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Introduction

In the following, the main characteristics of the Radio~Data System "RDS" for
VHF/FM sound broadcasting are given. These characteristics are the result of exten-
sive work carried out under the auspices of the EBU, using the PI system developed
by the Swedish Telecommunications Administration as a basis. This system is free of
patents and it 1s hoped that the publication of this document will stimulate the
development of radio-data receivers by industry and open the way for the provision
of equipment satisfying the requirements of broadcasting organisations and list-
eners,

The system specified permits the inaudible insertion of auxiliary tuning and
programme information into a monophonic or stereophonic VHF/FM broadcast using the
frequency range 87.5-108 MHz. The specification is elaborated to be in conformity
with CCIR Recommendation 450-1, and relates in the case of stereophony to-the pilot-
tone system only. Additionally, the proposed system is designed to achieve full
compatibility with the ARI* system for the identification of VHF/FM broadcasts for
motorists. This latter system was agreed within the EBU Technical Committee in 1974
(see Appendix 9). However the system described here is designed to have a much
wider range of applications and it includes the ARI features as well,

- The main objective of the system is to permit the realisation of automatic
tuning features in new receivers which would primarily evaluate programme identifica-
tion and alternative frequencies., In addition a programme service name, which can
be shown on a small display in new receivers, 1s intended to inform the listener
about the programme to which a given receiver 1s tuned. Other applications of the
system are optional, so that a particular broadcasting organisation has the choice
of realising features suiting its own requirements.

* Autofahrer Rundfunk Information (Broadcast information for motorists).
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The information given in this specification is structured 1in the following
manner:

Chapter 1 gives a description of the modulation characteristics of the system,
while Chapter 2 deals with the baseband coding structure of the data to be trans-—
mitted. The transmission of these data is organised in a structure consisting of
groups and blocks. The method of synchronisation to the structure 1is explained in
some greater detail in Appendices 1, 2 and 3.

Chapter 3 explains the detailed codes chosen for the various applications
listed in the glossary given in Chapter 4, Additional information relevant to the
programme~identification codes, the character sets for the programme service name
and radiotext and programme~type codes are given in Appendices 4, 5 and 6, respect-
ively. . Appendix 7 gives some information on the conversion between the date and
time conventions adopted for coding, and the information to be displayed to the list-
ener., The system also provides for ample flexibility for introducing additional
undefined applications which are yet to be defined (see also Appendix 8).

The glossary of the terms in Chapter 4 is used for describing the various ap-
plications to be realised in the system in the most flexible manner, which means
that no transmission capacity would be wasted if only a few of the numerous listed
options were chosen in a particular case, and that additionally it would be feasible
to add later any of the options which were not initially introduced, without
creating a problem to a receiver respecting the specification. The glossary briefly
reviews the various applications and is essential for understanding the terms used
in describing the system. '

The characteristics of the system are presented in this document according to
the general principles of the ISO layer model [1].
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CHAPTER 1

Modulation characteristics of the data channel (physical layer)

" The radio-data system is intended for application to VHF/FM radio-broadcast
transmitters in the range 87.5-108 MHz, which carry pilot-tone stereo or wmonophonic
broadcasts (see CCIR Recommendation 450-1).

It is important that radio-data receivers are not affected by signals in the
multiplex spectrum outside the data channel.

The system can be used simultaneously with the ARI system (see Appendix 9 and
CCIR Report 463-3, § 4.3), even when both systems are broadcast from the same trans-
mitter. However, certain constraints on the phase and injection 1levels of the
radio-data and ARI signals must be observed in this case (see §§ 2 and 3).

The data signals are carried on a subcarrier which is added to the stereo mul=-
tiplex signal (or monophonic signal as appropriate) at the input to the VHF/FM trans-
mitter. Block diagrams of the data source equipment at the transmitter and a typ-
ical receiver arrangement are shown in Figs. 1 and 2, respectively.

1. Subcarrier frequency

During stereo broadcasts the subcarrier frequency (57 kHz) will be locked to
the third harmonic of the pilot tone. Since the tolerance on the frequency of the
19-kHz pilot-tone 1is + 2 Hz (see CCIR Recommendation 450-1), the tolerance on the
frequency of the subcarrier during stereo broadcasts is + 6 Hz.

During monophonic broadcasts the frequency of the subcarrier will be 57 kHz
+ 6 Hz. '

2. Subcarrier phase

During stereo broadcasts the subcarrier will be locked either in phase or in
quadrature to the third harmonic of the 19-kHz pilot-tone, i.e. 57 kHz. The tole-
rance on this phase angle is + 10°, measured at the modulation input to the FM trans-
mitter.

In the case when ARI and radio-data signals are transmitted simultaneously,
the recommended phase angle between the two subcarriers is 90° + 10°,
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Fig. 1.- Block diagram of radio-data equipment at the transmitt
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Fig. 2.- Block diagram of a typical radio-data receiver/decoder
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* The overall data-shaping in this decoder comprises the filter F, and the data~shaping inherent in the biphase
symbol decoder. The amplitude/frequency characteristic of filter F, is, therefore, not the same at that given

in Fig. 3a.
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3. Subcarrier level

The present recommended nominal deviation of the main FM carrier due to the
unmodulated subcarrier is + 2.0 kHz*. Headroom should be allowed in the decoder/
demodulator for the full + 7.5 kHz deviation permitted by the CCIR provisions for
supplementary subcarriers. Allowance should also be made in the decoder/demodulator
for possible operation with a reduced level of subcarrier such that the nominal de-
viation of the main FM carrier due to the unmodulated subcarrier 1is not less than
+ 1 kHz, The decoder/demodulator should also operate properly when the deviation of
the subcarrier is varied within these 1limits during periods not less than 10 ms.

In the case when ARI and radio-data signals are transmitted simultaneously,
the recommended maximum deviation due to the radio-data subcarrier is + 2 kHz. It
is also recommended that in these cases the deviation due to the unmodulated ARI
subcarrier should be reduced to *+ 3.2 kHz.

The maximum permitted deviation due to the composite multiplex signal is
+ 75 kHz.

4. Method of modulation

The subcarrier is amplitude-modulated by the shaped and biphase-coded data
signal (see § 7). The subcarrier is suppressed. This method of modulation may al-
ternatively be thought of as a form of two-phase phase-shift-keying (psk) with a
phase deviation of * 90°,

5. Data-rate and clock-frequency

The basic data-rate of the system (see Fig. 1) is 1187.5 bit/s + 0.125 bit/s.
This clock frequency is obtained by dividing the transmitted subcarrier frequency by
48.

6. Differential coding

The source data at the transmitter are differentially encoded according to the
following rules:

Previous output New input New output
(at time t;y) (ot time t;) (at time t;)
0 0 0
o I !
1 0 1
1 1 0

where t; is some arbitrary time and t;; 1is the time one message-data clock-period
earlier, and where the message~data clock~rate is equal to 1187.5 Hz.

* With this level of subcarrier, the level of.each sideband of the subcarrier carresponds to
half the nominal peak deviation level of * 2.0 kHz, i.e. + 1.0 kHz for an "all-zeroes"
message data stream (i.e. a continuous bit-rate sine-wave after biphase encoding).
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Thus, when the input-data level is 0, the output remains unchanged from the

previous output bit and when an input 1 occurs, the new output bit is the complement
of the previous output bit.

In the receiver, the data may be decoded by the inverse process:

Previous input New input New output
(ot time t,3) (at time t;) (ot time t;)
0 0 0
0 1 1
1 0 1
1 1 0

The data is thus correctly decoded whether or not the demodulated data signal
is inverted.

7. Data-channel spectrum shaping

The power of the data signal at and close to the 57~kHz centre frequency of
the subcarrier is minimised by coding each source data bit as a biphase symbol.

This 1is dome to avoid data-modulated cross-talk in phase-locked-loop stereo
decoders, and to achieve compatibility with the ARI system. The principle of the
process of generation of the shaped biphase symbols is shown schematically in

Fig. 1. 1In concept each source bit gives rise to an odd impulse-pair, e(t), such
that a logic 1 at source gives:

e(t) = 8(t) - 8(t + t3/2) - )]
and a logic 0 at source gives:
e(t) = =8(t) + &(t + ty/2) (2)

These impulse-pairs are than shaped by a filter, H;(f), to give the required
band-limited spectrum where:

'ﬂ'ftd .
cos — J.f0<f<2/t:d
Hy(f) = (3)
0 if £ > 2/td
and here
1
Y4 = T187.5 ©

The data-spectrum shaping filtering has been split equally between the trans-
mitter and receiver (to give optimum performance in the presence of random noise) so
that, ideally, the data filtering at the receilver should be identical to that of the

transmitter, 1.e. as given above in Equation (3). The overall data-channel spectrum
shaping Ho(f) would then be 100% cosine roll-off,
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The specified transmitter and recelver low-pass filter responses, as defined
in Equation (3) are illustrated in Fig. 3a, and the overall data-channel spectrum
shaping is shown in Fig. 3b.

The spectrum of the transmitted biphase-coded radio-data signal 1is shown in
Fig. 4a and the time-function of a single biphase symbol (as transmitted) in

Fig. 4b.

The 57 kHz radio~data signal waveform at the output of the radio-data source
equipment may be seen in the photograph of Fig. 4c.

Fig. 3a.- Amplitude response of the specified transmitter or receiver
data-shaping filter
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Fig. 4a.- Spectrum of biphase coded radio-data signals
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Fig. 4b.- Time-function of a single biphase symbol
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Fig. 4c.- 57 kHz radio-data signals
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CHAPTER 2

Baseband coding (data-link layer)

1. Baseband coding structure

Fig, 5 shows the structure of the baseband coding. The largest element in the
structure is called a "group" of 104 bits each. Each group comprises 4 blocks of 26
bits each, Each block comprises an information word and a checkword. Each informa-
tion word comprises 16 bits. Each checkword comprises 10 bits!(see § 3).

Group =4 blocks =104 bits -

Blockl | Block2 |  Block3 | Block 4
~ :
s N
et Block =26 bits -\
e N
Information word Checkword + |offset word
— ~
= “Tnformation word =16 bits ! Checkward =10 bite™
47— nformation = — ;-4—— ord = |s~—><T>1
mlslmulmmlmnl m”lm,olmglmal m7]mél mslm‘lm3|mzl m,lmo c';] c'gl c'7l c‘bF'5| Cy I c‘3| c‘zlc'llC‘o

Fig. 5 - Structure of the baseband coding

2. Order of bit transmission

All information words, checkwords, binary numbers or binary address values

have theilr most significant bit (m.s.b.,) transmitted first (see Fig. 6). Thus the
last bit transmitted in a binary number or address has weight 2°,

The data transmission is fully synchrbnous and there are no gaps between the
groups or blocks. -
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One group = 104 bits = 87.6 ms

First transmitted bit of group Last transmitted bit of group

Block 1 B.TP Block 2 Block 3 Block 4
Pl code PTY
//
Checkword
+ Group Checlword Offset C=Version A Checlword
Offset A type ] Ofiset B Offset C’=Version B Offset D
code \
Aos’ significant bit
Most significant bit ~———__
T I f T T T 1|
. [ | Traffic | i |
As | Ay Ay Ao | By |prg | PTa | PT, | PT,p PT, : PTo
| | | code | f | |
L | | 4 J | | [
- Y T N N !
4-bit group type code O=version A Lo
1=version B i
Fig. 6.- Message format and addressing
Notes:

1. Group type code = 4 bits (see Chap. 3, § 1).
B, = version code = 1 bit (see Chap. 3, § 1).
PI code = programme identification code = 16 bits (see Chap. 3, § 2.1.1 and Appendix 4).

