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(54) Receiver for receiving Digital Audio Broadcast (DAB) programmes, comprising automatic
selection of broadcast programmes from a plurality of multiplexed programmes
(57)  The present invention provides a digital-audio- gram-selection-information storage unit for storing pro-

gram-selection information suggesting a broadcast pro-
gram to be selected on a priority basis from the broad-
cast programs multiplexed in the digital-audio-broad-
cast ensemble signal; and a program selecting unit for
extracting a broadcast program from the digital-audio-
broadcast ensemble signal selectively received by the
tunerin accordance with the program-selection informa-
tion stored in the program-selection-information storage
unit and the additional identification information con-
veyed by the digital-audio-broadcast ensemble signal.

broadcast receiver capable of extracting any arbitrary
one of a plurality of broadcast programs multiplexed in
a digital-audio-broadcast ensemble signal selectively
received by the receiver with ease. The digital-audio-
broadcast receiver comprises: a tuner for selectively re-
ceiving a digital-audio-broadcast ensemble signal con-
veying a plurality of broadcast programs multiplexed
therein and additional identification information reveal-
ing contents of each of the broadcast programs; a pro-
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Description

[0001] The present invention relates to a receiver for
receiving digital audio broadcasts.

[0002] In recent years, audio broadcasts have be-
come digital more extensively. In Europe, a DAB (Digital
Audio Broadcast) based on European standards called
Eureka 147 has been proposed.

[0003] This digital-audio-broadcast (DAB) system is
capable of presenting audio information at a high sound
quality without losing the quality of the audio informa-
tion. In addition, this DAB system is also capable of pre-
senting a broadcast with a high added value. Tobe more
specific, a plurality of broadcast programs can be pre-
sented by using one ensemble signal which is obtained
by multiplexing audio data of a plurality of broadcast pro-
grams with additional data in one broadcast wave.
[0004] For example, it is possible to generate an en-
semble signal conveying a variety of multiplexed broad-
cast programs such as news, traffic information, sport
events, popular music and classical music. The ensem-
ble signal also includes other data such as information
on multiplexing and information on identifications. The
information on multiplexing indicates how the broadcast
programs were multiplexed. On the other hand, the in-
formation on identifications is used for identifying the
multiplexed broadcast programs. A receiver forthe DAB
system is used for receiving an ensemble signal and al-
lows the user to select a desired broadcast program
from the programs multiplexed in the ensemble signal
and listen to the selected program.

[0005] By the way, in the case of the DAB system, a
plurality of ensemble signals each conveying a plurality
of multiplexed broadcast programs are broadcasted as
described above. It is thus necessary to first selectively
receive a desired ensemble signal and then to select a
desired broadcast program among those conveyed by
the selectively received ensemble signal.

[0006] For this reason, in a receiver for the DAB sys-
tem, information including that for identifying multi-
plexed broadcast programs conveyed in a selectively
received ensemble signal is used to make a list of broad-
cast programs multiplexed in the ensemble signal. The
list is displayed on a display unit such as an LCD (Liquid
Crystal Display) device to be viewed by the user. An in-
put to select a desired broadcast program among those
on the list is then entered by the user to the receiver.
[0007] Since the user has to select a desired broad-
cast program among an extremely large number of
broadcast programs multiplexed in an ensemble signal,
however, an operation to select a broadcast program is
complicated. Much time and much labor may be re-
quired till a desired broadcast program is selected. Par-
ticularly in the case of a receiver for the DAB system
mounted on an automobile, it is dangerous to carry out
an operation to select a broadcast program while view-
ing a list of broadcast programs displayed on a display
device of the receiver.
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[0008] It would be desirable to provide a receiver for
the DAB system addressing the problems described
above and which allows the user to select a desired
broadcast program and to listen to the selected broad-
cast program without carrying out a difficult operation.
[0009] In a digital-audio-broadcast receiver provided
by the present invention, a digital-audio-broadcast
(DAB) signal conveying a plurality of multiplexed broad-
cast programs and additional identification information
showing contents of each of the broadcast programs is
selectively received by a tuner and supplied to a pro-
gram selecting unit.

[0010] The program selecting unit extracts a broad-
cast program which is selected among those multi-
plexed in the DAB ensemble signal selectively received
by the tuner by using program-selection information
stored in a program-selection-information storage unit
and the identification information added to the DAB en-
semble signal. The program-selection information rep-
resents categories of broadcast programs to be select-
ed on a priority basis. A broadcast program of a selected
category is extracted, played back and presented to the
user by the receiver.

[0011] As a result, the user is capable of listening to
a broadcast program which is automatically selected on
a priority basis among those multiplexed in the DAB en-
semble signal selectively received by the tuner by using
program-selection information stored in the program-
selection-information storage unit. It is thus no longer
necessary for the user to carry out a complicated oper-
ation to select a broadcast program among those mul-
tiplexed in a DAB ensemble signal.

[0012] In the digital-audio-broadcast receiver provid-
ed by the present invention, the program-selection in-
formation stored in the program-selection-information
storage unit is pairs each comprising a geographical
condition and a list of broadcast-program categories to
be selected on a priority basis for the geographical con-
dition. Examples of broadcast-program categories are
an urban area, a suburb, a mountain or a seashore. In
addition, a geographical-information storage unit is
used for storing geographical information representing
pairs each comprising a position and a geographical
condition associated with the position.

[0013] Information on the position of a broadcast sta-
tion transmittinga DAB ensemble signal added toa DAB
ensemble signal selectively received by the tuner is ex-
tracted by a positional-information detecting means.
The information on a position extracted by the position-
al-information detecting means is used by a reception-
position detecting means for identifying the position of
the user listening to the DAB ensemble signal selective-
ly received by the tuner. The position of the user identi-
fied by the reception-position detecting means is used
by a geographical-condition detecting means for identi-
fying the geographical condition of an area surrounding
the position of the user stored in the geographical-infor-
mation storage unit.
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[0014] The geographical condition of an area sur-
rounding the position of the user identified by the geo-
graphical-condition detecting means is used by the pro-
gram selecting unit to select a pair of the program-se-
lection information including the identified geographical
condition and a broadcast-program category extracted
from the list on a priority basis for the geographical con-
dition stored in the program-selection-information stor-
age unit. The selected pair of the program-selection in-
formation and the identification information included in
the DAB ensemble signal selectively received by the
tuner are used for automatically selecting a broadcast
program to be listened to by the user. The selected
broadcast program is suitable for the geographical con-
dition of an area surrounding the position of the user.
[0015] As a result, the user is capable of listening to
an automatically selected broadcast program that is
suitable for the geographical condition of an area sur-
rounding the position of the user. For example, the user
is capable of listening to traffic information, popular mu-
sic or classical music when the user is in an urban area,
in a suburb or on a mountain respectively.

[0016] As an alternative, in the digital-audio-broad-
cast receiver provided by the present invention, the pro-
gram-selection information stored in the program-selec-
tion-information storage unit can also be pairs each
comprising a period of time and a list of broadcast-pro-
gram categories to be selected on a priority basis for the
period of time. Examples of the period of time are the
AM, the PM and a period between 00:00 AM and 00:00
PM where notation 00:00 represents a point of time.
[0017] A present-time detecting means determines a
present time at which a DAB ensemble signal is being
selectively received by the tuner. A pair of the program-
selection information corresponding to the present time
and a broadcast-program category exiracted from the
list on a priority basis for the present time is read out
from the program-selection-information storage unit to
be used in conjunction with identification information
conveyed by the DAB ensemble signal selectively re-
ceived by the tuner to extract a broadcast program
among those multiplexed in the DAB ensemble signal.
[0018] As aresult, without carrying out a complicated
operation, the user is capable of listening to an automat-
ically selected broadcast program that is suitable for a
period of time during which a DAB ensemble signal is
received. For example, the user is capable of listening
to traffic information, popular music or classical music
at commutation times, in the afternoon or at home re-
spectively.

[0019] As another alternative, in the digital-audio-
broadcast receiver provided by the present invention,
the program-selection information stored in the pro-
gram-selection-information storage unit can also be
pairs each comprising a combination of information on
a geographical condition and information on a period of
time, and a list of broadcast-program categories to be
selected on a priority basis for the information combina-

10

15

20

25

30

35

40

45

50

55

tion. For example, a news program or a musical program
of typically classical music is selected for an urban area
in the morning or for an urban area in the afternoon re-
spectively. The geographical information stored in the
geographical-information storage unit is pairs each
comprising a position and a geographical condition as-
sociated with the position.

[0020] Information on the position of a broadcast sta-
tion transmittinga DAB ensemble signal added toa DAB
ensemble signal selectively received by the tuner is de-
tected by a positional-information detecting means. The
information on a position detected by the positional-in-
formation detecting means is used by a reception-posi-
tion detecting means for identifying the position of the
user listening to the DAB ensemble signal selectively
received by the tuner. The position of the user identified
by the reception-position detecting means is used by a
geographical-condition detecting means for identifying
the geographical condition of an area surrounding the
position of the user stored in the geographical-informa-
tion storage unit. In addition, the present-time detecting
means determines a present time at which a DAB en-
semble signal is being selectively received by the tuner.
[0021] The geographical condition of an area sur-
rounding the position of the user identified by the geo-
graphical-condition detecting means and the present
time identified by the present-time detecting means are
used by the program selecting unit to select a pair in-
cluding a combination comprising the identified geo-
graphical condition and the identified present time and
a broadcast-program category extracted from the list on
a priority basis for the combination among pairs of the
program-selection information stored in the program-
selection-information storage unit. The selected pair of
the program-selection information and the identification
information included in the DAB ensemble signal selec-
tively received by the tuner are used for automatically
selecting a broadcast program to be listened to by the
user. The selected broadcast program is suitable for the
geographical condition of an area surrounding the posi-
tion of the user and the period of time during which the
DAB ensemble signal is received.

