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Radio transmission sfatem and radio receiver

There are VHF-FM and/or AM radioc receivers with
which, as is known, an ana.log/VﬁF-m and/or AM radio
signal is received, processed and the corresponding audio

5 signals and/or video signals are reproduced in a suitable
fashion. Such radio receivers - referred to below as
analog radic receivers - exist in an extremely wide
variety of embodiments as audio receivers and/or video
radio receivers with and without a recording unit. Not

10 only audio broadcasting for radio but also classical
gsound broadcasting for television is realized with
frequency modulation (FM). -

The research report BBC RD 1982/2 of the British
Broadcasting Corporation "L.F. Rad_:!.o-Data. Specification

15 of the BBC experimental transmias,i_oﬁ_a_ 1982", August 1982,
"Specifications of the Radio Data System RDS for VHF-FM
sound broadcasting®, EBU,. Document Tech. 3244-E (March
1984) discloses a transmission method for additional
information - Radio Data System, referred to as RD3 (=

20 DIN EN 50067) for short - exclusively.VHF-FM and/or AM
radio, in which transmission method an auxiliary carrier
and/or the AM radio signal carrier is modulated,. at the
transmit end, with .an additional information sigmal or
identification. signal and in which transmission method

25 the auxiliary carrier or the 2AM radio signal carrier is

- demodulated, at the receive end, with respect to the
" additional information signal, the acquired additional
information signal is decoded and the decoded additional
information is used for tuning and/or reproduction

30 purposes in a VHF-FM and/or AM radio receiver.

Recently, radio systems and associated trans-
mission and reception equipment as well as parts thereof
have also been developed, with which radio signals (DAB,
DSR, MAC) which are non-compatible with VHF-FM and/oxr AM

35 and also PAL can be transmitted, received and processed
in digitally encoded form and reproduced in a suitable
fashion. While, in the case of DSR (= digital satellite
radio), the transmission of the digitally encoded audio
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‘| NCOVPATI BLE SI GNAL FORMATS, AND METHOD THEREFOR There
are VHF-FM and/or AMradio receivers with which, in a known way, an anal og
4VHF- FM and/ or 19"\4:{ 4'&§i gnal is received,and processed, and the
correspond- ing audro and/ or video si gnalg reproduced in a suitable manner.
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audiobroadcasting) both satellite transmission and espe-
5 cially terrestrial transinission in the VHF range in a
digitally operated common-wave network are provided, the
information of for example six stereo stations being
transmitted distributed interleaved one in the other on
a total of 1536 carrier frequencies (multiple "digital®
10 frequencies) of a 1.5 MHz multiplexed signal.. Both DAB
and DSR permit high-quality reproduction of the audio
signals in CD quality. : : .
Digital audic broadcasting via radio satellites
and/or cable links has already been introduced in the
15 Federal Republic of Germany since 1986 and is known, for
example, from the 1982: brochure "Digitaler HSrfunk iiber
Rundfunksatelliten®”, Informationsbroschiire des Bundes-
ministers fir Forschung und Technologie ("Digital Audio
Broadcasting via Radio Satellites”, Information brochure
20 from the Federal Minister. for Research and Technology).
The previously realized DSR devices are, however, only
capable of receiving and processing digitized audio
broadcasting signals. An alternative reception of analog
audio broadcasting signals on the conventional wavebands
25 VHF, MW, SW and LW is neither possible nor provided for
because of the incompatibility between analog and
digitized radio signals.
Furthermore, within the scope of the European
Research Project EUREKA 147-DAB digital audio radio
30 transmission system, DAB is being developed as a follow-
up system for the previous VHF radio. DAB is described in
basic outlines, for example, in the telecommunications
periodical "Funkschau®”, Issue 8, 1990, Teil Funkschau
Speziel, pages 9 - 18. In this article, all that is
35 required (page 16) is that, with a DAB car radio, it
should also be possible to receive the conventional
wavebands as in the past. '
In the following, DAB is used generally as an
over [gic] term fqr radio methods or systems in the audio
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broadcasting is realized using frequency nodul ation (FM. From t he
research report BBC RD 1982/2 of the British Broadcasting Corporation "L.F.
‘Radi o Data: Specification of the BBC experinental transm ssions 1982",
August 1982, "Bp83/ifBAF ons of the Radl =0 3Dat a System RDS for VHF- FM sound

br oadcasti ng", Document Tech, 3244-E (Narch 1984), a et hod for
transmitting aGRF"VPEr yided, elds. iEaI“Tbérfhr B\ i) GS’P&%M Randfer

short, (=DIN ENl_EQO&?i)dwchugnuby (a¥ MidmtMoand otetbhindiexten®nd-igasts
2 gknotn (0 WOAEY, PRARRHERS T | RigRtaTa”, SHSERS Fr 8, R
identificati onfsﬂ.goaﬁ.ngdeﬂ! -FM and/or AM radio is used generally as an
5 over [sic] term for radio methods or systems in which the
sound signals are transmitted frequency-modulated and/or
amplitude-modulated in some way and/or the video signals,
for example as in the case of PAL or SECAM, are not
transmitted in a. time-division multiplex as in the case
10 of MAC.

After the introduction of DAB, for reasons of
compatibility, the previous VHF radio will exist in
parallel with it for many years - so-called simulcast
broadcasting - sa that previous VHF-FM receivers will be

15 able to operate in the usual way during this transition
time. } . . e

In a DAB receive part, the recelver is tuned to
the multiple carrier frequencies, lying in the previous
television (VHF) range, of each DAB audio broadcasting

20 signal and to the specific DAB. signal .demodulation,
whereas, in the DAB decoder, a channel decoding and
exclusively one source decoding (with error correction
and error masking) of the digitized radio signals is
performed. Retrofitting of the existing FM and/or AM

25 radio receivers with a DAB receive part and DAB decoder
is possible in principle but also cost-intemsive and
entails many different kinds of difficulties, for example
problems with space.

An object of the invention is to develop an

30 analog and/or digital radio transmission system and a
radio receiver with low circuit complexity for it, which
radio receiver enables a rapid switch-over to the best
reception of a desired station which is broadcast over
various transmission channels which are incompatible with

35 one another. :

According to the invention, the object is
achieved with a radio transmission system having the
features according to Claim 1 or 2. Advantageous develop-
ments of the system are described in the sub-claims 3 -

—
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whi ch, on the receiver side, the subcarrier or, respectively, the AMradio
signal carrier i s dempdul ated with regard to the auxiliary information
'signal, and th z gi,aum liary informatj on obtained is used for tuning
and/ or reproductlo purposes in a VHF FM and/ or AM radi o recei ver.

Recently, radig, bgﬁ%ﬁ@g e%&%t‘%'&
recei ver devices as b‘as parts t ereo havéﬁgeen eveI o&g&)w tatﬁngo“n ch,

in addition toavﬁﬁﬁaﬁ!ﬂmrrmﬁm PAEes depsTibedoiin oGhains| 8 radls.

signal s (DAB, BERimVAG) m&ﬂ%ég aStedd ek d g SH gaé@éﬂgemdaéeéﬂin
received, processe ?ag‘? ‘E)Fﬂ%‘lljc d in a suifable ppnner. While with R

(=digital satefPit 9Rs AP ARAleg radio system, Claim 20
5 describes a transmission arrangement for a digital radio

system, for example DAB; MAC etc. Claim 21 describes a
data signal according to the invention.

In accordance with the invention according to

Claim 1, a terrestrial station-switching radio trans-

10 mission system for VHF-FM and/or AM radioc is proposed, in

which radio transmission system a first control signal is

transmitted, as a transmission-specific identification

signal which is decoded and processed by a VHF-FM and/or

AM radio receiver with a suitable control signal decoder

15 during the reception of the radio signal, with an analog

VHF-FM and/or AM radio signal of a .station. The first

control signal is assigned to the same gtation or trans-

mission as the currently. received station or to another

transmission system, for example. DAB, or is_ intended

20 therefor, which transmission system is entirely incom-

patible with the VHF-FM transmission system. In addition,

the first control signal may, moreover, contain an item

of information indicating in which frequency range and/or

at what station setting the corresponding DAB.station can

25 be received. The first: control signal is used here to

control a radio receiver for digital radio (DAB,DSR, MAC)

which is combined with, or can be connected to, the VHF-

FM receiver. From actual the presence of the first

‘control signal, it is in fact preferably possible here to

30 determine that the station is being transmitted wvia DAB.

Thus, an item of information relating to a radio

transmission system, for example DAB, DSR or MAC, D2-MAC,

HD-MAC, PAL PLUS etc., which is technically fundamentally

different from the VHF-FM/AM system is transmitted with

35 the first control signal. Preferably, the first control

signal contains all the switch-over and/or control

parameters for the radio receiver for digital radio (DAB,

DSR, MAC) which is to be controlled, with the result that

a rapid switch-over to Igic]l from VHF-FM and/or AM
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and/ or cable transm ssion paths in the 12 GHz and/or 118 MHz '
DAB (=Digital I?ﬁ&?éé)gd casting) besi_dgs the satellite traiﬂMEglmrm“m“‘
above all the al transm ssion in"the VHF range is pr n a
digitally opergl el QMO HREELSIpEESHCL & pabShsPy. the

In Claim 2, a solution, which is similar to Claim
1, using a second control sigmal for a digital radio
system, for example DAB, DSR, MAC etc., and a receiver

5 which is cuitable for it are described.

Preferably, the £first and/or second control
signal is broadcast only if the same station or the same
transmission is also transmitted in the respectively
other transmission system. If this condition is no longer

" 10 fulfilled for at least some of the time in the case of
regionalization of a station, the control signals are
then not transmitted.

Preferably, in the case of analog radio - VHF-FM
and/or AM radio are also designated as such in the

15 following - the first control signal is transmitted
within the RDS data stream; so. that-the £first control
signal is decoded by the RDS decoder and fed to a digital
radio receiver which is connected, or coupled, to the
analog radio receiver in some way. With.the fed-in first

20 control signal, a digital radio: receiver which is con-
nected to the VHF-FM receiver is controlled, for example
switched on, and caused to. receive a specific station
signal. In addition; with the first control signal, the
analog radio receiver is controlled, for example auto-

25 matically deactivated, if the . digital  radio.._receiver
takes over the reproduction. RDS, or the transmission of
the first control signal using RDS, therefore surpris-
ingly serves according to .the invention as a decisive
technological key element ox :bridge element between the

30 previous analog radio and the future radio such as DAB
although RDS, according to its original intended use is
provided exclusively for analog radio only. Remote con-
trol, according to the invention, of a DAB (VHF-FM and/or
AM) radio receiver via the VHF-FM and/or AM (DAB) trans-

35 mission channel simplifies the operation of the respect-
ive receiver in a rational way.

Alternatively, for exa:hple a pilot carrier which
is known from the television transmission system or a
signal which is siinilar to ARI (Autofahrer Rundfunk
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2 information of, for exanple, six stereo stations (staffh!é) t Ha BeenReplaced
transmtted interlaced with each other distributed over \ Fu“
carrier frequencie Itiple "digital" frequencies) bf pl ex
signal . DAB, |Pk3?1 &&B%oo permits a hi ghSqaality reproductlon of the audio
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auxiliary frequency or a specific phase value can also be
used as first . or second control sigmal, such a control
signal being preferably transmitted outside the RDS

5 transmission channel.

In order to coordinate the digital and analog
radio receiver, both receivers or receive parts are
connected to one another via at least one control line.
Provided in at least one of the. two receivers is a

10 control data evaluation circuit which evaluates the
signals transmitted via the control line and causes both
receivers to be controlled.

In - accordance with the invention according to
Claim 8, it is proposed to construct a.-combination radio

15 receiver which contains a first radio receive part for
receiving, processing and reproducing analog radio
signals, for example VHF-FM and/or AM, and a second radio
receive part for receiving, processing and reproducing
digitally encoded radio signals (DAB, DSR), one or more

20 common assemblies, in particular.a common contrel unit,
being provided for both radio receive. parts. Thus, in
each case one of one or more assemblies, for example
antenna, RF/IF stage, operating elements, loudspeakers,
AF signal processor, additional data- decoder,: display,

25 voltage supply and -further. suitable circuit components
etc., may also be arranged in the radio receiver but be
assigned to both radic receive .parts. Ags a result, a
compact design of the radio receiver is achieved, which,
as an unlimitedly mobile, portable and fixed receiver,

30 impressively displays to the user the advantages of
digital reception, such as DAB, over previous VHF-FM
reception.

The radio receiver according to the invention is
not only capable of receiving and processing both analog

35 and digitally encoded audio radio signals and/or video
radio signals, but is also distinguished, in particular,
by the fact that in each case only one of individual
suitable components or assemblies is constructed in the

radio receiver, preferably a plurality of the
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‘Republic of Germany and is known, for exanple, fromthe I?ShetHaSBq'e N 'lac% er
Hor f unk uber Rundfunksatelliten" (Digital radio via broa ME IHEU" IIL
satellites), an information brochure of the Bundesninistd g
und Tech- nol ofi 81(R&88*al M nister for Rsearch and Technol ogy), 1982. The
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etween anal og and dirgitalized radio 5|%- nal's.” )
reproduction quality of the received audio signal. As a
5 result of the single arrangement of individual components
or assemblies for both receiver elements, an economic
implementation of such a hybrid receiver can be achieved,
the consumption of material and resources being
restricted to what is most essential and the assemblies
10 or components which are provided in common being utilized
to the best possible degree.

Such a radio receiver according to the invention
has, in particular, the _advantage . that, when DAB is
introduced, it will continue to be possible to receive

15 and reproduce analog audio broadcasting on the
conventional wavebands, . the - convenience - and - the
reproduction quality associated with. it being
considerably improved. In addition, the user of a radio
receiver according to the invention is not dependent on

20 when DAB will be introduced to what extent on a national
or European basis and [lacuna] the VHF-FM radio is
terminated in stages or completely. Even after some, or
all, of the analog VHF-FM audio broadcasting signals have
been terminated completely, it . will continue to be

25 possible to use a radio receiver according to the
invention.

Ags a result of a common control unit for the
digital and analog receilve parts, in particular it is
possible to ensure the best possible setting of the

30 receiver and of its reproduction quality. In additionm,
this permits simple operation of the receiver.

It is a great advantage for an analog/digital
radio receiver as described above if, at the intrdduction
of DAB, an analog radio signal also has, as already

35 described, a first control signal transmitted with it
within the VHF-FM radio signal, which £first control
signal can be used to inform the user and to switch over
from analog signal reproduction to digital sigmnal repro-

duction, and vice versa. '
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In the abovementioned RDS system, for example a

list of the alternative VHF-FM frequencies (AF code) of
the same VHF-FM and/or AM radio station is transmitted.

If the VHF-FM radio receiver according to the invention.

is set, for example, to VHF-FM reception and receives the
station NDR 2 at 99.8 MHz there, it is appropriate, if
the same station is also provided via DAB, to transmit a
"digital®™ multiple frequency of the DAB broadcast with

the value of the corresponding station setting of- the

desired station in the DAB data stream within the AF list
of the VHF-FM signal as a further alternative frequency.
This "digital" AF and/or the value of the: station setting
of the desired station constitutes the- first control

signal which can be decoded by means of a control signal

decoder, here an RDS decoder, in the analog receiver, and

correspondingly processed in a data processing unit. The-

analog/digital radio receiver can then be set by means of.

the data processing unit in such a way that, when such a
first control signal is received, the receiver is

switched over to DAB reception in order to achieve the:

best possible reproduction quality.

In addition, it is expedient also to transmit the-

data of alternative frequencies of the AM or VHF-FM radio
signals via a DAB additional signal channel of the
digital station signal. Preferably, the data format of
the DAB additional data channel is compatible with the
RDS data format so that an RDS data evaluation circuit
can also be used for evaluating the DAB additional
signals. If, for example, a mobile receiver comes to the
propagation limit of a currently set and reproduced
digital station signal, the the [sic] reproduction may
break off abruptly. In such a case, the receiver can be
switched over promptly to altermative analog VHF-FM or AM
reception, as a result of which the corresponding station
can continue to be received even outside the DAB broad-
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transmitted (at least in part) in digitally coded form She HPSeBedithplaévuM
radi o broadcasting will be used in the follow ng as the g

broadcasting t gg gﬁgi* systens in vvh|9ch t he.sound: si g
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operate the eX|st|n% F-FM receivers in the usyal ‘nmanner durlzr]‘gathls
transition perFBG og radio. However, an item of encoded fo tion
5 relating to the number of radio stations transmitted in
a COFDM multiplexed signal is preferably also transmitted
in the DAB additional data channel, it being possible for
this information to be used at the reception end for
evaluation and for tuning to the desired statiomn.
10 The invention is described in greater detail
below with reference to several possible exemplary

embodiments. In the drawing:

Fig. la shows a radio receiver according to the
invention formed by radio receivers €for
15 the reception of digitally encoded audio
radio signals' and/or. VHF-FM and/or AM

radio signals. :
Fib. 1b shows an alternative representation to

Fig. la. . e e :
20 Figs. 2a-b show various RDS data formats of the
group type 2, .
Fig. 3 shows a . block circuit diagram of an

operating -device for -a radio receiver
according to Fig. 1, . .

25 Fig. 4 shows a block circuit diagram of a VHF-FM
receiver which is connected to a DAB
receiver via a control line,

Fig. 5§ shows a flow diagram of an operating
device,
30 Fig. 6 shows a block circuit diagram of a
transmitter arrangement,
Fig. 7 shows a flow diagram of a PI code
evaluation,
Fig. 8 shows a block circuit diagram of a
35 transmitting and receiving arrangement
according to the invention for
televisions
Fig. 9 shows a design of a display unit.
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Fig. la shows a radio receiver 0, which is
capable of receiving, processing and reproducing in a
suitable fashion both DAB radio signals and VHF-FM/aM
radio signals. In the said receiver, individual assem-
blies are used in common both for a digital receive part .
5 and for a VHF-FM/AM receive part 6. Such a radio
receiver can be designated as a hybrid receiver since it
has two fundamentally different receive parts 5 and 6 or
an analog and a digital receive section, as many assem-
blies or circuit components as possible being combined or
"married"” for both receive sections.

Such a radio receiver can also be a television
receiver 80 according to Fig. 8 which has combined
circuits for receiving and processing both analog and
digital audioc signals and/or video signals which are
transmitted in one or more of the known standards such as
PAL, SECAL, NTSC, PALPlus, MAC, D2-MAC, HD-MAC etc.
Additional signals and the first or second control
signals can be transmitted in a vertical blanking inter-
val, like the VPS or television text signals, separately
or together with them.

Both the analog and digitally encoded radio
signals are received by the transmitters via an antenna
1 and are fed to a common RF/IF stage 2. If the DAB
reception frequencies are .in the previous transmission
spectrum for VHF-FM/AM, a single RF/IF stage 2 tuner can
be used for the transmission spectrum. If the DAB tran-
smission/reception frequency is outside the previous
transmission spectra for audio broadcasting, the recep-
tion frequency of the RF/IF stage 2 must be extended to
it or two or more separate RF/IF stages 2a and 2b accord-
ing to Fig. 1lb, which can each be set to the required
frequencies, are generally used for the two receive parts
5 and 6. Under certain circumstances, such as in the case
of satellite/terrestrial rec'eption, it is advantageous if
the radio receiver has optimized and matched and/or
standardized and replaceable RF/IF stages or RF/IF
modules for each receive section 5 and 6, since these
enable, in particular, an improvement in the capability
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- 3- The tuning to the nultiple carrier frequenci eghmtmgﬁ‘icﬁd 0
br oadcast s!gnal which lie in the existing tele- vision ( mell
Section, "uher eBs 33/ dZﬂ‘éd“'ei‘El (ei 7o) ~a sour ce decoding (i th er ror
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receivers wthpesBits the receiver to switch over without difficulty
from different DAB stations to VHF-FM, or vice versa,
without a time delay during the switch-over and thus
5 without breaks in the reproduction. If the frequency band
of DAB or VHF-FM is redistributed, all that is necessary
is to replace the corresponding RF/IF stages or modules
which are configured for this purpose.
The RF/IF stage 2 is tuned by a common central
10 control circuit or control unit (microprocessor) 3. An
| input control circuit 4, also designated as splitter,
which is controlled by the control unit- 3-passes on the
received signal to the DAB receive part 5 or to the VHF-
FM/AM receive part 6. It is-also possible for the signal
15 present at the output of the RF/IF stage to be passed on
directly to the two receive parts 5 and-6. Under certain
circumstances, the circuit 4 may then be: dispensed with.
It is also advantageous to provide: common accommodation
of the receiver 0 (illustrated in Fig. 1) in a single
20 housing so that a compact design, "Which hardly exceeds
the space requirements of previous-analog receivers, is
ensured. ' '
In one DAB-specific, digital signal processing
circuit contained in the DAB receive part 5,- the received
25 audio signals which -are digitally: encoded, but transas-
mitted in analog form are digitized by means of an A/D
converter. If the  RF/IF stage 2 is appropriately
configured as a digital RF/IF stage or RF demodulator,
the digitization of the received signals can be carried
30 out there. The actual digital s=signal processing is
performed by at least two large-scale integrated
circuits, an IF signal processor and an audio signal pro-
cessor in the DAB receive part (both not illustrated). In
addition to a channel selection and channel decoding of
35 the digital radio signals transmitted in multiple fre-
quencies according to the COFDM (Coded Orthogonal
Frequency Division Multiplex) method (described in
"Advanced digital techniques for UHF satellite sound
broadcasting”, EBU Technical Centre, September 1988) with
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pPlexing) with a DAB source decoder which also contains,
for example, a polyphase filter for sub-band decoding,
the audio processor will also perform the audio func-
tions, such as tone control, volume, fadeover control,
balance etc., which are realized using analog circuit
technology in contemporary receiver concepts.

MUSICAM is. a method for baseband encoding of
audio signals. By using psycho-acoustic phenomena it
achieves, in comparison for example with a linear encod-
ing with 16 bit/48 kHz.per monosignal, a data reduction
to 96 kbit/sec, that is to say a reduction by a factor of
8. COFDM represents the.channel code. in DAB and substan-
tially solves the. problem of. terrestrial multipath
reception. Echo signals even make a positive contribution
to the traffic signal. The key to this is the division of
the data stream into a large number, for example 1536, of
carriers with 4-PSK modulation of. the individual carrier,
orthogonal carrier arrangement, the insertion of a
protection interval for the use of the multipath signals
and an interleaving of the station signals into the time
domain. In order to select stations, a DAB tuner can be
tuned to each of the COFDM frequency positions (if they
all lie in one frequency band, for example TV channel
12), the COFDM decoder selecting a stereoc signal from
this multiplexed signal.

The RF/IF part 2 (or splitter) which is con-
structed using conventional technologies supplies a
signal from which the IF signal processor in the DAB
circuit 5 extracts the data stream contained in it. The
data stream is built up in £frames, each frame having
initially a header which contains status information of
the frame. A further part of the £frame contains data
which are suitable for identifying errors (error check).
A subsequent part of the frame represents the actual
digitized audio data or sampled audio values. A further
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5 words (cyclic redundancy code), for scale factor error

correction or masking. A further part of the frame is
composed of additional signals, so-called “"program

associated data", some of which are also already arranged
in the header and defined at the transmit.-

10 After D-A conversion, an AF audio signal is made
available at the output of the DAB circuit 5 for further
processing and reproduction.

In the VHF-FM/AM receive part 6, .an AF signal is
acquired, as is known, £from the prefiltered VHF-FM/AM

15 signal of the RF/IF input stage by means of mixing in a
mixing stage, demodulation in a demodulator and amplifi-
cation and AF conditioning in an AF stage etc., -and made
available at the output of the circuit 6..

Both receive parts 5 and 6 are connected to a

20 central control unit 3 or.data- and audio-signal pro-
cessor via unidirectional and/or bidirectional control
lines and are controlled or switched on and off by it. At
the same time, in each case the desired station at the
desired setting can be set individually for each receive

25 section by means of an operating device. . 9. Using'the
central control unit 3, which is realized as a micropro-
cessor, in each case one of the signal outputs 7 or 8 of
the circuits 6 or 5 is deactivated, and the desired audio
signal is thus reproduced at the loudspeakers 16. The

30 output control amplifier circuit 11, which has inputs
which are connected to the outputs 7 and 8 of the two
receive parts 5 and 6 and is controlled by the central
control circuit 3, is suitable both for deactivation and
for AF signal processing. Wherever necessary shielding

35 means (not illustrated), which prevent individual assem-
blies being subject to interference from other assem-
blies, are provided.