2

3

4, TP = traffic programme identification code = 1 bit (see Chap. 3, § 2.1.3).
5. PTY = programme type code = 5 bits (see Chap. 3, § 2.1.2 and Appendix 6).
6

Checkwork + offset "N" = 10 bits added to provide error protection and block and group
synchronisation information (see §§ 3 and 4 and Appendices 1, 2 and 3).

7. t; < ty: block 1 of any particular group is transmitted first and block 4 last.

3. Error protection , : ]

Each transmitted 26-bit block contains a 10-bit checkword which is primarily
intended to enable the receiver/decoder to detect and correct errors which occur im
transmission. This checkword (i.e. ¢% , c%, ... ¢ in Fig. 5) is the sum (modulo 2)
of:

a) the remainder after multiplication by x' and then division (modulo 2) by the
generator polynomial g(x), of the 16-bit information word
and |
b) a 10-bit binary string d(x), called the "offset word",
where the generator polynomial, g(x) is given by:

g(x) = x0+ x¥ + x7 + x5 + x4 +x3 +1

and where the offset values, d(x), which are different for each block within a gfoup
(see the next Section), are given in Appendix 1.
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The purpose of adding the offset word is to provide a group and block synchro-
nisation system in the receiver/decoder (see the next Section). Because the addi-
tion of the offset is reversible in the decoder the normal additive error-correcting
and detecting properties of the basic code are unaffected.

The checkword thus generated is transmitted m.s.b. (i.e. the coefficient of
ch in the checkword) first and is transmitted at the end of the block which it pro-
_tects.

The above description of the error protection may be regarded as definitive,
but further explanatory notes on the generation and theory of the code are given in

Appendices 2 and 3.

The error-protecting code has the following error-checking capabilities [3, 4]:

a) Detects all single and double bit errors in a block.

b) Detects any single error burst spanning 10 bits or less. ,

c) Detects about 99.8% of bursts spanning 11 bits and about 99.9% of all longer
bursts.

The .code 1is also an optimal burst error-correcting code [5] and is capable of
correcting any single burst of span 5 bits or less. It is 1left as an option for
receiver manufacturers whether or not the error-correcting capabilities of the code
are used. However, it should be noted that the wuse of the full error-correcting
capability of the code greatly increases the undetected error rate beyond the values
quoted above. This is because many uncorrectable error patterns are deemed correct-
able and thus pass undetected. :

It 1s therefore recommended that where error-correction is used the decoder
should only correct cases of bursts spanning one or two bits and attempt to detect
(and then discard) blocks with longer bursts. With this restricted error-
correction, about 90% of bursts spanning 11 bits and about 95% of all longer bursts
will be detected. The other error-checking capabilities of the code listed abqve
will be unaffected by the use of error-correction.

It would also be possible to implement a decoder in which error- correction
was used on certain blocks and error-detection (alone) on others.

4. Synchronisation of blocks and groups

The blocks within each group are identified by the offset words A, B, C or C'
and D added to blocks L, 2, 3, and 4 respectively in each group (see Appendix 1).

The beginnings and ends of the data blocks may be recognised 1in the recelver
decoder by using the fact that the error-checking decoder will, with a high level of
confidence, detect block synchronisation slip as well as additive errors. This sys-
tem of block synchronisation i1s made reliable by the addition of the offset words
(which also serve to identify the blocks within the group). These offset words des-
troy the cyclic property of the basic code so that in the modified code cyclic
shifts of codewords do not give rise to other codewords [6, 7].

Further explanation of a technique for extracting the block synchronisation
information at the receiver is given in Appendix 3.
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CHAPTER 3

Message format (session and presentation layers)

1. Addressing

1.1. Design principles

The basic design principles underlying the message format and addressing struc-

ture are as follows:

a)

b)

c)

d)

e)

£)

The messages which are to be repeated most frequently, and for which a short
acquisition time 1is required e.,g. Programme Identification (PI) codes , in
general occupy the same fixed positions within every group. They can there-
fore be decoded without reference to any block outside the one which contains
the information. b

There is no fixed rhythm of repetition of the wvarious types of group, 1i.e.
there 1s ample flexibility to interleave the various kinds of message to suit
the needs of the users at any given time and to allow for future developments.

This requires addressing to identify the information content of those blocks
which are not dedicated to the high-repetition-rate information,

Each group 1is, so far as possible, fully addressed to identify the informa-
tion content of the various blocks.

The mixture of different kinds of message within any one group 1is minimised,
e.g. one group type is reserved for basic tuning information, another for ra-
diotext, etc, This is important so that broadcasters who do not wish to trans-
mit messages of certain kinds are not forced to waste channel capacity by
transmitting groups with unused blocks, Instead, they are able to repeat more
frequently those group types which contain the messages they want to transmit,

To allow for future applications the data-formatting has been made flexible,
For example, one of the eight spare group types (see § 1.3) may be assigned to
future applications., Another possibility 1s to use the spare offset words.
An example is given in Appendix 8.

1.2. Principal features

These

1)

2)

The main features of the message structure have been illustrated in Fig. 6.
may be seen to be:

The first block in every group always contains a Programme Identification
(PI) code. .

The first four bits of the second block .of every group are allocated to
a four-bit code which specifies the application of the group. Groups will
be referred to as types 0 to 15 according to the binary weighting A, = 8,
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Ay =4, Ay =2, Ag =1 (see Fig. 6). For each type (0 to 15) two '"versions"
can be defined. The "version" is specified by the fifth bit (By,) of block 2
as follows:

a) Bg= 0: the PI code is imserted im block 1 only . We shall refer to this
as version A, e.g. 0A, lA, etc.

b) Bo= l: the PI code 1is inserted 1in block 1 and block 3 of all block
types. We shall refer to this as version B, e.g. OB, 1B, etc.

In general, any mixture of versions A and B of groups may be sent.

3) The Programme Type Code (PTY) and Traffic Programme Identification (TP)
occupy fixed locations in block 2 of every group.

The PI, PTY and TP codes can be decoded without reference to any block outside
the one that contains the information. This is essential to winimise acquisition
time for these kinds of message and to retain the advantages of the short (26-bit)
block length. To permit this to be done for the PI codes in block 3 of version B
groups, a special offset word (which we shall call C') is used in block 3 of version
B groups. The occurrence of offset C' in block 3 of any group can then be used to
indicate directly that block 3 is a PI code without reference to the value of By in
block 2,

1.3. Group types

It was described above (see also Fig. 6) that the first five bits of the se-
cond block of every group are allocated to a five-bit code which specifies the appli-
cation of the group and its version.

At present eight group types have been specified and all except two (types 4
and 15) are defined in version A and version B. The remaining group types will be

specified at a later date when possible applications have been defined.

The applications of the eight group types defined so far are as follows:

Group type
Decimal Binary code Applications
value Ay A, A Ay By
0 0 0 0 0 X Basic tuning and switching information (§ 1.3.1)
1 0 0 O 1 X | Programme item number (§ 1.3.2)
2 0 0 1 0 X | Radiotext (§ 1.3.3)
3 0 O 1 1 X:| Information about other networks (§ 1.3.4)
4 0 1 0 0 O Clock-time and date (§ 1.3.5)
5 0 1 0 I X | Transparent channels for text or other
graphics (32 channels) (§ 1.3.6)
6 0 1 1 0 X | In-house applications (§ 1.3.7)
7 - 14 Applications not yet defined
15 1 1 1 1 1 Fast basic tuning and switching information (§ 1.3.8)

X indicates that value may be "0" (version A) or "1" (version B).
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The recommended minimum repetition rates for some of the main applications

indicated in the table below:

Group types which

‘Recommended minimum

Applications contain this repetition rate per
information second
Programme identification (PI) code all 1*
Programme service (ES) name 0A, OB 1*
Programme type (PTY) code all 11
Traffic programme (TP) all 11
identification code
Alternative frequency (AF) code 0A 4
Traffic announcement (TA) code 0A, OB, 15B 4
Decoder identification (DI) code 0A, OB, 15B 1
Music/speech (M/S) code 0A, OB, 15B 4
Programme item number (PIN) code 1A, IB 1
Radiotext (RT) message 2A, 2B 0.2

*

Valid codes for these two items will be transmitted with at least
these recommended minimum repetition rates whenever the transmitter
carries a'normal broadcast programme.

are

The alternative frequencies (if any) for transmitters carrying the same
programme signal will be transmitted cyclically from a list of up to 25.

When no alternative frequencies are transmitted, type 0B groups (which

do not contain the alternative frequency information) should be used
instead of type OA.

In order to satisfy the above recommended minimum repetition rates,
ing mixture of groups might be used:

Typical proportion of

Group type Applications groups of this type
transmitted

0A or OB PI, PS, PTY, TP, AF¥, TA, DI, M/S 40%

1A or IB PI, PTY, TP, PIN 107%

2A or 2B PI, PTY, TP, RT 157%*

3A or 3B PI, PTY, TP, ON 107

Any Optional applications 25%

* Group type OA only.

** Assuming that type 2A groups are used to transmit a 32-character

radiotext message.

given message should be avoided (see § 1.3.3).

A mixture of type 2A and 2B groups in any

the follow-
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1.3.1. Type 0 groups : Basic tuning and switching information

Fig. 7a shows the format of type OA groups and Fig. 7b the format of type OB

groups.
Type 0A group
Checkword Checkword Checkword
+ + +
TA ?‘ Offset B Dffset C Offset D
Altemativ Programme service
Pl code PTY frequency name segment
Checkword/
+
Offset A T '
O‘EO 30 J.0 0 ay
AMc ol EREENN
H W o 1 1y !

" ba:b7 b, b b, 1b;1b, 1b |by b, ib, b, b, ib;ib, iby

d;y 0 0 1 2

Decod

cotatddo v ( 3 4

bits d] 10 5 6

do 1 7 8

e v
Prog. service name Character numbers

segment address code

@ Type 0B group

Programme service
nome segment

Pl code PTY Pl code

i +

Checkoward /. M/ \ Checkword Checkword Checkword
. . + + N +

: Offset B Offset C’ Offset D

t

+
1 B
Offset A 020 Eo

Prog. service name
segment address code

Fig. 7.- Basic tuning and switching information

Type OB groups will be transmitted if there are no alternative frequencies for
the transmitted main programme signal. Otherwise type O0A groups will be traans-
mitted, At least four type OA or OB groups per second will be transmitted whenever

the transmitter carries a normal broadcast programme.

