service which is broadcast on a single frequency only 
( i . e . the area coverage element in the P I codes is coded as " L " ) , then either code 224 (no A F exists) 
fol lowed by code 205 (f i l ler code), or code 225 fol lowed by the code for that single frequency, may be 
used. 

* The actual number of codes found in the list may be slightly higher, however, because of the particular way of coding chosen in the Specification, 
i.e. two A F byres are required for one L F or M F channel. 
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Method B 

T h i s method is recommended for networks using long chains o f repeater stations, wh ich are typically 
found i n mounta inous areas. Me thod B is also recommended i n the case o f programme services carrying 
regionalised programmes . 

W i t h Method B several station-related lists, unlimited in their number, may be transmitted cycl ical ly 
f rom the m a i n t ransmit ter that provides the feed of R D S signals to the cha in o f transposers or rebroadcast 
t ransmit ter s tat ions. These lists are structured in such a way that each list w i l l not contain more than 
25 frequencies. I f this l imit needs to be exceeded, several sub-lists w i l l be used sequentially. E a c h list 
is preceded by a number showing the total number of frequencies i n the list , fol lowed by the header 
frequency to w h i c h fo l lowing pairs can be referred. T h e n the frequencies are transmitted in pairs, for 
indirect addressing w i t h i n a sequence o f several pairs . T h e repetition o f the tuning frequency in successive 
pairs is the cr i ter ion for identif ication o f Method B . T h e only exception to this principle is the use o f 
a n A M frequency. T h e n , for coding reasons, the tuning frequency w i l l not appear in the respective block*. 
I t shou ld however be born in m i n d that R D S does not permit an automatic re turn to any V H F / F M 
frequency after a receiver has switched to L F / M F . Consequently, the re turn to F M has to be based on 
testing, f rom t ime to t ime, whether satisfactory F M reception quali ty can again be achieved. Details o f 
the coding o f the A F s are given in the R D S Specification E B U doc. T e c h 3 2 4 4 / C E N E L E C E N 50 067. 

T h e frequency pairs are normal ly transmitted in ascending order (see also the examples in 
Appendix 2 of Chapter 4) and their respective Pi-codes must be ident ical in a l l 16 bits. I f the two 
frequencies o f the pair belong to different regional variants o f one and the same programme service or 
ne twork , the pairs are transmitted in descending order and consequently their P i -codes w i l l differ, but 
i n bits 5-8 only (see also Section 4 .2 .1) . 

W i t h Me thod B it is thus, in principle, possible to broadcast an unl imited number o f station-related 
l ists; no l imi t is put on any indiv idual list , except that it must be structured to contain not more than 
25 frequencies, o f w h i c h (due to the particular coding chosen), only 12 are codes o f real alternative 
frequency-channel numbers . T h i s f lexibil i ty avoids of course a l l the l imitat ions encountered wi th Method 
A in those cases where a ma in transmitter is used as a programme l ink for a large number o f small 
repeater stat ions. 

H o w e v e r , new problems are created for the receivers i f the broadcaster exploits such flexibili ty 
to the f u l l . F o r example , i f the number of station-related lists is very high, and since each individual 
list contains several frequencies, there w i l l necessarily be a certain delay before the receiver can correctly 
establish the station-related list relevant to its tuning frequency. Fur the rmore , this delay w i l l be adversely 
affected by incorrect ly received data when multipath propagation is predominant and by the repetition 
rate chosen for G r o u p type OA. I n addition, in the case o f a very long station-related l is t , the search 
process for the best frequency may take quite some time in order to identify the real alternative to which 
swi tch ing should occur , once the signal strength of the tuning frequency becomes unsatisfactory. T h e 
length o f this search process is influenced by the fact that it has to be inaudible . 

I n order to ensure that the automated tuning process of a car radio functions correctly from the 
l is tener 's point o f v i ew , the broadcaster is advised to consider, especially in mountainous regions, the 
fo l lowing measures, recommended by R D S experts in the car-radio manufactur ing industry : 

— A n ind iv idua l station-related list should preferably not contain more than 24 real alternative frequency 
channe l .number s , i .e . not be composed o f more than two sub-sets o f 25 frequencies each. 

— T h e total number o f A F codes wi th in a complete set of station-related lists distributed v i a the same 
transmit ter , should be kept as smal l as is practicable. Exper ience indicates that up to around 125 pairs 
o f A F codes (bytes) would be acceptable. 

— W i t h i n a station-related list, the frequency-channel numbers should be given in a sequence of decreasing 
order o f importance in terms o f coverage area and/or radiated power, i .e. the most important stations 
should be at the beginning of the list and the least important ones at the end. 

* It will be necessary to use the paired code to identify an A M frequency within the same block, i.e. it is not permitted to separate that pair 
between subsequent blocks. 
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T o meet these requirements, the broadcaster may consider the advisabi l i ty o f rearranging large 
existing conf igura t ions composed of a main transmitter and several repeater stat ions, w i th a v i ew to mak ing 
use o f smal le r sub-units , where each of them has its own main transmitter and its i nd iv idua l R D S encoder. 
I n those cases where this is not possible, the broadcaster should be aware o f the fact that R D S receivers 
may not funct ion proper ly wi th respect to the automated tuning process. 

4.2 .4 T P / T A f e a t u r e s (T ra f f i c P r o g r a m m e / T r a f f i c A n n o u n c e m e n t ) 

T h e T P code is s imply a flag to indicate that the programme service carr ies t raf f ic announcements. 
T h i s w i l l be implemented on the receiver by the switching of an L E D or ind ica t ion on an L C D display. 

T h e T A code is also a flag to indicate that a traff ic announcement is cur rent ly present and may 
initiate the fo l lowing receiver responses : 

N o r m a l reception mode — Increase volume for the durat ion o f an announcement . 

Cassette p lay ing mode — Swi tch to radio for duration of announcement and swi tch back to cassette 
afterwards. 

A u d i o muted mode — Swi t ch to normal reception mode for dura t ion o f annnouncement and switch 
back to muted audio afterwards. 

I t shou ld be noted that the T P and T A codes correspond to ident ica l features o f the A R I system 
so that the latter m a y be phased out. 

I n order to reduce the acquisi t ion time for T A (especially dur ing interference) , G r o u p s o f type 
15B cou ld be t ransmit ted up to about eight times immediately after each change o f the T A (f lag) . 

W h e n T A is used to enable the receiver to switch to t raf f ic announcements as described above, 
broadcasters m a y have to take into account the delay times caused by d is t r ibut ing the signals to the 
transmit ters , and receiver response t ime. T h e T A code should therefore be g iven suff ic ient ly i n advance 
before a t ra f f ic announcement wou ld start. T o cover the uncer ta inty i n the t ime necessary to switch the 
announcement , broadcasters may consider the use of traff ic announcement ident i f ica t ion j ingles . 

4.2 .5 . I n g e n i o u s u s e o f t h e PI a n d A F f e a t u r e s 

T h e p r inc ipa l use o f the P I code is to establish, when compar ing t ransmiss ions on one or more 
alternative frequencies, whether or not those transmissions ca r ry the same audio programme. T h i s is 
necessary w h e n exploi t ing the Al te rna t ive Frequency feature to a v o i d , i n some c i rcumstances , automatic 
switching to an al ternative frequency car ry ing , in the area in w h i c h the receiver is used, a different audio 
programme. 

I n the fo l lowing descript ion it is supposed that the E O N feature is not implemented. W i t h E O N 
in fo rmat ion further and more favourable possibilities may be offered (see Sect ion 4 .3 .1 ) . 