By means of an operating device 9, the two
receive parts of the hybrid receiver can be appropriately
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station is to be received. Hereby, the first controlrhﬁs@aaiasB&n edo

control a radio receiver for digital broadcasts (DAB mm ch S
conbined with gonnected to the -FM r ecei m t he
presence of thgfﬁﬂ[?{%ntrol Si gnal as 'sﬁb |t can at erably be
deduced that the, JIAlde"ahd HEEYEIbEE YA tReBeenras control unit 3.

The desired information relating to the digital or the
analog radio reception, such as the name of the station
or frequency band, as well as to operating steps and/or
5 program steps are indicated on a common display 10 or
screen 80. A rapid display of all the frequency band
names via which the desired station can be received is
possible with the station-switching  control signal
transmission. i
10 The DAB-specific digital signal processing
circuit 5 has a digital output 12 via which digitally
encoded additional data and/or useful data and/or control
signals are output and can be recorded and reproduced
with a recording and/or reproduction device such as DAT,
15 DCC, MOD connected to the hybrid radio receiver.
Preferably, the digital output 12, is connected to the
output of the channel decoder, so that the data-reduced
data can be recorded in a DAB recorder, connected to the
output 12, with a DAB source decoder, and can be repro-
20 duced as 16-bit PCM signals. Furthermore, the hybrid
radio receiver has a first analog output 13 whose analog
values essentially correspond in terms of information
content to the digitized values at the output 12 of the
DAB-specific digital signal processing circuit 5. The
25 signals from this output can likewise be recorded by
means of a recording and/or reproduction device connected
to it. _
Furthermore, the hybrid radio receiver has a
second analog output 14 which is connected to the output
30 of the FM/AM signal processing circuit 6. Both analog
outputs can also be realized physically as a single
output at which the AF signal to be reproduced or first
or second control signal [sic] is always present and is
checked by a comparison measuring device, for example. It
35 may be appropriate also to provide a separate uni-
directional, and/or bidirectional data input and/or
output line 35 for the control unit 3, wvia which data
input and/or output line for example control data of the
control device are made available at an output of the
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receiver and/or conﬁrol data, for example information
such as a CT code (clock-time and date) known from RDS or
information relating to the type of transmission, for
programming the control unit are fed in and can then be
stored, or can be fed tc a recording/reproduction device -
in order to control the latter.

The ([sic] further, the hybrid receiver has a
central memory 15 in which the additional signals trans-
mitted both with the analog radio signals and with the
digital radio signals, as well as first and/or second
control signals are stored and can be used in a suitable
way for tuning or signal processing or controlling the
individual circuits or circuit. parts. In -addition,
further data processing programs and/or data for
controlling the tuning, station setting, reproduction,
operation, "display. etc. are stored in the memory 15. The
RDS signals, DAB additional signals and/or the first and
second control signals are processed and evaluated by the
central contreol unit 3. Pre-evaluation of the aforesaid
signals with .separate data processing and control cir-
cuits (not illustrated) in the VHF-FM receive part 6 and
DAB receive part 5 is, however, also possible and may
also be advantageous. : .

- Fig. 2a shows. the data format of the group type
two of the RDS.-data format. This data format is known
from the cited RDS specification. GT is the four-bit-long
group type code, for group two in this example. The PI
code {(identification of a station group) consists of a
code (16 bit) which permits the receiver to distinguish
between nationality, station area/language area and
station code. The PI code is not provided for a direct
display; it is individually assigned to each radio
station and serves for the detection of VHF-FM trans-
mitters which broadcast the same station. As a resﬁlt,
the receive part 6 is enabled, in conjunction with an RDS
decoder and the central control unit 3, to search for an
alternative VHF-FM frequency automatically in the event
of the transmitter set during mobile reception becoming
too poor. The AF code consists of a code (8 bit) which
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5 second item of identification data (Claim 8) or control
information and is broadcast by a VHF-FM/AM transmitter.
60 in accordance with Fig. 6. Fig. 2c¢ shows a data format
in which the length of the data format according to Fig.
2a remains the same but an AF code is replaced by an 8-
10 bit item of information via a DAB-station channel. While
the block length of the format is -extended in the data
format according to Fig. 2b, and the number of AF codes
remains the same in comparison with Fig. 2a, in.Fig. 2c¢
the block length corresponds to the data format in Fig.
15 2a but with one AF code word less. The data format in
accordance with Fig. 2c can, under certain circumstances,
have some advantages for data processing with customary
RDS decoders. For reliable transmission, the. digitized,
first control signal is provided with its own. error
20 protection or particular error-correcting data. .From the
actual presence of the DAB code which is constructed as
a first control signal and is predominantly examined in
the radio receiver 0 with RDS decoder, the. radio receiver
can in fact determine rapidly that: the station or trans-
25 mission currently being received via VHF-FM is also being
transmitted, and is capable of being received, via DAB.
However, the DAB code optionally contains not only the
indication of the frequency band over which the multiple
frequencies are distributed but also the information
30 indicating at which station setting the station is
arranged in a data frame which has a plurality of pro-
gramme settings and a plurality of stations (see DSR
specification in this respect). Preferably, the DAB code
contains a collection of individual carrier frequencies
35 of a data frame or else the DAB code contains for example
the station identification NDR 2 or the corresponding PI
code and further control signals for the DAB receive part

5.
Instead of inserting a DAB code into the list of
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VRIS RM radler td hitate ansinee ttheof gtbupf itypie number is
always present at the start of each block, such a flag
with a GT which is particular to DAB, for example a GT
No., which has not yet been allocated, between the
numbers 8-14 may, under certain circumstances, be very
advantageous for rapid evaluation, in particular if,
after the GT which is particular to DAB, there is the
appropriate station setting which corresponds to the
current station or radio transmission in the DAB range,
so that the corresponding station setting can be called
up immediately. In addition, when- a GT number which is
particular to DAB is used, no compatibility problems
whatsoever occur for the previous RDS decoders/receivers
and their evaluation circuits, since the latter ignore a
GT number which has not been defined for them.

If an RDS signal according to Fig. 2b or 2¢ is
received, the RDS decoder or the data processing and
control circuit (Fig. 5), for example the central control
unit 3, assigned to it registers, with reference to the
evaluation of the first control signal, that a specific

station or transmission, for example NDR 2, can also be

received via DAB. If NDR 2 is called up by the user by
means of the operating device 9, the hybrid radio
receiver switches over to DAB reception, by means of the
DAB receive part 5, automatically or after a key 30 has
been operated, and the said hybrid radio receiver
switches the VHF-FM receive part off or switches it into
a stand-by mode or continues to receive the set VHF-FM
station, which is, however, deactivated. Under certain
circuﬁstances, an altermative frequency is no longer
called up. Thus, the best possible reproduction quality
is achieved. The switch-over from FM reception to DAB
reception can thus be realized as quickly as possible
without the user himself having to perform such a switch-
over. If the first control signal or the DAB code cannot
be decoded or evaluated after single or repeated
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e best reception is possible, is searched for by means
of a known PI code evaluation and/or AF code evaluation.
5 However, even with the data format according to
Fig. 2a, it 4is possible for a receiver to determine
whether the currently received station can also be
transmitted and received in digitally encoded form. For
this purposge, for example, in accordance with Fig. 7, the
10 PI code is evaluated in the control unit 3 assigned to
the RDS decoder. Here, the transmitter identification of
the PI code, for example "NDR 2", can be detected as a
binary value. By means of ‘a comparison list which is
stored in the memory 15 and which contains the transmit-
15 ter identifications of the transmitters which broadcast
their station also via DAB or DSR, and by means of a
comparison between the currently received transmitter
identification and the comparison list, it is possible to
detect the criterion for a switch-over to. DAB or DSR
20 reception within an extremely short time. Preferably, the
comparison list is stored until it is replaced by a new
comparison 1list. Since it is possible to transmit a
plurality of DAB stations and further data channels
simultaneocusly on one "digital" freqguency, the. .exclusive
25 indication of the "digital" frequency with.the DAB code
according to Fig. 2b or 2c¢c may, under certain circum-
stances, be insufficient for a switch-over so that a
subsequent comparison of the PI codes of the two trans-
mission systems using the comparison list, or without it,

30 may be necessary.
When the station identification signal SK-PI for
NDR 2 corresponds to one of the station identification
signals SK-DAB 0...n specified in the comparison list,
the receiver is either switched over automatically to DAB
35 reception of the desired station or the user is informed,
so that a switch-over can be performed by pressing on a
specific key, for example the key 30 of the operating
device 9 (Fig. 3). As a control signal for switching on
a specific station in the DAB receive part or receiver,
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in this case the PI code of the RDS signal is therefore
used as a first control signal component and corre-
spondingly evaluated. However, instead of the PI code,
other information of the radio data information, such as
for example identification of the traffic radio tramns-
mitters TP, [lacuna] the PS code (transmitter name or
name of the station group) can be evaluated as switch-
over criterion. Thus, when the transmitter name, for
example "NDR 2", is input via an input unit 9 (for
example a voice recognition system which converts the
human voice into electrical operating instructions):
provided for this purpose, the respectively best
reception of the desired station can be easily ensured.

If the radio receiver is, as already mentioned,
a televigion receiver, for example in accordance with
Fig. 8, when a station which originates from a broadcast-
ing studio 83 is received via PAL, a corresponding first
control signal is also broadcast if the same station is
for example also transmitted via MAC with a satellite and
for example "MAC" is displayed on.the_ television screen.
In a television receiver 80 which can receive and process
both PAL and MAC television signals, when such a station
is received, the television receiver 80 is switched over
to MAC reception, for example D2-MAC or HD-MAC, automati-
cally or after a "MAC/PAL" key 81 of the remote control
82 has been operated, and the user is thus provided with
the television signal with the technically best
audio/video quality. With such a television set, it is
not only possible here to monitor station identification
signals, but the reception and transmission quality of
the corresponding station signal which is currently being
reproduced can also be continuously measured. Simulta-
neous checking and comparison of radio signals which
arrive at the receiver over different transmission paths,
such as PAL signals and MAC signals, is therefore poss-
ible. By means of a corresponding standardization to one
basis, the comparison result can, in addition, be
displayed to the user in conjunction with an 0SD (on-
screen display) programming feature in a mode intended
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remember the assignment of the station keys.

If the previously described radio- receiver is
constructed as a MAC/PAL video recorder or DAB/VHF-FM
recording device, a recording of a transmission is

10 carried out for example in the MAC mode of operation in
which the best sound and/or video quality can be ensured.
The first or second control signal can also be used here
as switch-over criterion for a PAL or MAC recording of a
station transmitted via PAL and MAC. : :

15 If it is detected during DAB reception in a
mobile hybrid receiver that the DAB signals are subjected
to severe interference, but error correction on them
would still be possible, the hybrid receiver switches
over to NDR 2 in VHF-FM reception as soon as the recep-

20 tion field strength drops below a predetermined threshold
or a value, such as the error detection rate BER, which
is representative therecf. Thus, abrupt breaking off of
the DAB reception when the hybrid receiver is carried
further and_ further out of the broadcasting range of the

25 DAB signals is avoided. In such limit situations, it has
become apparent that the FM reception may have better
properties - referred to as graceful degradation - under
certain circumstances. It is therefore appropriate and
advantageous to utilize the hybrid receiver for graceful

30 degradation. Rapid switching on or off of the receive
parts 5 and 6 by means of - the central control unit
presents no problems, in particular if the respectively
switched-off receive part is in a stand-by mode or the
deactivated receive part 5 or 6 is receiving the same

35 station as the non-deactivated receive part 6 or 5. By
means of an addressable buffer (not illustrated) which is
controlled by the control unit 3, it 1s also readily
possible to ensure that a switch-over between the receive
parts does not produce any short or longer lasting,
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5 correction circuit, and this value is fed to the control
unit 3. If the bit error rate exceeds a predetermined
value (i.e. the reception 'qualit_:y falls below a pre-
determined value), which is stored in the memory 15, the
receiver is switched over to VHF-FM by means of the

10 control unit if the value is exceeded once, repeatedly or
continuously. If the radio receiver is in any case tuned
to VHF-FM reception of a specific station and is repro-
ducing the said station, the receiver is switched over to
reproducing the DAB receive section 5 with preferably

15 simultaneous deactivation of the analog receive section
6 if a signal from the bit error measurement/correction
circuit is present indicating that the DAB reception
quality lies sufficiently above a predetermined value. In
particular in areas in which a VHF-FM radio .sigmnal, but

20 not the corresponding. DAB radio signal of the current
station, can already be received with sufficient quality,
it is appropriate to maintain the VHF-FM reception
although a switch-over to DAB is possible.

A block circuit diagram of an advantageous

25 operating device:.:9 for the radio receiver 0 according to
Fig. 1 is shown in Fig. 3. The operating device 9 has
frequency band selection keys 17, programmable memory
location selection keys 18, a "best quality" key 30, a
reception frequency input device and station setting

30 input device 1% with numerical keyboard and a trans-
mission memory 20. The keys 17, 18 are connected to the
memory 20 and to a control unit 24 which is identical to
the control unit 3 or is constructed separately in the
radio receiver. The input unit 19 is connected to the

35 control unit 24. The memory selection keys 18 and the
station setting input device 19 are suitable for
operational setting of both VHF-FM reception and DAB.
During the programming of the memory location selection
keys 17, the control unit registers whether the station
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station key 18 for the DAB frequency band, automatically

5 or after the key 30 or the DAB frequency band selection
key 17 has been operated, and the corresponding data for
setting the station are stored at the associated location
in the transmission memory 20. This permits programming
to be simplified. This type of programming can also be

10 carried out in the opposite direction from DAB frequency
band settings to other reception frequency band settings.

In the present example in Fig. 3, it has been
detected by the contrel unit, by evaluating the first
control signals, that the stations NDR2 and FFN can also

15 be received via DAB. The corresponding station setting is
automatically entered at the memory locations for the
corresponding keys 18 (one and four) in the DAB freguency
band. The main purpose of the operating device is that
the user is always provided with a station selected by

20 him at the best possible level of reproduction quality.
In this context, under certain circumstances the user
will only notice that the receiver is changing indepen-
dently to DAB or DSR reception from the reproduction
quality and the display unit 10 when a VHF-FM or another

25 analog station is called up. _

If, in the present example, the VHF frequency
band is selected by the user, when the memory selection
keys one and four are called up the control unit switches
the receiver to DAB reception automatically or only after

30 the "best quality" key 30 has been operated. When the key
two is subsequently actuated, the. receiver switches back
to VHF reception and the associated station WDR1l is set
(cf. also Fig. 5). The VHF-FM frequency band which ia
selected with a frequency band selection key, but not the

35 selected station, is therefore left, on actuation of the
keys 18, if the correspondingly selected statiom is also
received via DAB.

If a station can be received via both VHF and
DAB, the corresponding memory location in the trans-
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mission memory is marked with a binary identification

signal. For a rapid switch-over, the control unit then

merely needs to evaluate the identification signal and

perform the corresponding switching operations and

5 station settings. When a station has been called up, the

display unit 10 displays not only the name of the station

(here NDR 2) and the name of the current frequency band

(here DAB) but also the alternative frequency band names

(here VHF and MW) via which NDR 2 can also be received.

10 The corresponding frequency band selection key 17 is

actuated in order to switch over to the - alternative
frequency band VHF or MW,

The reception frequency input unit or the ten-key

keyboard 19 is suitable for directly selecting a station

15 both via DAB and via VHF-FM/AM. Since the station setting

for DAB or DSR stations and also for television stations

is generally a two-digit number, it differs fundamentally

from a selected frequency value which always has more

than two numerals. With an evaluation circuit in the

20 control unit 3, it is possible to identify without doubt

after inputting two numerals whether or not DAB reception

ig called up with the selected frequency band. Thus, it

is possible to select all the receivable stations even

without actuating the frequency band selection keys 17

25 and/or memory location selection keys 18. Preferably, the

input unit 19 has a data release key DRK with enter

function. A data release of the entered number for the

station setting may, however, also be made by means of on

[sic] the key 30 or the DAB key. It is advantageous if

30 each station has a separate numerical station setting

identification. However, the ten-key keyboard 19 is, as

an alternative, preferably connected to a decimal/binary

converter in the control unit, which converter generates

an eight-bit long binary word £from an input number

35 between 0 ... 255, it being possible for the user also to

specify individually the assignment of a decimal number

to a binary value. In the case of FM or AM or DAB/DSR

operation, the binary value of the input decimal number

is then evaluated by the control unit as a station
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materials and resources is limted to what is essential and the com
reference number. The station reference number is part of

the PI code (bits 9 to 16), transmitted using RDS, of the
desired station and is stored in the transmitter memory
20. Since each station is assigned an individual station
5 reference number or typeface data, it is therefore also
possible to call up a station by making inputs via the
ten-key keyboard without the user knowing the respective
reception frequency. By comparing the stored PI codes or
the station reference numbers, the receiver sets the
10 necessary reception frequency or the desired station. In
order to store the PI codes, it is necessai‘y,- under

certain circumstances, firstly to start a transmitter
search run so that the receiver "gets to know" the
transmitters which can be received- in its locality as
15 well as their station reference numbers.
The radio receiver in Fig. 1l already has a very
compact design in terms of-circuit technology since a
large number of assemblies are utilized- in common for
both receive parts. In individual cases, it is perfectly
20 conceivable to provide some assemblies separately for the
two receiver sections but to use them in common for both
of them.
In particular if a separate VHF-FM receiver is
interconnected with a-separate DAB or -DSR receiver, for
25 example for the purposé of retrofitting, only a small
number of assemblies can be utilized in common for both
receivers. In Fig. 4, it is shown how such retrofitting
may turn out for a VHF-FM receiver 21. The decisive
factor here is a common interface 22 via which control
30 data and useful data are fed from the DAB receive part 23
to the VHF receive part and vice versa. The interface is
understood to mean, in particular, the inputs and outputs
of both receive parts and of the corresponding lines
between the inputs and outputs. The VHF-FM receiver 21
35 has an antenna 1 and loudspeakers 16 for reproduction and
all the circuit parts required for reception, processing
and reproduction of analog audio signals. The DAB
receiver 23 which is connected to the VHF-FM receiver via
an interface 22 has, like the receiver 21, a separate
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ponentries or conponents provided as common itens are utISShee > tsdst
possi bl e way. Such an invention-type radi o receiver H l ul ar,
t he advantage that with the introduction of DAB, anal og ts on

the classic waPeBaAd488&n continue to be #8ceived and reproduced just as in
the past, whereby the features and _the_reproduction quality linked with
this is consi dBPEFRAFiRgyr de¥dceApafisPial t ARE, AMRe #igRali BRregessing

\r,ﬁ_ceihver accolréh&eEaQ t tifod nilBI'ﬁis_@flai::édﬁOé Taegmxhéni\-/ﬁagﬂe@wmg ieb&AB i n
I ch nati onal _Qr opean scope J s . lntr ucea .an - r oadcast are
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of interface 22. Furthermore, a bidirectional control 1line

5 is provided in the interface, via which control line the
first or second control signals are fed to the
respectively other receiver for the purpose of control.
A common voltage supply of both receivers is also
possible by means of the interface. The AF signals at the

10 output of the DAB AF stage are fed directly to the
loudspeakers 16 via the interface. It is possible to set
the reproduction parameters such as wvolume, balance,
stereo/mono etc. either with the operating devices of
both receivers or of one receiver. The corresponding

15 operating control signals from the DAB receiver are
likewise fed wvia the interface 22 to the VHF-FM receiver
and processed there. The VHF-FM receiver 20 has, like the
receive part 6,  an RDS decoder and' an RDS signal
processing circuit suitable for it. If a first control

20 signal which is also transmitted along with an RDS signal
is received, a switching pulse, which switches on the DAB
receiver and calls up the station setting -assigned to the
current station being received via VHF-FM, is fed to the
DAB receiver.

25 In Fig. ‘6, a VHF-FM transmitter or a- VHF-FM
transmitter arrangement 60 is illustrated, which has a
transmission antenna 61, a VHF-FM modulator unit 62, a
first control signal encoder 63 and a mixer 64. The
station signals Pl from a broadcasting studio (not

30 illustrated) are fed to the transmitter arrangement 60
via a data input 65. The control signal encoder transmits
the first control signal to an input 67 of the mixers
[sic] €4 via an output 66, said mixer 64 mixing, and thus
modulating, the £first control signal with the audio

35 broadcasting signal from the VHF-FM modulator unit 62. In
the present example, the first control signal is in the
VHF-FM radio signal ([sic] a pilot carrier or an auxiliary
frequency which is at a distance of M x 19kHz from the
carrier frequency. M is a natural number, for example
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i ndi vi dual or all anal og VHF-FM radi o broadcast signals, an invention-type
radi o receiver can still be used. I'n particular, through using a common

control unit for, ygital and anal og_rgceiver sections, the best
possi bl e adjus? S%Zf%g%f t he recelver dfgts reproduction quallty S

d. In ad 0Ny, i rati an th be achiev s a
SPZ;'[ eadvant agg6 £ anaaﬁg ﬁtﬁzg 8‘ P cg:l% Im:i'serdeis%%mfl%&ﬁﬁ/e if,
upon the int ro!lij%t |‘-‘&P o#nDABnaa 61 rsndcoq:anolbem geaéivedalhm ar IEFREN ed
with an a”a|09ré3319e§'g@ﬁh fﬁ&ghncbgﬁrngsEghﬁ dijg %EﬁgaﬁP%%P adead

descri bed, and ald control signal can be us or "user ARgEh wel |
as for switchi¥glbvddE {ERe suEregtsistationpPbddst iakse obroadcast via

5 digital radio DAB or DSR by the transmission arrangement
60 or another transmitter Sn. Otherwise said control
signal is not broadcast. In a suitable control signal
decoder, the first control signal can be decoded at the
receive end in the radio receiver and can be used,

10 [lacuna] a further processing such as already described
above, for controlling a DAB receiver.

A transmission arrangement S2 (not illustrated)
in accordance with Claim 17 can be appropriately. con-
structed with a second control signal encoder for produc-

15 ing the second control signal, the second control signal
or first identification data.(see Claim 8). being .inserted
as additional signals into the digital signal stream.

As already stated above, there is provision with
DAB to .tramsmit: a  plurality .of,  preferably six,

20 stereostations interleaved one in the other in accordance
with the COFDM method on a large number of carrier
frequencies. Therefore, the audio signala and also the
station-accompanying signals of for example six statioms
are contained in a data frame of a . DAB transmission.

25 Preferably, . data 'bits which contain an item of

' information relating to the number -of transmitted
stations in a COFDM multiplex frame transmitted stations
[sic] are also transmitted. A station-accompanying signal
is also the transmitter identification or the name of the

30 transmitter, for example NDR 2, FFN etc., which can be
displayed on the display 10, -as shown in Fig. 3.
Therefore, a DAB receiver which receives a data frame,
always receives six stations simultaneously, only one of
which is reproduced. It is very advantageous if in each

35 case the names of all the transmitters which are
transmitted in a data frame are always displayed on the
display 10 of the DAB receiver. As shown in Fig. 9, such
a display considerably increases the clarity when setting
the desired transmitter. The DAB receiver 5 or 23 can
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digital signal reproduction and vice versa. Usi ng such a multi-band
VHF-FM <[ err]> DAB Control signal transm ssion allows further considerable
advant ages to be achieved for the radi o-receiver according to the inven-
tion. Wth theldddBA%enti oned RDS sysdm- for exanple, a list of :
al ternative VHF-FM frequenci es (AF _code) of the sane VHF-FM and/or AMradio
station is trafSfRegradh ohriecdifplaxed aratiors; véthautoreregtdng: he

invention is seif tthel Geceptipne, £ 4duddy casat ithatanché eeory-aspbiaifg

station setting of the data frame at which the station
signals of the desired station are stored is called up.

5 In the case of a display panel as shown in Fig.

9, it is appropriate, in order to simplify operation, to

assign the station keys 30 to the display panel in such

a way that a call-up of the desired station is

unambiguous. Such an arrangement of the keys in the case

10 of an analog radio receiver is known from DE-PS-2758034.

However, in this document, the corresponding reception

frequency must always be reset whenever a desired

transmitter is called up. In addition, a large number of

transmitters which cannot be received at all are

15 displayed on the display panel. In addition, in Fig. 9

the number of station keys 30 is matched and ‘limited to

the number of stations transmitted in a multiplexed

signal.

The display panel-in accordance with -Fig. 9 has

20 an individual actuation means anhd is constructed for

example as a DOT matrix. It is of course possible, as

already shown in Fig. 3, also to indicate on which

transmission channel, for example VHF, AM, DSR etc., a

displayed station can otherwise be' received, provided

25 that corresponding second control signals are also
transmitted via- the DAB transmission -channel.