The alternative frequencies (from a list of up to twenty-five) will be trans-

mitted cyclically. »

Notes on Type 0 groups:

1. Version B differs from version A only in the contents of block 3, the offset word in
block 3, and, of course, the version code B.

2. For details of Programme identification (PI), Programme type (PTY) and traffic program-
me (TP) code, see Fig. 6, § 2.1 and Appendices 4 and 6.
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3. TA = Traffic announcement code (1 bit) (see § 2.1.3).
4. M/S = Music-speech switch code (1l bit) (see § 2.1.4).
5. DI = Decoder-identification control code (4 bits) (see § 2.1.5). This code is trans-

mitted as | bit in each type O group. The Programme service name segment address code
(C, and C,) also serves to locate these bits in the DI codeword. Thus in a group with
CyCo = "00" the DI bit in that group is d;. These code bits are transmitted m.s.b.
(dy) first.

6. Alternative frequency codes (2 x 8 bits) (see § 2.1.6).

7. Programme service name (for display) is transmitted as 8-bit characters as defined
in the 8-bit code-tables in Appendix 5. Eight characters (including spaces) are
allowed for each network and are transmitted as a 2-character segment in each type 0
group. These segments are located in the displayed name by the code bits C, and C,

"in block 2. The addresses of the characters increase from left to right in the dis-
play. The m.s.b. (by) of each character is transmitted first.

1.3.2., Type 1 groups : Programme-item number

Fig, 8a shows the format of type lA groups and Fig, 8b the format of type 1B
groups.

It is expected that when this application is used, at least one type 1A or 1B

group per second will be transmitted., The unused bits in blocks 2 and 3 (type 1A
only) are reserved for undefined applications.

(@ Type 1A group

Group

Pl code Spare bits (16) Programme item
L :
Checkword / Spu(rse) bits A\ Checkword Checkword / ~ Checkword
+ + + +
Offset A Offset B Offset C ) | Offset D
: v i H { St H
ololoit]o 2AE23 22i2v 20 24223 22i2\ 20 25524 2_: 2zi2; P
d;y io;lr ml;uto
@ Type 1B group
Group
type
code B, TP
AN
Programme item
Pl code PTY * Pl code number code
/ 1 1 1
Checkword Spo(rg )bi ts Checl(word Checkword Checkword
+ + .
Offset A Offset B Offset C’' Offset D
0:010:1|1

Fig. 8.- Programme item number
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Notes on Type 1 groups:

1. Version B differs from version A only in the contents of block 3, the offset word in
block 3, and, of course, the version code Bg.

2. The programme item number is its scheduled broadcast start time and day of month as
published by the broadcaster. The day of month is transmitted as a five-bit binary
number in the range 1-31. Hours are transmitted as a five-bit binary number in the
range 0-23. The spare codes are not used. Minutes are transmitted as a six-bit binary
number in the range 0-59. The spare codes are not used.

1.3.3. Type 2 groups : Radiotext

Fig. 9a shows the format of type 2A groups and Fig. 9b the format of type 2B
groups.

The 4-bit address-code in the last four bits cf the second block serves to
locate in the displayed message the segment of text contained in the third (ver-
sion A only) and fourth blocks. Since each text segment in version 2A groups com-
prises four characters, messages of up to 64 characters in length can be .sent - using

Type 2A group

Group Text A/ Toxt B
code 8, TP Flag.
Nt
\
Radiotext Radiotext
Pl code PTY segment segment
Text \ Checkword + Checkword +
Checkword / segment 7 Offset B Offset C ’ \ Checkword
+ : Jugitess T T T +
OffsetA 1010{110[0| PYCICCICY  {baibylbylbyibiib,lbyiblbgib, by byiblbylb,ib, Offset D
; =
i i 1 1 IR T
| ; ba{b,{befbs by (byib,ib, b byibeib{b.lbsib,ib,
5 | i — ——
Text segment i i T e
address code Text character numbers e
—— i ! ! |
1 ! | |
0000O 1 2 3 4
0001 5 6 7 8
@ Type 2B group 1111 ’ 61 62 63 64
G';::p Text A/ Text B
de 8, TP Flag.
% \__i4 |
P! code PTY Pl code E‘::::’;r
T .
Checkword / Text \ Checkword Checkword Checkword
+ —_— segment + + | T N
OffsetA o1 Viofy| oddress Offset B Offset C’ : Offset D

' Fig. 9.- Radiotext
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this version. In version 2B groups, each text segment comprises only two charac-
ters and therefore when using this version the maximum message length is 32
characters.

If a display which has fewer than 64 characters is used to display the radio-
text message then memory should be provided in the receiver/decoder so that elements
of the message can be displayed sequentially. This may, for example, be done by
displaying elements of text (of length to fit the available display) one at a time
in sequence, or, altermatively by scrolling the displayed characters of the message
from right to left.

It should be noted that because of the above considerations there 1is possible
ambiguity between the addresses contained in version A and those contained in ver-
sion B, For this reason it is recommended to avoid a mixture of version 2A and 2B
groups when transmitting any one given message.

An important feature of type 2 groups is the Text A/Text B flag contained in
the second block. Two cases occur:

- If the receiver detects a change in the flag for a given segment (from binary
"0" to bimary "1" or vice-versa), then the whole radiotext display should be
cleared and the newly received radiotext message segments should be written
into the display with blanks left for those segments or characters for which
no update is received.

~ If the receiver detects no change in the flag, then the received text seg-
ments or characters should be written into the existing displayed message and
those segments or characters for which no update is received should be left
unchanged,

It is expected that when this application is used to transmit a 32-character
message, at least three type 2A groups or at least six type 2B groups should be
transmitted in every two seconds,

It may be found from experience that all radiotext messages should be trans-
mitted at least twice to improve reception reliability.

Notes on Type 2 groups:

1. Radiotext is transmitted as 8-bit characters as defined in the 8-bit code-tables in
Appendix 5. The m.s.b. (by) of each character is transmitted first.

2. The addresses of the characters increase from left to right in the display.

3. The text of up to 64 characters is transmitted in four (version A) or two (version B)
character segments. These segments are located by the text segment address code.

1.3.4, Type 3 groups : Information about other networks

Fig. 10a shows the format of type 3A groups and Fig, 10b the format of type 3B
groups.
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@ Type 3A group

PIN code (other network) Pl code (other network)
- \\ ¥
AF A Y
Pl code PTY (:o'?:;rk) 1e] pry J1a]
AF [ ar
/ . ¥ < '
Checkword Store Checkword Checkword Checkword
+ address + + +
Offset A . Offset B Offset C Offset D
R N i o ol 1 1 1 1 1 T T
0:0;1:1(0/iD,:D,\D,[C, :C, 0 T Information concerning
H . H Ty @ ¢ U T T VS O S T another network
Ad d""’ N U RO A Spare bits (9)
fabel N
"other R R EEEEET EREEEET
network’ Semd
(R) Type 3B group
PIN code (other network) Pl code (other network)
T F
Pi c;ado Pl code
AF
/ = A} T T
Checkword Store Checkword Checkword Checkword
+ address + + +
Offset A Offset B Offset C' Offset D

Fig. 10.- Information about other networks

The 2-bit address—-code in the last two bits of the second block identifies the
contents of the fourth block as follows:

Binary address code

c Co Applications of block 4

0 0 Programme identification (other network)

0 1 Programme item number (other network)

i 0 Traffic programme code, programme type code,

traffic announcement code, the unused bits
are reserved for undefined applications

1 1 Alternative frequencies (only to be used
for longer AF lists)

Information concerning up to eight other networks may be transmitted. The
3-bit store address code D,, D,, D, contained in block 2 1is used to dis-
tinguish information concerning each of these other networks., (These 3-bit address
codes shall be assigned to the networks concerned. They serve only to avoid falge
linking of the PI, PIN, and other elements of the information concerning other net-

works,) A list of up to 25 alternative frequencies may be transmitted for each of
the other networks. '

It 1s expected that when this application is used, at least one type 3A or 3B
group will be transmitted every two seconds.,
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1.3.5. Type 4A groups : Clock-time and date

Fig, 11 shows the format of type 4A groups. Type 4B groups are not yet de-
fined.

It 1s expected that when this application is used, one type 4A group will be

transmitted every minute.

Checkword
Type 4A group +
Offset C
$ bit .
?;;:" B.TP  (3)  Moditied Julian Day date code
code ’_L (5 decimal digits) Hour Minute  Local time offset
\ l 1 ~ s — s A v As—
TT
i
Pl code PTY |1}
! E ] Checkwor
- +
Checkword J . Cbecl(word Offsey
oo Offset B }
sot N w6 s 1l | Pl o Al 32 "
. oj1jojolo 24272 5 R AP RE R RPN PR R S PR PRSP RPN Y
Modified Julian' Day date code Howvcode Sense of local dm. differenck
0=+, 1=~

Fig. 11.- Clock time and date transmission

Notes on Type 44 groups:

1.
2.
3.

-4,

Time of day is expressed in terms of Coordinmated Universal Time (UTC).
The information relates to the epoch immediately following the start of the next group.

The clock-time group is inserted so that the minute edge will occur within 0.1 seconds
of the end of the clock-time group.

Minutes are coded as a six-bit binary number in the range 0-59. The spare codes are
not used.

Hours are coded as a five-bit binary number in the range 0-23. The spare codes are
not used.

The date is expressed in terms of Modified Julian Day and coded as a 17-bit binary
number in the range 0-99999. Simple conversion formulas to month and day, or to week
number and day of week are given in Appendix 7. Note that the Modified Julian Day
date changes at UTC midnight not local midnight. )

The local time difference is expressed in multiples of half hours with the range -12 to
+12 h and is coded as a six-bit binary number. "0" = positive offset, and "1" =
negative offset (e.g. USA).

1.3.6. Type 5 groups : Transparent data channels

Fig, 12a shows the format of type 5A groups and Fig. 12b the format of type 5B

groups.,

The 5-bit address-code in the second b’

(out of 32) to which the data contained in block
dressed. Unlike the fixed-format radiotext o~
and format can be sent using these channels.
line~feed and carriage-return) will, of cour
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(@) Type 5A group
Group Checkword Checkword Checkword
type + + +
code S;gmen' Ofiset B Offset C Offset D
oddress  —— O U

Tronsparent data Transparent date
Pl code segment segment
Checkword
L4
Offset A T T v T T T T T
0111011 |0llciciCicic]  |byibyibyibsib, ibyibyib, byib, i, lbyib, ibyibyib,
[ i i H [ FERS Hhe Whe H e H
-
Address code
identities “channel
sumber” (out of 32)
to which the data are
addressed
@ Type 58 group
Group
type
code Segment
B, TP oddress
[}
" Pl code PTY Pl code Tm":f:;:::'dch
Checkword Checkword Checkword " Checkword
+ + + .
Offset A Offset B Offset C' Offset D

Fig. 12.- Transparent data channels

These channels may be used to send alphanumeric characters, or other text (in-
cluding mosaic graphics), or for tranmsmission of computer programmes and similar

data not for display. Details of implementation of these last options are to be
specified later.