T h r e e cases are envisaged : 

National networks: A l l t ransmissions car ry ing the same nat ional p rogramme service have the same P I 
code ( ident ica l i n a l l 16 bi ts ) . Since the programme signal carr ied by a l l these t ransmissions is the same, 
the receiver may automat ica l ly switch between any two t ransmiss ions , ident if ied by the same P I code, 
in order to ut i l ize the best frequency for opt imum reception in any area. 
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Regional networks : Different situations are possible, main ly depending on whether or not a data l ink 
between the studio and the transmitters is available to a l low for dynamic up-dating o f the R D S encoder. 

a ) I f static R D S data are transmitted, the broadcaster shall a lways identify a l l transmitters of a regional 
ne twork as regional var iants .* I n this case the P I codes shall be generically l i nked , so that they differ 
i n the area code (bits 5-8) only . 

A n R D S receiver w i l l , o f course, not automatical ly retune to any other transmitter car ry ing a different 
P I code on a different frequency, even when the programme services are ident ical . 

However , i f use is made o f the option in Method B to identify frequency pairs relevant to different 
regional variants by transmit t ing them in descending frequency order, par t icular actions of an R D S 
receiver may be achieved : 

— I f during a journey the receiver goes mute, because no transmitter of a par t icular regional var iant 
can be received any longer, the listener m a y be advised, for example, to depress the relevant preset 
push-button which was used to select that network, thus causing the receiver to switch directly to 
a receivable station belonging to an adjacent regional network. T h e receiver may o f course not 
be directed unambiguously to a specific regional var iant , i f more than one other regional variant 
is receivable. 

— I f several regional variants are receivable at a part icular locat ion, a receiver may switch to one 
o f these variants when manual ly instructed to do so, for example by the listener depressing the 
relevant preset push-button. A g a i n the receiver may not be directed to a specific regional var iant , 
i f more than one further regional programme is receivable. 

Some receivers implement a so-called " r e g i o n a l b u t t o n " . 

— I n the mode " r e g i o n a l o n " only A F s having the same P I code, i .e. arranged in ascending order, 
w i l l be used. So the receiver w i l l remain tuned to a specific regional var iant as long as it is receivable. 

— I n the mode " r e g i o n a l o f f " A F s having a P I code wi th a differing area code (bits 5 - 8) w i l l 
also be accepted. I n this mode the receiver shows a s imilar performance as described above, however 
instead of being activated manual ly , it switches automatical ly . T h i s is o f benefit when the regional 
variants just ca r ry the same programme, but w i l l become annoying i f the receiver switches back 
and forth between different programmes. 

b) I f dynamic up-dating o f the R D S encoder is possible, the broadcaster may swi tch the P I code (and 
perhaps also the P S code) . T h i s dynamic feature may be par t icular ly advantageous i f the parent network 
is split into regional networks only during certain hours o f the day. 

A l s o wi th dynamic switching o f the P I code it is recommended to use Method B frequency lists and 
the content o f each o f these lists should be static (al though the number o f lists may be changed). 
I n that case the R D S receiver should store alternative frequencies arranged in descending order, 
appropriately marked as regional variants . 

* The applicable rule for this can be found in the R D S Specification as up-dated by C E N E L E C ( E N 50 067, January 1990), and it reads as follows : 

"Broadcasters using splitting of a network during certain hours of the day should use A F method B , and not A . The A F lists should 
be static, i.e. the A F s included in the list, carrying a different programme during certain hours of the day, should be signalled by transmitting 
in the descending order. Their P I shall differ in the second element (bits 5 to 8) of the code and may also be static. T o identify different regional 
networks or programmes the P I area codes R l to R12 shall be used. If switching of information is possible, the second element of the PI code 
should be changed to I , N or S, as appropriate, during the transmission of a common programme. 

This convention will permit a receiver to use a regional on/off mode which, when the receiver is in the mode "regional off", will lead 
to the acceptance of the P I with the differing second element, and thus permit switching to a different regional network. This option can be 
deactivated by choosing the mode " regional on " . Then only A F s having the same second element of the P I (i.e. the same programme) will be 
used. This should also be the case for receivers without regional on/off mode. The switching of the second element of the PI to 1, N or S, 
respectively, informs a receiver that now even A F s transmitted in descending order carry the same programme and the receiver should use this 
information to allow switching to these A F s . " 
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— W h e n a t ransmit ter opts out to become a regional var iant , it then carries the generically l inked 
P I code o f this regional programme, i .e . the second element (bits 5-8) o f the P I code w i l l then 
change to R l . . . R 1 2 . T h e receiver wi l l o f course have to remain tuned to the or iginal tuning 
frequency and thus reproduce the new regional programme. I t can evaluate the new P I code and 
swi tch au tomat ica l ly to any A F arranged in ascending order. 

— W h e n a t ransmit ter changes to the common programme service, it then carries the P I code of the 
c o m m o n programme. T h e receiver w i l l again remain tuned to the or iginal tuning frequency and 
thus reproduce the new common programme. I t can evaluate the new P I code whose second element 
sha l l be S or N or I , and may addit ionally use those A F s arranged i n descending order as part 
o f its n o r m a l auto-tuning function. 

Local stations: L o c a l stations are defined as stations w h i c h broadcast on a single frequency only . I n this 
special case o f broadcasts bearing an area code " L " , the receiver manufacturer may choose to store 
the frequencies o f a l l receivable local stations against one push-button, such that repeated depression of 
the push-button w i l l cause the receiver to toggle through the list o f stored stat ions, even though they 
have different P I codes. I n this case, the alternative frequency feature m a y , at the discretion of the 
broadcaster , be used to give the frequencies o f other loca l stations that ca r ry different programmes in 
the sur rounding area . 

Special significance of the tuning frequency 

I t should be noted that the tuning frequency is o f special significance; it is recommended that the 
receiver should not change from the currently selected frequency unless that signal becomes unusable due 
to low signal-strength a n d / o r mul t ipath . 

T h u s , even i f the P I code changes on the tuning frequency, the receiver should remain tuned to 
that same frequency and accept the new P I code i f it differs in the regional element only (bits 5 to 8) . 
S u c h a s i tuat ion m a y occur in A u s t r i a for example, when a certain frequency is used for the radiat ion 
in a tunnel as wel l as for two different regional services on each side of the tunnel . W h e n entering or 
leaving the tunnel , the P I code w i l l suddenly change in bits 5 to 8 only, specifying the different regional 
va r i an t w h i c h may ca r ry a different programme. R D S receivers should not change the tuning frequency 
and should disregard the change of programme service encountered. 

I f however the P I code changes completely, the receiver should initiate a P I search for a frequency 
whose P I code exact ly matches the P I code o f the or ig inal tuning frequency. F a i l i n g an exact P I code 
m a t c h the receiver should search for a P I code differing f rom the original P I code only in the regional 
element (bits 5 to 8 ) . I f neither o f these criteria are met, the receiver should remain on the or iginal tuning 
frequency. 

I n mounta inous regions there are still a number of tunnels in use where no signal is radiated and 
the same frequency can be received at both ends. I n such cases it w i l l also be preferable that the receiver 
mutes and remains on the tuning frequency until the signal w i l l re-appears at the exit of the tunnel. 

Af t e r the receiver switches to another network to use the T r a f f i c Announcement feature T A within 
E O N ( T A ) , it w i l l a lways return to the original tuning frequency (see also the next Sect ion about E O N ) . 