[0022] Assume thatthe useris listeningtoa broadcast
program in an urban area in the morning. In this case,
a news program is automatically selected. If the user
listens to a broadcast program in an urban area in the
afternoon, on the other hand, a program of classical mu-
sic is automatically selected. That is to say, the DAB re-
ceiver is capable of automatically selecting a broadcast
program suitable for the geographical condition of an ar-
ea surrounding the position of the user and the period
of time during which the DAB ensemble signal is re-
ceived.

[0023] The DAB receiver provided by the present in-
vention receives the same DAB ensemble signals from
a plurality of transmitting stations at the same time. Even
if the DAB ensemble signals use carriers having the
same frequency, timing with which the DAB receiver re-
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ceives the DAB ensemble signals varies from station to
station. Differences in phase among DAB ensemble sig-
nals transmitted by different broadcast stations are de-
tected by a phase-shift detecting means.

[0024] Differences in phase among DAB ensemble
signals transmitted by a plurality of broadcast stations
detected by the phase-shift detecting means and the lo-
cations of the transmitting stations are used by the re-
ception-position detecting means for finding the position
of the DAB receiver.

[0025] As a result, the position of the DAB receiver
can be found with a high degree of accuracy. The accu-
rate position is then used for correctly determining the
geographical condition of an area surrounding the posi-
tion. The correct geographical condition is then used for
selecting one of a plurality of broadcast programs mul-
tiplexed in the DAB ensemble signal in the same way
as described above.

[0026] The present invention will become more ap-
parent from the following detailed description of some
preferred embodiments implementing a digital-audio-
broadcast (DAB) receiver according to the present in-
vention given by way of non-limitative example with ref-
erence to the accompanying drawings, in which:

Fig. 1 is a block diagram used for explaining an em-
bodiment implementing a digital-audio-broadcast
(DAB) receiver provided by the present invention;
Fig. 2 is an explanatory diagram showing a frame
structure of a DAB ensemble signal conforming to
the European standards called Eureka 147;

Fig. 3is an explanatory diagram used for describing
a DAB ensemble signal conveying audio data of a
plurality of multiplexed broadcast programs;

Fig. 4 is an explanatory diagram used for describing
typical program-selection information stored in a
program-selection-information memory employed
in the receiver shown in Fig. 1;

Fig. 5 is an explanatory flowchart used for explain-
ing automatic program-selection processing to au-
tomatically select a broadcast program from a DAB
ensemble signal selectively received by the receiv-
er by using program-selection information stored in
the program-selection-information memory;

Fig. 6 is an explanatory diagram used for describing
other typical program-selection information stored
in the program-selection-information memory em-
ployed in the receiver shown in Fig. 1;

Fig. 7 is an explanatory flowchart used for describ-
ing automatic program-selection processing to au-
tomatically select a broadcast program from a DAB
ensemble signal selectively received by the receiv-
er in accordance with program-selection informa-
tion stored in the program-selection-information
memory with reception times taken into considera-
tion;

Fig. 8 is ablock diagram used for explaining another
embodiment implementing a DAB receiver provided
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by the present invention;

Fig. 9 is an explanatory diagram used for describing
a geographical-information memory employed in
the receiver shown in Fig. 8;

Fig. 10 is an explanatory diagram used for describ-
ing a program-selection-information memory em-
ployed in the receiver shown in Fig. 8;

Fig. 11 is an explanatory flowchart used for describ-
ing automatic program-selection processing to au-
tomatically select a broadcast program from a DAB
ensemble signal selectively received by the receiv-
er shown in Fig. 8 in accordance with a geographi-
cal condition of an area surrounding the position of
the receiver;

Fig. 12 is an explanatory diagram used for describ-
ing a program-selection data base stored in a pro-
gram-selection-information memory whereby a
broadcast program is selected from a DAB ensem-
ble signal selectively received by the receiver in ac-
cordance with a geographical condition of an area
surrounding the position of the receiver and a re-
ception time on a priority basis;

Fig. 13is an explanatory flowchart used for describ-
ing automatic program-selection processing carried
out by the receiver shown in Fig. 8;

Fig. 14 is an explanatory flowchart used for describ-
ing automatic program-selection processing carried
out by the receiver shown in Fig. 8 wherein a broad-
cast program is selected from a DAB ensemble sig-
nal selectively received by the receiver in accord-
ance with a geographical condition of an area sur-
rounding the position of the receiver and a reception
time;

Fig. 15is an explanatory flowchart used for describ-
ing processing to change program-selection infor-
mation stored in the program-selection-information
memory employed in the receiver shown in Fig. 1
or §;

Fig. 16 is an explanatory flowchart used for describ-
ing program-selection processing carried out by a
receiver having automatic and manual program-se-
lection modes; and

Fig. 17 is an explanatory diagram used for describ-
ing a relation between locations of DAB transmitting
stations and the position of a receiver.

[0027] The embodiments described below implement
a DAB receiver mounted on a vehicle and used for re-
ceiving DABs conforming to the European standards
known as Eureka 147. The elements of the different em-
bodiments may be freely combined.

First Embodiment

[0028] Fig. 1 is a block diagram showing a DAB re-
ceiver implemented by a first embodiment. The DAB re-
ceiver is referred to hereafter simply as a receiver in
some cases. Figs. 2 and 3 are explanatory diagrams
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used for describing a DAB ensemble signal received by
the receiver implemented by the embodiment. First of
all, before the receiver implemented by the embodiment
is explained, an overview of the DAB system is ex-
plained by referring to Figs. 2 and 3.

[0029] A DAB system transmits a DAB ensemble sig-
nal which is formed by multiplexing audio data of a plu-
rality of broadcast programs and additional data in a
broadcast signal. Audio data of broadcast programs and
other data multiplexed in the ensemble signal are sub-
jected to a high-efficiency encoding process or data
compression by using layer Il of the MPEG audio, an
international standard. The data is then subjected to a
transmission encoding process using an error correc-
tion convolution encoding technique.

[0030] In addition, in the case of the DAB system, the
encoded bitstream is interleaved and then subjected to
OFDM (Orthogonal Frequency Division Multiplex Mod-
ulation) prior to transmission.

[0031] Fig. 2 is an explanatory diagram used for de-
scribing a frame structure of a DAB ensemble signal and
Fig. 3 is an explanatory diagram used for describing a
DAB ensemble signal in which pieces of audio data of
a plurality of broadcast programs are multiplexed. A
DAB ensemble signal is transmitted in frame units which
each comprise synchronization symbols, an FIC (First
Information Channel) and an MSC (Main Service Chan-
nel) as shown in Fig. 2.

[0032] As described above, a frame includes 2 syn-
chronization symbols. One of them is a null symbol in-
cluding information for identifying a broadcast station
transmitting the DAB ensemble signal.

[0033] Composed of 3 symbols, the FIC includes var-
ious kinds of information such as information on multi-
plexing, information on program categories and latitude/
longitude information. The information on multiplexing
indicates what data is multiplexed and how data is mul-
tiplexed. The information on program categories is in-
formation for identifying what broadcast programs are
multiplexed, that is, whether each of the multiplexed
broadcast programs is news, a weather forecast, sport,
popular music or another kind of program. The latitude/
longitude information is information on the locations of
transmitting stations. The latitude/longitude information
corresponds to TIl (Transmitting-station |dentification
Information).

[0034] As shown in Fig. 2, the MSC has data fields of
broadcast programs multiplexed along the time axis.
That is to say, a plurality of pieces of audio and other
data multiplexed in the DAB ensemble signal are placed
in the data fields.

[0035] Thus, pieces of audio data of a plurality of
broadcast programs are multiplexed in the MSC. The
broadcast programs have different categories such as
news, sport, popular music, classical music and rock
music as shown in Fig. 3.

[0036] The information on program categories and
other information are included in the FIC of each frame
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of the ensemble signal shown in Fig. 2 as described ear-
lier. Thus, by using information on program categories
and information on multiplexing included in the FIC, a
DAB receiver is capable of extracting audio data of a
desired broadcast program from the ensemble signal in
which pieces of audio data of a plurality of broadcast
programs are multiplexed, playing back the extracted
audio data and presenting the reproduced data to the
user.

[0037] The followingis a description of a DAB receiver
implemented by the first embodiment for receiving a
DAB ensemble signal in which pieces of audio data of
a plurality of broadcast programs are multiplexed with
reference to Fig. 1.