The repetition rate of these group types may be chosen to suit the application
and the available channel capacity at the time.

1.3.7. Type 6 groups : In-house applications

Fig. 13a shows the format of type 6A groups and Fig. 13b the format of type 6B
groups,

The contents of the unreserved bits

in these groups
laterally by the broadcasters,

may be defined uni-~

Broadcasting

receivers should ignore the '"in-house'" information coded in these
groups.

The repetition rate of these group types may be chosen to suit the application
and the available channel capacity at the time.
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Type 6A group

Group Checkword Checkword Checkword
type + + +
code B, TP Offset B Offset C Offset D
— 1 ~——
Pl code PTY
Checkword } \ T )
+ ]
Offset A '
[N H !
oi ] : 1:0l0 Format and application of these message
A bils may be assigned unilaterally by the broadcaster
|
|
- PY
(®) Type 68 group Y
Checkword Group AN
+ type \\\
Offset A code B, TP \\
N | Y 1l S -
Pl code | PTY Pl code
Checkword Checkword X Checkword
+ + +
Offset B Offset C' Offset D

Fig. 13.- In-house applications

1.3.8. Type 15B groups : Fast basic tuning and switching information

Fig. 14 shows the format of type 15B groups.

It is intended that groups of this type should be inserted where it is desired
to increase the repetition rate of the switching information contained in type 0
blocks without increasing the repetition rate of the other information contained in
these blocks., No alternative-frequency information or programme-service name is
included in groups of this type, and these groups will be used to supplement rather
than to replace type 0OA or 0B groups.

Type 15B group

M/S
s
i
|
Pl code PTY C',Cc P! code PTY
1
] 2
] X
e
Checkword / De::der Y Checkword Checkword / Decoder \ Checkword
+ control + + control +
Offset A bits Offset B Offset C' bits Offset D

11 : ERERERR
L

'
]
I
1
A ' ~

Fig. 14.- Fast basic tuning and switching information
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When groups of this type are transmitted, the repetition rate may be chosen to
suit the application and the available channel capacity at the time.

Type 15A groups are not yet defined,

Note on Type 15B groups:

For explanation of symbols, see notes on type O groups and Fig. 7.

2. Coding of information

A glossary of terms used in radio-data applications is given in Chapter 4 of
this document which also explains the expected responses of the receiver to the
various codes.

2.1. Coding of information for control

2.1.1., Programme-identification (PI) codes

A proposed EBU coding model for programme-identification information in radio-
data transmissions is given in Appendix 4.

2.1.2. Programme-type (PTY) codes

The applications of the 5-bit programme type codes are specified in
Appendix 6. The last number in the table in Appendix 6 is reserved for an alarm
indication (code No., 31).

2.1.3. Traffic-programme (TP) and traffic-announcement (TA) codes

These codes correspond to similar features in the ARI system. The coding to
be used 1s as follows:

Traffic programme | Traffic announcement

code (TP) code (TA) Applications

1 0 This station carries traffic announcements
but none are being broadcast at present

1 1 A traffic annoucement is being broadcast
on this station at present

0 0 This station does not carry traffic
annoucements

0 1 Not yet defined

2.1.4, Music/speech (M/S) switch code

This is a 1-bit code. A "O" indicates that speech is at present being broad-
cast and a "1" indicates that music is at present being broadcast. When the broad-
caster is not using this facility the bit value will be set at "1".
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2.1.5. Decoder-identification (DI) codes

This 4-bit code can be used to identify 16 différent operating modes, i.e. to
switch individual decoders (or combinations of decoders) on or off.

Decoder identification .
code Decimal Operoting mode®
dy 4y 4 d, value
0 0 0 © 0 Monophonic transmission
0o o0 o0 1 1 Stereophonic transmission
0 0 1 o0 2 Not yet'éssignea
0o 0 1 1 3. Stereo, artificial head
0 1 0 O 4 Mono, compressed®®
0 1 0 1 5 Stereo, compressed®¥*
0o 1 1 o 6 /Not yet assigned
0 1 1 1 7 Stereo, compressed*¥,
artificial head
1 0 0 0 8
' Not yet defined
1 1 1 1 15

These specified operating modes exclude each other. However, it should be

noted that operating modes may be specified which are transmitted success-
ively, but which should be used simultaneously.

** See CCIR Study Programme 46A/10 (Geneva, 1982),

2,1.6, Alternative frequency (AF) codes

Two AF codes are normally transmitted in block 3 of group OA., The 8-bit
normally indicate VHF channels at 100 kHz intervals:

Number

205

Binary code

00000000
00000001

.
O

11001100
11001101

Carrier frequency

87.5 MHz
87.6 MHz

107.9 MHz
Filler code*

* Used where the list of AF codes does not completely fill the available space.

codes
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Number 224 and upwards for the first AF code in the block do not indicate chan-
nels but indicate special cases thus:

Numbers from 224 to 249 show how many different frequencies excluding filler
words are included in the list, This number precedes the list of AF codes:

Number Binary code Meoning
224 11100000 No AF exists
225 11100001 1l AF code follows 2
_ zes
. L] - "2\2 '7
. . . <z R Ve
249 11111001 25 AF codes follow

Numbers 253,
frequency offset:

254 and 255 indicate that the second AF code in this block has a

Number Binary code Offset

253 11111101 + 25 kHz
254 11111110 + 50 kHz
255 11111111 + 75 kHz

The number

this block applies

For applications in ITU Regions 1 and 3 the following numbers

250 (binary code 11111010) indicates that the second AF code in

to an LF or MF channel.

then apply for

LF and MF.
Number Binary code Carrier frequency
LF 1 00000001 153 kHz#* 155 kHz
15 0000111l 279 kHz 281 kHz
MF 16 00010000 531 kHz
135 10000111 1602 kHz

1f the AF feature 1s not used then group type OB should be applied.

2.1.7. Programme-item number (PIN) codes

The transmitted programme item number code will be the scheduled broadcast
start time and day of month as published by the broadcaster.

* These LF frequencies do not all come into use until 1990.
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2.1.8. Information about other networks (ON)

The information about other networks consists of programme identification code
(PI) (see § 2,1.1), programme item number code (PIN) (see § 2.1.7), traffic pro-
gramme code (IP) (see § 2.1.3), programme type code (PTY) (see § 2,1.2), traffic
announcement code (TA) (see § 2.1.3) and alternative frequency code (AF).

The 8-bit AF code (bits AF, to AF,; see Fig, 10) indicates channel numbers as
described in § 2.1.6. However, the AF codes can be transmitted in block 3 (group 3A
only) and 1in block 4 (indicated by bits C, and C,), as well. The list of AF codes
should be transmitted in the same order as that of the network to which the receiver
is tuned. If necessary, filler codes should be used., If the AF feature is not used
the group 3B should be applied and the code C,Cy = "11" should be avoided.

2.2. Coding of information for display

Code tables for the displayed 8-bit text characters relating to the programme
service name and radiotext are given in Appendix 5.

2.3. Coding of clock-time and date

In order to avoid ambiguity when radio-data broadcasts from various sources
are processed at one point (e.g. reception from multiple time zones), and to allow
calculations of time intervals to be made independent of time zones and summer-time
discontinuities, it 1s proposed that the broadcast time and date codes should use
Coordinated Universal Time (UTC) and Modified Julian Day (MJD) in accordance with
CCIR Recommendations 457-1 and 460-3., A coded local time~difference, expressed in
multiples of half-hours 1s appended to the time and date codes.

Conversion between the Modified Julian Day date and UTC time codes and the
various calendar systems (e.g. year, month, day, or year, week number, day of week)
can be accomplished quite simply by processing in the receiver decoder (see

Appendix 7).

2.4. Coding of information for transparent data channels

The coding of this information may be decided unilaterally by the broadcaster
to sult the application. Radio-data receivers may provide an output of it (e.g. as
a serial data stream) for an external device (e.g. a home computer),

2.5. Coding of information for in-house applications

The coding of this information may‘be decided unilaterally by the broadcaster
to suit the application. Radio-data receivers should entirely ignore this informa-
tion.
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CHAPTER 4

Glossary of terms for the applications

1. Programme identification (P1)

This information consists of a code enabling the receiver to distinguish bet-
ween countries, areas* in which the same programme is transmitted, and the identifi-
cation of the programme itself, The code is not intended for direct display and is
assigned to each individual radio programme, to enable it to be distinguished from
all other programmes, One important application of this information would be to
enable the receiver to search automatically for an alternative frequency in case of
bad reception of the programme to which the receiver is tuned; the criteria for the
change-over to the new frequency would be the presence of a better signal having the
same programme~-identification code.

Three kinds of receiver could be designed for this search tuning:

a) A '"scanning" receiver (with or without a memory for alternative frequencies
having the same programme identification) which is muted during the search
process or which would switch inaudibly to an alternative frequency.

b) A "learning" receiver equipped with a memory to store alternative fre-
quencies. Such a receiver would remain in the data-reception mode and scan
the band even if the audio output is switched off.

c) A receiver equipped with two RF front-ends, one of which would feed the AF
output while the other would search for the same programme on an alternative
frequency, with inaudible switch-over to the better signal.

In the '"scanning" receiver, the time for finding the alternative frequency is
critical and should not be longer than 8 seconds. In practice this means that the
code must be repeated frequently (see Chap. 3, § 1.3). Details concerning applica-
tion of the code on a European scale are given in Appendix 4.

2. Programme service (PS) name

This is a text consisting of not more than eight alphanumeric characters coded
in accordance with Appendix 5, which could be displayed by future receivers in order
to inform the listener what programme service is being broadcast by the station to
which the receiver is tuned (see Chap. 3, § 1.3.1). An example for a name could be
"SRG BERN". In the case of a local programme, the broadcaster may use any designa-
tion (up to 8 characters). The length of this name has to be limited for economic
reasons, l.e., to keep the receiver cheap. The programme service name is not in-
tended to be used for automatic search tuning.

* For traffic broadcasts, the area code may correspond to the respective ARI Code.
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3. Programme type (PTY)

This 1is an identification number to be transmitted with each programme item,
which is intended to specify the programme type within 31 possibilities (see
Appendix 6). This code could also be used for search tuning. The code will, more-
over, enable suitable receivers and recorders to be pre-set to respond only to pro-
gramme items -of the desired type. The last number, i.e. 31, 1is reserved for an
alarm identification which is intended to switch on the audio signal when a receiver
is operated in a waiting reception mode.

4. Traffic-programme identification” (TP)

This is an on/off switching signal to indicate, by means of a special lamp (or
a similar device) on the receiver, that this is a programme on which announcements

are usually made for motorists. The signal could be taken into account during auto-
matic search tuning.

5. List of alternative frequencies (AF)

It would be desirable to tramsmit a list of up to 25 frequency-channel num-
bers. This would give information on the various transmitters broadcasting the same
programme in the same or adjacent reception areas, and would enable receivers equip-
ped with a memory to store that list in order to reduce the time for switching to
another transmitter. This facility is particularly useful in the case of car and
portable radios.