Furthermore, an item of information on a particular

field, news, pop, culture, etc., which is assigned to a

transmitter can also be displayed if this information is

30 transmitted by the transmitter. A suitable marker, for

example variation in the size of 1lettering, bold

lettering, change of background etc. in the display panel

at the appropriate transmitter name or a particular

marking of the key 40 which is assigned to this

35 transmitter name, for example by the lighting up [sic] an

LED arranged in the key can serve as indication means

which indicate which transmitter is currently being

received. However, instead of the complete names of all

the transmitters, a single-digit character per receivab

This Sheet Has Been Replaced

(Ui




‘REPLACEMENT SHEET - 7 - the station
NDR 2 on 99.8 MHz, it is therefore sensible, if the sane station is then
al so of fered V|a DAB, 1O transmt, as ' S

1/148A% - 28 -
transmitter may be displayed on the display, with the
result that the display itself is of compact size and
requires less space, as shown in Fig. 9.
However, the keys 40 may also be dispensed with
5 if the display panel has a "type-in" function or is
realised as a touch screen so that it is only necessary
to touch one point on the display panel where the desired
transmitter is present. _
After the display panel is touched at that point,
10 a signal is transmitted to the control unit and the
desired setting is carried out. A display unit or display
10 as shown in Fig. 9 can be used for any DAB receiver
even if the second control signals are not transmitted
and the receiver is not connected to a VHF radio
15 receiver.
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a further alternative frequency, a "digital" multiple fre-. quency of the
DAB broadcast wth the value of the corre- sponding statl ml on of the

desired statlo(r}?gﬁ}{ufagéB data streamw tf)in the AF- Iist m"”!”

signal. This and/ or the value of” the station [*oca

desired station represents the first égnééoh nal which by neans of ‘a
control signal decoder, here an RDSE 8 F‘ ﬁe anal og receiver, can be

decoded and correspondi ngly processed in a data processing unit. The

anal og/ di g| t al K adi o rﬁﬁﬁaygrtggﬂﬁﬁggglgﬁ g;sléghecké}y

process- ing unit in s a way t upon reéceivin |rs{ipcontrol

si gnal, switchoR}io ¢harackenized #Ihk"é?"plaacféﬂﬁ# mrqlo signal (DAB

code, DAB-GT), which contains an item of control
5 information relating to a radio transmission system (DAB,
MAC) other then the VHF-FM and/or AM radio transmission
system, is transmitted temporarily or continuocusly with
a VHF-FM and/or AM radio signal and is used to switch on
- and control a radio receiver (5) for digital radio (DAB,
10 DSR, MAC) and/or deactivate the VFH-FM and/or AM radio
receiver (6). .
2. Radio transmission system for digital radio (DAB,
DSR, MAC), characterized in that a second control sigmal,
which contains an item of control information relating to
15 a radio transmission system (VHF-FM and/or AM) other than
the digital radio transmission system (DAB, MAC), is
transmitted temporarily or <continuously with the
digitally encoded radio signal and is used to switch on
and control a VHF-FM and/or AM radio receiver (6) and/or
20 deactivate a digital radio receiver (5).
3. Radio transmission system according to one of the
preceding claims, characterized in that the first or
second control signal is transmitted with a station
signal only if the same station is also transmitted in
25 the transmission system to which the first or second
control signal is assigned.
4. Radio transmission system according to Claim 1 oxr
3, characterized in that a radio data signal (RDS), which
is decoded by the FM and/or AM radio receiver with a
30 radio data signal decoder as first control signal decoder
during the reception of the radio signal and is used in
a suitable fashion, for example for tuning, display etc.,
in the FM/AM radio receiver, is transmitted with a
broadcast VHF-FM and/or AM radio signal, and in that the
35 first control signal (DAB code) is transmitted with the
radio data signal.
5. Radio transmission system according to Claim 2 or
3, characterized in that an additional signal, which,
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5 broadcast, digitally encoded radio signal (DAB, DSR,
MAC), and in that the second control signal is trans
mitted with the additional signal. '

6. Radio transmission system according to Claim 1 or
3, characterized in that the first control signal is
10 transmitted over a channel which is separate from the

radio data transmission channel.

7. Radio transmission system: according to one or
more of the  preceding claims, chaxacterized in that,
during the reception of the first and/or second control

15 signal of the VHF-FM and/or AM radio receivers and/or
digital receivers. (DAB, DSR, MAC), this signal is
processed in.  a control data evaluation circuit (3),
stored in a memory (15) and/or displayed in a display
device (10)-:. . )

20 8. Radio receiver -with a first radio receive part
(6, 21) for receiving and processing VHF-FM and/or AM
radio signals and/or a second radio receive part (5, 23)
for receiving and processing digitally encoded audio
signals (DAB, DSR, MAC). -and/or according to one of the

25 preceding claims, characterized-in that the first radio
receive part (6, 21) is electrically connected, or
coupled, to one another [sic] to the second radio receive
part (5, 23), and in that one or more common assemblies,
for example antenna (1), operating elements (9),

30 loudspeakers (16), control means (3), voltage supply.,
additional data decoder etc., are provided for both radio
receive parts.

9. Radio receiver according to Claim 8, character-
ized in that the radio receiver (0) contains a central

35 control unit (3) and a memory (15) which is connected
thereto and in which first station identification data of
those stations which can be received via digital audio
broadcasting (DAB, DSR, MAC) are stored, in that the
first station identification data are compared with

T
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fzrst identification data are ass;gned to a dzgitally
encoded radio system (DAB, DSR, MAC) and the second iden-
tification data are assigned to a VHF-FM and/or AM radio
system, and the radio receiver (0) and the first and/or
second radio receive part (5, 6), respectively, can be
controlled as a function of the comparison result.

10. Radio receiver according to one or more of the
preceding claims, characterized in that the receiver is
not switched over until a key ..(30). of the operating
device (9) has been operated, or it is switched over
automatically, from VHF-FM/AM .reception/reproduction to
digitally encoded radio reception/reproduction (DAB, DSR,
MAC) when the data procesgiig and evaluation circuit
and/or control unit (3) detects, byNQQQQQHSf the control
signal evaluation, that the received VHF-FM/AM gtation is
also being transmitted via digital radio  (DAB, DSR, MAC)
and/or can be received with sufficient quality.

11. Radio receiver according to one or more of the
preceding claims 8-10, characterized in that an RDS
signal or a part (PI code, AF code, GT, DAB code) thereof
is used as first control signal for controlling the
second receive part (5).

12. Radio receiver according to one or more of the
preceding claime, characterized in that the VHF-FM radio
receiver (6) and/or digital radio receiver (5) has a uni-
and/or bidirectional control output (35) at which the
first and/or second control signal can be tapped.

13. Radio receiver according to-one or more of the
preceding claims, characterized in that the radio
receiver contains a single decoder and/or a single data
evaluation circuit (3) which decodes and/or processes the
first control signal and/or radio data signals (RDS) as
well as digitized radio signals (DAB, DSR) and/or their
additional sigmals.

14. Radio receiver according to one or more of the
preceding claims, characterized in that the receiver is
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switched over automatically, or after a key (30) has been
operated, from DAB reception of a station Pl to VHF-FM or
AM reception of the corresponding station Pl when the
receiver comes to the propagation limit of the DAB
transmission range and/or an error correction of the

D 91/148A* - 32 -

digitally encoded audio data in an error correction
circuit in the second receive part (5) fails.

15, Radio receiver according to one or more of the
preceding claims, characterized in that, in order to
operate the radio receiver (0), programmable memory
location selection keys (18i,m£_freqﬁéhéf'band selection
key (17) and a transmission memory (20) are provided,
which are connected to the control unit (24, 3), in that
a specific memory location selection key (18) in the
transmission memory (20) is automatically assigned the
same station (Pl) for VHF-FM and digitally encoded radio
(DAB, DSR, MAC) if this station (Pl) can be received via
both VHF-FM and digitally encoded radio.

16. Radio receiver, in particular DAB radio receiver
according to omne of the preceding claims, characterized
in that the radio receiver (5, 23) has means for
processing digitally encoded signals, in that the
digitally encoded signals are divided up into a large
number of frames, in thag'each frame has at least three
sections, namely a section for indicating the start of a
frame (header), a section with moﬂitoring information
(control bits) and a section which contains the audio
information, in that each frame and/or successive frames
has and/or have the audio information and additional
information of a plurality of radio broadcasting
stations, in that the additional information has a
station identification and/or transmitter identification
of each station, for example NDR 2, FFN, SFB etc.,
transmitted in the transmission channel or frame, and/or
in that the radio receiver has a display unit [lacuna]
(10) on which all the transmitter names of the stations
which are transmitted in a DAB transmission channel in a
plurality of frames and/or one DAB frame are displayed.
17. Radio receiver according to one or more of the
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BRI EF DESCRI PTI ON OF THE DRAWNGS  The invention is expirs i HafBRBPR@laced

detail in the follow ng by neans of several .possible enbo 1S -
The draw ngs show. FIG la a radio receiver according ti“ﬂ#ﬂ!ﬂﬂ@“‘llm
f or med by ® Pddil#8Acei ver for the reddption of digit

audi o broadcast signal s and/or VHF-FM and/ or AM br oadcast signals;

FIG |b an al t PResEdidg e3adment shpsacterfred ip; that-acseparate; VEEnEMRDS
data formats ofrddedvaizoUs Y Rordiectdd Gt dabl fekasatEli Ledbdges™M bra

operating unit dfiogritaally encoded radio (DAB, DSR, MAC) via one or more
unidirectional and/or bidirectional control lines (35)
5 and/or control unit (3).
18. Radio receiver according to one or more of the
preceding claims, characterized in that the VHF-FM radio
receiver (6) has a microprocessor (3) for evaluating the
decoded RDS data, in that the microprocessor compares the
10 station group identification data (PS code) and/or
transmitter identification data (PI code) and/or another
item of reference data which corresponds for [sic] the
currently received VHF-FM station (P1l) with data of a
comparison 1list stored in the memory, in that the
15 comparison list contains information [lacuna] stations to
be received via digitally encoded radio (DAB, DSR, MAC),
in that, 'when data of the comparison list corresponds to
RDS data, a control signal and/or control data is/are
transmitted to a control output of the radio receiver
20 and/or the correspondence is displayed on the display
device and/or a digital radio receiver (DAB, DSR, MAC)
which is connected to the VHF receive part is switched on
and/or controlled.
19. Transmitter (60) for a VHF-FM and/or AM radio
25 transmission system according to one or more of the
preceding claims, characterized in that the transmitter
(60) has a £first control signal coder (63) for
broadcasting a first control signal (SS1), in that the
transmitter (60) Dbroadcasts the first control signal
30 together with a VHF-FM and/or AM radio signal of an ‘audio
broadcasting and/or television station (Pl) if the same
transmitter (60) and/or another transmitter (68) also
broadcasts the same audio broadcasting and/or television
station (Pl) via digitally encoded radio (DAB, DSR, MAC),
35 and/or in that the first control signal is assigned to a
radio transmission system (DAB, DSR, MAC), which is not
compatible with the VHF-FM and/or AM radio transmission
system.
20. Transmitter (68) for a digital radio transmission
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radi o receiver accor di ng to FIG 1; FIG 4 a block circuit diagramof a

VHF- FM r ecei ver which is connected via a trip line to a DAB receiver,;
Fl G 5af|owg| t,.0 n operating unit; ..  FIG 6 a block circuit diagram
of a transmtt agrei‘r/r]a a* ment ; FI'G3%7 -a flow chart of a PI code

cyalvation: st SgRECabh by Rtk A (A e e ehey
9 a constructi pmcabisigrelaing, dbptagtemnized in that the transmitter
(68) has a second control signal coder for broadcasting
a second control signal, in that the transmitter
5 broadcasts the second control signal with a digitally
encoded radio signal (DAB, DSR, MAC) of an audio
broadcasting and/or television station (P2) if the same
transmitter (68) and/or another transmitter (60) also
broadcasts the same audio broadcasting and/or television
10 station via VHF-FM and/or AM radio.
21. Radio station-accompanying, digitized data signal
which is divided up into at leasﬁ two sections of
data/information, -

- the first section (PI code/AF code) having first
15 control data/information which is assigned to a first
radio transmission system (VHF-FM/AM, PAL),

- the second section (DAB code) having second control

data/information which is assigned to a second radio

transmission system (DAB, DSR, MAC) which is not
20 compatible with the first, and

- the data signal being transmitted in a transmission
channel (RDS) of the ~first and/or second radio
transmission system. o

22, Data signal according to Claim 21, characterized

25 in that the first and/or second section is only contained
in the data signal if the station which accompanies it is
also transmitted in the radio transmission system to
which the first and/or second control data/information is
assigned.

g
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DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI M ENTS FIG 1la
shows a radio receiver 0 which is capable of receiving, processing and
teproducing in_a syitable way bot h DAB broadcast signals and VHF- FM AM

br oadcast si gnBl 2L/1&B&By, i ndi vi dual conp®nentries for a digital receiver
section 5 are also comonly used for a VH--FM AM recei ver section 6. Such a
radi o receiver can be designated as a hybrid receiver because it has two
receiver sections 5 and 6 or rathem s ana @gcand a digital receiving
path, which are conpletely different in principle, while as many com
ponentries or circuit elenents as possible are conbined or

1. Radio transmission system and radio receiver for
VHF-FM and digitally encoded radio (DAB, DSR)
2. An object of the invention is to construct a

station-switching VHF-FM/AM <---> DAB radio transmission
system and corresponding radio receiver for it.

2.1 Radio transmission system for VHF-FM and/or AM
radio, a first control signal, which is decoded with a
first control signal decoder in a VHF-FM and/or AM radio
receiver (6) and is used to switch on and/or control a
radio receiver -(5) for digital radio (DAB, DSR), being
transmitted with a VHF-FM and/or AM radio signal. Radio
receiver with a first radio receive part (1, 2, 6) for
receiving and processing VHF-FM and/or AM radio sigmals,
the first radio receive part (1, 2, 6) being electrically
connected, or coupiéd, to one another [sléi'to a second
radio receive part (1, 2, 5) for receiving and processing
digital audio broadcasts (DAB, DSR), and in that ([sic]
one or more common assemblies, for example antenna (1),
RF/IF stage (2), operating elements (9), loudspeaker
(16), control means (3), voltage supply, additional data
decoder etc., are provided for both radio receive parts.

2.2 Radio receiver, in particular combined VHF-FM/DAB
receiver, MAC/PAL television receiver
3. Fig. 1
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Such a radi o broadcast receiver can also be a television receiver 80
according to FIG 8 conprising conbined cir- «cuits for receiving and
processi ng both analog and digital audio and/or video signals which are
transmitted in one or nore of the known standards |ike PAL, SECAM NTSC,
PALPl us, MAC, D2-MAC, HD-MAC, etc. Auxiliary signals such as the first or
second control signals can be transmtteg,3pn a vertical blanking interva

li ke the VPS or television text, signals, separately or together with these
si gnal s. Bothcghe anal-g g?gthe dlgltally coded broadcast signals are
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lie in the

then a single RF/IF stage 2

suitable for the transm ssion spectrum can be

I f the DAB reception frequenéi es

ssion spectrum for VHF-FM AM

én_tage 2.
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recei ver conprises RF/IF stages which are optim zed and/or adapted for
each rqjgimm path 5 and 6 and/or RF/IF nodules which are standardized

and can be exchanged-—beecause—thi-s allows the observability of the
respective recei viyagynatih dets KGialgPr oved. Herewith, a switchover of "various
stations from DAB | ce versa with- out time delay upon

sw t chover- and, co}ﬂll I, ﬂ“hout brglli%inthe epr oducti-on a¥:]
achi eved without a : t he freZuency range 611S BABELHHA is
redi'stributed, then, accordingly, only the RF/1F stages orRERHAGE gned

for this need to be exchanged. The tuning of RF/IF stage 2 is realized by
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central control circuit or control unit (mcroprocesor) 3. An input control
circuit 4, also referred to as a splitter, con- trolled by the control unit
3 .conveys the received signal to the DAB receivelf section 5 or to the

VHF- FM AM r ecei ver section 6. It is also possible to feed the signal

pr esent eﬂQﬂVﬂi&nut put_gi’%*}e -RFftF stage directly to both receiver sections
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- 10 - 5 and 6. The circuit 4 can then be omtted in certain
circunstances. . It would al so be of advantage to commonly acconmobdate the
recei ver I9%H3 in FIG 1 in a single housing so that a conpact design is

ensured which hardly exceeds the space requi renents of existing anal og
receivers.
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In a DAB—specific digital signal processing circuit con- tained in the DAB
receiver ggiﬁk the audio signals, received digitally coded but
transn1t9 analog form are digitalized by means of an

anal og-to-digital converter. By designing the RF/IF stage 2 accordlngly as
a digital RF/IF stage or RF denodul ator, the digitalization of the received
signals can be carried out there and then. The actual digital signal
processing is dealt with by at |east two |arge-scale integrated circuits-an
| F signal processor and an audi o signal Ptbessor-in the DAB recei ver

section (neither of which is illustrated). Besides a channel selection and
a channel decoding of the digital broadcast signals transmgid 8esT HAS BEEN
- . . REPLACED
65 [~ 62
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in multiple frequencies according to the COFDM ( Coded Orthogonal Frequency
Divisio ghd 8Iex) techni que (described in "Advanced digital techniques
for UHF Bt e sound broadcasti ng", EBU Techni cal - Centre, Septenber
1988), with a channel decoder and a source decoding performed according to
psycho-acoustic viewpoints in accordance with the MJSI CAM (=Maski ng pattern
adapt ed Uni versal Subband integrated deing And Mul ti pl exi ng) decodi ng
technique with a DAB source decoder. which,gfpy exanple, also contains a
pol yphase filter for subband decod- i ng, t%e audi 0 pr ogessor—w

perform audi o functions |ike influenﬂtigiggf::fne vol*ﬁ@ﬂgﬁﬁﬁgﬁgAéJgﬁN

control, bal-
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ance, etc. realized with analog circuit technol ogy in today' s receiver
desi gns. DOMMIBCAM i s a technique for the base band coding of audio
signals. By utilizing pycho-acoustic phenonena it achieves, in contrast to,

for exanple, a linear coding with 16 bit/48 kHz per m)nosigrajn,_I a—data
reduction of 96 kbit/s, i.e. a reduction by a factor of eigHt THISGHERT HAS BEEN

represents the channel coding in DAB and epsgnti al Iy sol ves lthe nRE}FHWof
terrestrial multipath reception. In fact echo. si 5 pke a p05|t|ve
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the data streamto nmany, for exanple, 1536, ce®rfers
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carrier, orthogonal carrier—arrangenent, the introduction of a proﬁe

=
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ane. For selecting a statiop,
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tereo signal FTromthis nultiplex &9 1997 The
Y] Ly 430 AaQiCORNRI idz0Nal _t echnol ogy,
w:Hheyl%(lé:(\eg‘lrgnal%g prolcessor :‘l n the DAB circuit 5

There are VHF-FM and/or AM radio receivers with
as is known, an analog/VHF-FM and/or AM radio
signal is received, processed and the corresponding audio
signals énd/or video signals are reproduced in a suitable
fashion.

which,

Such radio receivers referred to below as

analog radio receivers exist in an extremely wide
variety of embodiments as audio receivers and/or wvideo
radio receivers with and without a recording unit. Not
only audio broadcasting for radio but also classical
sound broadcasting for television is realized with
frequency modulation (FM).

The research report BBC RD 1982/2 of the British
Broadcasting Corporation "L.F. Radio-Data: Specification
of the BBC experimental transmissions 1982", August 1982,
"Specifications of the Radio Data System RDS for VHF-FM
sound broadcasting", EBU, 3244-E (March
1984) discloses a transmission method for additional
information -~ Radio Data Systenm,

Document Tech.

referred to as RDS (=
DIN EN 50067) for short - exclusively VHF-FM and/or AM
radio, in which trénsmission method an auxiliary carrier
and/or the AM radio signal carrier is modulated, at the
transmit end, with an additional information signal or
identification signal and in which transmission method
the auxiliary carrier or the AM radio signal carrier is
.demodulated,

at the receive end, with respect to the

additional information signal, the acquired additional
information sigmal is decoded and the decoded additional
information is wused for tuning and/or reproduction
purposes in a VHF-FM and/or AM radio receiver.

Recently, radio systems and associated trans-
fission and reception equipment as well as parts thereof
havé also been developed, with which radio sigmals (DAB,
DSR, MAC) which are non-compatible with VHF-FM and/or AM
and also PAL can be transmitted, received and processed
in digitally encoded form and reproduced in a suitable
fashion. While, in the case of DSR (= digital satellite

radio), the transmission of the digitally encoded audio
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contained therein. The data streamis built up in the for mﬁa‘prj\@@m Sgpch
frame corrprrsrngfrrstlyato a so-call ed header, ' |
st at us mforrratTh}TS 3 A further part of the fra i ns dat
whi ch is sui tabI ljﬁgogmtron (error check). A phe tq'(r)é;}%Bo%g?he
frame represents italized audio data or, respectively, audifo
scanni ng val ues. A further part of the~ffane, the so- cal ljled stuffi ng. bits,

[72)

> 2rranged helgcenat ieadud on d3A ANt e seA S LaR L ReataaitassaR -+

The decoder can use Tve bits, ch are
formed as parlinksi apdderCR&2BLy cltimanssdasdanc ylinke) imor gbe f-b? tGIHé: scal e

factor error LO{/HCU198 Mud8KhEE, Ad UELhBClcY Loff dalt® (= digital

audiobroadcasting) both satellite transmission and espe-
cially terrestrial transmission in the VHF range in a
digitally operated common-wave.network are provided, the
information of for example six stereo stations being
transmitted distributed interleaved one in the other on
a total of 1536 carrier frequencies (multiple "digital"
frequencies) of a 1.5 MHz multiplexed signal. Both DAB
and DSR permit high-quality reproduction of the audio
signals in CD quality.

Digital audio broadcasting wvia radio satellites
and/or cable links has already been introduced in the
Federal Republic of Germany since 1986 and is known, for
example, from the 1982 brochure "Digitaler HOxrfunk tber
Rundfunksatelliten", Informationsbroschiire des Bundes-
ministers fiir Forschung und Technologie (®"Digital Audio
Broadcasting via Radio Satellites", Information brochure
from the Federal Minister for Research and Technology).
The previously realized DSR devices are, however, only
capable of receiving and processing digitized audio
broadcasting signals. An alternative reception of analog
audio broadcasting signals on the conventional wavebands
-VHF, MW, SW and LW is neither possible nor provided for
because of the incompatibility between analog and
digitized radio sigmnals.

Furthermore, within the scope of the European
Research Project EUREKA 147-DAB digital audio radio
transmission system, DAB is being developed as a follow-
up system for the previocus VHF radio. DAB is described in
basic outlines, for example, in the telecommunications
Periodical "Funkschau", Issue 8, 1990, Teil Funkschau
Speziel, pages 9 - 18. In this article, all that is
required (page 16) is that, with a DAB car radio, it
should also be possible to receive the conventional
wavebands as in the past.

In the following, DAB is used generally as an
over [sic] term for radio methods or systems in the audio
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frame is auxiu@fw—s'rmﬁa’rﬂs”‘s”d’c’al | ed "progranme assodgi §tE%Hr‘ yt‘:w Shif L ch

are partly alre Se Qﬁgﬁ&nReplarcdfde header and are defired on the transii{ter
si de. Fol | owi aI og conversion, an LFladydi 99sFEB B8 i|s
made avail abl e a DAB circuit 5 for furtlhdr processi ng and
repr oducti on. r AM recei ver section g, am CFsignal 1S

gained in g known way fromthe prefil tefed VHF- FM AM di gnal _of the RF/l
ol fying SRALeE xiBeRc dRTdR IR ThicPagme cpoondng i o O
i's nade avaiabh#tdevddephesignals dhatt Heezpit Ctbt a6, certain extent) is

[sic] transmitted in digitally encoded form. In the

following, VHF-FM and/or AM radio is used generally as an

over [sic] term for radio methods or systems in which the

sound signals are transmitted frequency-modulated and/or
amplitude-modulated in some way and/or the video signals,
for example as in the case of PAL or SECAM,  are not
transmitted in a time-division multiplex as in the case
of MAC.

After the introduction of DAB, for reasons of
compatibility, the previous VHF radio will exist in
parallel with it for many years - so-called simulcast
broadcasting - so that previous VHF-FM receivers will be
able to operate in the usual way during this transition
time.

In a DAB receive part, the receiver is tuned to
the multiple carrier frequencies, lying in the previous
television (VHF) range, of each DAB audio broadcasting
signal and to the specific DAB signal demodulation,
whereas, in the DAB decoder, a channel decoding and
exclusively one source decoding (with error correction
and error masking) of the digitized radio sigmnals is
performed. Retrofitting of the existing FM and/or AM
‘radio receivers with a DAB receive part and DAB decoder
is possible in principle but also cost-intensive and
entails many different kinds of difficulties, for example
problems with space.