4.3 S e c o n d a r y f e a t u r e s 

4 .3.1 EON f e a t u r e ( E n h a n c e d O the r N e t w o r k s I n f o r m a t i o n ) 

T h e E n h a n c e d Other Networks feature ( E O N ) as described in the R D S Specif ica t ion E B U doc. 
T e c h 3 2 4 4 / C E N E L E C E N 50 067 is intended to a l low updating o f A F , P T Y , P S , T P , T A and P I N 
in fo rma t ion for programme services other than that o f the tuning frequency. It is intended to al low the 
broadcaster to cross-reference informat ion about all his services and indeed, i f mu tua l agreement can be 
reached, also about the services of other broadcasters. 
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N Stores 

REG 1 to REG 5 
are generic variants of 

the regional programme 
service (PI = Cm25). 

Pool stores 

OA Groups 

14A Groups 

1. "Generic" PI codes are those where the first and the last two hex codes are always the 
same (see Section 4.2.1). 

2. When more than one frequency is entered in a box, this means that there exist more than 
one "mapped" frequencies. 

3. For button 6, the frequencies in brackets belong to local stations in the reception area 
of C056 (previously delivered on 90.0 MHz via OA groups). 

Discarded EON information. 
PI not generically related to presets, 

and/or TP not set. 

Fig. 4.2: Model receiver concept using a row of stores, up-dated v ia in format ion received in group types 0 and 14, 
essential ly for using the Enhanced Other Networks Information (EON). The example shown is f ictional and 

based on services available in the London area. 

O f a l l the features wh ich can be cross-referenced, the most important are the A F s for other 
programme services and the T P / T A traff ic informat ion features. T h e y may be uti l ized even where the 
other in format ion (e.g. P T Y , P S , P I N ) is not used on either the tuning frequency or the other programme 
services. Var ian ts of type 14A groups together with the codes for elements wh ich are not implemented 
(e.g. P I N or P T Y ) need not be t ransmit ted. T h e sequence of different type 14A var iants m a y be chosen 
by the broadcaster and need not necessarily comprise any f ixed r h y t h m . 

T h e basic function o f E O N informat ion is to assist automated tuning to other programme services. 
T h i s w i l l be explained by using one distinct model concept of an R D S car radio . T h i s model , also covering 
some n o n - E O N features, is realistic but not unique. Other equally va l id implementat ions are possible. 
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I n this model (see Fig. 4.2), there are M push-buttons. E a c h button may be preset to a part icular 
programme service by storing its P I code in an associated memory . T h i s is referred to as the " p r e s e t " 
P I . " 

A l s o associated wi th each button are a set o f stores containing the fol lowing : 

a) T h e " r e c e i v e d " P I code; this is not necessarily the same as the " p r e s e t " P I code in the case o f 
regional var iants and local stations. 

b) T h e P S name o f the programme service. 

c) A flag indicat ing the T P state o f each service. 

d) A flag indicat ing whether the associated A F list is mapped to the tuned service. 

e) A n A F list for the respective programme service. F o r the tuned programme service the list may be 
ranked according to the signal s t rength/qual i ty . T h i s r ank ing is shown on the left-hand side o f Fig. 4.2. 
Other programme services w i l l appear in the same rank ing order as the tuned service i f the A F s are 
conveyed v i a the mapped-frequency method. Th i s is shown i n Fig. 4.2 by a horizontal line under each 
mapped frequency. 

Besides these M push-button stores are a number o f addi t ional stores with an identical structure, 
not direct ly associated wi th any button. These are referred to as " p o o l s t o r e s " . T h e total number of 
paral le l led stores i n the receiver is N . P o o l stores are used by the receiver to store informat ion about 
programme services not preselected by the listener but o f potential interest ( t raff ic services and al l regional 
var iants o f preset services) . 

Information flow (see Fig. 4.2) 

I t is assumed that button 3 is pressed, and that the receiver is tuned to the national programme 
service R A D I O 3 ( P I C 2 0 3 ) . In fo rma t ion carried in OA groups updates the memory under this button 
( P I , P S , T P and A F l i s t ) . T h e state o f the mapped frequency flag is irrelevant. T h e receiver ranks 
these A F s in order o f signal s trength/quali ty. 

W h i l s t tuned to this service, type 14A groups deliver in fo rmat ion about cross-referenced programme 
services. T h i s i n fo rma t ion is stored against a preset button i f the received P I ( O N ) code contained in 
block 4 matches the " preset " P I exact ly . Otherwise the in format ion is stored in a pool store i f the received 
P I ( O N ) code generically matches one of the " p r e s e t " P I codes or i f the T P ( O N ) flag is set in the 
14A group. 

T y p e 14A groups wh ich do not meet either o f these condit ions are o f no use to the receiver and 
are consequently discarded. 

Receiver performance (see Fig. 4.2) 

T h e fo l lowing analysis of the performance o f the receiver under switching conditions w i l l illustrate 
the prac t ica l advantages o f ut i l izing E O N groups, and the mapped frequency method in part icular . 

a) Switching to another preset programme 

T h e receiver is current ly tuned to 89.7 M H z because this frequency has the highest rank in signal 
s t rength /qua l i ty . 

I f the listener presses button 1 (preset to R A D I O 1) the receiver already knows, through the mapped 
frequency lists, that 95.8 M H z is the correct frequency to use. I t is not necessary to test a l l frequencies 
in the A F list o f preset 1. 
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I f the listener presses button 4 (preset to programme R E G 1), the receiver behaves as above, switching 
instant ly to 93.4 M H z . Howeve r , i f the tuning frequency had been other than 89.7, for instance 104.0 
M H z , in that case no mapped frequency exists for the programme R E G 1. I n such a case the receiver 
sha l l t ry out the transmitted A F s 91.7 and 93.4, and i f acceptable tune to one o f these. I f neither 
o f these two frequencies is receivable with acceptable quality, the receiver may then decide to select 
the best appropriate regional var iant from the pool stores, and would then arr ive at programme 
R E G 5 on the mapped frequency 100.0 M H z , i n this case. A s s u m i n g that for R E G 5 there would 
not have existed this mapped frequency, another regional variant could have been taken then instead, 
for example R E G 3. However i n that case the A F s were transmitted in Me thod A , and the receiver 
w i l l then have to t ry first w h i c h o f these would be receivable, and check the P I code before switching. 
I t could o f course occur that none o f them wou ld be usable and that par t icular locat ion. 

I f the listener presses button 5 (preset to programme R E G 2) the receiver needs to test a l l frequencies 
in the A F list stored under button 5 because the list was not delivered as a mapped frequency list 
(Method A used instead). These frequencies need to be tested both for signal s trength/quali ty and 
P I code before they can be accepted. I n areas where many o f these frequencies ca r ry other programmes 
(not necessarily w i t h R D S ) this may take a considerable period o f t ime. I n the case where the 
programme is determined to be not receivable, the receiver may select an appropriate regional var iant 
as before. 

I f the listener presses button 6 (preset to local programme C 0 5 6 ) , the receiver behaves in exactly the 
same way as w i t h button 5 and w i l l switch to the frequency car ry ing C 0 5 6 . I n the event that this 
programme is not receivable, the receiver may be directed to select another local programme from 
its memory by successive depression of button 6 (see also item d, be low) . 

b) Selection of a regional variant 

I f the listener is tuned to a cer ta in regional var iant and he wants to listen to another, i n this receiver 
model concept he w i l l press the selected button again. Th i s wi l l cause the receiver to look in the memory 
for a station w i t h a generically related P I code and the best signal s t rength/qual i ty as determined by 
the frequency mapping. P rogramme services, which are generically related but unmapped, would be 
treated last as these offer the lowest guarantee o f reception. 