6. Traffic-announcement identification™ (TA)

This is an on/off switching signal to indicate whether an announcement for
motorists is on the air. The signal could be used in receivers to:

a) switch automatically from the cassette listening mode to the traffic announce-
ment;

b) switch on the traffic announcement automatically when the receiver is in a
waiting reception mode and the audio signal is muted;

c) switch from a programme carrying no traffic information to one carrying a
traffic announcement, according to those possibilities which are given in
Chapo 3, §§ 1.3.4 or 2,1.3, -
After the end of the traffic announcement the initial operating mode will be
restored,

7. Decoder identification (DI)

This 1is a switching signal indicating which of 16 possible operating modes (or
combinations thereof) is appropriate for use with the broadcast signals.

8. Music/speech switch (M/S)

This is a two-state signal to provide information on whether music or speech
is being broadcast. The signal would permit receivers to be equipped with two separ-
ate volume controls, one for music and one for speech, so that the 1listener could
adjust the balance between them to suit his individual listening habits.

* This feature corresponds to that of the ARI system.
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9. Programme-item number (PIN)

The code should enable receivers and recorders designed to make use of this
feature to respond to the particular programme item(s) that the user has pre-
selected. Use is made of the scheduled programme time, to which is added the day of
the month in order to avoid ambiguity (see Chap. 3, § 2.1.7).

10. Radiotext (RT)

This refers to text transmissions coded in accordance with Appendix 5, primar-
ily addressed to new home receivers, which would be equipped with suitable display
facilities (see Chap. 3, § 2.2). In car receivers where a text display is undesir-
able for safety reasons, the radiotext transmission <could be used to control a
speech synthesizer; details of operation in this mode require further study.

{1. Information concerning other networks (ON)

This feature can be used in conjunction with a list of up to 25 alternative
frequencies for each of up to 8 other networks, Traffic~programme and announcement
identification as well as programme-type and programme item number information can
be transmitted for each other network. The relation to the corresponding programme
is established by means of the relevant programme identification (see Chap. 3,
§ 1.3.4).

12. Transparent data channel (TDC)

As well as for the application described above, radiotext could also be sent
in a form suitable for presenting a display on a television receiver similar to that
obtained with teletext. These channels may be used to send alphanumeric characters,
or other text (including mosaic graphics), or for transmission of computer programs
and similar data not for display.

*3. In-house application (IH)

This refers to data to be decoded only within the broadcasting organisation.
Some examples noted are identification of transmission origin, remote switching of
networks and paging of staff, The applications of coding may be decided by each
broadcasting organisation itself,

14. Clock-time and date (CT)

In application of the relevant CCIR Recommendations, broadcast time and date
codes should use Coordinated Universal Time (UTC) and Modified Julian Day (MJD).
Details of using these codes are given in Chap. 3, § 2.3 and Appendix 7. The listen-
er, however, will not use this information directly and the conversion to local time
and date will be made in the receiver's circuitry.
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APPENDIX 1

Offset words to be used for group and block synchronisation

The offset words are chosen in such a way that the content in the syndrome
register will not be interpreted as a burst of errors equal to or shorter than five
bits when rotated in the polynomial shift register (see Appendix 2).

Only eight bits (i.e. dy to d;) are used for identifying the offset words.
The remaining two bits (i.e. d; and dy) are set to logical level zero.

The first five offset words (A, B, C, C', D) of the table below are used for
the applications so far identified (see Chap. 3, § 1.3).

Binary value
Ofiset word

do | dg | dy | dg | ds | dy | dy | dy | 4 | dp
A oo v || v 11 1]o]o
ot |1 jojofl 1| o0]o0]oO
of1jo |1 | tjo|1|0]|o0]oO
' Lo | 1| o] olo o
D oft1 | 1o | 1| 1o} 1]|o0o]o0

E* ojojojJo|lo]o]|o]|o
F* o |t {1 ool 1o 1]o0o]o0

* Reserved for future applications (see Appendix 8).

The offset words are added (modulo-two) to the checkword cy ~ ¢o to generate
the modified check-bits ¢ - ¢§ (see Chap. 2, § 3, Error protection),

Normally, offset words A, B, C (or C') and D will be used and added to
blocks 1, 2, 3 and 4, respectively., When offset words E or F are used, the 4-block
group structure described in this document need not be used, Decoders designed to
meet this present specification should entirely ignore the information in any blocks
found to have offset words E or F, but may use the syndromes resulting from these
offsets to maintain block synchronisation. However, when using these syndromes, in
order to avoid an increased rate of false synchronisation pulses, it 1is important
that this block synchronisation information is used only if four or more comsecutive
blocks are found, all with offset word E or all with offset word F.
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APPENDIX 2

Theory and implementation of the modified shortened cyclic code

The data format described in this document uses a shortened cyclic block code,
which is given the capability of detecting block-synchronisation-slip by the addi-
tion (modulo-two) of chosen binary sequences (offset words, see Appendix 1) to the
check bits of each codeword [4, 6, 7].

1. Encoding procedure

1.1. Theory

A definitive description of the encoding of the information is given in Chap. 3,
§ 2.

The code used is an optimum burst-error-correcting shortened cyclic code [5]
and has the generator polynomial:

1 7 5 4 3
g(x) = 0+ x e xt e+

Each block consists of 16 information bits and 10 check bits. Thus the block
length 1s 26 bits.

The 10-bit checkword of the basic shortened cyclic code may be formed in the
usual way, i.e. it i3 the remainder after multiplication by x"k (vhere n-k 1is the
number of check bits, 10 here), and then division (modulo-two) by the generator poly-
nomial g(x), of the message vector.

Thus if the polynomial m(x) = ms x> + m, x* + ... + m;x + m, »
(wvhere the coefficients m, are 0 or 1), represents the 16-bit message vector, the
basic code vector v(x) is given by:

0, mx)x"

2 () mod g(x)

v(x) = m(x)x

The transmitted code vector is then formed by the addition (modulo-two) of the
10-bit offset word, d(x) (see Appendix‘l) to the basic code vector v(x).

Thus the transmitted code vector, c(x), is given by:
c(x) = d(x) + v(x)

10
= d(x) + m(x)x'%+ Eﬁf%%.

mod g(x)

v\

The code vector is transmitted m.s.b. first, i.e. information bits
cys X% to cp x© , followed by modified check bits c} x° to cf x°.
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The encoding process may alternatively be considered in terms of its generator
matrix G which 1s derived from the generator polynomial. The 16 information bits
are expressed as a 16 x 1 row matrix and multiplied by the generator matrix to give
the information bits and check bits. The complete transmitted code vector is then
formed by the addition of the offset word, d(x). .

~

(10000000000000000001 110111
01 01011100111
0 1 01110101111
0 1 01100001011
0 1 01101011001
0 1 01101110000
Y 1 00110111000
G=1]0 1 00011011100
0 1 00001101110
0 1 00000110111
0 1 01011000111
0 1 01110111111
0 1 01100000011
0 1 01101011101
0 A 101101110010
\0000000000000001011011100 1,
Fig. 15.- Generator matrix of the basic shortened cyclic code in binary notation
Thus:

15 0 25 24 10 9 8 0
(mg x™ +mx + o0 +my) G =mgx" +m, x" + ..+ mpX FCeX FCgX * ...+ CpX

where:

Co

(msx 0) @ (mx DO @yx DD ... d (mx 1) D (mgx 0)
cg = (msx 0) ® (m,x 0) @ (my, x 1)@...®(m]>< D® (myx 1), ete.

(® indicates modulo-two addition).

The check bits of the code vector are thus readily calculated by the wodulo~-
two addition of all the rows of the generator matrix for which the corresponding
coefficient in the message vector is "1". '

Thus for "the message vector:
m(x) = 0000000000000001
The corresponding code vector is:
v(x) = 000000000000000101}0111001
which may be seen to be the bottonjx row of the generator matrix.

After adding the offset word say d(x) = 0110011000 the transmitted code vec-
tor 1is:

c(x) = 00000000000000010000100001
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Similarly for the all "1"s message vector:
m(x) = 1111111111111111
it follows that:
v(x) = 11111111111111110011001101
which on adding an offset wor? d(x) = OllQOLlOOO becomes:

e(x) = 11111111111111110101010101

1.2. Shift-register implementation of the encoder

Fig. 16 shows a shift-register arrangement for encoding the transmitted 26-bit
blocks. The encoding procedure is as follows:

a) At the beginning of each block clear the 10-bit encoder shift-register to the
"all-zeroes'" state.

b) With gates A and B open (i.e. data passes through) and gate C closed (data
does not pass through) clock the 16-bit message string serially into the en-
coder and simultaneously out to the data channel.

c) After all the 16 message bits for a block have been entered, gates A and B
are closed and gate C opened,

d) The encoder shift-register is then clocked a further 10 times to shift the
checkword out to the data channel through a modulo-two adder where the offset
word, d(x), appropriate to the block is added serially bit-by-bit to form the
transmitted checkword,

e) The cycle then repeats with the next block.

—G-) l Offset word Input

)

Gate C

Gate B
Message input Output to the
data channel

Fig. 16.- Shift-register implamentation of the encoder
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2. Decoding procedure

2.1. Theory

For a received binary sequence, y, the syndrome 3§ can be calculated as

= yH, where H is a parity-check matrix such as that given in Fig. 17. If

is the transmitted binary sequence and y 1s the received sequence, then

+ X 1s a sequence that contains a 1 in each position in which ¥y and

differ. This sequence 1is called the error sequence Z. The definition of
the parity-check matrix H is such that XH=0 if X is a codeword.

Xl Xl ol

Thus, zH= G@x)H=3JHOxH=FH=53
=0

i.e. s = zH

If the errors introduced on the channel are known then the syndrome 1is also
known. This relation is used for synchronisation in the system.

If an offset word is added to each block, it is the same as an error added to
each block, i.e. the offset word is equivalent to an error sequence Z, on the
channel, If there are no other errors on the channel the offset word can be found
in the received information by calculating the syndrome 5 = yH.

The calculation of the syndromes for the different offset words can easily be
done by multiplying each word with the parity matrix H.

For example, with offset word A = 0011111100:

z = ?OOOOOOOOOOOOOO?’?OIllll}O?l

My My Co C2|Co
Cy

Now the parity-check matrix H is:

¢ 1000000000
0100000000
0010000000
0001000000
0000100000
0000010000
0000001000
0000000100
0000000010
0000000001
1011011100
0101101110
H= |0010110111
1010000111
1110011111
1100010011
1101010101 Fig. 17.- Parity-check matrix of

1101110110 the basic shortened cyclic code
0110111011 )
1000000001
1111011100
0111101110
0011110111
1010100111
1110001111
\1100011011/

It is this matrix which is used

in the decoder of Fig. 18
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Thus 8 = zH = 1111011000

The other syndromes can be calculated in the same way. The syndromes corres-
ponding to offset words A to F calculated using the matrix of Fig, 17, are shown in
the Table below:

Offset 4 ?f;—,e :4: ; rd dy S, ssgy:‘ i',m So-
A . 00LI[IMII00 3E, 1111011000
0110 II\Q;OO 6¢+ 1111010100
) 0101f101000 5A° 1001011100
c' 1101p10 ‘00 Das 1111001100
0110110100 47V o 1001011000
0000D000P0 o o 4 | 0000000000
F 0110p101P0 ¢ 5 " 0110000100

IS

2.2. Implementation of the decoder

There are several methods using either hardware or software techniques for
implementing the decoder. One possible method is described below.