An object of the invention is to develop an
analog and/or digital radio transmission system and a
radio receiver with low circuit complexity for it, which
radio receiver enables a rapid switch-over to the best
+teception of a desired station which is broadcast over
various transmission channels which are incompatible with
one another.

According to the invention, the object is
achieved with a radio transmission system having the
features according to Claim 1 or 2. Advantageous develop-

ments of the system are described in the sub-claims 3 -
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Bot h receiver segtion & e connected to a cf ST QHE®It 3 or
dat:a and audi o ?ﬁlbgeﬁk@B@ﬂﬁqﬁa via unidi- rectiona rtng{E’%(r:\if.ﬁ‘ﬁ]iE,r?i‘dig.t{m,tional
trip (control) i umﬁmlﬂglnont rolled or, respectipely, sw 1' ed an/ of f
by this. Hereby, ting unit 9, the respett Ve FE&siIPEd [station
can-be set in the desired setting indiyvigually for gagh receiving

7. Advantageous refinements of an RDS/$A£~dzecder“6r“6f‘

a VHF-FM/DAB receiver are described in Claims 8 - 18.

Claim 19 describes a transmission arrangement according

(=)

U

to the invention for an analog radio system, Claim 20
describes a transmission arrangement for a digital radio
system, for example DAB, MAC etc. Claim 21 describes a
data signal according to the invention.

In accordance with the invention according to
Claim 1, a terrestrial station-switching radio trans-
mission system for VHF-FM and/or AM radio is proposed, in
which radio transmission system a first control signal is
transmitted, - as a transmission-specific identification
signal which is decoded and processed by a VHF-FM and/or
AM radio receiver with a suitable control signal decoder
during the reception of the radio signal, with an analog
VHF-FM and/or AM radio sigﬁal of a station. The first
control signal is assigned to the same station or trans-
mission as the currently received station or to another
transmission system, for example DAB, of iz intended
therefor, which transmission system is entirely incom-
patible with the VHF-FM transmission system. In addition,
the first control signal may, moreover, contain an item
of information indicating in which frequency range and/or
at what station setting the corresponding DAB station can
be received. The first control signal is used here to
control a radio receiver for digital radio (DAB,DSR, MAC)
which is combined with, or can be comnected to, the VHF-
FM receiver. From actual the presence of the £first
control sigmnal, it is in fact preferably possible here to
determine that the station is being transmitted wvia DAB.
Thus, an item of information relating to a radio
transmission system, for example DAB, DSR or MAC, D2-MAC,
HD-MAC, PAL PLUS etc., which is technically fundamentally
different from the VHF-FM/AM system is transmitted with
the first control signal. Preferably, the first control
signal contains all the switch-over and/or control
parameters for the radio receiver for digital radio (DAB,
DSR, MAC) which is to be controlled, with the result that
a rapid switch-over to [sic] £rom VHF-FM and/or AM
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- 12 - pat h. ;__%TWTW"'ﬁﬁt ral control unit 5@?&@@%?% I

m er oprocessor S BecRRepidd@ Si gnal outputs 7 or
or 5 is now nuted® the desired audio sj S re{)roduced at
t he | oudspeakers 1 “\i m control circuit 11 cobt oI1I936EBy 0% e

central control

reception to DAB reception is possible.

' In Claim 2, a solution, which is similar to Claim
1, using a second control signal for a digital radio
system, for example DAB, DSR, MAC etc., and a receiver
which is =uitable for it are deacribed.

Preferably, the first and/or second control
signal is broadcast only if the same station or the same
transmission is also transmitted in the respectively
other transmission system. If this condition is no longer
fulfilled for at least some of the time in the case of
regionalization of a station, the control signals are
then not transmitted.

Preferably, in the case of analog radioc - VHF-FM
and/or AM radio are also designated as such in the
following - the first control signal is transmitted
within the RDS data stream, so that the first control
signal is decoded by the RDS decoder and fed to a digital
radio receiver which is connected, or coupled, to the
analog radio receiver in some way. With the fed-in first
control signal, a digital radio receiver which is con-
nected to the VHF-FM receiver is controlled, for example
switched on, and caused to receive a specific station
signal. In addition, with the first control sigmal, the
analog radio receiver is controlled, for example auto-
matically deactivated, if the digital radio receiver
takes over the reproduction. RDS, or the transmission of
the first control signal using RDS, therefore surpris-
ingly serves according to the invention as a decisive
technological key element or bridge element between the
previous analog radio and the future radio such as DAB
although RDS, according to its original intended use is
provided exclusively for analog radio only. Remote con-
trol, according to the invention, of a DAB (VHF-FM and/or
AM) radio receiver wvia the VHF-FM and/or AM (DAB) trans-
mission channel simplifies the operation of the respect-
ive receiver in a rational way.

Alternatively, for example a pilot carrier which
is known from the television transmisgsion system or a

signal which is similar to ARI (Autofahrer Rundfunk
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used as first or second control signal, such a control
signal being preferably transmitted outside the RDS
transmission channel.

In order to coordinate the digital and analog
radio receiver, both receivers or receive parts are
connected to one another wvia at least one control.line.
Provided in at least one of the two receivers is a
‘control data evaluation circuit which evalgates the
signals transmitted via the control line and causes both
receivers to be controlled. '

In accordance with the invention according to
Claim 8, it is proposed to construct a combination radio
receiver which contains a first radio receive part for
receiving, processing and reproducing analog radio
signals, for example VHF-FM and/or AM, and a second radio
receive part for receiving, processing and reproducing
digitally encoded radio signals (DAB, DSR), one or more
common assemblies, in particular a common control unit,
being provided for both radio receive parts. Thus, in
each case one of one or more assemblies, for example
antenna, RF/IF stage, operating elements, loudspeakers,
AF signal processor, additional data decoder, display,
voltage supply and further suitable circuit components
etc., may also be arranged in the radio receiver but be
agsigned to both radio receive parts. As a result, a
compact design of the radio receiver is achieved, which,
as an unlimitedly mobile, portable and fixed receiver,
impressively displays to the user the advantages of
digital reception, such as DAB, over previous VHF-FM
reception.

The radio receiver according to the invention is
notlonly capable of receiving and processing both analog
and digitally encoded audioc radio signals and/or video
radio signals, but is also distinguiéhed, in particular,
by the fact that in each case only one of individual
suitable components or assemblies is constructed in the

radio receiver, preferably a plurality of the
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transm ssion, it it quickly indicate all theg b

whi ch the desire e received. The DAB-specific digital

si ghRal processin t prises di gital output} 12 over which theg
digitally coded auxiliary and/or wanted data and/or conttel—s+grrats—are
out put and recgr d _plgyed back ysing ar rdi d/ b
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di gi tal out puVEE2FM4DABef bedmgh|gapahiiecofdbedngheenetiyad of PXIreasrdnel
decoder SO and reproduced and there being no degradation of the

reproduction quality of the received audio signal. As a
result of the single arrangement of individual components
or assemblies for both receiver elements, an economic
implementation of such a hybrid receiver can be achieved,
the consumption of material and resources being
restricted to what is most essential and the assemblies
or components which are provided in common being utilized
to the best poss-ible degree.

Such a radio receiver according to the invention
has, in particular, the advantage that, when DAB is
introduced, it will continue to be possible to receive
and reproduce analog audio broadcasting on the
conventional wavebands, the convenience and the
reproduction quality associated with it being
considerably improved. In addition, the user of a radio
receiver according to the invention is not dependent on
when DAB will be introduced to what extent on a national
or European basis and [lacuna] the VHF-FM radio is
terminated in stages or completely. Even after some, or
all, of the analog VHF-FM audio broadcasting signals have
been terminated completely, it will continue to be
possible to use a radio receiver according to the
invention.

As a result of a common control unit for the
digital and analog receive parts, in particular it is
possible to ensure the best possible setting of the
receiver and of its reproduction gquality. In addition,
this permits simple operation of the receiver.

It is a great advantage for an analog/digital
tadio receiver as described above if, at the introduction
of DAB, an analog radio signal also has, as already
described, a first control signal tranamitted with it
within the VHF-FM radio signal, which first control
signal can be used to inform the user and to switch over
from analog signal reproduction to digital sigmal repro-
duction, and vice versa.

THIS SHEET HAS BEEN
REPLACED




that, in a DAB+ecorder—conneeted to output 12, the dat
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receiver according to the invention can be achieved by
means of such a station-switching VHF-FM <--> DAB control
signal transmission.

In the abovementioned RDS system, for example a
list of the altermative VHF-FM'frequencies (AF code) of
the same VHF-FM and/or AM radio station is transmitted.
If the VHF-FM radio receiver according to the invention
is set, for example, to VHF-FM reception and receives the
station NDR 2 at 99.8 MHz there, it is appropriate, if
the same station is also provided via DAB, to transmit a
vdigital" multiple frequency of the DAB broadcast with
the value of the corresponding station setting of the
desired station in the DAB data stream Qithin the AF list
of the VHF-FM gignal as a further alternative frequency.
This "digital" AF and/or the value of the station setting
of the desired station constitutes the £first control
signal which can be decoded by means of a control signal

. decoder, here an RDS decoder, in the analog receiver, and

correspondingly processed in a data processing unit. The
analog/digital radio receiver can then be set by means of
the data processing unit in such a way that, when such a
first control signal is received, the receiver is
switched over to DAB reception in order to achieve the
best possible reproduction quality.

In addition, it is expedient also to transmit the
data of alternative frequencies of the AM or VHF-FM radio
signals via a DAB additional signal channel of the
digital station signal. Preferably, the data format of
the DAB additional data channel is compatible with the
RDS data format so that an RDS data evaluation circuit
can also be used for evaluating the DAB additional
dignals. If, for example, a mobile receiver comes to the
propagation 1limit of a currently set and reproduced
digital station signal, the the [sic] reproduction may
break off abruptly. In such a case, the receiver can be
switched over promptly to alternative analog VHF-FM or AM
reception, as a result of which the correaponding station

can continue to be received even outside the DAB broad-
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casting range, if thé AM or FM reception range is larger
than the DAB broadcasting range, which can easily occur
for example as a result of remote reception phenomena of
analog radio. However, an item of encoded information
relating to the number of radio stations transmitted in
a COFDM multiplexed signal is preferably alsc transmitted
in the DAB additional data channel, it being possible for
this information to be used at the reception end for
evaluation and for tuning to the desired station.

: The invention is described in greater detail
below with reference to several possible exemplary
embodiments. In the drawing:

Fig. la gshows a radio receiver according to the
invention formed by radio receivers for
the reception of digitally encoded audio
radio signals and/or VHF-FM and/or AM

radio signals.

Fib. 1b shows an alternative representation to
Fig. la.

Figs. 2a-b show various RDS data formats of the

group type 2, S

Fig. 3 shows a block circuit diagram of an
operating device for a radio receiver
according to Fig. 1,

Fig. 4 shows a block circuit diagram of a VHF-FM
receiver which is connected to a DAB

receiver via a control line,

Fig. 5§ . shows a flow diagram of an operating
device,
Fig. 6 shows a block circuit diagram of a

transmitter arrangement,

Fig. 7 . shows a flow diagram of a PI code
evaluation,
Fig. 8 ' shows a block circuit diagram of a

transmitting and receiving arrangement

accotding to the invention for
televisions
Fig. 9 shows a design of a display unit.
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radio sigmala. In the said receiver, individual assem-

blies are used in common both for a digital receive part
5 and for a VHF-FM/AM receive part 6. Such a radio
receiver can be designated as a hybrid receiver since it
has two fundamentally different receive parts 5 and 6 or

an analog and a digital receive section, as many assem-

- Blies or circuit components as possible being combined or

"married" for both receive sections.

Such a radio receiver can also be a television
receiver 80 according to Fig. 8 which has combined

circuits for receiving and processing both analog and

digital audio signals and/or wvideo sigmalas which are
transmitted in one or more of the known standards such as
HD-MAC etec.
Additional signals and the first or second control

PAL, SECAL, NTSC, PALPlus, MAC, D2-MAC,

signals can be transmitted in a vertical blanking inter-

val, like the VPS or television text sigmnals,

or together with them.

separately

Both the analog and digitally encoded radio

signals are received by the transmitters wia an antenna
If the DaB
reception frequencies are in the previous transmission
spectrum for VEF-FM/AM, a single RF/IF stage 2 tuner can

be used for the transmisgsion spectrum. If the DAB tran-

1 and are fed to a common RF/IF stage 2.

smission/reception frequency is outside the previous

transmission spectra for audio broadcasting

4

the recep-

tion frequency of the RF/IF stage 2 must be extended to

it or two or more separate RF/IF stages 2a and 2b accord-
ing to Fig. 1b, which can each be set to the required

ftequencies, are generally used for the two receive parts

5 and 6. Under certain circumstances, such as in the case

of satellite/terrestrial redeption, it is advantageous if
the radio receiver has optimized and matched and/or
standardized and replaceable RF/IF atages

modules for each receive section 5 and 6,

or RF/IF

since these

enable, in particular, an improvement in the capability
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etC. f#bf different DAB stations to VHF-FM, or vice versa,

without a time delay during the switch-over and thus
without breaks in the reproduction. If the frequency band
of DAB or VHF-FM is redistributed, all that is necessary
is to replace the corresponding RF/IF stages or modules
which are configured for this purpose.

The RF/IF stage 2 is tuned by a common central
eontrol circuit or control unit (microprocessor) 3. An
input control circuit 4, also designated as splitter,
which is controlled by the control unit 3 passes on the
received signal to the DAB receive part 5 or to the VHF-
FM/AM receive part 6. It is also possible for the signal
present at the output of the RF/IF stage to be passed on
directly to the two receive parts 5 and 6. Under certain
circumstances, the circuit 4 may then be dispensed with.
It is also advantageous to provide common accommodation
of the receiver 0 (illustrated in Fig. 1) in a single
housing so that a compact design, which hardly exceeds
the space requirements of previous analog receivers, is
ensured. '

In .one DAB-specific, digital signal processing
circuit contained in the DAB receive part 5, the received

‘audio signals which are digitally encoded, but trans-

mitted in analog form are digitized by means of an A/D
converter. If the RF/IF stage 2 is appropriately
configured as a digital RF/IF stage or RF demodulator,
the digitization of the received signals can be carried
out there. The actual digital signal processing is
performed by at least two large-scale integrated
circuits, an IF signal processor and an audio signal pro-
cégsSor in the DAB receive part (both not illustrated). In
addition to a channel selection and channel decoding of
the digital radio signals transmitted in multiple fre-
quencies according to the COFDM (Coded Orthogonal
Frequency Division Multiplex) method (described in
"Advanced digital techniques for UHF satellite sound
broadcasting", EBU Technical Centre, September 1988) with

REPLACED

THIS SHEET HAS BEEN




1L

stored in nenory 15, The RDS Sigrals, DAB auxiliary signals
first and secondTiaoshedt Ghs Bebgiplasegar € pro- cessed and eval ug
central control u val uation of the above-nent
usi ng separate daiﬂl!’[ﬂMi’ﬂqﬂlﬂEnd control circuits (not i
the=VHF-FM recei v d the DAB,receiver section
possi bl e and can al so be advantageous %IG. 2a shows the

¢ BEPUAGE VERT SHEET

bned si gnal's

|
| sty qtr 1997
5lis, however,

dd.L A | Ul IHJ.L UI

group type Twg Oéhé.z;}?eBDﬁe%‘?r:td%s t e 3 prrdat adMdBlg i &

RDS speci fication quoted

ong group type co

fégn1the

exanpl e for gREGR*EHY TR Plsyséeeaes’%lsn PRF FALFRELRRR) ‘-‘isd-é‘ﬁtlﬂ’%atlon)
consi sts of opgsced® (d6bbbahdWdédoding method (= masking pattern

adapted universal sgubband integrated coding and multi-
plexing) with a DAB source decoder which also contains,
for example, a polyphase filter for sub-band decoding,
the audio processor will also perform the audio func-
tions, such as tone control, volume, fadeover control,
balance etc., which are realized using analog circuit
technology in contemporary receiver concepts.

MUSICAM is a method for baseband enéoding of
audio sigmals. By using psycho-acoustic phenomena it
achieves, in comparison for example with a linear encod-
ing with 16 bit/48 kHz per monosignal, a data reduction
to 96 kbit/sec, that is to say a reduction by a factor of
8. COFDM represents the channel code in DAB and substan-
tially solves the problem of terrestrial multipath
reception. Echo signals even make a positive contribution
to the traffic signal. The key to this is the division of
the data stream into a large number, for example 1536, of
carriers with 4-PSK modulation of the indiwvidual carrier,
orthogonal carrier arrangement, the insertion of a
protection interval for the use of the multipath signals
and an interleaving of the station signals into the time
'domain. In order to select stations, a DAB tuner can be
tuned to each of the COFDM frequency positions (if they
all lie in one frequency band, for example TV channel
12), the COFDM decoder selecting a stereo signal from
this multiplexed signal.

The RF/IF part 2 (or splitter) which is con-
structed using conventional technologies supplies a
signal from which the IF signal processor in the DAB
circuit 5 extracts the data stream contained in it. The
data stream is built up in frames, each frame having
initially a header which contains status information of
the frame. A further part of the frame contains data
which are suitable for identifying errors (error check).
A subsequent part of the frame represents the actual
digitized audio data or sampled audio values. A further
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part of the frame, the so called stuffing bits, are
arranged between the audio data and scale factor protec-
tion bits. The decoder can use the information of the
protection bitas, which are designed as parity bits oxr CRC
words (cyclic redundancy code), for scale factor error
correction or masking. A further part of the frame is
composed of additional signals, so-called "program
associated data", some of which are also already arranged
in the header and defined at the transmit.

: After D-A conversion, an AF audio signal is made
available at the output of the DAB circuit 5 for further
processing and reproduction.

In the VHF-FM/AM receive part 6, an AF signal is
acquired, as is known, from the prefiltered VHF-FM/AM
signal of the RF/IF input stage by means of mixing in a
mixing stage, demodulation in a demodulator and amplifi-
cation and AF conditioning in an AF stage etc., and made
available at the output of the circuit 6.

Both receive parts 5 and 6 are connected to a
central control unit 3 or data- and audio-signal pro-
cessor via unidirectional and/or bidirectional control
lines and are controlled or switched on and off by it. At

the same time, in each case the desired station at the

‘desired setting can be set individually for each receive

section by means of an operating device 9. Usihg the
central control unit 3, which is realized as a micropro-
cessor, in each case one of the signal outputs 7 or 8 of
the circuits 6 or 5 is deactivated, and the desired audio
signal is thus reproduced at the loudspeakers 16. The
output control amplifier circuit 11, which has inputs
which are comnected to the outputs 7 and 8 of the two
receive parts 5 and 6 and is controlled by the central
coptrol circuit 3, is suitable both for deactivation and
for AF signal processing. Wherever necessary shiélding
means (not illustrated), which prevent individual assem-
blies being subject to interference from other assem-
bliés} are provided.

By means of an operating device 9, the two

receive parts of the hybrid receiver can be appropriately

REPLACED
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operated and programmed via the central contro

The desired information relating to the digital or the

analog radio reception, such as the name of the station

or frequency band, as well as to operating steps and/or
program steps are indicated on a common display 10 or
screen 80. A rapid display of all the frequency band

names via which the desired station can be received is

possible with the station-switching control signal

transmission.

: The DAB-specific digital signal processing
circuit 5 has a digital output 12 via which digitally
encoded additional data and/or useful data and/or control
signals are output and can be recorded and reproduced
with a recording and/or reproduction device such as DAT,
DCC, MOD connected to the 'hybrid radio receiver.
Preferably, the digital output 12 is connected to the
output of the channel decoder, so that the data-reduced
data can be recorded in a DAB recorder, connected to the
6utput 12, with a DAB source decoder, and can be repro-
duced as 16-bit PCM signals. Furthermore, the hybrid
radio receiver has a first analog output 13 whose analog
values essentially correspond in terms of information
content to the digitized values at the output 12 of the
DAB-specific digital signal processing circuit 5. The
signals from this output can likewise be recorded by
means of a recording and/or reproduction device connected
to it.

Furthermore, the hybrid radio receiver has a
second analog output 14 which is connected to the output
of the FM/AM signal processing circuit 6. Both analog
outputs can also be realized physically as a single
output at which the AF signal to be reproduced or first
or second control signal [sic] is always present and is
checked by a comparison measuring device, for example. It
may be appropriate also to provide a separate uni-
directional, and/or bidirectional data input and/or
output line 35 for the control unit 3, via which data
input and/or output line for example control data of the

control device are made available at an output of the
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FIG 2b shows the data format according to FIG 2a extendgd T -
control signal Unw E@ﬁcaf I den- tification data (¢l R?M‘@\EB@E“% SHEE]
cont rol |nfornat by a VHF-FM AM transmitter |69 according to
FIG 6. FIG 2c romat with which the | engthjof th8 KEB 4997
format remains the sarre as rdi ng toi1gl G Za but an AFfcepde is repl aced
by 8-bit information concernlng a DAB station channel. Wil le In The dat
fﬁrmat nrta;lccor ?e%@l&@f|ﬁd2&tban|&hraik daamt hfei: TéB&n'f : ; Ed and
t he nunber o codes t t oc

length in FI %% 3FRnE d‘é% R { # %t EI‘E‘I" gg%‘uﬁb%?ﬂ one AF
code word Ieiafdﬁmauimmafe&amdngctormhq;txp&laf transmission, for

programming the control unit are fed in and can then be

stored, or can be fed to a recording/reproduction device
in order to control the latter.

The [sic] further, the hybrid receiver has a
central memory 15 in which the additional signals trans-
mitted both with the analog radio signals and with the
digital radio signals, as well as first and/or second
control signals are stored and can be used in a suitable
way for tuning or signal processing or controlling the
individual circuits or circuit parts. In addition,
further data processing programs and/or data for
controlling the tuning, station setting, reproduction,
operation, display etc. are stored in the memory 15. The
RDS signals, DAB additional signals and/or the first and
second control signals are processed and evaluated by the
central control unit 3. Pre-evaluation of the aforesaid
signals with separate data processing and control cir-
cuits (not illﬁstrated) in the VHF-FM receive part 6 and
DAB receive part 5 is, however, also possible and may
also be advantageous.

Fig. 2a shows the data format of the group type
two of the RDS data format. This data format is known
from the cited RDS specification. GT is the four-bit-long
group type code, for group two in this example. The PI
code (identification of a station group) consists of a
code (16 bit) which permits the receiver to distinguish
between nationality, station area/language area and
station code. The PI code is not provided for a direct
display; it is individually assigned to each radio
station and serves for the detection of VHF-FM trans-
mitters which broadcast the same station. As a result,
the receive part 6 is enabled, in conjunction with an RDS
decoder and the central control unit 3, to search for an
alternative VHF-FM frequency automatically in the event
of the transmitter set during mobile reception becoming.
too poor. The AF code consists of a code (8 bit) which
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Fig. 2a, which is extended by a first control signal or
second item of identification data (Claim 8) or control

J

information and is broadcast by a VHF-FM/AM transmitter
60 in accordance with Fig. 6. Fig. 2c¢ shows a data format
in which the length of the data format according to Fig.
2a remains the same but an AF code is replaced by an 8-
bit item of information wvia a DAB-station channel. While
the block length of the format is extended in the data
format according to Fig. 2b, and the number of AF codes
remains the same in comparison with Fig. 2a, in Fig. 2c
the block length corresponds to the data format in Fig.
2a but with one AF code word less. The data format in
accordance with Fig. 2¢ can, under certain circumstances,
have some advantages for data processing with customary
RDS decodersg. For reliable transmission, the digitized,
first control signal is provided with its own error
protection or particular error-correcting data. From the
actual presence of the DAB code which is constructed as
a first contrél signal and is pfedominantly'examined in
the radio receiver 0 with RDS decodgr, the radio receiver
can in fact determine rapidly that the station or trans-
mission currently being received via VEF-FM ié also being
transmitted, and is capable of being received, via DAB.
However, the DAB code optionally contains not only the
indication of the frequency band over which the multiple
frequencies are distributed but also the information
indicating at which station setting the station is
arranged in a data frame which has a plurality of pro-
gramme settings and a plurality of stations (see DSR
specification in this respect). Preferably, the DAB code
contains a collection of individual carrier frequencies
of a data frame or else the DAB code contains for example
the station identification NDR 2 or the corresponding PI

code and further control signals for the DAB receive part
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Afeddds Cather flags can be set in the RDS _
for example a group type number GT which is typlcal of
DAB broadcasting and has not been used, or provided for
VHF-FM radio to date. Since the group type number is
always present at the start of each block, such a flag
with a GT which is particular to DAB, for example a GT
No., which has not yet been allocated, between the
numbers 8-14 may, under certain circumstances, be very
advantageous for rapid evaluation, in particular if,
after the GT which is particular to DAB, there is the
appropriate station setting which corresponds to the
current station or radio transmission in the DAB range,
so that the corresponding station setting can be called
up immediately. In addition, when a GT number which is -
particular to DAB is used, no compatibility problems
whatsoever occur for the previous RDS decoders/receivers
and their evaluation circuits, since the latter ignore a
GT number which has not been defined for them.