[0038] As shown in Fig. 1, the receiver implemented
by the first embodiment comprises an antenna 1, a front-
end unit (tuner) 2, an orthogonal demodulator 3, a dif-
ferential demodulator 4, a synchronization processor 5,
a selecting and decoding unit 6, an audio decoding unit
7, a D/A-conversion unit 8, an amplifier circuit 9, a
speaker 10, an information extracting unit 11, a system-
control microcomputer 20, a key operation unit 31, a tim-
er circuit 32, an LCD controller 33, an LCD device 34
and a program-selection-information memory 35.
[0039] The system control microcomputer 20 includes
a CPU, a ROM unit, a RAM unit and a nonvolatile mem-
ory which are not shown in the figure. The system con-
trol microcomputer 20 controls other components em-
ployed in the receiver implemented by this embodiment.
The key operation unit 31 has a variety of operation keys
and buttons such as a power-supply-on/off key, a key
for entering information for selecting a broadcast station
and a volume adjusting key. The user of the receiver
implemented by this embodiment enters a command via
the key operation unit 31. Information representing a
command entered by the user via the key operation unit
31 is supplied to the system control microcomputer 20
which then controls other components employed in the
receiver in accordance with the information.

[0040] Provided with a calendar function, the timer cir-
cuit 32 is capable of presenting the present time and
controlling days of the week and dates. Controlled by
the system control microcomputer 20, the LCD control-
ler 33 displays information such as a plurality of guid-
ance messages on the LCD device 34. As will also be
described later, the LCD controller 33 is capable of dis-
playing various kinds of information such as the frequen-
cy of a selected broadcast station and the present time
which need to be reported to the user of the receiver on
the LCD device 34.

[0041] The program-selection-information memory
35 employed in the receiver implemented by this em-
bodiment is a nonvolatile memory for storing program-
selection information used for indicating a broadcast
program to be selected on a priority basis among a plu-
rality of broadcast programs multiplexed in a selected
DAB ensemble signal. The receiverimplemented by this
embodiment is capable of automatically receiving a
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broadcast program indicated by the program-selection
information stored in the program-selection-information
memory 35 as a broadcast program pertaining to a cat-
egory selected on a priority basis, playing back the se-
lected broadcast program and presenting the repro-
duced program to the user. In this way, the program-
selection-information memory 35 is used as a program-
selection-information storage unit.

[0042] DAB ensemble signals caught by the antenna
1 are supplied to the front-end unit 2 which then selects
a desired one of the DAB ensemble signals indicated by
a command to select a broadcast station received from
the system control microcomputer 20. Subsequently,
the selected DAB ensemble signal is converted into a
signal having an intermediate frequency which is then
supplied to the orthogonal demodulator 3.

[0043] The orthogonal demodulator 3 demodulates
the intermediate-frequency signal to generate I-compo-
nent and Q-component signals of a base-band signal
which is then supplied to the differential demodulator 4.
The differential demodulator 4 is designed as an FFT
(Fast Fourier Transformation) circuit. In this case, a
base-band signal which has been converted into a dig-
ital signal is supplied to the differential demodulator 4.
The differential modulator 4 then carries out OFDM
modulation on the |-component and Q-component sig-
nals. A DAB ensemble signal obtained as a result of the
demodulation processes is then supplied to the select-
ing and decoding unit 6 and the information extracting
unit 11.

[0044] The synchronization processor 5 isimplement-
ed by a DSP (Digital Signal Processor). The synchroni-
zation processor 5 carries out processing such as com-
putation of a frequency offset of an input signal received
from the differential demodulator 4 to generate an AFC
(Automatic Frequency Control) signal. In addition, the
synchronization processor 5 also finds an impulse re-
sponse of a transmission line to generate a CIR (Chan-
nel Impulse Response) signal as an output.

[0045] The information extracting unit 11 extracts in-
formation on multiplexing of audio data and other nec-
essary information such as categories of multiplexed
broadcast programs from the FIC of each frame of the
demodulated DAB ensemble signal, supplying the ex-
tracted information to the system control microcomputer
20.

[0046] The selecting and decoding unit 6 carries out
deinterleaving and error correction to generate the orig-
inal DAB ensemble signal. Then, the selecting and de-
coding unit 6 receives program-selection information
stored in the program-selection-information memory 35
from the system control microcomputer 20. Subse-
quently, the selecting and decoding unit 6 selects one
of a plurality of broadcast programs multiplexed in the
DAB ensemble signal in accordance with the program-
selection information and the program categories or pro-
gram identifications extracted from the IFC of each
frame, and extracts the audio data of the selected broad-
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cast program from the ensemble signal, outputting the
extracted data to the audio decoding unit 7.

[0047] Fig. 4 is an explanatory diagram showing typ-
ical program-selection information stored in the pro-
gram-selection-information memory 35 employed in the
receiver implemented by this embodiment. As shown in
the figure, the program-selection information stored in
the program-selection-information memory 35 em-
ployed in the receiver implemented by this embodiment
is pairs each comprising a priority level and a category
of a broadcast program to be selected at the priority lev-
el.

[0048] Asshown in Fig. 4, typical categories of broad-
cast programs of the program-selection information
stored in the program-selection-information memory 35
are news, classical music, popular music and so on
which are listed in an order of decreasing priority levels.
In this case, the system control microcomputer 20 reads
out the first-priority pair of the program-selection infor-
mation from the program-selection-information memory
35. The category in the pair of the program-selection in-
formation suggests the selecting and decoding unit 6 to
select a broadcast program of the news category which
has the highest priority level.

[0049] The system control microcomputer 20 then
checks whether or not a news program is included in the
selected ensemble signal by referring to information ex-
tracted from the FICs and supplied thereto by the infor-
mation extracting unit 11. If a news program is included,
the system control microcomputer 20 supplies the cat-
egory of a broadcast program in the pair of the program-
selection information to the selecting and decoding unit
6 to request that the news program be selected. The
selecting and decoding unit 6 selects one of a plurality
of broadcast programs multiplexed in the DAB ensem-
ble signal in accordance with the category in the pair of
the program-selection information received from the
system control microcomputer 20, and extracts the au-
dio data of the selected broadcast program from the en-
semble signal, outputting the extracted data to the audio
decoding unit 7.

[0050] If anews program is not included in the select-
ed ensemble signal, on the other hand, the system con-
trol microcomputer 20 reads out a pair of the program-
selection information at the next priority level from the
program-selection-information memory 35. The pair of
the program-selection information read out from the pro-
gram-selection-information memory 35 in this case sug-
gests the selecting and decoding unit 6 to select a
broadcast program of the classical-music category
which has the second highest priority level. The system
control microcomputer 20 then checks whether or not a
classical-music program is included in the selected en-
semble signal by referring to information extracted from
the FICs and supplied thereto by the information extract-
ing unit 11. If a classical-music program is included, the
system control microcomputer 20 supplies the category
in the second pair of the program-selection information
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to the selecting and decoding unit 6 to request that the
classical-music program be selected.

[0051] In this way, the system control microcomputer
20 supplies a category of a broadcast program included
in the program-selection information stored in the pro-
gram-selection-information memory 35 to the selecting
and decoding unit 6. Then, the selecting and decoding
unit 6 selects one of a plurality of broadcast programs
multiplexed in the DAB ensemble signal in accordance
with the category supplied thereto by the system control
microcomputer 20, and exiracts the audio data of the
selected broadcast program from the ensemble signal,
outputting the extracted data to the audio decoding unit
7. That is to say, the selecting and decoding unit 6 func-
tions as a program selecting unit.

[0052] The audio decoding unit 7 decompresses au-
dio data which was compressed by using the MPEG au-
dio system and multiplexed in the ensemble signal, sup-
plying the decompressed data to the D/A-conversion
unit 8. The D/A-conversion unit 8 converts the digital au-
dio data supplied thereto into an analog signal which is
then supplied to the speaker 10 by way of the amplifier
circuit 9. As a result, the audio signal of a broadcast pro-
gram suggested by a category selected on a priority ba-
sis from the program-selection information stored in the
program-selection-information memory 35 is played
back and output through the speaker 10.

[0053] Fig. 5 is a flowchart representing automatic
program selection processing carried out by the receiver
implemented by the first embodiment to automatically
select a broadcast program from a DAB ensemble sig-
nal selectively accepted by the front-end unit 2 on the
basis of program-selection information stored in the pro-
gram-selection-information memory 35.

[0054] The processing represented by the flowchart
shown in Fig. 5 is carried out by the system control mi-
crocomputer 20 typically when the power supply of the
receiver implemented by the first embodiment is turned
on to start reception of a DAB ensemble signal or when
the front-end unit 2 is operated to change a selected
DAB ensemble signal.

[0055] As shown in Fig. 5, the flowchart begins with a
step S101 at which the system control microcomputer
20 reads out a piece of program-selection information
with the highest priority from the program-selection-in-
formation memory 35. The flow of the processing then
goes ontoa step S102 to form a judgment as to whether
or not audio data of a broadcast program with a category
indicated by the piece of program-selection information
read out from the program-selection-information mem-
ory 35 is included in the selected DAB ensemble signal.
[0056] |If the outcome of the judgment formed at the
step S102 indicates that audio data of a broadcast pro-
gram with a category indicated by the piece of program-
selection information read out from the program-selec-
tion-information memory 35 is not included in the select-
ed DAB ensemble signal, the flow of the processing
goes on to a step S103 at which the priority of the pro-
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gram-selection information to be read from the program-
selection-information memory 35 is lowered. The flow
of the processing then goes back to the step S101 to
repeat the pieces of processing of the step S101 and
S102.