B y subsequent depressions o f the selected button, the listener may review a l l the avai lable regional 
var iants i n the current reception area. 

:) Traffic announcements via EON 

T h e E O N feature signals t raff ic announcements using 14B groups that deliver i n b lock 4 the P I ( O N ) 
code o f the programme service car ry ing the announcement. These groups are t ransmit ted at the start 
o f the announcement, and repeated at least eight times wi th in an interval o f 2 seconds* to increase 
their reception re l iabi l i ty . Opt iona l ly 14B groups may also be transmitted to signal the end of such 
an announcement. 

T h e receiver w i l l only respond to 14B groups i f the traffic feature is enabled (e.g. by depressing the 
T P but ton) . W h e n the receiver detects a 14B group under such circumstances relat ing to a service listed 
i n its memory (either under a but ton or in its pool stores) it uses the mapped frequency system to 
determine the op t imum frequency to use. 

* I f during a period of bad reception the receiver misses these signals, the switching to the traffic annoucement on the other programme will 
not occur. This will only happen exceptionally and the listener will not know that he has missed a message (which is of course less annoying 
than hearing just a fragment). 
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d) Selection of local stations 

T h e listener may preset one or more local stations in exactly the same w a y as other programme services. 
I n this case the frequency list under each such button (e.g. but ton 6 i n Fig. 4.2) may contain one 
or more frequencies relat ing to other local radio stations conveyed v i a OA groups (see Sect ion 4 .2 .5 ) . 
T h e first depression o f a local button w i l l result i n the specific s tat ion being selected (precise P I code 
ma tch ) . Subsequent depressions w i l l select subsequent frequencies f rom the l is t . 

T h e E O N feature m a y opt ional ly load an addi t ional set of local services, under a local P I code (COnn) 
w h i c h supplement the set o f services loaded under the preset local buttons. T h e corresponding frequency 
list under COnn a l lows for ready access to a set o f local services avai lable in a new area. 

Recommendations 

— Static information 

P I codes and A F lists w i th in the E O N feature ( T y p e 14 groups) must a lways be static. T h i s does not 
mean that a broadcaster is prohibited f rom changing such lists, but means that he must not change 
these features as part o f his regular p rogramming. 

— Number of services 

A broadcaster should l imi t the number o f services cross-referenced v i a the E O N feature in any one 
t ransmiss ion to a m a x i m u m of 2 0 . T h i s does not imply a m a x i m u m va lue for N (the total number 
o f store sets in the receiver) , because when continuing a j ou rney , or switching to other preset 
programmes, addi t iona l cross-referenced services may be encountered. T h i s may happen for example 
when a receiver has been preset with programmes f rom more than one count ry . Receiver manufacturers 
w i l l need to implement strategies for re-al locat ion of pool memory not up-dated v i a E O N for an 
excessive period o f t ime. 

4.3 .2 CT f e a t u r e (C lock t i m e a n d date) 

T h i s is a compara t ive ly easy feature to provide, even in the s i tuat ion where only static R D S data 
is used, because it m a y be generated at the encoder alone. I t has the advantage that R D S radios may 
easily display time for a moment , using the display necessary normal ly for P S display; this could possibly 
be used to advantage by the receiver designer so that when the set is in i t ia l ly powered , the t ime is displayed 
whi le the scan tune funct ion is performed. It may wel l be that time output could also be standardized 
on an output connector (see also Appendix 1 to Chapter 4) to a l low connect ion to other display devices 
such as are found in integrated car electronics. 

Because o f the possibi l i ty for the listener to pick up radio programmes f rom adjacent time zones, 
receiver design should ensure that a time display would be up-dated only w h e n intended by the listener, 
and not automat ical ly . . T h i s m a y require a possibil i ty to preselect on the receiver the local time offset 
f rom universa l t ime as a measure to adjust the respective elements used i n the C T code. 

4.3 .3 PTY fea tu re a n d A l a r m c o d e ( P r o g r a m m e t y p e ) 

Some broadcasters have indicated that they w i l l implement this feature at an early stage, but others 
consider they w i l l have some diff icult ies, because every programme service must be categorized and this 
w o u l d impose a considerable extra work load on the operat ional staff, especially i f the programme schedule 
is not yet computer control led wi th in the product ion centre. 

T h e P T Y code, even i f the feature is not implemented, is included in the R D S data signal very 
frequently. It is in a l l groups in the second block and in the 15B type group also in the fourth block. 

T h e a la rm code ( P T Y code number 31) is reserved for an a l a rm ident i f icat ion intended to switch 
on the audio signal when a receiver is operated in a " w a i t i n g " reception mode. M a n y broadcasters may 
use this possibil i ty for emergency announcements under exceptional c i rcumstances to give a warn ing of 
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events causing danger o f a general nature, e.g. warnings o f bad weather conditions such as heavy storms, 
r a i n , snow, ice etc. T h i s part icular P T Y code may be used even in the case where the other P T Y codes 
are not implemented. F o r a car radio the setting o f the a l a rm code flag should in principle have the 
same effect as the T A code flag, i .e. receivers should automatical ly swi tch over f rom cassette listening 
to rad io , a n d / o r increase volume i f this was turned down or set to low level . 

P T Y code number 31 indicates a t ransmission o f great importance, car ry ing in format ion concerning 
a na t iona l or loca l emergency, and w i l l be present in every R D S group o f the programme service carrying 
the announcement . 

T h e code may also be carr ied in var iant 13 o f the 14A ( E O N ) group f rom transmitters 
cross-referencing this programme service. T h i s group wi l l contain the P I ( O N ) code o f the relevant 
programme service in b lock 4. 

Receivers m a y uti l ize this informat ion in one of two ways : 

a ) A simple R D S receiver should initiate a search tuning for the specified P I ( O N ) code. 

b) A more advanced receiver may use the supplied frequency list to speed up this search process. 

I n either case, when the receiver has retuned, P T Y code number 31 w i l l be detected in the 
programme service car ry ing the announcement. W h e n this code is changed, at the end o f the announce
ment, the receiver should retune back to the original programme. 

4.3 .4 PIN fea tu re ( P r o g r a m m e I t em N u m b e r ) 

I t may take some time for broadcasters to implement this feature, but it is expected to be used 
i n some countries in the next phase o f R D S developments. A l t h o u g h this feature would be ideal for 
recording, copyright problems may exist in some countries. A g a i n , an addi t ional w o r k l o a d is imposed 
on the broadcaster when this feature is used. 

I n the Specif icat ion it is proposed to transmit Group 1 at least once per second when this application 
is used. I n order to save data capaci ty , G r o u p 1 may be transmitted only once per minute. I n such a 
case, immediately after a programme item number has been changed, G r o u p 1 should be repeated four 
times wi th a separat ion o f about 0.5 seconds. 

Where R a d i o Pag ing is implemented wi th R D S , Group 1 A w i l l be t ransmit ted in an invariable 
sequence, regular ly once per second, except at each ful l minute where it is replaced by 'one 4 A Group . 

I f group type 1 is t ransmitted without a va l id P I N , the day o f the month must be set to 0. A 
receiver w h i c h evaluates P I N must ignore this informat ion. 