If an RDS signal according to Fig. 2b or 2c is
received, the RDS decoder or the data. processing and
control circuit (Fig. 5), for examplé the central control
unit 3, assigned to it registers, with reference to the
evaluation of the first control signal, that a specific
station or transmission, for example NDR 2, can also be
received via DAB. If NDR 2 is called up by the user by
means of the operating device 9, the hybrid radio
receiver switches over to DAB reception, by means of the
DAB receive part 5, automatically or after a key 30 has
been operated, and the said hybrid radio receiver
switches the VHF-FM receive part off or switches it into
a stand-by mode or continues to receive the set VHF-FM
station, which is, however, deactivated. Under certain
cirxcumstances, an alternative £frequency is no Ilonger
called up. Thus, the best possible reproduction quality
is achieved. The switch-over from FM reception to DAB
reception can thus be realized as quickly as possible
without the user himself having to perform such a switch-
over. If the first control signal or the DAB code cannot
be decoded or evaluated after single or repeated
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VHF-FM frequency or an alternative frequency, with which
the best reception is possible, is searched for by means
of a known PI code evaluation and/or AF code evaluation.
However, even with the data format according to
Fig. 2a, it is possible for a receiver to determine
whether the currently received station can also be'
transmitted and received in digitally encoded form. For
this purpose, for example, in accordance with Fig. 7, the
BI code is evaluated in the control unit 3 assigned to
the RDS decoder. Here, the transmitter identification of
the PI code, for example ®"NDR 2", can be detected as a
binary wvalue. By means of a comparison list which is
stored in the memory 15 and which contains the transmit-
ter identifications of the transmitters which broadcast
their station also via DAB or DSR, and by means of a
comparison between the currently received transmitter
identification and the comparison list, it is possible to
detect the criterion for a switch-over to DAB or DSR
reception within an extremely short time. Preferably, the
comparison list is stored until it is replaced by a new
comparison list. Since it is possible to transmit a
plurality of DAB stations and further data channels
~simultaneously on one "digital" frequency, the exclusive
indication of the "digital" frequency with the DAB code
according to Fig. 2b or 2c¢ may, under certain circum-
stances, be insufficient for a switch-over so that a
subsequent comparison of the PI codes of the two trans-
mission systems using the comparison list, or without it,
may be necessary.
When the station identification signal SK-PI for
NDR 2 corresponds to one of the station identification
Bignals SK-DAB 0...n specified in the comparison list,
the receiver is either switched over automatically to DAB
reception of the desired station or the user is informed,
so that a switch-over can be performed by pressing on a
specific key, for example the key 30 of the operating
device 9 (Fig. 3). As a control signal for switching on

a specific station in the DAB receive part or receiver,
THIS SHEET HAS BEEN
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other information of the radio data information, such as

for example identification of the traffic radio trans-

mitters TP, [lacunal] the PS code (transmitter name or

casting which
br oadcasti ng.

name of the station group) can be evaluated as switch-
over criterion. Thus, when the transmitter name, for
example "NDR 2", is input via an input unit S (for
gxample a voice recognition system which converts the
human voice into electrical operating instructions)
provided for this purpose, the respectively best
reception of the desired station can be easily ensured.

If the radio receiver is, as already mentioned,
a television receiver, for example in accordance with
FPig. 8, when a station which originates from a broadcast-
ing studio 83 is received via PAL, a corresponding first
control signal is also broadcast if the same station is
for example also transmitted via MAC with a satellite and
for example "MAC" is displayed on the television screen.
In a television receiver 80 which can receive and process
both PAL and MAC televi-'s'ion signals, when such a station
is received, the television receiver 80 is switched over
to MAC reception, for example D2-MAC or HD'-MAC, automati -
éally or after a "MAC/PAL" key 81 of the remote control
82 has been operated, and the user is thus provided with
the television signal with the technically Dbest
audio/video quality. With such a television set, it is
not only possible here to monitor station identification
signals, but the reception and transmission quality of
the corresponding station signal which is currently being
reproduced can also be continuocusly measured. Simulta-
neous checking and comparison of radio sigmals which
arrive at the receiver over different transmission paths,
such as PAL signals and MAC signals, is therefore poss-
ible. By means of a corresponding standardization to one
basis, the comparison result can, in addition, be
_displayed to the user in conjunction with an 0SD (on-

screen display) programming feature in a mo i —
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and sw tches pddnti®i M¥Etdhd) e686HEChs ARD, ZDF, NDR, SATl etc., are
directly and permanently assigned to the keys of the
remote control, so that the user does not have to

remember the assignment of the station keys.

If the previously described radio receiver is
constructed as a MAC/PAL video recorder or DAB/VHF-FM
recording device, a recording of a transmission is

e carried out for example in the MAC mode of operation in
which the best sound and/or video quality can be ensured.
The first or second control signal can also be used here
as switch-over criterion for a PAL or MAC recording of a
station transmitted wvia PAL and MAC.

If it is detected dur.ing DAB reception in a
mobile hybrid receiver that the DAB signals are subjected
to severe interference, but error correction on them
would still be possible, the hybrid receiver switches
over to NDR 2 in VHF-FM reception as soon as the recep-
tion field strength drops below a predetermined threshold
or a value, such as the error detection rate BER, which
is representat:.ve thereof Thus, abrupt breaking off of
the DAB reception when the hybrid receiver is carried
further and further out of the broadcasting range of the
DAB signals is avoided. In such limit situations, it has
become apparent that the FM reception may have better
properties - referred to as graceful degradation - under
certain circumstances. It is therefore appropriate and -
advantageous to utilize the hybrid receiver for graceful
degradation. Rapid switching on or off of the receive
parts 5 and 6 by means of the central control unit
presents no problems, in particular if the respectively
switched-off receive part is in a stand-by mode or the
deactivated receive part 5 or 6 is receiving the same
station as the non-deactivated receive part 6 or 5. By
means of an addressable buffer (not illustrated) which is
controlled by the control wunit 3, it is also readily
possible to ensure that a switch-over between the receive
parts does not produce any short or longer lasting,
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received, digitally encoded radio signals is measured in
the DAB circuit 5 by means of a bit error measuring/
correction circuit, and this value is fed to the control
unit 3. If the bit error rate exceeds a predetermined
value (i.e. the reception quality falls below a pre-
determined value), which is stored in the memory 15, the
receiver is switched over to VHF-FM by means of the
~control unit if the value is exceeded once, repeatedly or
continuously. If the radio receiver is in any case tuned
to VHF-FM reception of a specific station and is repro-
ducing the said station, the receiver is switched over to
reproducing the DAB receive section 5 with preferably

simultaneous deactivation of the analog receive section

6 if a signal from the bit error measurement/correction
circuit is present indicating that the DAB reception
quality lies sufficiently above a predetermined value. In
particular in areas in which a VHF-FM radio signal, but
not the corresponding DAB radio signal of the current
station, can already be received with sufficient quality,
it is appropriate to maintain the VHF-FM reception
although a switch-over to DAB is possible.

A block circuit diagram of an advantageous
operating device 9 for the radio receiver 0 according to
Fig. 1 is shown in Fig. 3. The operating device 9 has
frequency band selection keys 17, programmable memory
location selection keys 18, a "best quality® key 30, a
reception frequency input device and station setting
input device 19 with numerical keyboard and a trans-
mission memory 20. The keys 17, 18 are connected to the
memory 20 and to a control unit 24 which is identical to

the control unit 3 or is constructed separately in the

radio receiver. The input unit 19 is connected to the

control unit 24. The memory selection keys 18 and the
station setting input device 19 are suitable for
operational setting of both VHF-FM reception and DAB.

During the programming of the memory location selection

bt

keys 17, the control unit registers whether t
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assigned to a station key ¥ in the frequency band—¥-can—-
also be received via DAB. If this is the case, the

corresponding station setting is assigned to the same
station key 18 for the DAB frequency band, automatically
or after the key 30 or the DAB frequency band selection
key 17 has been operated, and the corresponding data for
setting the station are stored at the associated location
in the transmission memory 20. This permits programming
to be simplified. This type of programming can also be
éérried out in the opposite direction from DAB frequency
band settings to other reception frequency band settings.

In the present example in Fig. 3, it has been
detected by the control unit, by evaluating the first
control signals, that the stations NDR2 and FFN can also
be received via DAB. The corresponding station setting is
automatically entered at the memory locations for the
corresponding keys 18 (oné and four) in the DAB fregquency
band. The main purpose of the operating device is that
the user is always provided with a station selected by
him at the best possible level of reproduction quality.
In this context, under certain circumstanées the user
will only notice that the receiver is changing indepen-
dently -to DAB or DSR réception from the reproduction
quality and the display unit 10 when a VEF-FM or another
analog station is called up.

If, in the present example, the VHF frequency
band is selected by the user, when the memory seiection
keys one and four are called up the control unit switches
the receiver to DAB reception automatically or only after
the "best quality" key 30 has been operated. When the key
two is sﬁbsequently actuated, the receiver switches back
to VHF reception and the associated station WDR1l is set
fcf. also Fig. 5). The VHF-FM frequency band which is
selected with a frequency band selection key, but not the
selected station, is therefore left, on actuation of the

. ‘keys 18, if the correspondingly selected station is also
received via DAB.

If a station can be received via both VHF and

DAB, the corresponding memory location in _the -t
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corresponding switching operations
station settings. When a station has been called up, the
display unit 10 displays not only the name of the station
(here NDR 2) and the name of the current frequency band
(here DAB) but also the alternative frequency band names
(here VHF and MW) via which NDR 2 can alsoc be received.
The corresponding frequency band selection key 17 is
actuated in order to switch over to the alternative
frequency band VHF or MW.

The reception frequency input unit or the ten-key
keyboard 19 is suitable for directly selecting a station
both via DAB and via VHF-FM/AM. Since the station setting
for DAB or DSR stations and also for television stations
is generally a two-digit number, it differs fundamentally
from a selected frequency value which always has more
than two numerals. With an evaluation circuit in the
control unit 3, it is possible to identify without doubt

after inputting two numerals whether or not DAB reception

vet—-s——-
odedt- b sm‘lT ROtEET

A0S

is called up with the it
is possible to select all the receivable stations even
without actuating the

and/or memory location

selected frequency band. Thus,

frequency band selection keys 17
selection keys 18. Preferably, the

input unit 19 has a data release key DRK with enter
function. A data release of the entered number for the
station setting may, however, also be made by means of on
[sic] the key 30 or the DAB key. It is advantageous if
each station has a separate numerical station setting
identification. However, the ten-key keyboard 19 is, as
an alternative, preferably connected to a decimal/binary
converter in the control unit, which converter generates
an eight-bit long binary word from an input number
between 0 ... 255, it being possible for the user also to
specify individually the assignment of a decimal number
to a binary wvalue. In the case of FM or AM or DAB/DSR
operation, the binary value of the input decimal number

is then evaluated by the control unit as a station
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20. Since each station is assigned an individual station
reference number or typeface data, it is therefore also
possible to call up a station by making inputs via the
ten-key keyboard without the user knowing the respective
reception frequency. By comparing the stored PI codes or
the station reference numbers, the receiver sets the
necessary reception frequency or the desired station. In
order to store the PI codes, it is necessary, under
certain circumstances, firstly to start a transmitter
search run so that the receiver "gets to know" the
transmitters which can be received in its locality as
well as their station reference numbers.

The radio receiver in Fig. 1 already has a very
compact design in terms of circuit technology since a
large number of assemblies are utilized in common for
both receive parts. In individual cases, it is perfectly
conceivable to provide some assemblies separately for the
two receiver sections but to use them in common for both
of them. ‘

In particular if a separate VHF-FM receiver is

~interconnected with a separate DAB or DSR receiver, for

‘example for the purpose of retrofitting, only a small

number of assemblies can be utilized in common for both
receivers. In Fig. 4, it is shown how such retrofitting
may turn out for a VHF-FM receiver 21. The decisgive
factor here is a common interface 22 via which control
data and useful data are fed from the DAB receive part 23
to the VHF receive part and vice versa. The interface is
understood to meén, in particular, the inputs and outputs
Of both receive parts and of the corresponding lines
between the inputs and outputs. The VHF-FM receiver 21
has an antenna 1 and loudspeakers 16 for reproduction and
all the circuit parts required for reception, processing
and reproduction of analog audio signals. The DAB
receiver 23 which is connected to the VHF-FM receiver via

an interface 22 has, like the receiver 21, a separate

Tor switchov under—eertath

necessary.

one.
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interface 22, Furthermore, a bidirectional control line

is provided in the interface, via which contrgl line the

first or second controcl signals are fed to the
respectively other receiver for the purpose of control.

A common voltage supply of both receivers is also

possible by means of the interface. The AF signals at the

output of the DAB AF stage are fed directly to the

loudspeakers 16 via the interface. It is possible to set

the reproduction parameters such as volume, balance,

stereo/mono etc. either with the operating devices of

both receivers or of one receiver. The corresponding.
operating control signals from the DAB receiver are
likewise fed via the interface 22 to the VHF-FM receiver
and i_orocessed there. The VHF-FM receiver 20 has, like the

receive part 6, an RDS decoder and an RDS signal

processing circuit suitable for it. If a first control

signal which is also transmitted along with an RDS signal

is received, a switching pulse, which switches on the DAB

receiver and calls up the station setting -assigned to the

current station being received via VHF-FM, is fed to the

DAB receiver.

' In Fig. 6, a VHF-FM transmitter or a VHF-FM
transmitter arrangement 60 is illustrated, which has a

transmission antenna 61, a VHF-FM modulator unit 62, a

first control signal encoder 63 and a mixer 64. The

station signals Pl from a broadcasting studio (ndt

illustrated) are fed to the transmitter arrangement 60

via a data input 65. The control signal encoder transmits

the first control signal to an input 67 of the mixers

[8ic] 64 via an output 66, said mixer 64 mixing, and thus

modulating, the first control signal with the audio
broadcasting signal from the VHF-FM modulator unit 62. In
the present example, the first control signal is in the
VHF-FM radio signal [sic] a pilot carrier or an auxiliary
frequency which is at a distance of M x 19kHz from the
carrier frequency. M is a natural number, for example
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four. The mixed outpﬁt signal of the mixer is broadcast
via the antenna 61 and can be received by a VHF-FM
receiver. The first control signal is only broadcast as
well if the current station Pl is also broadcast via
digital radio DAB or DSR by the transmission arrangement
60 or another transmitter Sn. Otherwise said control
signal is not broadcast. In a suitable control sigmal
decoder, the first control signal can be decoded at the
receive end in the radio receiver and can be used,
flacuna] a further processing such as already described
above, for controlling a DAB receiver.

A transmission arrangement S2 (not illustrated)
in accordance with Claim 17 can be appropriately con-
structed with a second control signal encoder for produc-
ing the second control signal, the second control -signal
or first identification data (see Claim 8) being inserted
as additional signals into the digital signa.ll stream.

As already stated above, there is provision with
DAB to transmit a plurality of, preferably six,
stereostations interleaved one in the other in accordance
with the COFDM method on a large number of carrier
frequencies. Therefore, the audio signals and also the
station-accompanying signals of for example six stations
are contained in a data frame of a DAB transmission.
Preféra.bly, data bits which contain an item of
information relating to the number of transmitted
stations in a COFDM multiplex frame transmitted stations
[sic] are also transmitted. A station-accompanying signal
is also the transmitter identification or the name of the
transmitter, for example NDR 2, FFN etc., which can be
displayed on the display 10, as shown in Fig. 3.
Therefore, a DAB receiver which receives a data frame,
always receives six stations simultaneously, only one of
which is reproduced. It is very advantageous if in each
case the names of all the transmitters which are
transmitted in a data frame are always displayed on the
display 10 of the DAB receiver. As shown in Fig. 9, such
a display considerably increases the clarity when setting
the desired transmitter. The DAB receiver 5 or 23 can

REPLACED
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access each of the displayed stations without rese

of the reception frequency and that the corresponding
station setting of the data frame at which the station
signals of the desired station are stored is called up.

In the case of a display panel as shown in Fig.
9, it is appropriate, in order to simplify operation, to
assign the station keys 30 to the display panel in such
a way that a call-up of the desired station is
unambiguous. Such an arrangement of the keys in the case
of an analog radio receiver is known f£rom DE-PS-2758034.
However, in this document, the corresponding reception
frequency must always be reset whenever a desired
transmitter is called up. In addition, a large number of
transmitters which cannot be received at all are
displayed on the display panel. In addition, in Fig. 9
the number of station keys 30 is matched and limited to
the number of stations transmitted in a multiplexed
signal.

The display panel in accordance with Fig. 9 has
an individual actuation means and is constructed for
example as a DOT matrix. It is of courée possible, as
already shown in Fig. 3, also to indicate on which
transmission channel, for example VHF, AM, DSR etc., a
displayed station can otherwise be received, provided
‘that corresponding second control signals are also
transmitted via the DAB transmission channel.
Furthermore, an item of information on a particular
field, news, pop, culture, etc., which is assigned to a
transmitter can also be displayed if this information is
transmitted by the transmitter. A suitable marker, for
example <variation in the size of lettering, bold
lettering, change of background etc. in the display panel
at the appropriate transmitter name or a particular
marking of the key 40 which is assigned to this
transmitter name, for example by the lighting up [sic] an
LED arranged in the key can serve as indication means
which indicate which transmitter is currently being
received. However, instead of the complete names of all

the transmitters, a single-digit character per receivable
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result that the display itse is of compact size and
requires less space, as shown in Fig. 9.
However, the keys 40 may also be dispensed with
if the display panel has a "type-in" function or is
realised as a touch screen so that it is only necessary
to touch one point on the display panel where the desired .

transmitter is present.’

After the display panel is touched at that point,
a signal is transmitted to the control unit and the
desired setting is carried ocut. A display unit or display
10 as shown in Fig. 9 can be used for any DAB receiver
even if the second control signals are not transmitted

and the receiver is not connected to a VHF radio
receiver.

THIS SHEET HAS BEEN
REPLACED




by various transm ssion pat hs—te-the-reecetver; 17 ke PAL

e ST e A

conj unction w t.h an 0SB on-screen displa¥) Pprdgramm ng,

ARG HEET

o the user, i

N & 9REB 1997

S

LW

vi ded f asPeenRepRcjSee FIG 8), therefore easing the Hecision to
swtch o I ion identificatTof® Such as ARD, ZDF —NDR—SATt
etc. are HUﬁectly and pgr@gn n%@ .assi gned tol_the keys of the
remote control so the user neé&d 7ot ®ze the allocation of The
station keys. | f the aforenentioned radio receiver is constructed as a

1. Radio transmission system for VHF-FM and/or AM
radio, characterized in that a first control signal (DAB
code, DAB-GT), which contains an item of control
information relating to a radio transmission system (DAB,
MAC) other then the VHF-FM and/or AM radio transmission
system, is transmitted temporarily or continuously with
a VHF-FM and/or AM radioc signal and is used to switch on
dnd control a radio receiver (5) for digital radio (DAB,
DSR, MAC) and/or deactivate the VFH-FM and/or AM radio
receiver (6).
2. ‘Radio transmission system for digital radio (DAB,
DSR, MAC), characterized in that a second control signal,
which contains an item of control information relating to
a radio transmission system (VHF-FM and/or AM) other than
the digital radio transmission system (DAB, MAC), is
transmitted temporarily or continuously with the
digitally encoded radio signal and is used to switch on
and control a VHF-FM and/or AM radio receiver (6) and/or
deactivate a diéital radio receiver (5).
3. Radioltransmission system according to one of the
preceding claims, characterized in that the £first or
second contreol signal is transmitted with a station
-signal only if the same station is also transmitted in
the transmission system to which the first or second
control signal is assigned.
4. Radio transmission system according to Claim 1 or
3, characterized in that a radio data signal (RDS), which
is decoded by the FM and/or AM radio receiver with a
radio data signal decoder as f£irst control sigmal decoder o
during the reception of the radio signal and is used in
a“guitable fashion, for example for tuning, display etc.,’
in ‘the FM/AM radio receiver, is tranamitted with a
broadcast VHF-FM and/or AM radio signal, and in that the
first control signal (DAB code) is transmitted with the
radio data signal.
5. Radio transmission system according to Claim 2 or
3, characterized in that an additional signmal, ,which,. ..~ _ .
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rather, a valu#ed in a suitable fashion, for example for setting
stations, for display etc., is transmitted with the
broadcast, digitally encoded radio signal (DAB, DSR,
MAC), and in that the second control signal is trans-

mitted with the additional signal.

6. Radio transmission system according to Claim 1 or
3, characterized in that thé first control signal is
‘  txansmitted over a channel which is separate from the
radioc data transmission channel. |
7. Radio transmission system according to one or
more of the preceding claims, characterized in that,
during the reception of the first and/or second control
signal of the VHF-FM and/or AM radio receivers and/or
digital receivers (DAB, DSR, MAC), . this signal is
processed in a control data evaluation circuit (3),
stored in a memory (15) and/or displayed in a display
device (10). .
8. Radio receiver with a first radio receive part
(6, 21) for receiving and processing VHF-FM and/or AM
radio signals and/or a second radio receive part (5, 23)
for receiving and processing digitally encoded audio
signals (DAB, DSR, MAC) and/or according to one of the
preceding claims, characterized in that the first radio
receive part (6, 21) is electrically connected, or
coupled, to one another [sic] to ﬁhe second radioc receive
part (5, 23), and in that one or more common assemblies,
for example antenna (1), operating élements (9),
loudspeakers (16), control means (3), voltage supply,
additional data decoder etc., are provided for both radio
receive parts.
k2 Radio receiver according to Claim 8, character-
ized in that the radio receiver (0) contains a central
control unit (3) and a memory (15) which is connected
thereto and in which first station identification data of
those stations which can be received wvia digital audio
broadcasting,(ﬁAB/ DSR, MAC) are stored, in that the .
first station identification data are compared with
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second identification data (PI code, AF clde) in the
control unit (3), constructed as data processing and
evaluation circuit, in the radio receiver, in that the
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first identification data are assigned to a digitally
encoded radio system (DAB, DSR, MAC) and the second iden-
tification data are assigned to a VHF-FM and/or AM radio
system, and the radio receiver (0) and the first and/or
second radio receive part (5, 6), respectively, can be
controlled as a function of the comparison result.

0. Radio receiver according to one or more of the
preceding claims, characterized in that the receiver is
not switched over until a key (30) of the operating
device (9) has been operated, or it is switched over
automatically, from VHF-FM/AM reception/reproduction to
digitally encoded radio reception/reproduction (DAB, DSR,
MAC) when the data processing and evaluation circuit
and/or control unit (3) detects, by means of the control
signal evaluation, that the received VHF-FM/AM station is
also being transmittéd via digital radio (DAB, DSR, MAC)
and/or can be received with sufficient quality.

11. Radio receiver according to one or more of the
preceding claims 8-10, characterized in that an RDS
signal or a part (PI code, AF code, GT, DAB code) thereof
is used as first control sigmal for controlling the
second receive part (5).

12. Radio receiver according to one or more of the
preceding claims, characterized in that the VHF-FM radio
receiver (6) and/or digital radio receiver (5) has a uni-
and/or bidirectional control output (35) at which the
first and/or second control signal can be tapped.

13. Radio receiver according to one or more of the
preceding claims, characterized in that the radio
receiver contains a single decoder and/or a single data
evaluation circuit (3) which decodes and/or processes the
first control signal and/or radio data signals (RDS) as
well as digitized radio signals (DAB, DSR) and/or their
additional signals.

14. Radio receiver according to one or more of the

preceding claims, characterlzed in that the receive
THIS SHEET HAS BEEN
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receiver comes to the propagation limit of the DaB
transmission range and/or an error correction of the
digitally encoded audio data in an error correction
circuit in the second receive part (5) fails.