[0057] If the outcome of the judgment formed at the
step S102 indicates that audio data of a broadcast pro-
gram with a category indicated by the piece of program-
selection information read out from the program-selec-
tion-information memory 35 is included in the selected
DAB ensemble signal, on the other hand, the flow of the
processing goes on to a step S104 at which the piece
of program-selection information read out from the pro-
gram-selection-information memory 35 is supplied to
the selecting and decoding unit 6 and then the automatic
program selection processing represented by the flow-
chart shown in Fig. 5 is ended.

[0058] Asdescribed above, a piece of program-selec-
tion information stored in the program-selection-infor-
mation memory 35 in advance and used for selecting
the category of a broadcast program on a priority basis
is supplied to the selecting and decoding unit 6 which
then automatically selects audio data of a desired
broadcast program indicated by the program category
described in the piece of program-selection information
from the ensemble signal. The audio data is then played
back and output to the speaker 10.

[0059] As described above, by merely carrying out a
simple operation such as pressing the power-supply-on/
off key of the DAB receiver implemented by the first em-
bodiment to turn on the power supply and start reception
of a DAB ensemble signal or by merely pressing a sta-
tion selecting key after turning on the power supply to
change a broadcast station transmitting a DAB ensem-
ble signal, the user of the DAB receiver implemented by
the first embodiment is capable of automatically select-
ing a broadcast program in accordance with program-
selection information stored in the program-selection-in-
formation memory 35, having the audio data of the se-
lected broadcast program played back and listening to
the reproduced broadcast program without the need to
carry out a complicated operation to select the desired
broadcast program.

[0060] Thus, when the user drives an automobile with
the DAB receiver of the first embodiment mounted ther-
eon, the user is capable of automatically selecting a de-
sired one among a plurality of broadcast programs mul-
tiplexed in a DAB ensemble signal received by the DAB
receiver as suggested by a program category selected
on a priority basis from the program-selection informa-
tion stored in the program-selection-information memo-
ry 35, having the audio data of the selected broadcast
program played back and listening to the reproduced
broadcast program without the need to carry out a com-
plicated operation to select the desired broadcast pro-
gram by referring to a list of broadcast programs dis-
played on the LCD device 34 employed in the DAB re-
ceiver.
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Second Embodiment

[0061] It is also possible to change a broadcast pro-
gram automatically selected on a priority basis among
a plurality of broadcast programs multiplexed in a DAB
ensemble signal in accordance with a reception-time
period. In a word, a broadcast program to be selected
can be changed in dependence on a reception-time pe-
riod. A function to change a broadcast program to be
selected as such is implemented in a second embodi-
ment. In the second embodiment, program-selection in-
formation taking information on reception-time periods
into consideration is stored in advance in the program-
selection-information memory 35 employed in the DAB
receiver shown in the circuit block diagram of Fig. 1.
[0062] Fig. 6 is an explanatory diagram used for de-
scribing typical program-selection information stored in
advance in the program-selection-information memory
35 by taking information on reception-time periods into
consideration. As shown in the figure, the typical pro-
gram-selection information stored in advance in the pro-
gram-selection-information memory 35 is pairs each
comprising a reception-time period and the program cat-
egory of a broadcast program to be selected as the first
choice during the reception-time period as shown in Fig.
6. In actuality, for each reception-time period, there is
provided a list of prioritized broadcast-program catego-
ries like the one shown in Fig. 4 to be selected as a first
choice, a second choice and so on, on a priority-basis.
In Fig. 6, however, only the program category of a broad-
cast program to be selected as a first choice is shown
for each reception-time period.

[0063] As shown in Fig. 6, the program-selection in-
formation stored in advance in the program-selection-
information memory 35 suggests that traffic information,
popular music, news or classical music be selected typ-
ically as a first choice for a period of time from 6:00 to
9:00, 9:00 to 17:00, from 17:00 to 19:00 or after 19:00,
respectively.

[0064] The configuration of the second embodiment
is shown in Fig. 1. As shown in the figure, the DAB re-
ceiver implemented by the second embodiment in-
cludes the timer circuit 32 which allows the system con-
trol microcomputer 20 to recognize the present time just
after the power supply of the receiver is turned on or just
after a selected broadcast station transmitting a DAB
ensemble signal is changed after the power supply has
been turned on. Thus, the system control microcomput-
er 20 functions as a present-time acquiring means to
acquire a present time from the timer circuit 32 in this
case.

[0065] The system control microcomputer 20 reads
out a piece of program-selection information from the
program-selection-information memory 35 for an ac-
quired present time, supplying the piece of program-se-
lection information to the selecting and decoding unit 6.
If the present time is a commutation time between 7:00
and 9:00, for example, a broadcast program of traffic
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information multiplexed in a DAB ensemble signal se-
lected by the DAB receiver is automatically extracted as
a first choice.

[0066] Similarly, a popular-music, news or classical-
music broadcast program is automatically selected as
a first choice for a present time in a period of time from
9:00 to 17:00, from 17:00 to 19:00 or after 19:00, re-
spectively.

[0067] Fig. 7 is a flowchart representing automatic
program selection processing for selecting a broadcast
program from a DAB ensemble signal selectively re-
ceived by the DAB receiver by using program-selection
information which is based on reception-time periods
and stored in the program-selection-information memo-
ry 35. Like the processing represented by the flowchart
shown in Fig. 5, the processing represented by the flow-
chart shown in Fig. 7 is carried out by the system control
microcomputer 20 typically when the power supply of
the receiver implemented by the second embodiment is
turned on to start reception of a DAB ensemble signal
or when the front-end unit 2 is operated to change a se-
lected DAB ensemble signal.

[0068] As shown in Fig. 7, the flowchart begins with a
step S201 at which the system control microcomputer
20 acquires a present time from the timer circuit 32.
Then, the flow of the processing goes on to a step S202
at which the system control microcomputer 20 reads out
a piece of program-selection information from the pro-
gram-selection-information memory 35 for the acquired
present time. The flow of the processing then goes on
to a step S203 at which the system control microcom-
puter 20 searches the FIC of a selected DAB ensemble
signal for a broadcast program indicated by a program
category described in the piece of particular program-
selection information.

[0069] The search of the selected DAB ensemble sig-
nal for a broadcast program indicated by the program
category described in the piece of particular program-
selection information is based on information on multi-
plexing of data included in the FIC of each frame of the
DAB ensemble signal and other necessary information
such as the categories of broadcast programs multi-
plexed in the DAB ensemble signal which are supplied
by the information extracting unit 11 to the system com-
puter 20.

[0070] Then, the flow of the processing goes on to a
step S204 to form a judgment as to whether or not a
broadcast program indicated by the program category
described in the piece of program-selection information
is included in the DAB ensemble signal. If the outcome
of the judgment formed at the step S204 indicates that
a broadcast program indicated by the program category
described in the piece of program-selection information
is not included in the DAB ensemble signal, the flow of
the processing goes back to the step S202 to read out
another piece of program-selection information from a
list of categories for the same time period stored in the
program-selection-information memory 35 in a format
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like one shown in Fig. 4 as a second choice and then to
the step S2031o search the selected DAB ensemble sig-
nal for a broadcast program indicated by the program
category described in the other piece of program-selec-
tion information. It should be noted that pieces of pro-
gram-selection information are selected as a first
choice, a second choice and so on, on a priority basis
in the same way as the processing represented by the
flowchart shown in Fig. 5. The pieces of processing of
the steps S202, S203 and S204 are repeated till a
broadcast program indicated by a program category de-
scribed in a piece of program-selection information is
found.

[0071] As the outcome of the judgment formed at the
step S204 indicates that a broadcast program indicated
by a program category described in a piece of program-
selection information is included in the DAB ensemble
signal, the flow of the processing goes on to a step S205
at which the piece of program-selection information is
supplied to the selecting and decoding unit 6 and then
the automatic program selection processing represent-
ed by the flowchart shown in Fig. 7 is ended.

[0072] The selecting and decoding unit 6 carries out
deinterleaving and error correction to generate the orig-
inal DAB ensemble signal as described above. The se-
lecting and decoding unit 6 then selects audio data of a
desired broadcast program indicated by the program
category included in the program-selection information
supplied thereto by the system control microcomputer
20 from the ensemble signal and outputs the repro-
duced data to the audio decoding unit 7.

[0073] The audio decoding unit 7 decompresses au-
dio data compressed by using the MPEG audio system,
supplying the decompressed data to the D/A-conver-
sion unit 8. The D/A-conversion unit 8 converts the dig-
ital audio data supplied thereto into an analog signal
which is then supplied to the speaker 10 by way of the
amplifier circuit 9.

[0074] As described above, a broadcast program can
be selected automatically on a priority basis for a period
of reception time by using program-selection informa-
tion stored in the program-selection-information memo-
ry 35 in advance. Since the broadcast program to be
selected varies from period to period, better automatic
selection of a broadcast program is possible.

[0075] It should be noted that the user of the receiver
implemented by the first and second embodiments is al-
lowed to change the program-selection information
stored in the program-selection-information memory 35.
A procedure to change the program-selection informa-
tion will be described later in detail.

[0076] In addition, the receiver implemented by the
first and second embodiments displays a list of broad-
cast programs on the LCD device 34. The list is based
on information on multiplexing of data included in the
FIC of each frame of a selected DAB ensemble signal
and other necessary information such as the categories
of broadcast programs multiplexed in the DAB ensem-
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ble signal. The user of the receiver implemented by the
first and second embodiments is also capable of man-
ually selecting a broadcast program from the list.
[0077] The user of the receiver is capable of choosing
the manual selection of a broadcast program or the au-
tomatic selection of a broadcast program based on pro-
gram-selection information stored in the program-selec-
tion-information memory 35. Proper use of the manual
selection and the automatic selection will be described
in detail later.