4.3 .5 RT f e a t u r e (Rad io tex t ) 

T h i s feature is p r imar i ly intended for home and also portable receivers, where programme-related 
or other in fo rmat ion m a y be displayed, and it is expected to be used in some countries in the next phase 
o f R D S developments. O n a car radio , Radiotext should not be displayed since it could cause a danger 
to the dr iver . 

Studies are being carr ied out in the E B U with a view to defining suitable control characters that 
w o u l d permit radiotext messages also to be output in car radios by separate external devices, e.g. small 
printers a n d / o r speech synthesizers, using messages even longer than 64 characters (see also Section 4.4 .2) . 

4.3 .6 T D C f e a t u r e ( T r a n s p a r e n t Data Channe l ) 

T h e T D C is designed to permit the delivery of data to specialized external devices which would 
be connected v i a an output connector o f an R D S receiver (see also Appendix 1 to Chapter 4). 32 different 
types o f service channels are feasible. T h e y can be specified by the broadcaster providing this service, 
and appropriate decoding would have to be provided wi th in the respective external devices. 
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4.3 .7 DI f e a t u r e (Decoder Ident i f i ca t ion) 

A s long as D I is not fully implemented by the broadcasters a dummy code (0010) , not yet assigned, 
w i l l be inserted for operational purposes. Broadcasters may also indicate dynamical ly whether a part icular 
programme is monophonic (0000) or stereophonic (0001). T h i s is par t icular ly interesting for car reception, 
since under adverse reception conditions ( low field-strengths, high mult ipath distort ions, co- or adjacent-
channel interference) the monophonic mode yields a considerable improvement o f the s ignal . F o r this 
reason, in a stereophonic programme, switching to the monophonic code may occur during the same period 
in w h i c h the T A signal is set to " 1 " . 

4.3 .8 MS f e a t u r e ( M u s i c / S p e e c h s w i t c h ) 

A l t h o u g h the majori ty o f broadcasters might not implement this feature in the near future, it is 
k n o w n that Sweden is planning to use i t . T h e balance problem between music and speech has been 
discussed since the start of broadcasting, without reaching any f ina l solution. T h e M S feature in the Rad io 
D a t a Sys tem is considered to have the potential to alleviate this classic problem o f various level preferences 
among the listeners. 

A s long as this feature is not implemented, the code corresponding to music , i .e. 1, w i l l be ust~ 
al l the t ime in conformity with the R D S Specif icat ion, E B U doc. T e c h 3 2 4 4 / C E N E L E C E N 50 067. 

4.3.9 IH f e a t u r e ( l n -house in fo rmat ion ) 

T h i s feature is not intended for the use o f the general publ ic and is provided solely for the use 
o f the broadcaster. Therefore a l l R D S radios should ignore this feature. 

4.4 A d d i t i o n a l f e a t u r e s 

4.4.1 RP f e a t u r e (Radio Paging) 

T h e R P feature is intended to provide radio paging using the existing V H F / F M broadcasts as a 
transport faci l i ty , thereby avoiding the need for a dedicated network of transmitters. Since the R D S 
Specif ica t ion was drafted, a new method of implementing radio paging using R D S has been developed 
in Sweden , and this offers substantial advantages over the earlier methods described in Append ix 8 to 
doc. T e c h 3244 (March 1984). T h i s new method o f implementing the R P feature is fully described in 
Supplement 2 of J u l y 1988 to E B U doc. T e c h 3244 and is intended to provide a broadcast paging servi 
mak ing use o f the R D S channel (Group type 7 A associated w i t h the use o f G r o u p type 1A and 4 A , . 
Subscribers to a paging service w i l l require a special pocket paging receiver in wh ich the subscriber address 
code is stored. Three types of call messages are possible, in pr inciple : 

— a simple call (bleeper) without addit ional message; 

— a 10 or 15 (international) or 18 digit numeric message; 

— an a lphanumeric message of 80 characters at m a x i m u m . 

I n the short term, only numeric pagers, ma in ly for 10 digit numeric messages, w i l l be avai lable . 

4.4.2 T M C fea tu re (Traf f ic Message Channe l ) 

T h i s feature is intended to provide a separate t raff ic message channel , s imilar to T D C , and is st i l l 
under development. T h e Specification for using it is not yet fully defined. It is intended to provide 
in format ion for motorists by means o f coded messages using a unique Group type* within R D S . 

* Group type S has been reserved for the development of the T M C feature. 
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T h e ma in areas w h i c h are under investigation include studies on : 

— the t ransmiss ion capaci ty needed wi th in the R D S channel; 

— the rel iabi l i ty o f message recovery in the mobile reception mode, part icularly in the presence of heavy 
mul t ipa th propagat ion; 

— the performance requirements o f text-to-speech voice synthesis in different languages for traffic 
messages, par t icu la r ly under the above-mentioned difficult reception condit ions; 

— the use o f such techniques i n a wider variety o f applications; 

— the integration o f T M C into the R D S and car environment. 

4.4 .3 S p a r e b i t s 

A c c o r d i n g to the R D S Specif icat ion, E B U doc. T e c h 3 2 4 4 / C E N E L E C E N 50 067, certain groups 
conta in spare bits w h i c h are not yet defined, i .e. Groups 1 A / B and 4 A . These bits may temporari ly be 
assigned by the broadcaster to any arbi t rary value (or changing values) , and should be ignored by receivers 
un t i l their use has been internat ional ly agreed. 

4 .5 R D S c h a n n e l c a p a c i t y 

T h e use o f the p r imary features to achieve automated tuning, essentially for mobile reception, 
requires a considerable part o f the channel capacity, and even more i f the E O N feature is implemented. 
C l e a r l y the use o f secondary and addit ional features must be careful ly accommodated wi th in the remaining 
channel capacity w h i c h s imply implies that wi th in any given network only a l imited number of the possible 
features can be implemented simultaneously. 

A s shown in Appendix 3 to Chapter 4, the implementation o f al l programme-related features 
together requires more than 80 °7o of the R D S channel capacity, leaving about 20 °Io for the implemen
tat ion o f non-programme-related features and o f the so far undefined features. 

T o understand the restricted capacity of the R D S channel , one should also bear in mind that the 
effectively usable bit-rate achieved wi th in the R D S system is only 673.7 b i t / s . 
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Appendix 1 to Chapter 4 

Scenario for the standardization 
of interface connections on RDS receivers 

T h e R D S system, even i f main ly used, in a first phase, for broadcast identif icat ion and automatic 
tuning o f car radios, is potential ly open to the progressive introduction in the future o f a variety of other 
appl icat ions , most o f w h i c h are envisaged for the market of a new generation o f receivers. 

I n this context, the need to ensure a compatible evolution o f R D S towards these new applications, 
some o f w h i c h cou ld imp ly external devices (e.g. printer, recorder, text display, speech synthesizer, etc.) , 
w o u l d require the adopt ion o f suitable international standards. 

T h e a im o f this A p p e n d i x is to provide sufficient background in fo rma t ion to a l l those involved 
in the s tandardizat ion process, i .e . broadcasters, radio manufacturers , and also the car industry. 

Wi thou t wish ing to specify the interface in a l l its details, a clear scenario has to be established 
concerning the use o f the interface connections, for example wi th in the car-radio environment , to stimulate 
agreement on a cer ta in number o f basic principles before the s tandardizat ion w o r k on the interface 
connector can proceed. T h e fo l lowing observations should therefore be considered as a contribution 
concerning the broadcasters ' v iew only, still requir ing further endorsement by the relevant industrial 
par tners . 