15. Radio receiver according to one or more of the

preceding claims, characterized in that, in order to

~aperate the radio receiver (0), programmable memory

location selection keys (18), a frequency band selection
key (17) and a transmission memory (20) are provided,
which are connected to the control unit (24, 3), in that
a specific memory location selection key (18) in the
transmission memory (20) is aufomatically assigned the
same station (Pl) for VHF-FM and digitally encoded radio
(DAB, DSR, MAC) if this station (Pl) can be received via
both VHF-FM and digitally encoded radio.

16. Radio receiver, in particular DAB radio receiver
according to one of the preceding claims, characterized
in that the radio receiver (5, 23) has means for
processing digitally encoded signals, in that the
digitally encoded signals are divided up into a iarge
number of frames, in that each frame has at least three
sections, namely a section for indicating the start of a
frame (header), a section with nmnitoring'information
(control bits) and a section which contains the audio
information, in that each frame and/or successive frames
has and/or have the audic information and additional
information of a plurality of radio broadcasting
stations, in that the additional information has a
station identification and/or transmitter idemtification
of each sgtation, for example NDR" 2, FFN, SFB etc.,
transmitted in the transmission channel or frame, and/or
in that the radio receiver has a display unit [lacuna]
(10) on which all the transmitter names of the stations
which are transmitted in a DAB transmission channel in a
plurality of frames and/or one DAB frame are displayed.

17. Radio receiver according to one or more of the
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achi eved, w thout any further input;that

reproducti ondigithtlyskacoded Ir@dio (DAB, DSR, MAC) via one or more

station group

unidirectional and/or bidirectional controcl 1lines (35)
and/or control unit (3).
18.

preceding claims, characterized in that the VHF-FM radio

Radio receiver according to one or more of the

receiver (6) has a microprocessor (3) for evaluating the
decoded RDS data, in that the microprocessor compares the
(PS 'code)
transmitter identification data (PI code) and/or another
item of reference data which corresponds for ([sic] the
currently received VHF-FM station (Pl) with data of a
comparison list in that the
comparison list contains information [lacunal stations to
be received via digitally encoded radio (DAB, DSR, MAC),

identification data and/oxr

stored in the memory,

in that, when data of the comparison list corresponds to
RDS data,

transmitted to a control output of the radio receiver

a control signal and/or control data is/are

and/or the correspondence is displayed on the display
device and/or a digital radio receiver (DAB, DSR, MAC)
which is connected to the VHF receive part is switched on
and/or controlled.

19.

Transmitter (60) for a VHF-FM and/or AM radio

transmission system according to one or more of the

preceding claims,
(60)
broadcasting a first control sigmal (SS1), in that the
(60) broadcasts the first control signal
together with a VHF-FM and/or AM radio signal of an audio
broadcasting and/or television station (Pl) if the same
(60) (68)
brxoadcasts the same audio broadcasting and/or television
station (Pl) via digitally encoded radioc (DAB, DSR, MAC),
and/or in that the first control signal is assigned to a
radio transmission system (DAB, DSR, MAC), which is not

compatible with the VHF-FM and/or AM radio transmission
system.

20.

characterized in that the transmitter

has a f£irst control coder (63) for

signal

transmitter

transmitter

and/or another transmitter also

Transmitter (68) for a digital radio transmission
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Apart fromthat, in the DAB circuit 5 the bit error rate (BER) of the
digitally coded radio signal received is nea- sured b @ ) ror
measuring/correction circuit and this value is fed to tﬁgﬁgﬁﬁ@?NrEﬁW#J B.

If the bit error rate exceeds a predeterm ned value ({. the recepti pn
quality drops bel ow a predeterm ned value) stored in r4/9 FEB 198h

swi t chover to VHF-FM occurs by neans of the control ufpif{ if the value|ikp
exceeded once, several ti mes or contim@#* susl y. If th¢ radio recerver ik
tuned to VHFF rec %a tain st t|o ; rqdyces ths,
then switchd¥ \I\/éer t Bg th«%ﬁs §°f°ﬁ'él BEB %‘f‘?/l?lﬁ Baf i T 1T,

preferably, demmRm; nghafacherhmadognrehan:wthg fxtansmitter
(68) has a second control signal coder for broadcasting
a second control signal, in that the transmitter
broadcasts the second control signal with a digitally
encoded radio signal (DAB, DSR,. MAC) of an audio
broadcasting and/or television station (P2) if the same
transmittar {68) and/or another transmitter (60) also
broadcasts the same audio broadcasting and/or television
‘station via VEF-FM and/or AM radio.
21. Radio station-accompanying, digitized data signal
which 1is divided up into at least two s8sections of
data/information,

- the first section (PI code/AF code) having first
control data/information which is assigned to a first
radio transmission system (VHF-FM/AM, PAL),

- the second section (DAB code) having second control
data/information which is assigned to a second radio
transmission system (DAB, DSR, MAC) which is not
compatible with the first, and

- the data signal being transmitted in a transmission
channel (RDS) of the first and/or second . radio

transmission system.

22. Data signal according to Claim 21, characterized
in that the first and/or second section is only contained
in thé data signal if the station which accompanies it is
also transmitted in the Tradio transmission system to
which the first and/or second control data/information is
agsigned.
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6 takes place if a signal fromthe bit error measuring/ correction circuit
Is.present indicating that the DAB recep- tion quality lies sufficiently

above a predeterm ned value. Particularly in areas in ﬂhiﬁh , ﬁﬂgﬁy -
VHF- FM r adi o signal but not the correspondi ng DAB radid §§§H§E£LOL_§ﬁEg
current station can be received in adequate quality, it} ijs advisable td
mai ntai n the VHF-FM reception although a switchover to |DAB 19 bEBSHRT e.

-~ 35 -

RADIO TRANSMISSION SYSTEM AND RADIO RECEIVER

Abstract

S Radio transmission system and radio receiver for
VHF-FM and digitally encoded radio (DAB, DSR) ]
2. An object of the invention is to comstruct a

station-switching VHF-FM/AM <---> DAB radio transmission
system and corresponding radio receiver for it. |

2.1 Radio transmission system for VHF-FM and/or AM
radio, a first control signal, which is decoded with a
first control signal decoder in a VHF-FM and/or AM radio
receiver (6) and is used to switch on and/or control a
radio receiver (5) for digital radio (DAB, DSR), being
transmitted with a VHF-FM and/or AM radio sigmal. Radio
receiver with a first radio receive part (1, 2, 6) for
receiving and processing VHF-FM and/or AM radio signals,
the first radio receive part (1, 2, 6) being electrically
connected, or coupled, to one another [sic] to a second
radio receive part (1, 2, 5) for receiving and processing
digital audio broadcasts (DAB, DSR), and in that [sicl]
one or more common assemblies, for example antenna (i),
RF/IF stage (2), operating elements (9), loudspeaker
(16), control means (3), voltage supply, additional data
decoder etc., are'provided for both radio receive parts.

2.2 Radio receiver, in particular combined VHF-FM/DAB
receiver, MAC/PAL television receiver
3. Fig. 1
\\
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- 19 - FIG 3 is a block circuit diagramof an advantage

unit 9 for the radio receiver 0 according to FIG 1. The op¢gr &EPhacas
conpri ses waveband sel ector keys 17,
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progrannabFé‘ﬁﬁﬁﬁry_foca%FGH_seIector keys 18, a "best qua lRMﬂAEEMEﬁDSH&FT
reception fr"ﬂqaﬂh&&t)!asllféﬂﬁi and channel nunber input 19 with{ngrereat
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both the star\t" ,’M‘ =ntf§3lcé§39§7o
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nd a control unit 24 which is {d
I's connected to the control unit 24. The nenory sel ector keys 18, like the
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received via DAB. The corresponding station |location is automatically

ent.ered—n_the nenory | ocations for the cor- responding keys 18 (1 and 4)
in the DAB band: chi ef pur ppSE;OtudfenAPeEBNi|ng unit fi ot
sel ect ed PSkeqm,yser S atways bffer agpt.fchd M her] in the [best ey

quality: Blaceynder ce ances, he/ $h¢ may on‘ly\b‘Ecg
aware thr IME// duction quality or the display unit|1019FER h99;f act
t hat when ca VHF- FM or anot her4anal og station,jthe receiver

automati- cally changes to DAB or DSR reception. [f, |

exanpl e, the VHF band is now sel ected by the user, then
swi tches over the receiver
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to DAB reception upon calling up nenory keys one and four automatically or
Lty. " Subsequent

only after actuating key 30 "best quality
THIS SHEET HAS BEEN
REPLACED
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- 20 - VHF reception and the station WOR 1 assigned to this is tuned in
(see also FIG 5). The VHF-FM band sel ected using a band sel ector key, but
not the selected station, is quitted, e—\upon act 18 if
t he correspondi ngly selected st
station can be received via bot
| ocation in the station nenory i with a binary i
signal. For a rapid sw tchover the control unit then nergl
eval uate the |dent|f|cat|on si gnal and gerforn1the appr gpth mntchln S

. VEF-FM reception .

Operating device band setting
P e.g. NDR 2 (99.8 MHz)

v

ecode lst control sigmal

This Sheet Has Been Rep

TR

Is the 1lst
control sigmal
present >

v
Reproduction of NDR2, Provisional band change
received via VHF-FM for reproduction of NDR
' via DAB

Reproduction of NDR2,
received via DAB

Fig.5



and station adjustnents. Wen a station has been called up, the display
unit 10 shows not only the station nane (here NDR 2) and the the current
band nane (here DAB) but al so alternative waveha
over which NDR 2 can al so be received—Or,swEtNi ng over RE@U‘(‘H&«
paagbng band sel getfro

act uat ed. The reception frequénc Ad+—unt T or :
ten keys) is suitable for direct selection of a stationjvija
VHF-FM AM As -the station |ocation fow DAB or DSR stati
television stations as well is normall'y a two-digit nu
di stingui shed principally

65\ - tator/ |_~62
or .
—P le‘gc:‘z;d.::r: unit : /\
_ IA 61
mixexr
/
67
/66
control sigmal}l
egcoder /63
60
F ig . 6 This Sheet Has BeenR.
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froma sel ected frequency val ue which al ways has nore than tﬂ&éﬁ@tké~“
EMENT ShEET

Using an evaluation circuit in the control unit 3, it can beld

wi t hout any doubt, after two digit v B ¢d, whet hgr
TR 5‘1

reception is belng called up with and Therefor
of all receiv- able stations is p °°'h'e 56 vanuut actuati

sel ection keys 17 and/or the nenory | ocation selector keys 1§.

unit 19 preferably conprises a data rel ease key DFU with ' ent

e
n(

R

he—i nnnf

er'

T e

functlon.

A data rel ease of the nunber typed in foB the station | ocation cam,

however, also be carried but using ke the DAB key. Hereby, it i
advant ageous of each station has it oA AT rical station |ocation char- -

Evaluation of the RDS
PI code; extraction of the
transmitter identification

SK-PI e.g. for NDR2

Comparison list of the
transmitter identifications
of stations which are to be

received via DAB
SK-DAB 0...n

Is SK-PI listed
the comparison

list 7?

IS

Switching over to Reproduction NDR2,
DAB station setting x received via
for NDR2 ' VHF -FM

v
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acteristic. Preferably, as alternatives

the nunerical keypad 19 is

control

connected to a deci mal -to-bina ﬂggmﬁﬁﬁ ;
O an ent erd

generates a binary word, 8 bits In | 8BBgth

fli @%&WER&%E

=

U

and 255, whereby the allocation-beTvWeen a deci mal nunber japd a binary va
can al so be individually determ ned by the user. Wth FMiol 19 FEB 1997
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-21- AMor DAB/DSR operation, the binary value for the degt
entered is then evaluated by the control
nunber. The station reference nu }f -

through 16) transmitted with RDSTHY deswed 55tat|on apdji red in
the station e EB 1997 -
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menory 20. As each station is assigned an individual statign reference . 1205
nunber or, respectively, print image data, calling up a staREPMOERE
fherefore, also possible through input via the nunerical Ke

user having to know t he respective reception frequency. By ¢o 9rin t he
stored PI codes or, respectively, the station reference n eﬂg, 458'993
receiver sets the required reception frequency or rather, [the _desired
station. Under certain circunmstances, for storing the Pl ¢ode, a station
search nmust be initiated at first so that the receiver is“~-Rtroduced . to

the stations which can be received in its area as well as their station
ref erence num bers. -1-

RADIO BROADCAST TRANSMISSION
SYSTEM AND RECEIVER FOR
INCOMPATIBLE SIGNAL FORMATS, AND
METHOD THEREFOR

There are VHF-FM and/or AM radio receivers with
which, in'a known way, an analog VHF-FM and/or AM
radio signal is received and processed, and the correspond-
ing audio and/or video signals reproduced in a suitable

- manner. Such radio (broadcast) receivers—hereinafter also
designated as analog radio receivers—are available in vari-
ous configurations as audio and/or video broadcast receivers

- with and without a recording unit. Not only radio broadcasts
but also the conventional sound transmission of television
broadcasting is realized using frequency modulation (FM).

From the research report BBC RD 1982/2 of the British
Broadcasting Corporation “L.F. Radio Data: Specification of
the BBC experimental transmissions 1982”, August 1982,
“Specifications of the Radio Data System RDS for VHF-FM
sound broadcasting”, EBU, Document Tech. 3244-E (March
1984), a method for transmitting auxiliary information—
called radio data system, RDS for short, (=DIN EN
50067)—exclusively for VHF-FM and/or AM radio broad-
casts is known with which, on the transmitter side, a
subcarrier and/or the AM radio signal carrier is modulated
with an auxiliary information or identification signal and in
which, on the receiver side, the subcarrier or, respectively,
the AM radio signal carrier is demodulated with regard to the
auxiliary information signal, and the decoded auxiliary
information obtained is used for tuning and/or reproduction
purposes in a2 VHF-FM and/or AM radio receiver.

Recently, radio broadcast systems and associated trans-
mission and receiver devices as well as parts thereof have
been developed with which, in addition to VHF-FM and/or
AM and PAL as well, non-compatible radio signals (DAB,
DSR, MAC) can be transmitted in digitally coded form,
received, processed and reproduced in a suitable manner.
While with DSR (=digital satellite radio) the transmission of
the digitally coded audio broadcast signals is realized via
satellite andfor cable transmission paths in the 12 GHz
and/or 118 MHz range, with DAB (=Digital Audio Broad-
casting) besides the satellite transmission, above all the
terrestrial transmission in the VHF range is provided in a
digitally operated common-frequency network, whereby the



The: radi o broadcast receiver in FIG 1 already has a very ¢ORPRAQICEMENT SHEET
construction in terns of the circuitry because many conponéntii _—
Gtilized commonly for both receiver sections. In individualf ¢ases it is
qui te conceivable to provide sone conponentries separately|fador dEtdAN 1998
recei ving paths but to jointly use them for both. In pargigular, if a
separate VHF-FM receiver is wired together wwth a separate|DAB or DSR
receiver, for exanple, for the purpose of retrofitting, thén.only a few

conponen- tries can be utilized jointly for both receivers. FIG 4 shows

how such a retrofitting can be_arrafged f.or a VHE-FM recei ver. 21. The
deci sive thing in tlﬂf ofs for Q?@Fﬁ‘:ﬁﬁ’ six stereo siations (Stations) is

transmitted interlaced with each other distributed over a total
of 1536 carrier frequencies (multiple “digital” frequencies)
of a 1.5 MHz multiplex signal. DAB, like DSR too, permits
a high quality reproduction of the audio signal in CD quality.

Digital radio broadcasting via radio satellites and/or
cable routes has been available since 1986 in the Federal
Republic of Germany and is known, for example, from the
brochure “Digitaler Horfunk uber Rundfunksatelliten”
(Digital radio via broadcasting satellites), an information
brochure of the Bundesminister fur Forschung und Tech-
nologie (Federal Minister for Research and Technology),
1982. The DSR devices realized up to now are, however,
only capable of receiving and processing digitalized radio
broadcast signals. The alternative reception of analog radio
broadcast signals on the conventional wavebands VHE, MW,
SW and LW is neither possible nor planned owing to the
non-compatibility between analog and digitalized radio sig-
nals.

Furthermore, within the scope of the European research
project EUREKA 147-DAB, a digital audio radio broadcast
transmission system DAB is being developed as a successor
to the present VHE broadcasts. The basic principles of DAB
are described in the magazine “Funkschau”, issue 8, 1990,
“Funkschau Spezial” section, pages 9 through 18. Here, the
oaly requirement (page 16) is that with a DAB automabile
radio, the reception of the classic wavebands should be
possible as has been the case up to now.

In the following DAB will be used as the general term for
broadcasting techniques or systems in the audio and/or video
sectors in which the sound and/or video signals as well are
transmitted (at least in part) in digitally coded form. VHF-
FM and/or AM radio broadcasting will be used in the
following as the general term for broadcasting techniques or
systems in which the sound signals are in any way fre-
quency—and/or amplitude-modulated and/or the video sig-
nals, for example, like with PAL or SECAM, are not
transmitted in time-division multiplex like with MAC.

After the introduction of DAB, the present VHF broad-
casts will exist in parallel with it for many years for reasons
of compatibility—a so-called simulcast transmission—in
order to be able to operate the existing VHF-FM receivers in
the usual manner during this transition period.




interface 22 via which the control data as well as the wan - ,
fromthe DAB receiver section 23 to the VHF recei ver secti prREACKVENT SHEET
versa. The terminterface neans, in particular, the inputsja

both receiver sections as well|l as the corresponding |ines pe V\%-?af 1998
I nputs and out puts. The VHF-FM receiver 21 conprises an aefi gl

| oudspeaker 16 for the reproduction and all the circuit seft

for the reception, processing and repro- duction of anal og]audi o signals.
The DAB receiver 23 connected to the VHF-FM receiver via amimterface—22
conprises, like receiver 21, its own operating unit, indicator
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The tuning to the multiple carrier frequencies of each
DAB radio broadcast signal which lie in the existing tele-
vision (VHF) range as well as the special DAB signal
demodulation is performed in a DAB receiver section,
whereas a channel and, exclusively, a source decoding (with
error correction and error masking) of the digitalized broad-
cast signals is carried out in the DAB decoder. Retrofitting
of existing FM and/or AM radio receivers with DAB
receiver sections and DAB decoders is, in theory, possible
but would involve a lot of expense and create a multitude of
difficulties, for example, space problems.

It is the object of the invention to develop an analog
and/or digital radio broadcast transmission system as well as
a radio receiver for this without much expenditure on
circuitry, rendering possible a rapid switchover to the best
reception of a desired station (station), broadcast over vari-
ous transmission channels not compatible with each other.

According to the invention, a terrestrial multi-band radio
broadcast transmission system for VHF-FM and/or AM
radio broadcasts is proposed in which, using a VHF-FM
and/or AM radio signal of a station, a first control signal is
‘transmitted as a transmission-specific identification signal
which is decoded and processed by a VHF-FM and/or AM
radio receiver using a suitable control signal decoder upon
reception of the radio signal. The first control signal is
allocated to or defined for the same station or program as the
station being currently received or, respectively, another
transmission system, for example, DAB, which is in no way
compatible with the VHF-FM transmission system. In addi-
tion, the first control signal also contains, optionally, infor-
mation concerning in which frequency range and/or with
which station Iocation (channel) the corresponding DAB
station is to be received. Hereby, the first contro] signal is.
used to control a radio receiver for digital broadcasts (DAB,
DSR, MAC) which is combined with or can be connected to
the VHF-FM receiver. Here, from the presence of the first

" control signal as such it can already preferably be deduced
that the station is transmitied via DAB.



- 22 - and LF signal processing circuit (not illustrated — -
recei ver 23 can be connected directly to the aerial output REPAACEMENT SHEET
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Consequently, information on radio broadcast transmis-
sion systems such as DAB, DSR or MAC, D2-MAC,
HD-MAC, PAL PLUS, etc., all completely technically dif-
ferent from the VHF-FM/AM system, is transmitted With
the first control signal. The first control signal preferably
contains all switchover and/or control parameters for the
radio receiver for digital broadcasts (DAB, DSR, MAC)
which is to be controlled, so that a rapid switchover from
VHF-FM and/or AM reception to DAB reception is pos-
sible.

The first and/or second control signal is preferably only
broadcast if the same station or the same program is being
transmitted in two different transmission systems. If a station
is only regional, if at least temporarily this condition is no
longer fulfilled, then the control signals are not transmitted.

With analog broadcasting—VHF-FM and/or AM broad-
casts will also be referred to as such in the following—the
first control signal is preferably transmitted within the RDS
data stream so that the first control signal is decoded by the
RDS decoder and fed to a digital radio receiver which is
connected or coupled to the aralog radio receiver in some
way. A digital radio receiver connected to the VHF-FM
receiver is controlled, for example, switched on and caused
to receive a certain station signal, using the first control
signal being fed in. Further, the analog radio receiver is
controlled, for example, automatically muted, with the first
control signal if the digital radio receiver takes over the
reproduction. RDS or rather, the transmission of the first
control signal with RDS, serves according to the invention
in a surprising way, therefore, as a decisive technological
key or link element between the existing analog radio and
the future broadcasts like DAB, although RDS according to
its original definition, is only and exclusively provided for
analog broadcasting. Remote controt of a DAB (VHF-FM
and/or AM) radio receiver according to the invention via the
VHF-FM and/or AM (DAB) transmission channel, simpli-
fies the operation of the receiver concerned in a rational way.



I ntserface 22. Furthernore, a bidirectional trip lineis p
interface via which the first or second control signals af eREPRAGEMENTEHEET
Tespective other receiver for the purpose of control. By pegrs—of—tte
interface, a common vol tage supply to both receivers is a|sb &gfé' %j} 8T e
LF signals at the output of the DAB/LF stage are fed via |he rAf 99
directly to the | oudspeakers 16. The setting of the reprofuctis
such as vol une, bal ance, stereo/ nono, etc. is possible ajternatively with
either the operati'ng units of both receivers or that of ohe—recerver—Fre—
corre- spondi ng operating control signals fromthe DAB receiver are also
fed via interface 22 to the VHF-FM Becei ver and

As an alterpative to the first or second control signal, for
example, a pilot carrier known from the television transmis-
sion system or signal similar to ARI (Autofahrer Rundfunk
Information—broadcast information service for drivers) ora
certain auxiliary frequency or a certain phase value can be
used, whereby such a control signal is preferably transmitted
outside the RDS transmission channel.

For coordinating the digital and analog radio receiver,
both receivers or receiver sections are connected with each
other via at least one trip (control) line. A control data
evaluation circuit is provided in at least one of the two
receivers which evaluates the signals transmitted via the trip
line and brings about a control of the two receivers.

It is proposed to construct 2 combination radio receiver
which contains a first radio broadcast receiver section for the
reception, processing and reproduction of analog radio sig-
nals, such as VHF-FM and/or AM, and a second -radio
broadcast receiver section for the reception, processing and
reproduction of digitally coded radio signals (DAB, DSR),
whereby one or more common componentries, in particular
a common control unit, are provided for both radio broadcast
receiver sections. Thus, one or more components, such as
aerial, RF/IF stage, operating elements, loudspeaker(s), LF
signal processing, auxiliary data decoder, display, voltage
supply and further suitable circuit sections, etc., can be
provided only once in the radio receiver but being assigned
to both radio broadcast receiver sections. Thereby, 2 com-
pact design of the radio receiver can be achieved which, as
an unlimited mobile, portable and mon-portable receiver,
makes impressively clear to the user the benefits of digital
reception like DAB compared to existing VHF-FM recep-
tion.

The radio receiver according to the invention is not only
capable of receiving and processing both analog and digi-
tally coded audio-and/or video broadcast signals, on the
contrary it distinguishes itself particularly in that individual
suitable components or componentries only have to be
provided once in the radio receiver, whereby preferably
several of the aforementioned radio broadcast signals, such
as PAL/MAC or VHF-FM/DAB, can be received, processed



processed there. The VHF-FM receiver 20 conprises, |ike the .receiver
section 6, an RDS decoder and an RDS signal processing ci rwtt_;sg;\ngﬁﬁbgga-ﬁ"or
this. If a first control signal, transmtted with an RDS tsngﬁal-
received, then a switching pulse is fed to the DAB recei WQ'{CQ i‘n\/\agt9 hes
on the DAB receiver and calls up the station |ocation a55| ne A
station currently being received via VHFFM FIG 6 sh a._VHE- EM
transmtter or, respectively, a VHF-FM transmtter arrangenent 60, which
conprises a transm tting antenna 61, a VHF-FM nodul at or uRk+t~627—a—F+st—!
control signal decoder 63 and a m xer. 64. The station signals Pl are fed
froma broadcast studio (not |IIustra6[ed) to

and reproduced without the reproduction quality of the audio
signal received being impaired. Through providing indi-
vidual components or componentries only once for both
receiver sections, a cost-effective realization of such a
hybrid receiver can be attained, whereby the use of materials
and resources is limited to what is essential and the com-
ponentries or components provided as common items are
utilized in the best possible way.