Fig. 18 shows a shift-register arrangement for decoding the transmitted 26-bit
blocks and performing error-correction and detection.

Gate A

Syndrome register x3

Qutput

Gate B : 16 bit buffer-register r\-fy

’_S)——« Gate C |——=—— Offset word input

Input

Fig. 18.- Shift-register implementation of the decoder
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The decoding procedure is as follows, assuming that in this explanation group
and block synchronisation have already been acquired (see Appendix 3):

a) At the beginning of each block the 10-bit syndrome-register and the 16-bit
buffer-register are cleared to the "all-zeroes" state.

b) The 16 information bits are fed into the syndrome- and buffer-registers.
Gates A and B are open (conducting), and Gate C is closed (not conducting).

c) With Gate B closed and Gate C open the 10 check-bits are fed {into the
syndrome-register, The offset word appropriate to the block is then sub-
tracted from the checkword serially bit-~by-bit at the modulo-~two adder at the
input to the decoder.

d) The 16 information bits in the buffer-register are clocked to the output and
the contents of the syndrome-register are rotated with Gate A open.

e) When the five left-most stages in the syndrome-register are all zero a pos-
sible error burst with a maximum length of five bits must lie in the five
right-hand stages of the register.

f) Gate A is closed and the contents of the syndrome register are added bit-by-
bit to the bit-stream coming from the buffer-register. If the five left-most
stages do not become all zero before the buffer-register is empty, either an
uncorrectable error has occurred or the error is in the check~bits.

g) The cycle then repeats with the next block.

In this implementation of the decoder, in addition to the connections to the
syndrome register corresponding to the coefficients of the generator polynomial,
g(x), there is a second set of comnnections to perform automatic premultiplication of
the received message by x°% modulo g(x). This is necessary because the code has
been shortened from dits natural cyclic length of 341 bits. The remainder of x3%
modulo g(x) is x” + x® + x* + x® + x + 1, and the second set of connections to the
syndrome register may be seen to correspond to the coefficients in this remainder.

Reference [4] gives a further explanation of this decoding technique.
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APPENDIX 3

Implementation of group and block synchronisation using

the modified shortened cyclic code

Theory

1.1. Acquisition of group and block synchronisation

To acquire group and block synchronisation at the receiver (for example. when
the receiver 1is first switched on, on tuning to a new station, or after a prolonged
signal-fade) the syndrome 5 must be calculated for each received 26-bit se-
quence. That 1is, on every data=-clock pulse the syndrome of the currently stored
26-bit sequence (with the most recently received data bit at one end and the bit
received 26 clock pulses ago at the other) is calculated on every clock pulse,

This bit-by-bit check is done continuously until two syndromes corresponding
to valid offset words, and in a valid sequence for a group i.e. [A, B, C (or C'), D]
are found n x 26 bits apart (where n = 1, 2, 3 etc.). When this 1s achieved, the
decoder 1s synchronised and the offset words which are added to the parity bits at
the transmitter are subtracted at the receiver before the syndrome calculation for
error correction/detection is done (see Appendix 2).

1.2. Detection of loss of synchronisation

It 1is very important to detect loss of synchronisation as soon as possible.
One possibility is to check the syndrome continuously as for acquisition of synchro-
nisation, However, errors in the channel will make it difficult to continuously
recelve the expected syndromes, and therefore the decision must be based on the in-
formation from several blocks, e.g. up to 50 blocks. Another possibility is to
check the number of errors in each block and base the decision on the number of
errors in 50 blocks. '

One possibility for detecting block synchronisation slips of one bit is to use
the PI code, which does not usually change on any given transmission. If the known
PI code 18 received correctly, but is found to be shifted one bit to the right or to
the left, then a one bit clock-slip is detected. The decoder can then immediately
correct the clock-slip.

2. Shift-register arrangement for deriving group and block
synchronisation information

There are several methods using either hardware or software techniques for
deriving group and block synchronisation information. One possible method 1is des-
cribed below. Fig. 19 shows a block diagram of a shift-register arrangement for
deriving group and block synchronisation information from the received data stream,
It may be seen to comprise five main elements:
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a) a 26-bit shift-register which may either act as a straight 26-bit delay (A/B
input selector high) or as a recirculating shift-register (A/B 1input selector
low)

b) a polynomial division circuit comprising a 10-bit shift-register with feed-
back taps appropriate to the generator polynomial, g(x), described in Chap. 2,
§ 3 and Appendix 2;

c) a combinational logic circuit with five ouputs indicating the presence of the
"correct" syndromes resulting from the five offset words A, B, C, C' and D;

d) a fast-running clock operating at at least 33.5 kHz;

e) a modulo-28 counter with endstops, decoding for states 0, 1 and 27, and asso-
ciated logic gates 1 to 3 and flip-flops 1 to 3 (FFl to FF3).
Fig. 19.- Group and block synchronisation
detection circuit — B
. ) Syndrome . C Group and
detection = c block sync.
circuits - D pulses output
. . T
B Data input H
Data input A 26-bit shift register di::iloy"n::;sl,er
Clock Clock Clear
input _ input Gated clock 2 (26 pulses per data bit)
A/B - ’
input
select.
Gated clock 1 (27 pulses per data bit)
DataLIock input s @ - ~ ‘
FF ‘ A
1
R Gate
! Q
FF \
- | 1223
Gate -
Reset | - 2 )
Free running 27
fast clock +28 Q=
(=38 kHz) counter \ FF
with 3
end stops | O a -
,,..Jl Go;e > *The circuit of this shift-register
is represented in Fig, 16
- (Appendix 2).
Assume that the modulo-28 counter is initially on its top endstop (state 27).

Then FF2 and FF3 are set and FFl is reset.

register and

The gated clocks to
the polynomial division circuit (gated clocks 1 and 2) are inhibited

and the division circuit shift-register is cleared.

On the next data clock pulse FFl is set, which in

counter to state 0,
the 26~bit shift-register.
is entered into 1its

circuit remains cleared and not clocked.

ready for the next data clock-pulse.

turn resets
This resets FF3 which enables the fast clock (gated clock 1) to
This has its input A selected and thus the new data bit
left-hand end; the shift-register of the polynomial division
On' the next fast clock-pulse FFl 1is

the 26-bit

shift-

the modulo-28

reset
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Before then, however, the fast clock circulates the 26 bits currently stored
in the shift-register around, and thus passes them serially into the polynomial divi-
sion shift-register where the syndrome (i.e. the remainder of the polynomial divi-
sion) is calculated. If these 26 bits happened to be a valid code-word then the
syndrome would be xYd(x) modulo g(x), e.g. if the offset word d(x) = 0011111100
then the corresponding "correct" syndrome for that block would be 0101111111, '

It should be noted that the syndromes obtained with this polynomial division
register are different from that resulting from the matrix of Fig. 17 or the circuit
of Fig. 18 (Appendix 2). The syndromes corresponding to offset words A to F are
shown in the table below.

o | Ot | st
A 0011111100 0101111111
0110011000 00000011110

c 0101101000 010010} 111

! : I

c' 1101010000 1011101100
D 0110110100 1010010111
0000000000 0000000000

F 0110010100 0001010000

When the syndrome corresponding to one of the five offset words is found, a
block synchronisation pulse is given out of the appropriate one of the five outputs
of the combinational logic circuit.

With high probability (99.5%) this will only occur when the stored 26 bits are
a complete error~free block.

This decoding process must all be achieved in under one data-bit period

On the next data-clock pulse the whole process repeats with the new data bit
in the leftmost cell of the 26-bit shift~register and all the other bits shifted
along one place to the right. Thus a block synchronisation pulse will usually be
derived one every 26 bits and will mark the end of each received block.

Moreover, since the circuit identifies which offset word A, B, C, C' or D was
added to the block, group synchronisation is also achieved.

These group and block synchronisation pulses canmnot, however, be used directly
because although with this system false synchronisation pulses due to data mimicking
or errors will be infrequent, they will, on average (with random data), occur once
every 5 x 2'° bits or approximately once every six seconds. Similarly, when errors
occur, block synchronisation pulses will be missed because even with correct block
synchronisation one of the "correct" syndromes corresponding to one of the five off-
set words will not result.

Thus it 1is necessary to have some sort of block sychronisation flywheel to
eliminate spurious synchronisation pulses and fill in the missing ones. This could
be achieved with any one of the standard strategies, but should take into account
the fixed cyclic rhythm of occurrence of the offset words i.e. A, B, C (or C'), D,
A, B ..., etc.



Specifications of the RDS system 43

APPENDIX 4

Coding model for programme identification information
in radio-data transmissions

1. EBU coding model P

e

Columns 1 to 4 : Country identification.

Codes are indicated on the maﬁ on page 44 and listed on page 45.

Columns 5 to 8 : Programme type, classified according to its .area coverage.

Codes are given on page 46.

Columns 9 to 16: Programme reference number.

Codes are given on page 47.

General remark: All codes are binary-coded HEX numbers. Code assignments must be decided
by each country individually.

Example 1: United Kingdom = C
Area coverage: N = 2
Programme BBCl =1

HEX-code: C201%*

i H 9 13

Example 2: Germany FR =D
Area coverage: traffic area B = B
Programme NDR2 = 33

HEX~code DB21%*

| 5 9 13

* A conversion table from HEX numbers to binary codes is showed on page 48,
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2. Country identification

g} ! ; ¢ &
XY @t WL DR DAL
: ! K i W
I3

NA

i
. (W
¥

Fig. 20.- Geographical locations of the symbols used for the various countries

Note.- The representation of national frontiérs in this map is of geographical significance
only and does not imply their recognition by the EBU.
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Symbols used for the countries in the European Broadcasting Area
Country Symbol' Country Symbol™
Albania (Socialist People's Jordan (Hashemite Kingdom of) 5
Republic of) 9 Libya (Socialist People's Libyan

Popular Republic of)
Andorra
Austria
Azores (Portugal)
Belgium
Bielorussia (see -USSR)

Canary Islands (Spain)
Cyprus (Republic of)

Denmark

Egypt (arab Republic of)
Faroe (Denmark)

Finland

France

German Democratic Republic
Germany (Federal Republic of)
Gibraltar (United Kingdom)
Greece

Hungarian People's Republic
Iceland

Iraq (Republic of)

Bulgaria (People's Republic of)

Algeria (Algerian Democratic and

Czechoslovak Socialist Republic

NVMENEPE~PO~"N OO NNNEONNRP> WN

Arab Jamahirya)
Lebanon
Liechtenstein
Luxembourg
Madeira (Portugal)
Malta (Republic of)
Monaco
Morocco (Kingdom of)
Netherlands (Kingdom of the)
Norway
Poland (People's Republic of)
Portugal ‘
Roumania (Socialist Republic of)
San Marino (Republic of)
Spain
Sweden
Switzerland (Confederation of)
Syrian Arab Republic
Tunisia
Turkey
Ukraine

Union of Soviet Socialist Republics

United Kingdom

FOSNNWNOSOO ST OWEHOOWMOOD—H O 0O U

Ireland Vatican City State

Israel (State of) Yugoslavia (Socialist Federal

Italy Republic of) 6
*

The corresponding binary coding (bits 1 to 4) is shown on page 48.