Other background in format ion required is some understanding on where the required interface 
standards could be agreed. Because o f the number o f different partners involved , this cannot be the E B U . 
I t w i l l be more realist ic to solve the interface questions for home and portable radios wi th in the I E C 
( T C 8 4 ) and for car radios wi th in the I S O ( T C 2 2 ) . B o t h organizations have already established work ing 
groups wi th this topic on the agenda and some pre l iminary decisions have a l ready been taken. 

T h e w o r k is in fact most advanced in the context of the car radio , where W o r k i n g Group 5 of 
I S O T C 22 has been dealing w i t h the matter. T h e stage reached is that a connector for power supply 
and speaker connections .has been specified, containing a number o f free contacts some of which may 
be later specified for R D S applications (Ref . D o c . 49 o f I S O T C 2 2 / W G 5 ) . 

One o f the basic questions arising in this context is to k n o w which R D S applications w i l l be 
required. Those under considerat ion in the car environment are shown in Fig. A. 1/4-J and concern the 
fo l lowing three different types o f R D S interface. 

RDS interface type 1 conveys P S and C T informat ion to corresponding displays mounted 
convenient ly for the dr iver w i th in the car dashboard. P S is s imply a repetition o f the 8 alphanumeric 
character display avai lable on most R D S car radios, and the C T in fo rmat ion can either be shown on 
the same display or even better be used for setting a free-running quartz c lock to correct clock time and 
date. Since a number o f other control functions in the car w i l l require s imi la r connections with the 
dashboard displays, it may wel l be of interest to address this matter to I S O T C 22 W o r k i n g Group 1 
w h i c h is a iming at a data bus s tandard. Al ternat ively , a serial interface ( m i n i m u m of 2 pins, but prefer
ably 3) f rom the car radio to the dashboard plus one control line (1 pin) wou ld prepare well for future 
integrat ion. 
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Car dashboard 

PS / CT Display Clock / Date 

I RDS interface 
I type 3 

RDS interface 

type 1 

Antenna RDS 
car radio 

RDS interface 

type 2 

Antenna 

Specialized RDS devices 
(RP, TDC, Software 
decoder) 

RDS / TMC 
device 

Fig. A.1/4-1 : Scenario of various types of RDS interfaces in the car-radio envi ronment . 

RDS interface type 2 is related to the development of a suitable device for the decoding of coded 
t raff ic announcements wi th in R D S on a T M C channel, as being discussed wi th in various international 
committees ( E B U , E C M T , C E C / D R I V E , E U R E K A / C A R M I N A T . . . ) . T h e T M C decoder w i l l probably 
be too complex to be fitted wi th in a car radio. It w i l l require its o w n RJF tuner anyhow to permit the 
car radio listener a free choice of broadcast programme without obliging h im to tune to the particular 
programme that w i l l ca r ry T M C informat ion. Similar to the T A funct ion, the audio should then be muted 
for a traffic announcement or alternatively, i f the audio was muted, the volume level should be raised 
dur ing a t raff ic announcement . A l l this is of course to be achieved in interaction wi th the car radio, 
assuming that there w i l l be only one set of loud speakers to be used by both uni ts , the car radio and 
the T M C receiver. 

T w o al ternative solutions can be imagined : 

a) T h e loud speaker connections to the car radio wi l l be made to the T M C device instead, and the T M C 
decoder itself w i l l be connected to the car radio on the connectors foreseen for the loud speakers. 
T h e drawback o f this solution w i l l be that the power amplifiers for the loud speakers w i l l probably 
be required in the T M C device to achieve the desired effects. T h e advantage o f this solution is that 
a special interface standard for this type of connection w i l l not be required. 

b) T h e audio output (mono) of the T M C device wi l l only require 2 pins to be connected to the car radio. 
One addi t ional control line could be used to instruct the volume over-ride control which would exist 
already in A R I and R D S radios. Feeding of a l l loud speakers w i l l then remain a matter for the car 
radio. T h e d r a w b a c k of this solution is that existing car radios do not have these connections and 
could thus be unusable for use in conjunction wi th the new T M C device. 

RDS interface type 3 is related to the connection of even more specialized devices which could 
include future appl icat ions, even those not yet defined. F o r this purpose four principles were agreed wi th in 
the E B U already in 1987. T h e implementation wi l l require 4 pins i f used only in one direction or 7 pins 
i f used in both. F o r home and portable radios this still seems to offer the most suitable solut ion. T h e 
principles are the fo l lowing : 

1. T h e external interface should be transparent to all R D S applications including those not yet defined. 

2. T h e data fed to the interface should not have error correction or detection applied wi th in the receiver. 
T h i s is to a l low different kinds of error correction or detection to be applied adaptively within the 
external device to best suit the needs of different applications. 

Other special 
TMC output 
devices (printer...) 
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3. T h e in fo rma t ion to be conveyed from the receiver to the external device v i a the interface compr i ses : 

a) Ser ia l data-stream at 1187.5 b i t / s ; 

b) Bi t - ra te c lock (1187.5 H z ) ; 

c) D a t a va l i d flag w h i c h w i l l be held high when the serial data-stream can be read by the external 
device, and low otherwise (for example, whi ls t the receiver is scanning); 

d) U p to three further pins on the interface connector m a y be needed to convey informat ion from 
the external device to the receiver (compris ing return serial data, c lock and a status l ine) ; 

e) A signal ground line should be provided. 

4. T o permit the connect ion of more than one device, the peripherals should be equipped wi th two 
connectors so that a l l devices can be cascaded. 
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Appendix 2 to Chapter 4 

Tutorial examples of Alternative Frequency lists 

E x a m p l e 1 . Shor t A F list (Methods A a n d B) 

These A F lists are distributed wi th G r o u p type OA. 

The LF transmitter can be received in the entire zone. 

Method A 

# 3 (4) symbolic A F list 227 004 

(1) F ( F = filler code) 001 205 

L F / M F (2) real* A F list —• 250 002 

* T h e numbers represent binary codes of 8 bit length, i .e. 001 equals 00000001, 002 equals 00000010, 
etc. T h e complete code list is contained in the R D S Specification E B U doc. T e c h 3 2 4 4 / C E N E L E C E N 
50 067. 

5 5 

87.6 MHz 

(1) 87.9 MHz 

(4) 

162 kHz 
(2) 

° main t ransmi t ter 
• repeater stat ion 
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Method B (for reasons o f clar i ty, only the symbolic codes are indicated; the real codes are based on 
the principles shown above for Method A ) 

Stat ion-related list for Stat ion 4 Station-related list for Stat ion 1 

# 4 (4) # 4 = number of # 4 (1) # 4 = number o f 

(1) (4) frequencies (1) (4) frequencies 

L F / M F (2) (code 228) L F / M F (2) (code 228) 

Methods A and B can be distinguished by the fact that in Method B the tuning frequency is repeated 
as a reference for an ind iv idua l station-related list in successive groups (except when code 250 preceding 
an L F / M F channel is used). I n Method A this repetition does not occur. 

T h e frequencv channel numbers used (shown in the figure in brackets) correspond to 87.6 M H z 
= 1 . . . 107.9 M H z ' = 204, and 153 k H z = 250 /1 . . . 1602 k H z = 250 /135 . T h e number 250 indicates 
that the second A F code in this block applies to an L F or M F channel . 

E x a m p l e 2 . T h e s a m e frequency occu r s twice in one region (Methods A and B ) 

These A F lists are distributed with G r o u p type OA. 

° main t ransmit ter The main transmitter can be received in a lmost the whole zone, except in val leys 
• repeater stat ion covered by individual repeater stat ions. 