Such an invention-type radio receiver has, in particular,
the advantage that with the introduction of DAB, analog
radio broadcasts on the classic wavebands can continue to be
received and reproduced just as in the past, whereby the
features and the reproduction quality linked with this is
considerably improved. Apan: from that, the user of a radio
receiver according to the invention is not dependent on
knowing when DAB in which national or European scope is
introduced and VHF-FM broadcasts are gradually or com-
pletely abolished. Even following the complete abolition of
individual or all analog VHF-FM radio broadcast signals, an
invention-type radio receiver can still be used.

In particular, through using a common control unit for the
digital and analog receiver sections, the best possible adjust-
ment of the receiver and its reproduction quality is ensured.
In addition, simple operation can thereby be achieved.

It is a great advantage for an analog/digital radio receiver
as described above if, upon the introduction of DAB, a first
control signal is also transmitted with an analog radio signal
within the VHF-FM radio signal, as already described, and
said control signal can be used for user information as well
as for switching over from analog signal reproduction to
digital signal reproduction and vice versa.

Using such a multi-band VHF-FM <<s> DAB Control
signal transmission allows further considerable advantages
to be achieved for the radio-receiver according to the inven-
tion.

With the above-mentioned RDS system, for example, a
list of alternative VHF-FM frequencies (AF code) of the
same VHF-FM and/or AM radio station is transmitted. If
now the VHF-FM radio receiver accordmg to the invention
is set to, for example, VHE-FM reception and receives there



the transnmtter arrangenent 60 via a data input 65. The cdniy [
encoder supplies the first control signal via output 66 tg rEP;‘}m@:WR@ZS%T

the m xer 64 which mxes the first control signal with thg rjadi o signal
fromthe VHF-FM nodul ator unit 62 and nodul ates it therewifty. 27 JAN 1998
present exanple, the first control signal is in the VH-FM rfadi o signal a
pilto carrier or an auxiliary frequency which lies at a dijstanCe of MTIes
19 kHz away fromthe carrier frequenty."*M is a natural runber. for

exanple, four. The m xed out put signal fromthe m xer is broadcast via the
antenna 61 and can be received by a VHF-FMreceiver. Only if the current
station P1 is also broadcast via digital broad-

the station NDR 2 on 99.8 MHz, it is therefore sensible, if

the same station is then also offered via DAB, to transmit, as
a further alternative frequency, a “digital” multiple fre-
quency of the DAB broadcast with the value of the corre-
sponding station location of the desired station in the DAB
data stream within the AF list of the VHF-FM signal. This
“digital” AF and/or the value of the station location of the
desired station represents the first control signal which by
means of a control signal decoder, here an RDS decoder in
the analog receiver, can be decoded and correspondingly
processed in a data processing unit. The analog/digital radio
receiver can then be adjusted by means of the data process-
ing unit in such a way that upon receiving such a first control
signal, switchover to DAB reception takes place in order to
achieve the best possible reproduction quality.

It is also serves the object to also transmit the data from
alternative frequencies of the AM or VHF-FM radio signals
via a DAB auxiliary signal channel of the digital station
signal. The data format of the DAB auxiliary data channel] is
preferably compatible with the RDS data format so that an
RDS data evaluation circuit can be used also for the evalu-
ation of the DAB auxiliary signals. If, for example, a mobile
receiver approaches to the broadcasting limit of a digital
station signal to which said receiver is currently tuned and
which is currently being reproduced, then the reproduction
can be broken off abruptly. In such a case, a switchover to
alternative analog VHF-FM or AM reception can be effected

in good time whereby the corresponding station can also
continue to be received outside the DAB broadcasting zone
if the AM or FM reception area is larger than the DAB
broadcasting zone which, for example, can well be the case
due to long-distance reception phenomena concerning ana-
log broadcasting. However, coded information concerning
the number of radio stations transmitted in a COFDM
maultiplex signal is preferably also transmitted in the DAB
auxiliary data channel, whereby this information can be used
on the receiver side for the evaluation of and tuning to the
desired station.



casting DAB or DSR by the transnitter arrangenent 60 or gi\ﬁs N
Sn, is the first control signal also sent out. O herw se n%aﬁw g?t{éﬁe

control signal can be decoded on the receiver side in a suiitable control
signal decoder in the radio broadcast receiver and used i ff uthdaN 1998
processing, as already described, for controlling a DAB rieclei ver.
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BRIEF DESCRIPTION OF THE DRAWINGS

The invention is explained in more detail in the following
by means of several possible embodiment examples. The
drawings show:

FIG. 1a a radio receiver according to the invention formed
by a radio receiver for the reception of digitally coded
audio broadcast signals and/or VHF-F\/I and/or AM
broadcast signals;

FIG. 15 an alternative representation to FIG. 1a;
FIG. 2a— various RDS data formats of the group type 2;

FIG. 3 a block circuit diagram of a operating unit for a
radio receiver according to FIG. 1;

FIG. 4 a block circuit diagram of a VHF-FM receiver
which is connected via a trip line to a DAB receiver;

| FIG. § a fiow chart of an operating unit;

FIG. 6 a block circuit diagram of a transmitter arrange- -
inent;

FIG. 7 a flow chart of a PI code evaluation;

FIG. 8 a block circuit diagram of a transmitter and
receiver arrangement for television according to the
invention;

FIG. 9 a constructional design for a display unit.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

FIG. 1a shows a radio receiver 0 which is capable of
receiving, processing and reproducing in a suitable way both
DAB broadcast signals and VHF-FM/AM broadcast signals.
Hereby, individual componentries for a digital receiver
section § are also commonly used for a VHF-FM/AM
receiver section 6. Such a radio receiver can be designated
as a hybrid receiver because it has two receiver sections 5
and 6 or rather, an analog and a digital receiving path, which
are completely different in principle, while as many com-
ponentries or circuit elements as possible are combined or
“married” for both receiving paths.




- 23 - A transmtter arrangenent S2 (not illustrated) according to claim
17 can be constructed accordingly with a second control sw—eﬁe-edm,
generating the second control signal, whereby the second |c EACEMENTNSHERT |

first rating (identification data) (see claim8) is inserftgd as auxitrat
27 JAN 1998
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Such a radio broadcast receiver can also be a television
receiver 80 according to FIG. 8 comprising combined cir-
cuits for receiving and processing both analog and digital
audio and/or video signals which are transmitted in one or
more of the known standards like PAL, SECAM, NTSC,
PALPlus, MAC, D2-MAC, HD-MAG, etc. Auxiliary signals
such as the first or second control signals can be transmitted
in a vertical blanking interval like the VPS or television text
signals, separately or together with these signals.

Both the analog and the digitally coded broadcast signals
are received from the transmitters via an aerial 1 and fed to
a common RF/IF stage 2. If the DAB reception frequencies
lie in the existing transmission spectrum for VHF-FM/AM,
then a single RF/IF stage 2 tuning unit or rather, tuner
suitable for the transmission spectrum can be used. If the

DAB transmission/reception frequency lies outside the
existing transmission spectra for radio broadcasting, then the
reception frequency of the RF/IF stage 2 must be extended
to this frequency or generally two or more separate RF/IF
stages 2a and 2b according to FIG. 15, each of which can be
adjusted to the necessary frequencies, are used for both
receiver sections 5 and 6. Under certain conditions, like with
satellite/terrestrial reception, it is an advantage if the radio
receiver comprises RF/IF stages which are optimized and/or
adapted for each receiving path 5 and 6 and/or RF/AF
modules which are standardized and can be exchanged
because this allows the observability of the respective
receiving path to be improved. Herewith, a switchover of
various stations from DAB to VHF-FM or vice versa with-
out time delay upon switchover and, consequently, without
breaks in the reproduction can be achieved without any
problems. If the frequency range of DAB or VHF-FM is
redistributed, then, accordingly, only the RF/IF stages or
modules designed for this need to be exchanged.

The tuning of RF/IF stage 2 is realized by a common
central control circuit or control unit (microprocesor) 3. An
input control circuit 4, also referred to as a splitter, con-
trolled by the control unit 3 conveys the received signal to -
the DAB receiver section 5 or to the VHF-FM/AM receiver

~ section 6. It is also possible to feed the signal present at the
output of the RF/IF stage directly to both receiver sections



signals in the digital si'gnal stream As already described a

DAB several, preferably six, stereo stations interlaced .
accordi ng to the COFDM t echni que on a multitude of carrief REPEACEMENTeSHEETR
to be transmtted. Thus, the audio signals, but also the |sijgna
acconpanying the stations, of, for exanple, six stations,

a data franme of a DAB transm' s- sion. Preferably, data bi S a?
transmtted which contain informati on on the nunber of stjati-en
in a programtransmitted in a COFDM nu JC |p| ex franme. A si

a station is also the station identifi

NDR 2, FFN, etc.

bove, with

s

&A1

s..transpitiied

nal
whi ch can be

5 and 6. The circuit 4 can then be omitted in certain
circumstances. It would also be of advantage to commonly
accormmodate the receiver § shown in FIG. 1 in a single
housing so that a compact design is ensured which hardly
exceeds the space requirements of existing analog receivers.

In a DAB-specific digital signal processing circuit con-
tained in the DAB receiver section 5, the audio signals,
received digitally coded but transmitted in analog form, are
digitalized by means of an analog-to-digital converter. By
designing the RF/IF stage 2 accordingly as a digital RF/IF
stage or RF demodulator, the digitalization of the received
signals can be carried out there and then. The actual digital
signal processing is deait with by at least two large-scale
integrated circuits—an IF signal processor and an audio
signal processor—in the DAB receiver section (neither of
which is illustrated). Besides a channel selection and a
channel decoding of the digital broadcast signals transmitted
in multiple frequencies according to the COFDM (Coded
Orthogonal Frequency Division Multiplex) technique
(described in “Advanced digital techniques for UHF satellite
sound broadcasting”, EBU Technical Centre, September
1988), with a channel decoder and a source decoding
performed according to psycho-acoustic viewpoints in
accordance with the MUSICAM (=Masking pattern adapted
Universal Subband integrated Coding And Multiplexing)
decoding technique with a DAB source decoder which, for
example, also contains a polyphase filter for subband decod-
ing, the audio processor will also perform audio functions
like influencing the tone, volume, fading-over control, bal-
ance, etc. realized with analog circuit technology in today’s
receiver designs.

MUSICAM is a technique for the base band coding of
audio signals. By utilizing pycho-acoustic phenomena it
achieves, in contrast to, for example, a linear coding with 16
bit/48 kHz per monosignal, a data reduction of 96 kbit/s, i.e.
a reduction by a factor of eight. COFDM represents the
channel coding in DAB and essentially solves the problem
of terrestrial multipath reception. In fact echo signals make
a positive contribution to the wanted signal. The key to this
is the subdivision of the data stream to many, for example,
1536, carriers with 4-PSK modulation of the individual

acconpanyi ng

ation or station name—for—exanpte—



I ndicated on display 10 as shown in FIG 3. A DAB receiver which receives a
data frane, therefore always receives six stations sinultaneously, only one
of which is reproduced. It is a great advantage if, onlt IS f
the DAB receiver, the nanmes of all the stations which ar gg?gacg'@fr%ﬁ%%ﬁﬁ
within a data frane are always indicated. As FIG 9 illjug- trates, thel|e&se
and clarity for setting the desired station is markedly ijnp2dvSANtBIBugh
such a display. The DAB receiver 5 or 23 can access eadgh|of the statiohs
di spl ayed wi thout resetting the rec_eqtli on frequency inijthat the corre-
spondi ng station |location of the data frane for which the station signal$g
of the desired station are stored is called up.

carrier, orthogonal carrier arrangement, the introduction of a
protective interval for utilizing the multipath signals and an
interleaving of the station signals in the time plane. For
selecting a station, a DAB tuner will be capable of being
tuned to each of the COFDM frequency positions (all lying '
within one frequency range, for example, TV channel 12),
whereby the COFDM decoder selects a stereo signal from
‘this multiplex signal.

The RF/IF part 2 (or splitter) built according to conven-
tional technology, supplies a signal from which the IF signal
processor in the DAB circuit § extracts the data stream.
contained therein. The data stream is built up in the form of
frames, each frame comprising firstly a top part, a so-called
header, which contains the status information of the frame.
A further part of the frame contains data which is suitable for
error recognition (error check). A next part of the frame
represents the actual digitalized audio data or, respectively,
audio scanning values. A further part of the frame, the
so-called stuffing bits, is arranged between the audio data
and the scale factor protective bits. The decoder can use the
information from the protective bits, which are formed as
parity bits or CRC (cyclic redundancy code) words, for the
scale factor error correction or masking. A further part of the
frarme is auxiliary signals, so-called “programme associated
data”, which are partly already located in the header and are
defined on the transmitter side. '

Following digital-to-analog conversion, an LF audio sig-
nal is made available at the output of DAB circuit § for
further processing and reproduction.

In VHF-FM and/or AM receiver section 6, an LF signal is
gained in a known way from the prefiltered VHF-FM/AM
signal of the RF/IF pre-stage by mixing in the mixing stage,
demodulating in a demodulator, and amplifying and LF-
processing in an LF stage, etc, and then said LF signal is
made available at the output of the circuit 6.

Both receiver sections 5 and 6 are connected to a central
control unit 3 or data and audio signal processor via unidi-
rectional and/or bidirectional trip (control} lines, and are
controlled or, respectively, switched on/off by this. Hereby,
using an operating unit 9, the respective desired station can
be set in the desired setting individually for each receiving



Wth an indicator field such as that shown in FIG 9, it is sensible, in
terms of sinplifying the operation, to so allocate the station keys 30 to
the indicator field that calling up the desired station J j :

Such an arrangenent of the keys for an anal og radio recdi REPLAGEMENGWBHERTO
DE- PS- 2758034. Here, upon calling up a desired station, ver;the
correspondi ng reception frequency nust first be retuned.|’ ré%ﬁr ﬁ?

mul titude of stations which cannot be received at all arje |sh éﬁ‘ g
indicator field. Furthernore, in FIGL29"the number of sthtiaon keys 30

mat ches the nunber of stations transmtted in a nmultipl er< signal and is
limted to this.

path. By means of the central control unit 3, realized as a .
microprocessor, always one of the signal outputs 7 or 8 of
the circuits 6 or 5 is now muted and, therefore, the desired
audio signal is reproduced at the loudspeakers 16. The
output control circuit 11 controlled by the central control
circuit 3 is suitable for muting as well as for LF signal
processing; said output control circuit comprises inputs
which are comnected to the outputs 7 and 8 of the two
receiver sections 5§ and 6. At locations where such is
required, shielding means (not showns) are provided which
prevent individual componentries to be interfered with by
others.

Using an operating unit 9, a corresponding operation and
programming of the two receiver sections of the hybrid
receiver can be carried out via the central control unit 3. A
common display 10 or picture screen 80 shows the desired
information such as station name and/or band (channel)
name concerning the digital or the analog radio reception as
well as operating and/or program steps. Using the multi-
band control signal transmission, it is possible to quickly
indicate all the band names via which the desired station can
be received.

The DAB-specific digital signal processing circuit S com-
prises a digital output 12 over which the digitally coded
auxiliary and/or wanted data and/or control signals are

output and recorded and played back using a recording
and/or playback device such as DAT, DCC, MOD connected
to the hybrid radio receiver. The digital output 12 is pref-
erably connected to the output of the channel decoder so
that, in 2 DAB recorder connected to output 12, the data-
reduced data can be picked up (recorded) and reproduced as
16-bit PCM signal using a DAB source decoder. Further-
more, the hybrid radio receiver comprises a first analog
output 13 whose analog values—as far as their information
contents are concerned—essentially correspond to the digi- *
talized values at output 12 of the DAB-specific digital signal

- processing circuit 5. The signals from this output can also be
picked up by means of a connected recording and/or play-
back device.



The' indicator field according to FIG 9 possesses an individual control

and

s, for instance, forned as a DOT REPLAC-EMfﬁT-SHEET
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In addition, the hybrid radio receiver comprises a second
analog output 14 which is connected to the output of the
FM/AM signal processing circuit 6. Both analog outputs can
also be physically designed as a single output at which the
LF signal to be reproduced or the first or second control
signal is always present and, for example, is checked by a
comparison measurement unit. It can be advisable to provide
a separate unidirectional and/or bidirectional data input
and/or output line 35 also for control unit 3, whereby control
data from the control unit is made available at an output of
the receiver via said line, and/or control data, for example,
information like a CT (Clock Time and Date) code known
from RDS or information concerning the mode of transmis-
sion, is fed via said line to the control unit for programming
whereby said control data can then be stored or, respectively,
fed to a recording and/or playback device for controlling of
such.

Moreover, the hybrid radio receiver comprises a central
memory 15 in which the auxiliary signals transmitted with
the analog radio signals as well as with the digital radio
signals, and the first and/or second control signals are stored
and can be used in a suitable way for tuning or signal
processing or, respectively, controlling the individual cir-
cuits or circuit sections. Apart from that, further data pro-
cessing programs and/or data for controlling the tuning,
station setting, reproduction, operation, display, etc. are
stored in memory 15. The RDS signals, DAB auxiliary
signals and/or the first and second control signals are pro-
cessed and evaluated by the central control unit 3. A pre-
evaluation of the above-mentioned signals using separate
data processing and control circuits (not illustrated) in the
VHF-FM receiver section 6 and the DAB recetver section 5
is, however, possible and can also be advantageous.

FIG. 2a shows the data format of group type Two of the
RDS data format. This data format is known from the RDS
specification quoted. GT is the 4-bit long group type code,
in this example for group two. The PI code (station chain
(network) identification) consists of one code (16 bit) which
allows the receiver to differentiate between nationality,
program range/language area and station code. The PI code
is not provided for direct display, it is individually assigned
to each radio broadcast station and serves for the recognition
of VHF-FM transmitters which broadcast the same station.



V\rrz_t r‘ihx. As al r eady sﬂown in FIG 3, it can of course also be displayed on
\hi ch transm ssion channel, for exanple, VHF, AM DSR, Fndkgat-e
station can also be reccived, provided that appropriate s@ﬂaﬁﬁ’ﬂﬂ?fﬁfﬁ
signals are also transmtted via the DAB transm ssion chahnel. Further nor
program cat egory i nformation-news, pop, culture, etc. -pl|o@7 JAN 4998
station can also be indicated if this is transnmtted by{the station. A
sui tabl e marking, for exanple, changing the size of the}characters, bold
face, changi ng the background, etc. “i¥'the indicator fi¢ld for the

Through this, the receiver section 6, in conjunction with an’
RDS decoder contained in it and the central control unit 3,
is made capable of searching automatically for an alternative
VHF-FM frequency for the case that with mobile reception,
the transmitter tuned to will become too poor. The AF code
consists of one code (8 bit) which contains an alternative
carrier frequency for the station listed in the PI code.

FIG. 2b shows the data format according to FIG. 2a
extended by a first control signal or second piece of iden-
tification data (claim 8) or control information, broadcast by

o VHF-FM/AM transmitter 60 according to FIG. 6. FIG. 2¢
shows a data format with which the length of the data format
remains the same as according to FIG. 2a but an AF code is -
replaced by 8-bit information concerning a DAB station
channel. While in the data format according to FIG. 2b the
block length of the format is extended and the number of AF
codes remains the same as that of FIG. 24, the block Iength
in FIG. 2¢ coincides with the data format in FIG. 2a but with
one AF code word less. The data format according to FIG.
2c can under certain conditions exhibit some advantages
upon data processing using conventional RDS decoders. For
reliable transmission the digitalized first control signal is
provided with its own error protection or, respectively,
special error-correcting data. The presence of the DAB code
designed as a first control signal, primarily investigated in
the radio receiver 8 with RDS decoder, as such allows the
radio receiver to quickly determine that the stauon or
program being currently received via VHF-FM is also being
transmitted and may be received via DAB. However, the
DAB code contains, alternatively, besides data on the fre-
quency range over which the multiple frequencies are dis-
tributed, also the information at which station location the
station is situated in a data frame having several station
locations with several stations (in this respect see DSR
specification). Preferably, a group of individual carrier fre-
quencies of a data frame in the DAB code or also, for
example, the stations distinguishing mark NDR 7 or the
corresponding PI code and further control signals for the. .
DAB receiver section 5, is contained in the DAB code. *



correspondi ng station nane, or a special marking of the key 40 assigned to
this station nane, for exanple, by illumnat- ing an light-emtting diode

| ocated in the key, can serve as a neans of indicating which station is

bei ng reproduced at that nonent. Instead of the conplet
all stations, however, it is also possible to indicate
single-digit sign for each receivable station so that t
of a compact size and requires |ess space, as shown in
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or is consructed as a "touch screen” "so that a place on
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Instead of inserting 2 DAB code in the list of AF codes,
other markings in the RDS data format can also be made, for
example, a group type number GT typical for DAB broad-
casting which has no application or is not provided in
present YVHF-FM broadcasting. As the group type number is
always present at the start of each block, such a marking
with the DAB-specific GT, for example, a GT number not
yet allocated between the numbers 8 and fourteen, is a great
advantage under certain conditions for a quick evaluation, in
particular then if after the DAB-specific GT, the appropriate
station location in the DAB range corresponding to the
current station or radio program is present so that the
corresponding station location can be called up immediately.
In addition, when using a DAB-specific GT number, abso-
lutely no compatibility problems occur for the present RDS
decoders/receivers and their evaluation circuits because
these ignore a GT number not defined for them.

If an RDS signal according to FIG. 2b or 2c is received,
then the RDS recorder or rather, the data processing and
control circuits (FIG. 5) allocated to it, for example, the
central control unit 3, registers by means of the evaluation
of the first control signal that a certain station or program, for
example, NDR 2, can also be received via DAB. If NDR 2
is called up by the user via the operating unit 9, then the
hybrid radio receiver switches over either automatically or
after actuation of a key 30 to DAB reception using the DAR
receiver section 5, and switches off the VHF-FM receiver
section or switches it to a stand-by mode or continues to
receive the tuned VHF-FM station which is muted, however.
An alternative frequency is under certain conditions no
longer called up. Therefore, best possible reproduction qual-
ity is attained. Switching over from FM reception to DAB
reception can, therefore, by realized as quickly as possible
without the user needing to perform such a switchover
his/herself. If the first control signal or, respectively, the
DAB code, cannot be decoded or evaluated after one or
more attempts, then the desired station is called up via the
preset VHE-FM frequency or an alternative frequency, with

S
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field at this place, a signal is transmtted to the cont
desired setting carried out. An display unit or display
shown in FIG 9 can be used for any DAB receiver even if
signal is not transmtted and the receiver

br oadcast

recei ver.
- 16 -

i'S not connec

t
t d

he second contr

d 9 gaNHE9Bad

E)I

which the best reception is possible, is searched for by

means of a known Pl and/or AF code evaluation.

However, even using the data format according to FIG. 2a
it is possible for a receiver to establish whether the station
being currently received is also being transmitted and may
be received in digitally coded form. For this, for example,
according to FIG. 7, the PI code is evaluated in the control
unit 3 assigned to the RDS decoder. Hereby, the station
identification of the PI code, for example, “NDR 27, can be
established as a binary value. Using 2 comparison list stored
in memory 15, coantaining the station identifications of
broadcasters which transmit their stations also via DAB or
DSR, and by means of comparing the station identification
being currently received with the compardson list, the
switchover criterion for DAB or DSR reception can be
established within a very short space of time. The compari-
son list is preferably stored until it is replaced by a new
comparison list. As it is possible to transmit several DAB
stations and further data channels on a “digital” frequency
simultaneously, merely specifying the “digital” frequency
with the DAB code according to FIG. 2b or 2¢ is insufficient
for switchover under certain conditions so that subsequent
comparison of the PI codes of both transmission systems

with or without comparison list can be necessary.