Correspondence between the symbols and the ITU country codes

1 2 3 4 5 6 7 8 9 A B C D E F
DDR ALG AND ISR ‘I BEL BLR AZR ALB AUT HNG MLT D CNR  EGY
GRC  CYP SM SULI JOR FNL LUX BUL DNK GIB IRQ G LBY ROU F
MRC TCH POL CVA SYR TUN MAR LIE ISL MCO E NOR

IRL  TUR YUG UKR  HOL LBN S
URS  POR
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3. Programme type in terms of area coverage*

I: (International)
N: (National)
S: (Supra-regional)

Rl . . . R4: (Regional)

R5 . . . R12: (Regional)

L: (Local)

Hexadecimal-coding rules*

The same programme is also transmitted in other coun-
tries.

The same programme is transmitted throughout the
country.

The same programme is transmitted throughout a large
part of the country.

The programme is available only in one 1location or
region and there exists no definition of its fron-~
tiers., These four codes for regions with undefined
frontiers are available for distinguishing between ad-
jacent regions.

Area codes, including ARI traffic areas A to F.

Local programme transmitted via single transmitter
only.

Area coverage | 1, 1 N
code

ARI traffic

areq

HEX 0 1 2

R1 R2 R3 R4 R5 R6 R7 R8 RY RIO RII R12
A B c D E F
4 5 6 7 8 9 A B C D E F

* The corresponding binary coding (bits 5 to 8) is shown on page 48.
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4. Programme reference number

Numbers®

00

01 to 255

01 to 255

0l to 255

Bits *

9 to 16

9 to 16

9 to 16

9 to 16

Not assigned

Reserved for the major programmes, in terms of area coverage
(mark in addition codes for I, N, S or R5 to RIZ in bits 5
to 8)%#*

Reserved for local programmes with only one transmitter
(mark in addition code for L in bits 5 to 8)*¥

Reserved for local or regional programmes with more than one
transmitter (use regional codes Rl to R4 in bits 5 to 8)*¥

Note.~ Codes must be assigned in such a way that automatic search tuning to other transmit-
ters radiating the same programme can locate the same programme-identification code,

i.e.

all 16 bits must be identical. In cases where during a few programme hours a

network is split to radiate different programmes, each of these programmes must carry
a different programme-identification code, e.g. by using different coverage-area codes.

* The corresponding binary coding is shown on page 48.

** These codes are given on page 46.
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5. Use of hexadecimal numbers

a) Conversion table from decimal to hexadecimal

The decimal number between O and 255 is found in the table, and the two figures
of the corresponding hexadecimal number are read off from the first column and the
top line.

(=]
y—
%)
w

[¥%]
N
w
w
w
3
W
wn

20 121 22 23 24 25 26 27 28 29 30 31
36 137 38 39 40 41 42 43 44 45 46 47
52 |53 54 '55 56 57 58 59 60 6L 62 63
68 169 70 71 72 73 74 75 76 77 18 19
80 8L 82 83 18 !8 8 87 8 8 90 91 92 93 94 95
96 97 98 99 !100 |101 102 103 104 105 106 107 108 109 110 111
116 1117 118 119 120 121 122 123 124 125 126 127
128 129 130 131 1132 1133 134 135 136 137 138 139 140 14l 142 143

148 [149 150 151 152 153 154 155 156 157 158 159
160 161 162 163 164 165 166 167 168 169 170 171 172 173 174 175
176 177 178 179 180 181 182 183 184 185 186 187 188 189 190 191
192 193 194 195 196 197 198 199 200 201 202 203 204 205 206 207
208 209 210 211 212 213 214 215 216 217 218 219 220 221 222 223
224 225 226 227 228 229 230 231 232 233 234 235 236 237 238 239
240 241 242 243 244 245 246 247 248 249 250 251 252 253 254 255

DDEEEEOBonEEnEe

Dy : first digit from hexadecimal number

D,: second digit

Example: decimal number 148 corresponds to hexadecimal-code 94.

b) Conversion table from hexadecimal to binary

Hexadecimal |0 1 2 3 4 5 6 7 8 9 A B C D E F

Binary 000010001}0010{0011}0100{0101|0110(0111}1000}1001|1010{1011|1100|1101}1110}{1111
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APPENDIX 5

Character repertoires for use in radio-data transmissions

Three different alphanumeric character repertoires have been defined; they are
reproduced in Figs. 21 to 23. Taken together, they permit the composition of texts
indicating the name of the programme service and the constitution of radio-data mes-
sages, and they satisfy all the known requirements of the EBU Active Members as re~
gards radio-data transmission. The three code-tables each contain almost all the
characters in the international reference version of ISO Standard 646%. The same
codes have been given to each of these characters in all three tables. Care has
been taken in the design of the coding tables to ensure that it will be possible to
satisfy all the requirements within large geographical areas with each repertoire,
and it is therefore likely that some receivers will be equipped to display only the
characters included 1in one of the three repertoires., Nonetheless, it will be ne-
cessary to provide information identifying the repertoire in use, in order to ensure
that the display corresponds as closely as possible to the intentions of the broad-
casting organisation when received on a receiver able to display characters from
more than one repertoire. '

In accordance with the practice in the videotex service, where more than one
character repertoire is defined also, control codes have therefore been allocated to
distinguish between the basic (GO) and two auxiliary (Gl and G2) code-tables. The
selection of the required code-table is controlled in videotex by the transmission
of the corresponding repertoire control characters; SI (0/15), SO (0/14) and LS2
(1/11 followed by 6/14)**, 1In radio-data, it is controlled by the transmission of
one of the following pairs of repertoire control characters:

- 0/15, 0/15: code-table of Fig. 21
- 0/14, 0/14: code-table of Fig. 22
- 1/11, 6/1l4: code-table of Fig. 23.

These characters do not occupy a space in the display, but have effect on the
displayable characters having the same address, and on all characters having numeric-
ally higher addresses wup to, but not including, the address of another repertoire
control character. In default of a repertoire control character, the display coding
taking effect at address O should be assumed to be in accordance with Fig. 21. Re-
ceivers must not respond to any other characters of columns 0 or 1 of the code-
tables which are reserved for possible future extensions of the system.

* Including the figures 0 to 9 and punctuation; nonetheless, in certain cases, codes have been
re-allocated to characters taken from the EBU repertoires, in accordance with the provisions
of ISO Standard 646.

**® In accordance with CCIR practice, the notation A/B is used to designate the character appear-
ing on line B of column A in the table.
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For example, the name of the second Greek programme service could be trans-
mitted in type O groups as follows:

Characters: AEYTE P O
eyt Sy Sy

Addresses : 0 1 2 3

Address | Codes . Characters Function
0 0/14, 0/14 S0, SO Selection of code-~table
0 15/14, 4&4/5 A, E First two letters
1 5/9, 5/4 Y, T Second two letters
2 4/5, 5/0 E, P Third two letters
3 4/15, 2/0 0, SP Last letter and space

The code-tables of Figs. 21, 22 and 23 have also been adopted for the '"service
identification system" defined in the specifications of the C-MAC/packet system for
satellite broadcasting in Europe.

Additional displayable characters for: -
A

s

Displayable characters from the EBU common-core Complete Latin-based
code table of ISO Norm 646: (7 languages) repertolre (25 languages)
r A N\ . A AYd A

b8 0 0 0 0 0 0 1 1 1 1 1 1 | 1

b7 0 0 1 i 1 | 0 0 0 0 | i 1 1

b6 1 1 0 0 1 i 0 0 I 1 0 o 1 1

b5 0 I 0 1 0 1 0 1 0 1 0 1 0 1
b4 | b3 | b2 | bl 2 3 4 5 6 7 8 9 10 11 12 13 14 15
olojlo]o 0 0 @ p II p 3 3 2 ° A A F{ -
olo]ofn 1 ! 1 A Q a q a P « ' i A 2 Y
ofol1]o 2 " 2 B R b r é 2 @ | E > E ®
oo 1] 3 2 3 c s c s 2 & %o } E g ® ®
ol1]o]o 4 o 4 D T d t { 3 e + 1 s 5 w
o101 5 % 5 E U e u i b & i 3 i 4 §
ol1]|1]o 6 & 6 F v £ v 6 3 8 A 6 ol 0 3
ol t{1in 7 ' 7 G W g w 3 ) 8 a ) o} 2 &
1{olojo 8 ( 8 H X h x 4 a n o 0 il b p
1ol ol 9 ) 9 1 ' i y Y G ] é U i i n
1{oflt]o 10 * : J z 3 z N it £ + R r R_| ¢
1o 1] 11 + : K [ x { e ¢ $ ° & & é &
tl1lalo 12 . < L \ [ $ s — A $ 3 § §
tirlol 13 - = M 19 m Pl 8 3 1 Y% i 3 2 %
Lo 14 . > N n i L — % D ¢ ¥ E
L] 15 / ? 0 o 15| ij | § L 2 3

Fig. 21.- Code table for 218 displayable characters forming the complete EBU Latin-based repertoire.

The characters shown in positions marked (') in the table are those of the " international reference version"
of 1SO 646 that do not appear in the "complete Latin-based repertoire” given in Appendix 2 of EBU document
Tech. 3232 (2nd edition, 1982).




Specifications of the RDS system 51
Part of the EBU
EBU complete Latin-based
Latin (1SO Norm 646) common-core repertolrp Cyrillic ete. Greek
. N N "~ A . A A

b8 0 0 0 0 0 1 1 1 1 1 1 1 1
b7 0 1 1 1 1 0 0 0 ] 1 1 1 I
b6 1 0 0 i 1 0 0 ! t 0 0 1 !
b5 0 0 1 0 1 0 1 0 ! 0 1 0 1
b4[b3 b2 bl 2 4 5 6 7 8 9 10 11 12 13 14 15
olojo]o 0 @ P ” p 3 3 B e € j n =
olojoll 1 1 A Q a q a 4 U ‘ A /b a Q
ofoltfo 2 " B R b r & 2 ® ! b d | 6 P
ofo|1l 3 | # c s c s 2 & %o ! Y w ¢ s
0f1jofo 4 jot D T d t { i Y + a L S B T
of1joll 5 % E v e u i i é i C) o P 3
oj1|1]o 6 & F v £ v 6 8 i f o m ? C
oft|ty 7 ' G W g w d 8 8 q r b v r
tlololo 8 ( H X h x & i £ t b u " =
1lojoft 9 ) I Y i y b u i é H i ! u
1jof1]o 10 . J z j z N i £ + K 3 b) 4
L{of iyt 11 + K [(I) k ’(l) ¢ ¢ $ ° K & x 3
1{1j00 12 . L \ l $ $ — Ve a g A A
plrjof1] 13 - M 19 = P 8 g t ok 3 w | W
plrfr]jo] 14 N n i 1 — Y% 15} a A

NEERN N 15 / 0 o U i l § bl é ®

Fig. 22.- Code table for a combined repertoire consisting of the EBU Common-core, Greek and upper-case Cyrillic
alphabets (together with certain characters from the EBU complete Latin-based repertoire, and the lower-case
characters required for texts in Serbo-Croat, Slovenian, Slovakian, Hungarian and Romanian).