I n al l cases only symbolic codes are indicated. 

Method A : One list t ransmitted v i a al l stations. 

# 4 4 

9 7 

5 F 

# 4 = number of frequencies (code 228) 

F = filler code (code 205) 

5 6 

88.4 MHz 

(9) 

87.9 MHz 
88.4 MHz 

(9) 

88.0 MHz 

(5) 88.2 MHz 

(7) 
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Method B: Several station-related lists transmitted v i a al l stations. 

Sta t ion 4 Stat ion 9 (right) 

1. # 7 4 2. # 3 9 

4 9 4 9 

4 7 

4 5 

Stat ion 7 Sta t ion 9 (left) Sta t ion 5 

3. # 5 7 4. # 5 9 5. # 3 5 

4 7 4 9 4 5 

7 9 7 9 

These lists w i l l be transmitted in the order 1 to 5. 

T h e two lists for Stat ions 9 are separated by at least one other l is t . 

T h e receiver may or may not combine the lists for the same frequency. 

E x a m p l e 3. A F l ists us ing M e t h o d B based on a pract ica l case in Aus t r ia 

A s an example , the network o f the regional programme for the most westerly A u s t r i a n federal 
province Vorar lberg ( O E R - V ) has been chosen. 

T h i s network comprises 14 V H F / F M transmitters, a number which is rather low. A radio-relay 
l i nk exists only to the m a i n stat ion Bregenz 1 located at Mount P f à n d e r , whereas a l l remaining stations 
are rebroadcast t ransmit ters fed, either directly or indirectly f rom the main station (Fig. A.2/4-1). 

Bear ing in m i n d economical considerations it is sufficient to instal l an R D S encoder at the ma in 
s tat ion Bregenz 1 only. T h i s however implies that all information about A F s for the whole network has 
to be transmitted f rom that ma in station. 

It is well k n o w n that A F Method B has clear advantages for network structures which are typical 
o f mountainous regions. H o w e v e r , when preparing the sets of A F lists one has to take into consideration 
the fol lowing points : 

1) A t what stations w i l l R D S encoders be installed ? 

I n our example , on ly at Bregenz 1. 

2) Wha t is the structure o f the rebroadcast network, i .e. which transmitters receive their programme 
signal either direct ly or indirectly f rom the station equipped with an R D S encoder? 

I n our example a l l remaining 13 transmitters are fed directly or indirectly from Bregenz 1, 
so that 14 lists have to be programmed at the R D S encoder. 

3) What are the service areas of each ind iv idua l transmitter belonging to the network under 
considerat ion and how do they overlap ? 

W h e n dr iv ing f rom Fe ldk i rch , for example, in different directions there are altogether 5 
options to wh ich the R D S receiver may switch; consequently, the individual A F list for 
F e l d k i r c h w o u l d a pr ior i comprise 5 A F s . 
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Fig. A . 2 / 4 - 1 . Transmit ters in the Austrian province of Vorar lberg , d iscussed in Example 3. 
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4) W h a t are the frequencies of a l l the transmitters which may be alternatives to the frequency to 
w h i c h the receiver is tuned? 

I n the example selected in item 3) there are 5 transmitters whose service areas part ial ly 
overlap that o f F e l d k i r c h . T h e A F list relating to F e l d k i r c h wou ld therefore contain 5 
frequency pairs , a l l arranged in ascending order. However , the same frequency 94.5 M H z 
is used at two different stations, their respective service areas being geographically well 
separated. So this frequency appears twice in the A F list; the second pair , marked wi th an 
asterisk, is superfluous and therefore deleted. 

5) W h i c h transmitters in an adjacent area carry a different regional var iant o f the programme 
ne twork under consideration ? 

I n our example there are two transmitters car ry ing the regional programme o f the adjacent 
federal province T y r o l ( O E R - T ) . T h e y are marked ( A ) and the frequency pairs are arranged 
in descending order. 

H a v i n g assessed the five points mentioned above it is no problem to establish the set of A F lists for 
Method B according to the protocol la id down in the R D S Specif icat ion E B U doc. T e c h . 3 2 4 4 / C E N E L E C 
E N 50 067. T h e f ina l lists for the example chosen are given in Table A.2/4-1; it is advantageous to store 
the lists on magnetic media thus reducing the effort needed in programming or modifying the A F lists 
i n the R D S encoder. A s can be seen, the total number of A F codes amounts to 116, which is well below 
the figure o f 250 ( = 125 pairs o f A F codes) recommended in Sect ion 4.2.3 o f these Guidel ines. 

Table A.2/4-1 

A F l is t f o r the reg iona l p r o g r a m m e of V o r a r l b e r g OER-V 

Bregenz 1 # 1 7 98.2 

Feldkirch 97.3 98.2 
B ludenz 1 96.0 98.2 
Bezau 94.6 98.2 
Ehrwald 1 98.2 95 .3* 
Mi t te lberg 1 94.3 98.2 
Lech 96.5 98.2 
Laterns 94.5 98.2 
Damùls 95.6 98.2 

Feldkirch # 9 97.3 

Bregenz 1 97.3 98.2 
Bludenz 1 96.0 97.3 
Raggal 93.7 97.3 
Dalaas 9 4 . 5 97.3 
Laterns 94.5 97 .3* 

Bludenz 1 # 1 5 96.0 

Bregenz 1 96.0 98.2 
Feldkirch 96.0 97.3 
Schruns 96.0 96.7 
Gaschurn 94.8 96.0 
Raggal 93.7 96.0 
Dalaas 94.5 96.0 
St. Gal lenki rch 94.1 96.0 

Bezau # 3 94.6 

Bregenz 1 94.5 98.2 

Schruns # 5 96.7 

Bludenz 1 96.0 96.7 
St. Gallenkirch 94.1 96.7 

Mittelberg 1 # 3 94.3 

Bregenz 1 94.3 98.2 

Gaschurn # 5 94.8 

Bludenz 1 94.8 96.0 
St. Gallenkirch 94.1 94.8 

Dalaas # 7 94.5 

Feldkirch 94.5 97.3 
Bludenz 1 94.5 96.0 
Wa ld «4 .5 96.9 

Raggal # 7 93.7 

Feldkirch 93.7 97.3 
Bludenz 1 93.7 96.0 
Damùls 93.7 95.6 

* This pair is deleted because it is superf luous since the same informat ion is conta ined in the preceding pair. 

* * This pair in descend ing order references to a regional p rog ramme for an adjacent prov ince. 
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St. Gallenkirch # 7 94.1 

Bludenz 1 94.1 96.0 
Schruns 94.1 96.7 
Gaschurn 94.1 94.8 

Lech # 5 96.5 

Bregenz 1 96.5 98.2 
St .Anton/A 96.5 95.1 * 

Latrens # 7 94.5 

Bregenz 1 94.5 98.2 
Feldkirch 94.5 97.3 
Damùls 94.5 95.6 

Damùls #7 95.6 

Bregenz 1 95.6 98.2 
Raggal 93.7 95.6 
Latrens 94.5 95.6 

Wald # 5 96.9 

Dalaas 94.5 96.9 
St .Anton/A 96.9 95.1 * 
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E x a m p l e 4. U s e of the Mapped F r e q u e n c y Method for c ross - re fe renc ing to f requenc ies of Other 
Ne tworks 

These frequency-lists are distributed wi th the 0101 /0110 /0111 /1000 variants of group type 14A. 