Third Embodiment

[0078] As described earlier by referring to Fig. 2, the
null symbol of each frame of a DAB ensemble signal
includes an identification of a plurality of broadcast sta-
tions transmitting the DAB ensemble signal. The identi-
fication is also referred to as transmitting-station-identi-
fication information. In addition, the FIC of each frame
of a selected DAB ensemble signal includes information
on the positions of the broadcast stations transmitting
the DAB ensemble signal that can be received by re-
ceivers. Referred to as latitude/longitude information,
such information indicates the position of each of the
transmitting stations identified by the transmitting-sta-
tion-identification information in the null symbol.

[0079] Thus, the transmitting-station-identification in-
formation included in the null symbol and the information
on the position of a transmitting station in the FIC can
be used to identify a broadcast station transmitting a
DAB ensemble signal selectively received by the receiv-
er. In the case of the DAB system, a plurality of broad-
cast stations each for transmitting a small-power broad-
cast signal are laid out to form a broadcasting network.
As a result, an approximate position of the receiver can
be identified from the position of a broadcast station
transmitting a DAB ensemble signal received by the re-
ceiver.

[0080] Taking advantage of the ability to identify an
approximate position of the receiver, a third embodiment
implementing the receiver receiving an DAB ensemble
signal recognizes the geographical condition of the po-
sition of the receiver and then automatically selects a
broadcast program of a category suitable for the geo-
graphical condition among those multiplexed in the DAB
ensemble signal. For example, news or a classical-mu-
sic program is selected as a first choice when the posi-
tion of the receiver is an urban or suburban location re-
spectively.

[0081] Fig. 8 is a block diagram showing a DAB re-
ceiver implemented by a third embodiment.

[0082] As shown in Fig. 8, the receiver implemented
by the third embodiment comprises an antenna 1, a
front-end unit 2, an orthogonal demodulator 3, a differ-
ential demodulator 4, a synchronization processor 5, a
selecting and decoding unit 6, an audio decoding unit 7,
a D/A-conversion unit 8, an amplifier circuit 9, a speaker
10, a transmitting-station-identification-information de-
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tecting unit 12, a positional-information detecting unit
13, a system control microcomputer 20, a key operation
unit 31, a timer circuit 32, an LCD controller 33, an LCD
device 34, a geographical-information memory 36 and
a program-selection-information memory 37.

[0083] As described above, the receiver implemented
by the third embodiment shown in Fig. 8 has all but the
same configuration as the receiver implemented by the
first embodiment as explained earlier by referring to Fig.
1 except that, in the case of the former, the transmitting-
station-identification-information detecting unit 12, the
positional-information detecting unit 13 and the geo-
graphical-information memory 36 are newly provided
and the program-selection-information memory 37 is
different from the program-selection-information mem-
ory 35 of the latter. For this reasons, components em-
ployed in the receiver implemented in the third embod-
iment identical with components employed in the receiv-
er implemented in the first embodiment are denoted by
the same reference numerals as the latter and their ex-
planation is not repeated.

[0084] In the third embodiment, the transmitting-sta-
tion-identification-information detecting unit 12 extracts
transmitting-station-identification information included
in the null symbol of a demodulated DAB ensembile sig-
nal selectively received by the receiver and supplies the
extracted information to the system control microcom-
puter 20.

[0085] On the other hand, the positional-information
detecting unit 13 extracts information on the position of
a broadcast station transmitting a demodulated DAB en-
semble signal selectively received by the receiver, infor-
mation on multiplexing of audio data and other neces-
sary information such as the categories of broadcast
programs multiplexed in the DAB ensemble signal from
the FIC of each frame of the DAB ensemble signal and
supplies the extracted information to the system control
microcomputer 20.

[0086] The system control microcomputer 20 deter-
mines the latitude/longitude information of the position
of a broadcast station transmitting a demodulated DAB
ensemble signal selectively received by the receiver im-
plemented by the third embodiment from the transmit-
ting-station-identification information received from the
transmitting-station-identification-information detecting
unit 12 and the positional information received from the
positional-information detecting unit 13. The determined
latitude/longitude information of the position of a broad-
cast station can in turn be used as information on the
position of the receiver implemented by the third embod-
iment.

[0087] In addition, the receiver implemented by the
third embodiment is provided with the geographical-in-
formation memory 36 and the program-selection-infor-
mation memory 37 so as to allow a broadcast program
suitable to a geographical condition of an area surround-
ing the position of the receiver to be automatically se-
lected from a demodulated DAB ensemble signal selec-
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tively received by the receiver. Both the geographical-
information memory 36 and the program-selection-in-
formation memory 37 are a nonvolatile memory. Fig. 9
is an explanatory diagram used for describing the geo-
graphical-information memory 36 and Fig. 10 is an ex-
planatory diagram used for describing the program-se-
lection-information memory 37.

[0088] As shown in Fig. 9, the geographical-informa-
tion memory 36 is used for storing a geographical-infor-
mation data base of pairs each comprising a positional
information represented by latitude/longitude data and
a geographical condition of an area surrounding the po-
sition. In the case of the third embodiment, the latitude/
longitude data stored in the geographical-information
memory 36 does not merely represent a place but iden-
tifies an area to which the position of the receiver receiv-
ing DAB ensemble signals as implemented by the third
embodiment pertains. The latitude/longitude data is re-
ferred to as the so-called area information.

[0089] Thus, each piece of latitude/longitude data
stored in the geographical-information memory 36 can
be used to identify an area in which the position of the
receiver receiving a DAB ensemble signal is included.
Typically, the area has a radius of several kilometers and
a center coinciding with the position of a broadcast sig-
nal transmitting the DAB ensemble signal, or represents
a plurality of places with latitudes and longitudes in a
predetermined range. The geographical condition asso-
ciated with a particular piece of latitude/longitude data
is information on a geographical condition of the area
which is represented by the particular latitude/longitude
data.

[0090] In the third embodiment, it is possible to esti-
mate an approximate range of an area in which a receiv-
er is capable of receiving a DAB ensemble signal trans-
mitted by a DAB station from the transmission power of
the DAB station. Thus, if the position of a DAB station
transmitting a DAB ensemble signal received by a re-
ceiver is known, an approximate position of the receiver
receiving the DAB ensemble signal transmitted by the
DAB station is also known.

[0091] As described above, in the case of the DAB
system, a plurality of broadcast stations each for trans-
mitting a small-power broadcast signal are laid out to
form a broadcasting network and it is possible to deter-
mine a geographical condition of an area, in which the
broadcast signal can be received by the receiver, to a
certain degree. This is because the third embodiment
has a data base stored in the geographical-information
memory 36. As shown in Fig. 9, information stored in
the data base is pairs each comprising the position of
an area of a broadcast station represented by latitude/
longitude data of the broadcast station and a geograph-
ical condition of an area surrounding the position, that
is, a geographical condition of the area in which the re-
ceiver is capable of receiving a DAB ensemble signal
transmitted by the broadcast station.

[0092] Since the receiver is capable of receiving a
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DAB ensembile signal transmitted by the broadcast sta-
tion in the area, the latitude/longitude data of a broad-
cast station transmitting a DAB ensemble signal re-
ceived by the receiver also indicates an area in which
the receiver exists presently. That is to say, the geo-
graphical condition associated with the latitude/longi-
tude data in the data base stored in the geographical-
information memory 36 is therefore the geographical
condition of an area surrounding the position of the re-
ceiver. Examples of geographical conditions of an area
surrounding the present position of the receiver in the
third embodiment are an urban area, a suburb, a moun-
tain, a seashore and a plateau as shown in Fig. 9.
[0093] In addition, the third embodiment also has a
program-selection data base stored in the program-se-
lection-information memory 37 shown in Fig. 10. As
shown in the figure, information stored in the program-
selection-information memory 37 is pairs each compris-
ing a geographical condition and the category of a
broadcast program to be selected as a first choice for
the geographical condition. Thus, if the latitude/longi-
tude information of an area surrounding the position of
the receiver is known, the geographical condition of the
area surrounding the position can be obtained from the
geographical-condition data base stored in the geo-
graphical-information memory 36. The geographical
condition is then used to find the category of a broadcast
program to be selected as a first choice for the position
of the receiver from the program-selection data base
stored in the program-selection-information memory 37.
[0094] In actuality, for each geographical condition,
there is provided a list of prioritized broadcast-program
categories like the one shown in Fig. 4 to be selected
as a first choice, a second choice and so on, on a prior-
ity-basis. In Fig. 10, however, only the category of a
broadcast program to be selected as a first choice is
shown for each geographical condition.

[0095] By supplying a piece of program-selection in-
formation of the program category read out from the pro-
gram-selection-information memory 37 to the selecting
and decoding unit 6, a broadcast program suitable for
an area surrounding the position of the receiver can be
selected as a first choice, played back and presented to
the user as described before.

[0096] The following is a description of processing
carried out by the receiver implemented by the third em-
bodiment to automatically select a broadcast program
suitable for the geographical condition of an area sur-
rounding the position of the receiver with reference to a
flowchart shown in Fig. 11.