The characters shown in positions marked (') in the table are those of the "international reference version"
of 1SO 646 that do not appear in the "complete Latin-based repertoire” given in Appendix 2 of EBU document
Tech. 3232 (2nd edition, 1982),
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Latin (I1SO Norm 646) Arabic Hebrew Cyrillic ete. Greek
Vs N\ \7 NS \/ A

b8 0 0 0 0 0 0 1 1 1 i 1 1 1 3
b7 0 0 I 1 1 1 0 0 0 0 1 ] 1 1
h b6 1 i 0 0 1 I 0 0 1 1 0 0 | 1
b5 0 1 0 1 0 1 0 1 0 1 0 1 0 I
b3{b2 bl 2 3 4 5 6 7 8 9 10 11 12 13 14 15
ojofo 0 0 @ P H p 23 o n 1 € $ i w
ololt 1 ! 1 a 0 a a 4 e | a o 1 | & @ Q
oft1]o 2 " 2 B R b r 4 £ a v B d 6 P
o1 1 3 # 3 c s | ¢ s A 3 1 s 4 w ¢ s
100 4 ol 4 D T d t S s a 1 a I 3 T
1ol 5 % 5 E U e u EN < 1 » 3 10 € £
110 6 & 6 F v £ v A i t r @ 1 ® e
SRR 7 ' 7 G W g w S 4 n 4 f S 7 r
o|o]o 8 ( 8 H X h X kY 3 v 1 b u n =
001 9 ) 9 1 Y i y ) A ' v " | 1 v
ol1]o] 10 * : J z j z ) 9 3 n x 3 b 4
o1t} 11 + : K [ x fO1 ws 3 1 ° K & X c
1{o]o 12 , < L \ t o — Yy Ya )| 3 A A
1{o]1 13 - = M ]"’ m ! B t A 4 3 n ¥
Lo 14 > N n * D — | v 7 15} d v A

] s / ? 0 ° \ h { 3 § | bl < ©

Fig. 23.- Code table for a combined repertoire consisting of the 1SO 646 Latin-based alphabet, Greek, upper-case
Cyrillic and Hebrew and Arabic.

The characters shown in positions marked (1) in the table are those of the "international reference version"
of ISO 646 that do not appear in the ‘complete Latin-based repertoire” given in Appendix 2 of EBU document
Tech. 3232 (2nd edition, 1982).
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Number

O W 0O N O U & W N

— et b e et e e
A &~ W N -

21
22

30
31

APPENDIX 6

EBU proposals for programme-type codes

Code

00000
00001
00010
00011
00100
00101
00110
00111
01000
01001

01010

o101t
01100
01101
01110
01111
10000

Programme type

No programme type is indicated
News

Current affairs

Magazine

Sport

Education

For children

For young people

Religious

Drama, literature and feature
Pop and rock music

Light music

Serious music

Jazz

Folk music

Variety

> As yet undefined

Alarm
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Definition of the terms used to denote programme type
1. News Short, regular accounts of facts, events, and
publicly expressed views.
2. Current affairs Programme expanding or enlarging on the news,

3. Magazine

4. Sport

5. Education

6. For children

7. For young people

8. Religious

9. Drama, literature and
feature

10. Pop and rock music

11. Light music

12. Serious music

13, Jazz

l4. FPolk music

15. variety

16-30.

31. Alarm

generally in different presentation or concept,
including documentary.

Programme comprising a mixture of informational
and entertainment items, the latter usually mu-
sical.

Programmes concerned with any aspect of sport.

Programmes intended primarily to  educate, of
which the pedagogical element is fundamental,

Programmes other than educational, for children
up to the age of about 12 years.

Programmes other than educational, for young peo~
ple up to the age of about 19 years,

Programmes concerned with religion, including

different forms of religious services.

Radio plays and serials, book and poetry read-
ings, literary reviews, feature programmes.

Programmes of rock, beat and similar music.

Light entertainment music which cannot be classi=-
fied as pop, rock or serious music.

Any form of classical or modern music which can-
not be classified as pop, rock or light music. It
includes opera, symphonic, chamber, choral and
church music.

Music of an improvisational nature, generally
recognised as jazz, traditional, contemporary and
"avant-garde".

Songs or dances, usually handed down in the oral
tradition, both contemporary and traditional.

Quizzes, games, comedy shows.
As yet undefined.
Emergency announcement made under  exceptional

circumstances to give warning of events causing
danger of a general nature.
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APPENDIX 7

Conversion between time and date conventions

The types of conversion which may be required are summarised in the diagram
below, )

MJD + UTC

N—
Local offset *
{positive or negative)
e, -

"Local” MJD + local time

(a) (e)
(b) (c (d)

. 1
Month Day of Week- i Week-

week year number

‘ add ? subtract

Year Day

b ——

[}

I

1
i

* Offsets are positive for longitudes east of Greenwich and negative for longitudes west
of Greenwich.

The conversion between MJD + UTC and the "local" MID + local time is simply a
matter of adding or subtracting the local offset. This process may, of course, in-
volve a "carry" or "borrow" from the UIC affecting the MJD. The other five conver-
sion routes shown on the diagram are detailed in the formulas below.

Symbols used MJID: Modified Julian Day

UTC: Coordinated Universal Time
Y: Year from 1900 (e.g. for 2003, Y = 103)
M: Month from January (= 1) to December (= 12)
D: Day of month from ! to 31

WY: "Week number" Year from 1900

WN: Week number according to ISO 2015

¢ Day of week from Monday (= 1) to Sunday (

[}
~
~

K, L, M', W, Y': Intermediate variables
# : Multiplication
int: Integer part, ignoring remainder

mod 7: Remainder (0-6) after dividing integer by 7.
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a) To find Y, M, D from MID

Y' = int [(MJD - 15078.2)/365.25]

M' = int {[MJD - 14956.1 - int(Y' #365.25)]/30.6001}

D = MJD - 14956 - int(Y'* 365.25) ~ int(M'* 30.6001)

If M' = 14 or M' = 15, then K = 1; else K=0
=Y' +K ’

M =M -1-K=*l2,

b) To find MJD from Y, M, D N

If M
MJD

l or M= 2, thenL = 1; else L =20
14956 + D + int [(Y - L) #365.25] + int [(M + 1 + L %12) % 30.6001]

c) To find WD from MJD
| WD = [(MJD + 2) mod 7] + 1

d) To find MJD from WY, WN, WD

MJD = 15012 + WD + 7 #{WN + int [(WY #1461/28) + 0.411}

e) To find WY, WN from MJD

W = int [(MID/7) - 2144.64]
WY = int [(W *#28/1461) - 0.0079]
WN = W - int [(WY +1461/28) + 0.41]
Exaomple
MID = 45218 W = 4315
Y = (19)82 WY = (19)82
M =9 (September) WN = 36
D =6 WD = 1 (Monday)

Note.- These formulas are applicable between the inclusive dates 1900 March 1 to 2100
February 28.
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APPENDIX 8

Other applications

One basic requirement throughout has been to make the formatting flexible, so
that it will be possible to use this channel for future applications. One possibil-
ity 1is to select one of the spare group types to code each application. Another
possibility 1s to use other offset words.

One example of future applications is given:

This example describes how the Swedish MBS system for paging can be integrated

in the RDS system (see Specification No. 76 16560-2E, issued by Swedish Telecommuni-
cations Administration):

a) Integration with a special group type number.

Each paging call consists of 18 decimal digits.

PI PAGING PAGING

Block 1 Block 2 Block 3 Block 4

b) Integration with a special offset word.

Each block with paging information has an offset word E (see Appendix l).
The group synchronisation word is B5XX with X = 0...F,,. The maximum distance
between two synchronisation words is 5 blocks. The maximum time interval
where the offset word is equal to 0 is T = 32,707 s. 1If the RDS receiver
starts to synchronise on one channel, and finds two offset words E then the
channel 1is regarded as a RDS/MBS channel. To avoid false synchronisation
caused by blocks with information equal to 0, which also gives the syndrome
equal to 0, the receiver has to find the special synchronisation word
B5XX (HEX) within 6 blocks. If the receiver is in the scanning mode, it has
to mark (set a flag) that the channel is a RDS/MBS channel and then continue
to scan the band. If the searched programme is detected, the receiver has to

go back to the RDS/MBS channel and wait the time T < 32.707 s for RDS informa-
tion, ,
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APPENDIX 9
Specification of the ARI system
1. Frequency of the subcarrier : 57 kHz
1.1. Nominal value: + 57 kHz
1.2. Tolerances:
Mono: + 6 Hz
Stereo: The phase relationship between the pilot tone and the sub-
carrier is such that when both sine waves are crossing the time axis
simultaneously, the slopes have to be the same. Since the tolerance
of the pilot tone can be * 2 Hz, the frequency of the subcarrier can
deviate by *+ 6 Hz.
2. Frequency deviation: % 4.0 kHz % 200 Hz
3. Modulation: AM
4. Traffic announcement identification
4.1, Modulation frequency: 125 Hz (57 kHz divided by 456)
4,2, Tolerance: derived from 57 kHz subcarrier
4.3. Modulation depth: m = 0.3 £ 52
5. Traffic area identification

5.1. Modulation frequencies: derived from the subcarrier frequency.

Troffic area Frequency (Hz) Frequer::'yi:ivision
A 23.7500 2400
B 28.2738 2016
c . 34.9265 1632
D 39.5833 14640
E 45,6731 1248
F 53.9773 . 1056

5.2. Modulation depth: m = 0.6 % 5%.
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Index of abbreviations

The abbreviations which are commonly used in context
system are listed below in alphabetical order. Most of these
the glossary (see Chapter 4).

AF ¢ List of alternative frequencies.
CT : Clock time and date.

DI : Decoder identification.

IH : 1In-house application.

M/S : Music/speech switch.

ON : Information concerning other networks.
PT : Programme identification.

PIN : Programme-item number.

PS ¢ Programme service name.

PTY : Programme type.

RDS : Radio-data system.

RT ¢ Radiotext.

Traffic—-announcement identification.

TA
TDC *: Transparent data channel.

TP : Traffic-programme identification.

with the radio-data
terms are explained in
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