° main t ransmit ter 

• repeater stat ion 

O tuned p rogramme service 

D cross-referenced programme service 

A l l codes are symbol ic frequency channel numbers . 

Note: W h e n receiving the tuned programme on frequency 7, there are two corresponding 
frequencies for the cross-referenced programme, namely 14 and 19. 

F o r the tuned programme a l l stations transmit 
the fo l lowing station-related lists according to 
Method B in Groups OA : 

W h e n receiving the tuned programme, l ink ing 
to the cross-referenced programme is as 
fol lows according to the Mapped Frequency 
Method in Groups 14 A : 

Example: R a d i o receives the tuned programme on frequency 5. T h e n one (see Section 4.3.1) o f 
the respective station-related lists for the tuned programme is required in the receiver. It now has to look 
in G r o u p type 14A for a pair containing frequency 5 as the first frequency, to know that the 
cross-referenced programme can be received on frequency 12 (see also R D S Specif icat ion E B U doc. T e c h 
3 2 4 4 / C E N E L E C E N 50 067. 

6 0 

# 7 4 0101 ( V a r . 5) 4 11 

4 9 
4 7 
4 5 

# 5 9 0101 ( V a r . 5) 9 16 

4 9 
7 9 

# 5 ' 7 0101 ( V a r . 5) 7 14 

4 7 0110 ( V a r . 6) 7 19 

7 9 

# 3 5 0101 ( V a r . 5) 5 12 

4 5 

# 3 9 0101 ( V a r . 5) 9 15 

4 9 
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Appendix 3 to Chapter 4 

RDS channel capacity 

T h e basic bit-rate o f 1187.5 bi t /s of the R D S system is fa i r ly low and therefore the R D S channel 
capaci ty is a rather l imited resource. Bearing in mind that the four checkwords in each group of 104 
bits occupy a total o f 40 bits, and that each group address needs 5 bits, the useful bit rate is: 

1187.5 
1187.5 • (40 + 5) = 673.7 bi t /s 

104 

I n order to analyze the allocation of R D S capacity to each o f the features, these are grouped 
together in categories according to their consumption of R D S channel capacity. 

F i r s t we look at the capacity required for al l the features relating to the broadcast programmes, 
and then we identify what is left over for the non-programme-related features. 

A s shown in Table A.3/4-1, the programme-related features can be divided into four categories: 

— the five p r imary features ( P I , P S , A F , T P / T A ) , mainly required for the automated tuning process; 

— the Enhanced Other Networks information, which really is a complementary feature for automated 
tuning as far as networks are concerned; 

— a group o f features ( P T Y , M / S , D I , P I N , C T ) which consume relatively little R D S capacity; for P I N 
a repetition rate o f only one T y p e 1A Group per minute is required, although in connection wi th 
R P it must be increased to one per second; 

— and f inal ly Rad io tex t . 

W e then group, together the non-programme-related features ( R P , T D C , I H and T M C ) and 
determine f rom the Tab l e what capacity is left for these, i f al l the programme-related features are 
implemented. 

T h e fo l lowing can be seen from Table A.3/4-1: 

PI, PS, AF, TP/TA : These pr imary functions of R D S , essentially supporting the automated tuning 
process, require 48.35 % o f the available channel capacity. 

EON: I f the automated tuning process is enhanced by using the E O N feature 8.24 % o f the capacity 
w o u l d have to be set aside, bringing the total already up to 56.59 % . 

PTY, M/S, DI, PIN, CT: A l l these features require relatively little R D S capacity. Whi le the first 
three together require 9.65 % whether implemented or not, for reasons of coding, the last two require 
an addi t ional 0.21 % ( 5 . 6 % i f R P is implemented), bringing the total required to 66.44 °7o (or 71.83 °7o 
wi th R P ) . 

RT: Radio tex t requires an additional 1 7 . 5 8 % , bringing the total required for the programme-
related features up to 8 4 % (or 8 9 . 4 1 % with R P ) . 
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Tab le A.3/4-1 

A n a l y s i s of the requ i red RDS c a p a c i t y 

Appl ica t ion Feature 
Group Types 

containing 
this info. 

Appropr iate 
min. group 

repetit ion 
rate ( s e c . - 1 ) 

No. of 
occup ied 
bits per 

group 

No. of 
occupied 

bits per sec. 

% of 
673.7 bits 
per sec. 

Accumu la ted 
RDS 

capaci ty 

Au tomated tun ing PI all 11.4 16 182.4 27.07 Au tomated tun ing 
PS OA 4.0 16 64.0 9.50 
AF OA 4.0 16 64.0 9.50 
TP all 11.4 1 11.4 1.69 
TA OA 4.0 1 4.0 0.59 

48.35 

Enhanced infor
mat ion on other 
networks EON 14A(B) 1.5 37 55.5 8.24 14A(B) 

56.59 

Var ious other 
p rogramme-re la ted 
features PTY all 11.4 5 57.0 8.46 

M/S OA 4.0 1 4.0 0.59 
DI OA 4.0 1 4.0 0.59 

PIN 1A(B) 0.0271.0* 3 7 * * 0 .74/37* 0.11/5.5* 
CT 4A 0.02 34 0.68 0.10 

66.44/71.83* 

Radiotext RT 2A(B) 3 . 2 * * * 37 118.4 17.58 2A(B) 
84/89.41 * 

Var ious non-pro RP 1A/4A/7A — — — — 
gramme-re la ted TDC 5A(B) — — — — 
features 

IH 6A(B) — — — — 
T M C (8A) — — — — 

* If Radio Pag ing is used an increased repetit ion rate of 1 per second is necessary. 
* * A l though 16 bits are actual ly used for PIN, the associated 16 undef ined and 5 spare bits must also be taken into 

account , s ince this represents used capacity. 
* * * To agree with Note 3 and Table 4 of C E N E L E C EN 50 067, Sect ion 3.1.3. 

T h i s leaves 1 6 % (10°7o wi th R P ) for the implementat ion o f the non-programme-related features 
( R P , T D C , I H , T M C ) . E a c h o f them w i l l require, i f implemented , a significant proport ion of the 
remainder . I n fact, i n the case o f radio paging, the paging t raff ic w o u l d probably account for the balance 
of the capaci ty remaining. 

H o w e v e r , due to the t ime-mult iplexing possibilities o f many o f these features, the average capacity 
avai lable for other features w i l l be greater than this indicated " p e a k d e m a n d " , since it is unl ike ly , for 
example, that continuous radio text wi l l be a requirement. 

T h i s fo rm o f analysis makes it quite clear that, f rom the broacasters ' point of view it seems 
advisable to set aside about eighty per cent of the R D S channel capaci ty for the implementat ion o f a l l 
programme-related features. T h i s leaves about one-fifth of the channel capacity to accommodate features 
unrelated to the radiated programmes. T h i s implies that only a l imi ted number of further applications 
can actual ly be implemented wi th in any programme service. Due considerat ion must therefore be given 
to how R P , I H , T D C and T M C can be distributed among different programme networks, e.g. a network 
w h i c h carries T P / T A could only accommodate in addi t ion, for example , T M C . T h e same is also true 
wi th respect to so far unknown applications; their required capaci ty has to be carefully examined before 
any decision can be taken as to whether or not they jus t i fy the specif icat ion of a new G r o u p T y p e . 

I n conclus ion, R D S has a finite capacity — it is not an inexhaust ible resource. T h a t is a fundamental 
reali ty w h i c h it shares wi th any other communica t ion channel , inc luding, of course, the V H F / F M 
broadcast channels which R D S exploits and serves. 
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