[0097] Like the processing carried out by the first and
second embodiments, the automatic program-selection
processing represented by the flowchart shown in Fig.
11 is carried out by the system control microcomputer
20 typically when the power supply of the receiver im-
plemented by the third embodiment is turned on to start
reception of a DAB ensemble signal or when the front-
end unit 2 is operated to change a selected DAB ensem-
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ble signal.

[0098] As shown in Fig. 11, the flowchart begins with
a step S301 at which the system control microcomputer
20 requests the transmitting-station-identification-infor-
mation detecting unit 12 to detect transmitting-station
identification information of a broadcast station transmit-
ting a demodulated DAB ensemble signal selectively re-
ceived by the receiver from the null symbol of the signal
and to supply the information to the microcomputer 20.
Then, the flow of the processing goes on to a step S302
at which the system control microcomputer 20 requests
the positional-information detecting unit 13 to detect
pieces of positional information (that is, pieces of lati-
tude/longitude information of a plurality of broadcast sta-
tions transmitting the modulated DAB ensemble signal
selectively received by the receiver) from the FIC of the
ensemble signal, and supply the pieces of information
to the microcomputer 20.

[0099] The flow of the processing then goes on to a
step S303 at which the system control microcomputer
20 uses the transmitting-station identification informa-
tion supplied thereto by the transmitting-station-identifi-
cation-information detecting unit 12 to select a particular
one among the pieces of latitude/longitude information
supplied thereto by the positional-information detecting
unit 13. The selected piece of latitude/longitude infor-
mation can be assumed to be the information on the po-
sition of the receiver implemented by the third embodi-
ment, that is, the information on the position of an area
in which the transmitting station and the receiver are lo-
cated.

[0100] The flow of the processing then goes on to a
step S304 at which the system control microcomputer
20 uses the selected piece of latitude/longitude informa-
tion to search the geographical-information data base
stored in the geographical-information memory 36
shown in Fig. 9 for a geographical condition of an area
surrounding the position of the receiver. The flow of the
processing then goes on to a step S305 to form a judg-
ment as to whether or not a geographical condition of
an area surrounding the position of the receiver associ-
ated with the selected piece of latitude/longitude infor-
mation was found in the search carried out at the step
S304. If such a geographical condition was not found,
the flow of the processing goes back to the step S304
to repeat the search processing thereof and the forma-
tion of a judgment at the step S305 by using another
piece of latitude/longitude information. The search
processing of the step S304 and the formation of a judg-
ment at the step S305 are repeated till a geographical
condition of an area surrounding the position of the re-
ceiver associated with the selected piece of latitude/lon-
gitude information is found.

[0101] As the outcome of the judgment formed at the
step S305 indicates that a geographical condition of an
area surrounding the position of the receiver associated
with the selected piece of latitude/longitude information
was found in the search carried out at the step S304,
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the flow of the processing goes on to a step S306 to
search the program-selection data base stored in the
program-selection-information memory 37 for a catego-
ry of a broadcast program to be selected as a first choice
for the geographical condition found at the step S304.
Then, the FIC information of the DAB ensemble signal
received by the receiver is further searched for a broad-
cast program indicated by the category found in the
search of the program-selection data base stored in the
program-selection-information memory 37.

[0102] The flow of the processing goes on to a step
S307 to form a judgment as to whether or not a broad-
cast program indicated by the first-choice category as-
sociated with the geographical condition was found in
the search carried out at the step S306. If a broadcast
program indicated by the first-choice category associat-
ed with the geographical condition was not found, the
flow of the processing goes back to the step S306 to find
another category of a broadcast program to be selected
as a second choice associated with the same geograph-
ical condition. The processing of the step S306 and the
formation of a judgment of the step S307 are repeated
till a broadcast program indicated by a category associ-
ated with the same geographical condition is found. It
should be noted that broadcast-program categories are
selected as a first choice, a second choice and so on on
a priority basis in the same way as the processing rep-
resented by the flowchart shown in Fig. 5.

[0103] As the outcome of the judgment formed at the
step S307 indicates that a broadcast program to be se-
lected for the geographical condition is found in the
search at the step S306, the flow of the processing goes
on to a step S308 at which a piece of program-selection
information describing the category of a broadcast pro-
gram to be selected is supplied to the selecting and de-
coding unit 6. Then, the automatic program-selection
processing represented by the flowchart shown in Fig.
11 is ended.

[0104] |If the detected latitude/longitude information
indicates that the geographical condition of an area sur-
rounding the position of the receiver is urban as shown
in Fig. 9, for example, the news category is determined
for a broadcast program to be selected as a first choice
from the demodulated DAB ensemble signal as shown
in Fig. 10. The news category is then supplied to the
selecting and decoding unit 6. Similarly, if the detected
latitude/longitude information indicates that the geo-
graphical condition of an area surrounding the position
of the receiver is suburban as shown in Fig. 9, the clas-
sical-music category is determined for a broadcast pro-
gram to be selected as a first choice from the demodu-
lated DAB ensemble signal as shown in Fig. 10 and then
supplied to the selecting and decoding unit 6. Likewise,
if the detected latitude/longitude information indicates
that the geographical condition of an area surrounding
the position of the receiver is mountainous as shown in
Fig. 9, the sport category is determined for a broadcast
program to be selected as a first choice from the demod-
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ulated DAB ensemble signal as shown in Fig. 10 and
then supplied to the selecting and decoding unit 6.
[0105] Similarly, if the detected latitude/longitude in-
formation indicates that the geographical condition of an
area surrounding the position of the receiver is a sea-
shore as shown in Fig. 9, the rock-music category is de-
termined for a broadcast program to be selected as a
first choice from the demodulated DAB ensemble signal
as shown in Fig. 10 and then supplied to the selecting
and decoding unit 6. By the same token, if the detected
latitude/longitude information indicates that the geo-
graphical condition of an area surrounding the position
of the receiver is a plateau as shown in Fig. 9, the pop-
ular-music category is determined for a broadcast pro-
gram to be selected as a first choice from the demodu-
lated DAB ensemble signal as shown in Fig. 10 and then
supplied to the selecting and decoding unit 6.

[0106] Asdescribed above, a piece of program-selec-
tion information suggesting a category of a broadcast
program determined on a priority basis for the geo-
graphical condition of an area surrounding the position
of the receiver is supplied by the system control micro-
computer 20 to the selecting and decoding unit 6 which
then selects the broadcast program and exiracts the au-
dio data of the selected broadcast program from the de-
modulated DAB ensemble signal selectively received by
the receiver before the audio data is played back and
presented to the user.

[0107] Thus, when the user drives an automobile with
the DAB receiver of the third embodiment mounted ther-
eon, the user is capable of automatically selecting a de-
sired one among a plurality of broadcast programs mul-
tiplexed in a DAB ensemble signal selectively received
by the receiver in accordance with the geographical con-
dition of an area surrounding the position of the receiver
and listening to the reproduced broadcast program.

Fourth Embodiment

[0108] In afourth embodiment, a geographical condi-
tion of an area surrounding the position of the receiver
provided by the third embodiment and a time at which
a DAB ensemble signal is received by the receiver as is
the case with the second embodiment are taken into
consideration in the selection of a broadcast program
indicated by a category determined on a priority basis.
It should be noted that, since the configuration of the
fourth embodiment is shown by the circuit block diagram
of Fig. 8 which has been explained in the previous de-
scription of the third embodiment, the explanation of the
configuration of the fourth embodiment is omitted.

[0109] Fig. 12 is an explanatory diagram used for de-
scribing a program-selection data base stored in the
program-selection-information memory 37. Program-
selection information stored in the program-selection
data base is used for determining the category of a
broadcast program to be selected as a first choice in
accordance with the geographical condition of an area
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surrounding the position of the receiver and the recep-
tion time.

[0110] As shown in Fig. 12, the program-selection in-
formation of the program-selection data base stored in
the program-selection-information memory 37 com-
posed of pieces of data each comprising a geographical
condition, reception-time information and the category
of a broadcast program to be selected as a first choice
for the geographical condition and the reception time. A
typical value of the reception-time information is either
the forenoon (AM) or the afternoon (PM).

[0111] Inactuality, for each pair of a geographical con-
dition and a reception-time period, there is provided a
list of prioritized broadcast-program categories like the
one shown in Fig. 4 to be selected as a first choice, a
second choice and so on, on a priority-basis. In Fig.12,
however, only the category of a broadcast program to
be selected as a first choice is shown for each pair of a
geographical condition and a reception-time period.
[0112] If the geographical condition of an area sur-
rounding the position of the receiver is urban and the
reception time is a time in the forenoon, for example, the
category of a broadcast program to be selected as a first
choice is news as shown in Fig. 12. If the geographical
condition of an area surrounding the position of the re-
ceiver is urban and the reception time is a time in the
afternoon, on the other hand, the category of a broad-
cast program to be selected as a first choice is classical
music.

[0113] As described above, the program-selection in-
formation of the program-selection data base stored in
the program-selection-information memory 37 com-
posed of pieces of data each comprising a geographical
condition, reception-time information and the category
of a broadcast program to be selected as a first choice
with the category varying in dependence on the geo-
graphical condition and whether the reception time is an
AM or PM time. It is needles to say that the category of
a broadcast program to be selected as a first choice for
the AM time can be the same as that for the PM time for
the same geographical condition as is the case with the
suburban condition shown in Fig. 12.