When the station identification signal SK-PI for NDR 2
coincides with one of the station identification signals SK-
DAB 0... ‘n’ listed in the comparison list, either automatic
switchover to DAB reception of the desired station takes
place or it is indicated to the user so that switchover by
means of pressing a certain key, for example, key 30 on the
operating unit 9 (FIG. 3), can be performed. Used as the
control signal for switching on a certain station in the DAB
receiver section or receiver is, therefore, in this case, the PI
code of the RDS signal as a first partial control signal, and
this is evaluated accordingly. Instead of the PI code, how-
ever, other information from the radio data information such
as identification of the traffic program stations TP the PS
code (station name or name of the station network) can also
be evaluated as a switchover criterion. Therefore, when
entering the station name, for example, “NDR 2", via an
input unit 9 provided for this (for example, a speech recog-
nition system which converts the human voice into electrical
operating commands), the best reception of the desired
station can always be guaranteed in a simple manner.
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If the radio receiver is, as already mentioned, a television
receiver, for example, according to FIG. 8, then upon
receiving a station via PAL originating from a broadcasting
studio 83, a corresponding first control signal is also trans-
mitted if the same station is, for example, also transmitted
via MAC using a satellite and, for example, “MAC” is
displayed on the television screen. In a television receiver 80
which can receive and process both PAL and MAC televi-
sion signals, upon reception of such a station switchaver to
MAC reception, for example, DZ-MAC or HD-MAC, is
performed either automatically or after operating 2 “MAC/
PAL” key 81 on the remote control 82, therefore offering the
user the television signal with the technically best audio/
video quality. Hereby, with such a television device, not only
monitoring of the station identification signals may be
carried out but also the reception or, respectively, transmis-
sion quality of the corresponding station signal not being
reproduced at that moment can be measured constantly.
Therefore, checking and comparing radio signals conveyed
by various transmission paths to the receiver, like PAL and
MAC signals, is possible simultaneously. Through appro-
priate standardization on one basis, also the result of the

~ comparison can be indicated to the user, in conjunction with
an OSD (on-screen display) programming, in a mode pro-
vided for this purpose (see FIG. 8), therefore easing the
decision to switch over. Here, station identifications such as
ARD, ZDF, NDR, SAT1, etc. are preferably directly and
permanently assigned to the keys of the remote control so
that the user need not memorize the allocation of the station
keys.

If the aforementioned radio receiver is constructed as a
MAC/PAL video recorder or DAB/VHF-FM recording
device, then a recording of a program transmission is
performed in, for example, the MAC operating made in
which the best sound and/or video quality can be guaranteed.
Here as well, the first or second control signal can be used
as the switchover criterion for a PAL or MAC recording of
a station transmitted via PAL or MAC.

If now upon DAB reception in a mobile hybrid receiver
it is established that the DAB signals are in fact strongly
disturbed but that the errors can still be corrected, then the
hybrid receiver switches over to NDR 2 in VHF-FM recep-
tion as soon as received field strength or rather, a value
representative of this, like the error detection rate BER,
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it is established that the DAB signals are in fact strongly
disturbed but that the errors can still be corrected, then the
hybrid receiver switches over to NDR 2 in VHF-FM recep-
tion as soon as received field strength or rather, a value

representative of this, like the error detection rate

BER,

drops below a predetermined threshold. Thereby, an abrupt
breaking-off of the DAB reception is avoided if the hybrid
receiver is transported ever further away from the broad-
casting zone of the DAB signals. In such borderline situa-
tions it has become apparent that the FM reception has better
properties—called “graceful degradation”—under certain
conditions. Exploiting the hybrid receiver for the graceful
degradation is, therefore, sensible and advantageous. A rapid
switching-on or switching-off of the receiver sections 5 and
6 by means of the central control unit can happen without
problems, in particular if the respectively switched-off
receiver section is in a stand-by mode or the muted receiver
section 5 or 6 receives the same station as the non-muted
receiver section 6 or 5. Using an addressable intermediate

memory (not illustrated) controlled by control unit 3,

it can

also be achieved, without any further input, that a switcho-
ver between the receiver sections does not create any dis-

turbing break in reproduction, either short or long.

Apart from that, in the DAB circuit § the bit error rate
(BER) of the digitally coded radio signal received is mea-
sured by means of a bit error measuring/correction circuit
and this value is fed to the control unit 3. If the bit error rate
exceeds a predetermined value (i.e. the reception quality
drops below a predetermined value) stored in memory 15,
then switchover to VHF-FM occurs by means of the control
unit if the value is exceeded once, several times or continu-
ously. If the radio receiver is mned to VHF-FM reception of
a certain station anyway and reproduces this, then switcho-
ver to reproduction via the DAB receiving path 5 with,
preferably, simultaneous muting of the analog receiving path
6 takes place if a signal from the bit error measuring/
correction circuit is present indicating that the DAB recep-

tion quality lies sufficiently above a predetermined

value.

Particularly in areas in which already a VHF-FM radio
signal but not the corresponding DAB radio signal for the
current station can be received in adequate quality, it is
advisable t0 maintain the VHF-FM reception although a

switchover to DAB is possible.



the 'sane programis also being transmitted in the transm s-
which the first or second control signal is allocated. 3.
according to claim?2, wherein a radio data signal is transmited tZ'Na
broadcast VHF-FM and/or AM radi o broadcast signal and said datga 3:%n| %98
decoded, upon reception of said radi o broadcast signal, by M and/or AM
radi o broadcast receiver using a radio data signal decoder first control
signal decoder, and is used in a suitable way, for tuning, d : —
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Is trans- mtted with the radi o data signal.
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FIG. 3 is a block circuit diagram of an advantagcous
operating unit 9 for the radio receiver § according to FIG. 1.
The operating unit 9 comprises waveband selector keys 17,
programmable memory location selector keys 18, a “best
quality” key 30, a reception frequency input and channel
number input 19 with numerical keyboard as well as 2
station memory 20. The keys 17, 18 are connected to both
the station memory 20 and a control unit 24 which is
identical to control unit 3 or built separately in the radio
receiver. The input unit 19 is connected to the control unit
24. The memory selector keys 18, like the channel number
input 19, are suitable for setting the operation of both
VHF-FM reception and DAB. When programming the
memory location selector keys 17, the control unit registers
whether the station in waveband X assigned to a station key
Y can also be received via DAB. If this is the case then,
automnatically or after operating key 30 or the DAB band key
17, the corresponding station location is assigned to the
same station key 18 for the DAB band and the corresponding
data for the station tuning is stored in the appropriate
location in the station memory 20. Programming can thus be
simplified. This method of programming can also be carried
out in the opposite direction, i.e. from DAB band locations
to other reception band locations.

In the present example in FIG. 3, it has been established,
by the control unit through evaluating the first control
signals, that the stations NDR 2 and FFN can also be
received via DAB. The comresponding station location is
automatically entered in the memory locations for the cor-
responding keys 18 (1 and 4) in the DAB band. The chief
purpose of the operating unit is that a station selected by the
user is always offered to him/her in the best reproduction
quality. In doing this, under certain circumstances, he/she
may only become aware through the reproduction quality or
the display unit 10, of the fact that when calling up a
VHF-FM or another analog station, the receiver automati-

~ cally changes to DAB or DSR reception.

If, in the present example, the VHF band is now selected
by the user, then the control unit switches over the receiver
to DAB reception upon calling up memory keys one and
four automatically or only after actuating key 30 “best
quality.” Subsequent actuation of key Two switches back to



4. Method according to claim11, wherein the first control signal is
transmtted via a channel which is separate fromthe chann g
radi o broadcasti ng. 5. Method according to claim1, whergiREPUACEMENT SHEET
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a first radio broadcast receiver sect?®on for receivi ng and}l for processing

the VHF- FM and/or AM radi o broadcast signals and a second™ratho

VHF reception and the station WDR 1 assigned to this is
tuned in (see also FIG. 5). The VHF-FM band selected using
a band selector key, but not the selected station, is quitted,
therefore, upon actuating key 18 if the correspondingly
selected station can also be recetved via DAB.

If a station can be received via both VHF and DAB, then
the corresponding memory location in the station memory is
marked with a binary identification signal. For a rapid
switchover the control unit then merely needs to evaluate the
identification signal and perform the appropriate switchings
and station adjustments. When a station has been called up,
the display unit 10 shows not only the station name (here
NDR 2) and the the current band name (here DAB) but also
alternative waveband names (here VHF and MW) over
which NDR 2 can also be received. For switching over to the
alternative bands VHF or MW, the corresponding band
selection key 17 is actyated.

The reception frequency input unit or numerical keypad
19 (with ten keys) is suitable for direct selection of a station
via DAB as well as VHF-FM/AM. As the station location for
DAB or DSR stations and for television stations as well is
normally a two-digit number, it is distinguisbed principally
from a selected frequency value which always has more than
two digits. Using an evaluation circuit in the control unit 3,
it can be determined without any doubt, after two digits have
been entered, whether or not DAB reception is being called
up with the selected band. Therefore, selection of all receiv-
able stations is possible also without actuating the band
selection keys 17 and/or the memory location selector keys
18. The input unit 19 preferably comprises a data release key

DFU with ‘enter’ function. A data release of the number
typed in for the station location can, however, also be carried
but using key 30 or the DAB key. Hereby, it is advantageous
,f each station has its own numerical station location char-
acteristic. Preferably, as alternative, however, the numerical
keypad 19 is connected to a decimal-to-binary converter in
the control unit which generates a binary word, 8 bits in
length, from an entered number between 0 and 255, whereby
the allocation between 2 decimal number and a binary value
can also be individually determined by the user. With FM or



br oadcast

receiver section for receiving and for processing

digitally coded audi o signals according to claimb5, wherein

26 -

REPLAGEMENT SHE

f‘

\-

'1

27 JAN 1998

- 21 -

AM or DARB/DSR operation, the binary value for the deci-
mal number entered is then evaluated by the control unit as
a station reference number. The station reference number is
a part of the PI code (bits 9 through 16) transmitted with
RDS for the desired station and is stored in the station
memory 20. As each station is assigned an individual station
reference number or, respectively, print image data, calling
up a station is, therefore, also possible through input via the
numerical keypad without the user having to know the
respective reception frequency. By comparing the stored PI
codes or, respectively, the station reference aumbers, the
receiver sets the required reception frequency or rather, the
desired station. Under certain circumstances, for storing the
PI code, a station search must be initiated at first so that the
receiver is “introduced” to the stations which can be
received in its area as well as their station reference num-
bers.

The radio broadcast receiver in FIG. 1 already has a very
compact construction in terms of the circuitry because many
componentries are utilized commonly for both receiver
scctions. In individual cases it is quite conceivable to
provide some componentries separately for both receiving
paths but to jointly use them for both.

In particular, if a separate VHF-FM receiver is wired
together with a separate DAB or DSR receiver, for example,
for the purpose of retrofitting, then only a few componen-
tries can be utilized jointly for both receivers. FIG. 4 shows
how such a retrofitting can be arranged for a VHF-FM
receiver 21. The decisive thing in this case is a common
interface 22 via which the control data as well as the wanted
data is fed from the DAB receiver section 23 to the VHF

receiver section and vice versa, The term interface means, in -

particular, the inputs and outputs of both receiver sections as
well as the corresponding lines between the inputs and
outputs. The VHF-FM receiver 21 comprises an aerial 1 and
loudspeaker 16 for the reproduction and all the circuit
sections required for the reception, processing and repro-
duction of analog audio signals. The DAB receiver 23
connected to the VHF-FM receiver via an interface 22
comprises, like receiver 21, its own operating unit, indicator
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can be connected directly to the aerial output via

interface 22. Furthermore, a bidirectional trip line is pro-
vided in the interface via which the first or second control
signals are fed to the respective other receiver for the
purpose of control. By means of the interface, a common
voltage supply to both receivers is also possible. The LF
signals at the output of the DAB/LF stage are fed via the
interface directly to the loudspeakers 16. The setting of the
reproduction parameters such as volume, balance, stereo/
mona, etc. is possible alternatively with either the operating
units of both receivers or that of one receiver. The corre-
sponding operating control signals from the DAB receiver
are also fed via interface 22 to the VHF-FM receiver and

processed there. The VHF-FM receiver 20 comprises,

like

the receiver section 6, an RDS decoder and an RDS signal
processing circuit suitable for this. If a first control signal,
transmitted with an RDS signal, is received, then a switching
pulse is fed to the DAB receiver which switches on the DAB
receiver and calls up the station location assigned to the

station currently being received via VHF-FM.

FIG. 6 shows a VHF-FM transmitter or, respectively, a
VHF-FM transmitter arrangement 60, which comprises a
transmitting antenna 61, a VHF-FM modulator unit 62, a
first control signal decoder 63 and a mixer 64. The station
signals P1 are fed from a broadcast studio (not illustrated) to

the transmitter arrangement 60 via a data input 65.

The

control signal encoder supplies the first control signal via
output 66 to an input 67 on the mixer 64 which mixes the
first control signal with the radio signal from the VHF-FM
modulator unit 62 and modulates it therewith. In the present
example, the first control signal is in the VHF-FM radio
signal a pilto carrier or an auxiliary frequency which lies at
a distance of M times 19 kHz away from the carrier
frequency. ‘M’ is a natural number, for example, four. The
mixed output signal from the mixer is broadcast via the
antenna 61 and can be received by a VHF-FM receiver. Only
if the current station P1 is also broadcast via digital broad-
casting DAB or DSR by the transmitter arrangement 60 or
another transmitter Sn, is the first control signal also sent
out. Otherwise not. The first control signal can be decoded
on the receiver side in a suitable control signal decoderin the
radio broadcast receiver and used in further processing, as

already described, for controlling a DAB receiver. .
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A transmitter arrangement S2 (not illustrated) according
" to claim 17 can be constructed accordingly with a second
control signal encoder for generating the second control
signal, whereby the second control signal or first rating
(identification data) (see claim 8) is inserted as auxiliary
signals in the digital signal stream.

As already described above, with DAB several, preferably
six, stereo stations interlaced with each other according to
the COFDM technique on a multitude of carrier frequencies
are to be transmitted. Thus, the audio signals, but also the
signals accompanying the stations, of, for example, six
stations, are contained in a data frame of a DAB transmis-
sion. Preferably, data bits are also transmitted which contain
information on the number of stations transmitted in a
program transmitted in a COFDM multiplex frame. A signal
accompanying a station is also the station identification or
station name, for example, NDR 2, FFN, etc., which can be
indicated on display 10 as shown in FIG. 3. A DAB receiver
which receives a data frame, therefore always receives six
stations simultaneously, only one of which is reproduced. It
is a great advantage if, on the display 10 of the DAB
receiver, the names of all the stations which are transmitted
within a data frame are always indicated. As FIG. 9 illus-
trates, the ease and clarity for setting the desired station is
markedly improved through such a display. The DAB
receiver S or 23 can access each of the stations displayed
without resetting the reception frequency in that the corre-
sponding station location of the data frame for which the
station signals of the desired station are stored is called up.

With an indicator field such as that shown in FIG. 9, it is
sensible, in terms of simplifying the operation, to so allocate
the station keys 30 to the indicator field that calling up the
desired station is unambiguous. Such an arrangement of the
keys for an analog radio receiver is known from DE-PS-
2758034. Here, upon calling up a desired station, however,
the corresponding reception frequency must first be retuned.
Moreover, a multitude of stations which cannot be received
at all are shown on the indicator field. Furthermore, in FIG.
9 the number of station keys 30 matches the number of
stations transmitted in a multiplex signal and is limited to
this.

. The indicator field according to FIG. 9 possesses an
individual control and is, for instance, formed as-a DOT
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matrix. As already shown in FIG. 3, it can of course also be
displayed on which transmission channel, for example,
VHE, AM, DSR, etc., an indicated station can also be
received, provided that appropriate second control signals
are also transmitted via the DAB transmission channel.
Furthermore, program category information—news, pop,
culture, etc. —allocated to a station can also be indicated if
this is transmitted by the station. A suitable marking, for
example, changing the size of the characters, bold face,
changing the background, efc. in the indicator field for the
corresponding station name, or a special marking of the. key
40 assigned to this station name, for example, by illuminat-
ing an light-emitting diode located in the key, can serve as
a means of indicating which station is being reproduced at
that moment. Instead of the complete station names of all
stations, however, it is also possible to indicate on the
display one single-digit sign for each receivable station so
that the display itself is of a compact size and requires less
space, as shown in FIG. 9.

However, the keys 40 can be omitted if the indicator field
has a “tip-in” function or is constructed as a “touch screen”
so that a place on the indicator field, at which the desired
station is shown, only needs to be touched. After touching
the indicator field at this place, a signal is transmitted to the
control unit and the desired setting carried out. An display
unit or display 10 like the one shown in FIG. 9 can be used
for any DAB receiver even if the second control signal is not
transmitted and the receiver is not connected to a VHF radio

. broadcast receiver.
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I claim:

1. Method for the transmission of VHF-FM and/or AM
radio broadcast signals, comprising temporarily or continu-
ously transmitting a first control signal with this VHF-FM
and/or AM radio signal, said first control signal containing
an item of control information concerning another, different
type of radio broadcast transmission system, said control
signal being used for switching on and controlling a radio
broadcast receiver for receiving digital radio broadcasting
and/or for muting a radio broadcast receiver for the VHF-
FM and/or AM radio broadcast signal.

2. Method according to claim 1, wherein the first or a
second control signal is transmitted with a program signal if
the same program is also being transmitted in the transmis-
sion system to which the first or second control signal is
allocated. '

3. Method according to claim 2, wherein a radio data
signal is transmitted with a broadcast VHEF-FM and/or AM
radio broadcast signal and said data signal is decoded, upon
reception of said radio broadcast signal, by an FM and/or
AM radio broadcast receiver using a radio data signal
decoder as first control signal decoder, and is used in a
suitable way, for tuning, display, etc., in said FM/AM radio
broadcast receiver, and that the first control signal is trans-
mitted with the radio data signal.

4. Method according to claim 1, wherein the first control
signal is transmitted via 2 channel which is separate from the
channel of the digital radio broadcasting.

5. Method according to claim 1, wherein upon reception
of the first and/or a second control signal, the VHF-FM
and/or AM broadcast receiver and/or the digital receiver
processes said control signal in a control data evaluation
circuit, stores the result in a memory and/or displays it an a
display unit.

6. Radio broadcast receiver having a first radio broadcast
receiver section for receiving and for processing the VHF-
FM and/or AM radio broadcast signals and a second radio
broadcast receiver section for receiving and for processing
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digitally coded audio signals according to claim 4, wherein
the first radio broadcast receiver section is elettrically
connected or coupled to the sccond radio broadcast receiver
section and that one or more common components off an
aerial operating elements, loudspeaker control means volt-
age supply, auxiliary data decoder, are provided for both
radio broadcast receiver sections.

7. Radio broadcast receiver according to claim 6, wherein
the radto broadcast receiver contains 2 central control unit of
said control means and a memory which is connected thereto
and in which first program identification data for those
programs which can be received via digital audio broadcast-
ing are stored, that the first program identification data are
compared with second identification data in the control unit
which is constructed as a data processing and evaluation
circuit in the radio broadcast receiver, that the first identi-
fication data are associated with digitally coded radio broad-
cast system and the second identification data are associated
with a VHF-FM and/or AM radio broadcast system, and that
the radio broadcast receiver or the first and/or second radio
broadcast receiver section is controllable in dependence on
the result of a comparison.

8. Radio broadcast receiver according to claim 6, wherein
an RDS signal or a part thereof is used as the first coatrol
signal for controlling the second receiver section.

9. Radio broadcast receiver according to claim 8, wherein
the VHF-FM radio broadcast receiver section and/or digital
radio broadcast receiver section comprises a unidirectional
and/or bi-directional control output from which the first
and/or a second control signal can be picked up. -

10. Radio broadcast receiver according to claim 6,
wherein the radio broadcast receiver contains a single
decoder and/or a single data evaluation circuit which
decodes and/or processes the first control signal and/or the
radio data signals as well as digitized radio broadcast signals
and/or respective auxiliary signals.

11. Radio broadcast receiver according to claim 6,

- wherein programmable memory location selector keys, a
band selection key and a station memory, which are con-
nected to the control unit, are provided for the operation of
the radio broadcast receiver, that a same program for VHF-
FM and digitally. coded radio broadcasting is automatically

‘allocated to a specific memory location selector key in the

station memory if this program can be simultaneously
received via VHF-FM and digitally coded radio broadcast-
ing.
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12. Radio broadcast receiver according to claim 6,
wherein the radio broadcast receiver comprises means for
the processing of digitally coded signals, that the digitally
coded signals are subdivided into a multiplicity of frames,
that each frame has at least three segments, namely one
segment for indicating the start of a frame one segment with
checking information and one segment which contains the
audio information, that each frame and/or successive frames
comprises and/or comprise audio and auxiliary information
from several radio programs, that the auxiliary information
comprises a2 program and/or transmitter identification of
each program, transmitted within transmission channel or
frame, and/or that the radio broadcast receiver has a display
unit on which all the transmitter identification of the pro-
grams that are transmitted in a digital radio broadcasting

DAB transmission channel in several frames and/or one
DAB frame are shown.

13. Radio broadcast receiver according to claim 12,
wherein a separate VHF-FM receiver is connected to a
separate receiver for digitally coded radio broadcasting via
one or more unidirectional and/or bi-directional control lines
and/or the control unit.

14. Radio broadcast receiver according to claim 6,
wherein the VHF-FM radio broadcast receiver section com-
prises a microprocessor for evaluating decoded RDS data,
that the microprocessor compares the program chain iden-
tification data and/or transmitter identification data and/or
another reference datum corresponding to a VHF-FM pro-
gram currently being received with data from a reference list
stored in the memory, that the reference list contains infor-
mation on programs which can be received via digitally
coded radio broadcasting, that when the data from the
reference list coincides with the RDS data, a control signal
and/or control data is sent to a control output of the radio
broadcast receiver and/or the coincidence is indicated on the
display unit and/or a digital radio broadcast receiver con-
nected to the VHF receiver section is switched on ‘and/or
controlled.
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13. Radi o broadcast receiver according to claim12, wherein a separate
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15. Transmitter for a VHF-FM and/or AM radio broadcast
transmission system according to claim 14, wherein the
transmitter comprises a first control signal coder for broad-
casting a first control signal that the transmitter broadcasts
together with a VHF-FM and/or AM radio broadcast signal
of a radio and/or television program if the same transmitter
and/or another transmitter also broadcasts the same radio
and/or television program via digitally coded radio broad-
casting the first control signal being allocated to a radio
broadcast transmission system which is not compatible with
the VHF-FM and/or AM radio broadcast transmission sys-
tem.

16. Transmitter for a digital radio broadcast transmission
system according to claim 15, wherein the transmitter com-
prises a second control signal coder for broadcasting a
second control signal, the transmitter broadcasts the second
control signal with a digitally coded radio broadcast signal
of a radio and/or television program if the same transmitter
and/or another transmitter also broadcast the same radio
and/or television program via VHF-FM and/or AM radio
broadcasting, the second control signal being allocated to a
radio broadcast transmission systemn which is not compatible
with the digital radio broadcast transmission system.

17. Radio broadcast receiver according to claim 6,
wherein switching over from VHF-FM/AM receptiorn/repro-
duction to digitally coded radio broadcast reception/repro-
duction occurs automatically or only after operating a key of
the operating element if the data processing and evaluation
circuit and/or control unit establishes, by means of the
evaluation of the control signal by the control data evalua-
tion circuit, that a received VHF-FM/AM program is also
being transmitted via digital radio broadcasting and/or can
be received with adequate quality.

18. Radio broadcast receiver according to claim 17,
wherein switching over from digitally coded radio broadcast
reception of a program to VHF-FM or AM reception of the
corresponding program occurs automatically or after actua-

. tion of a key if the receiver approaches 2 propagation limit
of the DAB broadcasting zone and/or an error correction of
the digitally coded audio data in an error correcting circuit
in the second receiver section fails.
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19. Method for the transmission of digitally coded radio
broadcast signals comprising temporarily or continuously
transmitting a second control signal with the digitally coded
radio broadcast signal, said second control signal containing
an item of control information conceming another, different

- type of radio broadcast transmission system VHF-FM and/or
AM, said second control signal being used for switching on
and controlling a VHF-FM and/or AM radio broadcast
receiver and/or for muting a radio broadcast recciver for the
digitally coded radio broadcast signal.

20. Method according to claim 19, wherein an auxiliary
signal is transmitted with the broadcast digitally coded radio
broadcast signal and, upon reception of the digitally coded
radio broadcast signal, said auxiliary signal is decoded by a
radio broadcast recetver for digital radio broadcasting and is
used in a suitable way, for tuning-in a program, display, etc.,
and that the second control signal is transmitted with the
auxiliary signal.
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correspondi ng program occurs autonaticalfy or after actua- tion of

a key if the receiver approaches a propagation limt
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audio data in an error correcting circuit in the
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RADIO BROADCAST TRANSMISSION S YSTEM AND RECEIVER
FOR INCOMPATIBLE SIGNAL FORMATS, AND METHOD
THEREFOR

ABSTRACT

The present invention provides for an analog and/or digital
radio broadcast transmission system and radio receiver
therefor, which includes a control signal having an item of
control information concerning another, different type of
transmission/receive system. The receiver is a hybrid
receiver able to receive both types of signals. When the same
program material is available on both of the different sys-
tems, the control signal is used for switching the different

systems so that the receiver receives the program on the

system which provides the best reception.
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