[0114] The program-selection-information memory
37 of a receiver can also be used for storing both the
program-selection data base shown in Fig. 10 for the
third embodiment and the program-selection data base
shown in Fig. 12 for the fourth embodiment. The user of
such a receiver is allowed to switch back and forth be-
tween processing to automatically select a broadcast
program by considering only the geographical condition
of an area surrounding the position of the receiver as is
the case with the third embodiment and processing to
automatically select a broadcast program by consider-
ing both the geographical condition of an area surround-
ing the position of the receiver and the reception time
as is the case with the fourth embodiment.

[0115] Typically, such a receiver is provided with a
press key for selecting a processing mode on the key-
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operation unit 31. For example, each time the user of
the receiver presses the processing-mode key, the au-
tomatic program-selection processing carried out by the
receiver is switched from a first processing mode to a
second mode or vice versa. Typically, in the first
processing mode, a broadcast program is automatically
selected by considering both the geographical condition
of an area surrounding the position of the receiver and
the reception time as is the case with the fourth embod-
iment. In the second processing mode, on the other
hand, a broadcast program is automatically selected by
considering only the geographical condition of an area
surrounding the position of the receiver as is the case
with the third embodiment. Stored in a nonvolatile mem-
ory of the system control microcomputer 20, the so-
called flag information indicates which processing mode
the receiver is currently set in.

[0116] The system control microcomputer 20 carries
out automatic program-selection processing by refer-
ring to the flag information stored in the nonvolatile
memory thereof to select a broadcast program in a
processing mode indicated by the flag information.
[0117] Fig. 13 is a flowchart representing automatic
program-selection processing carried out by the system
control microcomputer 20 employed in a receiver capa-
ble of selecting a broadcast program in the first and sec-
ond processing modes. Like the processing carried out
by the first, second and third embodiments, the auto-
matic program-selection processing represented by the
flowchart shown in Fig. 13 is carried out by the system
control microcomputer 20 typically when the power sup-
ply of the receiver is turned on to start reception of a
DAB ensemble signal or when the front-end unit 2 is op-
erated to change a selected DAB ensemble signal.
[0118] As shown in Fig. 13, the flowchart begins with
a step S401 at which the system control microcomputer
20 refers to the flag information stored in the nonvolatile
memory thereof to form a judgment as to whether a
broadcast program is to be automatically selected by
considering both the geographical condition of an area
surrounding the position of the receiver and the recep-
tion time or considering only the geographical condition
of an area surrounding the position of the receiver.
[0119] If the outcome of the judgment formed at the
step S401 indicates that a broadcast program is to be
automatically selected without considering the recep-
tion time, the flow of the processing goes on to a step
8402 to carry out the processing represented by the
flowchart shown in Fig. 11 to automatically select a
broadcast program by considering only the geographi-
cal condition of an area surrounding the position of the
receiver by using the program-selection data base
shown in Fig. 10. If the outcome of the judgment formed
at the step S401 indicates that a broadcast program is
to be automatically selected by considering also the re-
ception time, on the other hand, the flow of the process-
ing goes on to a step S403 to carry out the processing
represented by a flowchart shown in Fig. 14 to automat-
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ically select a broadcast program by considering both
the geographical condition of an area surrounding the
position of the receiver and the reception time by using
the program-selection data base shown in Fig. 12.
[0120] Fig. 14 is a flowchart representing automatic
program-selection processing of the step S403 of the
flowchart shown in Fig. 13 to automatically select a
broadcast program by considering both the geographi-
cal condition of an area surrounding the position of the
receiver and the reception time by using the program-
selection data base shown in Fig. 12. The automatic pro-
gram-selection processing shown in Fig. 14 is all but the
same as the automatic program-selection processing
shown in Fig. 11 to automatically select a broadcast pro-
gram by considering only the geographical condition of
an area surrounding the position of the receiver except
that, in the case of the processing shown in Fig. 14, a
reception time is detected and the program-selection
data base shown in Fig. 12 is used in place of the data
base shown in Fig. 10.

[0121] As shown in Fig. 14, the flowchart begins with
a step S501 at which the system control microcomputer
20 requests the transmitting-station-identification-infor-
mation detecting unit 12 to detect transmitting-station
identification information of a broadcast station transmit-
ting a demodulated DAB ensemble signal received by
the receiver from the null symbol of the signal and to
supply the information to the microcomputer 20. Then,
the flow of the processing goes on to a step S502 at
which the system control microcomputer 20 requests
the positional-information detecting unit 13 to detect
pieces of positional information (that is, pieces of lati-
tude/longitude information of a plurality of broadcast sta-
tions transmitting the modulated DAB ensemble signal
detected by the receiver) from the FIC of the ensemble
signal, and supply the pieces of information to the mi-
crocomputer 20.

[0122] The flow of the processing then goes on to a
step S503 at which the system control microcomputer
20 uses the transmitting-station-identification informa-
tion supplied thereto by the transmitting-station-identifi-
cation-information detecting unit 12 to select a particular
one among the pieces of latitude/longitude information
supplied thereto by the positional-information detecting
unit 13. The selected piece of latitude/longitude infor-
mation is assumed to be the information on the position
of the receiver implemented by the fourth embodiment,
that is, the information on the position of an area in which
the transmitting station and the receiver are located.
[0123] The flow of the processing then goes on to a
step S504 at which the system control microcomputer
20 uses the selected piece of latitude/longitude informa-
tion to search the geographical-information data base
stored in the geographical-information memory 36
shown in Fig. 9 for a geographical condition of an area
surrounding the position of the receiver. The flow of the
processing then goes on to a step S505 to form a judg-
ment as to whether or not a geographical condition of
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an area surrounding the position of the receiver associ-
ated with the selected piece of latitude/longitude infor-
mation was found in the search carried out at the step
S504. If such a geographical condition was not found,
the flow of the processing goes back to the step S504
to repeat the search processing thereof by using anoth-
er piece of latitude/longitude information and the forma-
tion of a judgment at the step S505. The search process-
ing of the step S504 and the formation of a judgment at
the step S505 are repeated till a geographical condition
of an area surrounding the position of the receiver as-
sociated with the selected piece of latitude/longitude in-
formation is found like the steps S304 and S305 of the
flowchart shown in Fig 11. As the outcome of the judg-
ment formed at the step S505 indicates that a geograph-
ical condition of an area surrounding the position of the
receiver associated with the selected piece of latitude/
longitude information was found in the search carried
out at the step S504, the flow of the processing goes on
to a step S506 to obtain a reception time from the timer
circuit 32.

[0124] The flow of the processing then goes on to a
step S507 to search the program-selection data base
stored in the program-selection-information memory 37
shown in Fig. 12 for a category of a broadcast program
to be selected as a first choice associated with the ge-
ographical condition found at the step S504 and the re-
ception time obtained at the step S506. Then, the FIC
information of the DAB ensemble signal received by the
receiver is further searched for a broadcast program in-
dicated by the category found in the search of the pro-
gram-selection data base stored in the program-selec-
tion-information memory 37.

[0125] The flow of the processing goes on to a step
S508 to form a judgment as to whether or not a broad-
cast program indicated by the first-choice category as-
sociated with the geographical condition found at the
step S504 and the reception time found at the step S506
was found in the search carried out at the step S507. If
a broadcast program indicated by first-choice category
associated with the geographical condition and the re-
ception time was not found, the flow of the processing
goes back to the step S507 to find another category of
a broadcast program to be selected as a second choice
associated with the latitude/longitude information and
the reception time. The processing of the step S507 and
the formation of a judgment of the step S508 are repeat-
ed till a broadcast program indicated by a category as-
sociated with the geographical condition and the recep-
tion time is found. It should be noted that broadcast-pro-
gram categories are selected as a first choice, a second
choice and so on, on a priority basis in the same way as
the processing represented by the flowchart shown in
Fig. 5.

[0126] As the outcome of the judgment formed at the
step S508 indicates that a category of a broadcast pro-
gram to be selected for the geographical condition and
the reception time is found in the search at the step
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8507, the flow of the processing goes on to a step S509
at which a piece of program-selection information de-
scribing the category of a broadcast program to be se-
lected is supplied to the selecting and decoding unit 6.
Then, the automatic program-selection processing rep-
resented by the flowchart shown in Fig. 14 is ended.
[0127] |If the detected latitude/longitude information
indicates that the geographical condition of an area sur-
rounding the position of the receiver is urban and the
reception time is a time in the forenoon, the news cate-
gory is determined for a broadcast program to be auto-
matically selected as a first choice from the demodulat-
ed DAB ensemble signal, as shown in Fig. 12. The news
category is then supplied to the selecting and decoding
unit 6. Similarly, if the detected latitude/longitude infor-
mation indicates that the geographical condition of an
area surrounding the position of the receiver is urban
and the reception time is a time in the afternoon, the
classical-music category is determined for a broadcast
program to be selected as a first choice from the demod-
ulated DAB ensemble signal and then supplied to the
selecting and decoding unit 6. In this way, a broadcast
program to be selected as a first choice is automatically
chosen on the basis of the geographical condition of an
area surrounding the position of the receiver and the re-
ception time.

[0128] Thus, when the user drives an automobile with
the DAB receiver of the third (or fourth) embodiment
mounted thereon, the user is capable of automatically
selecting a desired one among a plurality of broadcast
programs multiplexed in a DAB ensemble signal selec-
tively received by the receiver in accordance with the
geographical condition of an area surrounding the posi-
tion of the receiver (and the reception time) and listening
to the reproduced broadcast program.

[0129] In the first to fourth embodiments described
above, a broadcast program is selected automatically
when reception of DAB ensemble signals is started or
when a broadcast station from which a DAB ensemble
signal is received is changed. It should be noted, how-
ever, that a broadcast program can also be selected au-
tomatically in accordance with the geographical condi-
tion of an area surrounding the position of the receiver,
the reception time or both the geographical condition of
an area surrounding the position of the receiver and the
reception time at predetermined intervals such as travel
distances or periods of travel time determined in ad-
vance.

[0130] As another alternative, a broadcast program
can also be selected automatically at predetermined in-
tervals described above as well as at times transmitting-
station-identification information different from just pre-
ceding transmitting-station-identification information is
newly detected in accordance with the geographical
condition of an area surrounding the position of the re-
ceiver, the reception time or both the geographical con-
dition of an area surrounding the position of the receiver
and the reception time.
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Changing the Program-Selection Data Base

[0131] In the receivers implemented by the first to
fourth embodiments described above, the user is capa-
ble of changing program-selection information of the
program-selection data base stored in the program-se-
lection-information memory 35 or 37.

[0132] Toputitindetail, when the user of the receiver
operates an operation key of the key operation unit 31
of the receiver to request a change in program-selection
information, processing to change the program-selec-
tion information of the program-selection data base
stored in the program-selection-information memory 35
or 37 is carried out.

[0133] Fig. 15 is a flowchart representing processing
to change the program-selection information of the pro-
gram-selection data base stored in the program-selec-
tion-information memory 35 or 37. The processing rep-
resented by the flowchart shown in Fig. 15 is carried out
by the system control microcomputer 20 at predeter-
mined intervals.

[0134] As shown in Fig. 15, the flowchart begins with
a step S601 at which the system control microcomputer
20 forms a judgment as to whether or not the user has
entered a request for a change in program-selection in-
formation via the key operation unit 31. If the outcome
of the judgment formed at the step S601 indicates that
there is no request for a change in program-selection
information, the processing represented by the flow-
chart shown in Fig. 15 is ended without doing anything.
[0135] If the outcome of the judgment formed at the
step S601 indicates that there is a request for a change
in program-selection information, on the other hand, the
flow of the processing goes on to a step S602 at which
the system control microcomputer 20 displays the pro-
gram-selection information of the program-selection da-
ta base stored in the program-selection-information
memory 35 or 37 on the LCD device 34 by way of the
LCD controller 33.

[0136] The flow of the processing then proceeds to a
step S603 at which the user of the receiver enters a
change in program-selection information via a group of
operation keys of the operation key unit 31 while refer-
ring to the program-selection information of the pro-
gram-selection data base displayed on the LCD device
34. The system control microcomputer 20 then receives
the change in program-selection information entered by
the user and uses the change in program-selection in-
formation to modify the program-selection information
of the program-selection data base stored in the pro-
gram-selection-information memory 35 or 37.

[0137] As a result, in the case of the receiver imple-
mented by the first embodiment, the priority order of cat-
egories of broadcast programs to be selected stored in
the program-selection-information memory 35 shown in
Fig. 4 can be changed. In the case of the receiver im-
plemented by the second embodiment in which a list of
broadcast-program categories is stored for each recep-
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tion-time period in the program-selection-information
memory 35 shown in Fig. 6, the range of a reception-
time period or the priority order of the list for a reception-
time period can be changed. It should be noted, howev-
er, that Fig. 6 shows only the category of a broadcast
program to be selected as the first choice instead of a
list of broadcast-program categories for each reception-
time period.

[0138] Inthe case of the receiver implemented by the
third embodiment in which a list of broadcast-program
categories is stored for each geographical condition in
the program-selection-information memory 37 shown in
Fig. 10, the description of a geographical condition or
the priority order of the list for a geographical condition
can be changed. It should be noted, however, that Fig.
10 shows only the category of a broadcast program to
be selected as the first choice instead of a list of broad-
cast-program categories for each geographical condi-
tion.

[0139] Inthe case of the receiver implemented by the
fourth embodiment in which a list of broadcast-program
categories is stored for each pair of a geographical con-
dition and a reception time in the program-selection-in-
formation memory 37 shown in Fig. 12, the description
of a pair of a geographical condition and a reception-
time period or the priority order of the list for such a pair
can be changed. It should be noted, however, that Fig.
12 shows only the category of a broadcast program to
be selected as the first choice instead of a list of broad-
cast-program categories for each pair of a geographical
condition and a reception-time period.

[0140] In this way, the user of the receiver is capable
of changing a broadcast program to be selected as a
first choice with a high degree of freedom as the user
likes and letting the receiver select a broadcast program
automatically as the user desires.

Automatic and Manual Program Selection

[0141] In addition, the receivers implemented by the
first to fourth embodiments described above are each
not only capable of automatically selecting a broadcast
program by using program-selection information of the
program-selection data base stored in the program-se-
lection-information memory 35 or 37, but also capable
of selecting a broadcast program by using program-se-
lection information entered by the user of the receivers.
That is to say, the receivers implemented by the first to
fourth embodiments described above are each provided
with automatic and manual program-selection modes
which can be switched from one to another by the user.
[0142] The automatic and manual program-selection
modes are switched from one to another typically when
the user presses a program-selection-mode switching
button of the key operation unit 31. Information on the
program-selection mode which can be changed by the
user is stored in a nonvolatile memory of the system
control microcomputer 20.
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[0143] The system control microcomputer 20 refers to
the information stored in the nonvolatile memory thereof
to form a judgment as to whether a broadcast program
is to be selected in the automatic or manual program-
selection mode.

[0144] Fig. 16 is a flowchart representing processing
carried out by the system control microcomputer 20 to
select a broadcast program in the automatic or manual
program-selection mode. The processing is carried out
by the system control microcomputer 20 when reception
of DAB ensemble signals is started or when a broadcast
station from which a DAB ensemble signal is received
is changed.

[0145] As shown in Fig. 16, the flowchart begins with
a step S701 at which the system control microcomputer
20 refers to the information stored in the nonvolatile
memory thereof to form a judgment as to whether a
broadcast program is 1o be selected in the automatic or
manual program-selection mode.

[0146] If the outcome of the judgment formed at the
step S701 indicates that a broadcast program is to be
selected in the automatic program-selection mode, the
flow of the processing goes on to a step S702 at which
a broadcast program is selected in the automatic pro-
gram-selection mode from a DAB ensemble signal on
the basis of program-selection information read out from
the program-selection data base stored in the program-
selection-information memory 35 or 37. The processing
represented by the flowchart shown in Fig. 16 is then
ended. Thus, the step S702 represents the automatic
program-selection processing represented by the flow-
chart shown in Fig. 11, 13 or 14.

[0147] If the outcome of the judgment formed at the
step S701 indicates that a broadcast program is to be
selected in the manual program-selection mode, on the
other hand, the flow of the processing goes on to a step
S§703 at which the system control microcomputer 20 re-
ceives program-selection information entered by the us-
er via the key operation unit 31. Then, the flow of the
processing continues to a step S704 at which the input
program-selection information entered by the user is
supplied to the selecting and decoding unit 6 which then
extracts a broadcast program indicated by the program-
selection information from a DAB ensemble signal prior
to operations to play back the audio data of the extracted
broadcast program and present reproduced audio data
to the user.

[0148] In this way, the receivers implemented by the
first to fourth embodiments allow proper use of the au-
tomatic and manual program-selection modes as fol-
lows. When an automobile with a receiver of any one of
the first to fourth embodiments mounted thereon is
parked at a parking lot or when a person who is not a
driver in the automobile operates the receiver, for exam-
ple, the user is allowed to set the receiver in the manual
program-selection mode by changing the information
stored in the nonvolatile memory to the manual pro-
gram-selection mode and operate the key operation unit
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31 to select a desired broadcast program.

[0149] As an alternative, the receiver is set in the au-
tomatic program-selection mode all the time till the user
enters a command to select a broadcast program man-
ually by operating the key operation unit 31. At that time,
a list of selectable broadcast programs is displayed and
the user is allowed to select a broadcast program from
the list.

Detection of the Precise Position of the Receiver

[0150] In the receivers implemented by the third and
fourth embodiments, an approximate position of the re-
ceiver or a reception range is identified as one of posi-
tions of transmitting stations included in a DAB ensem-
ble signal which is identified by an identification of a
broadcast station transmitting the DAB ensemble sig-
nal. The identified position is then used in a search of
the geographical-information data base stored in the ge-
ographical-information memory 36 for a geographical
condition of an area surrounding the position of the re-
ceiver.

[01561] As described above, in the case of the DAB
system, a plurality of broadcast stations each for trans-
mitting a small-power broadcast signal are laid out to
form a broadcasting network and the receiver is capable
of receiving DAB ensemble signals having the same fre-
quency from the transmitting broadcast stations.
[01562] Fig. 17 is an explanatory diagram used for de-
scribing a relation between locations of DAB transmit-
ting stations and the position of the receiver. As shown
in the figure, in the DAB system, a plurality of broadcast
stations transmit small-power broadcast signals at the
same frequency. Thus, in the example shown in Fig. 17,
the receiver is capable of receiving broadcast signals at
the same frequency from a plurality of transmitting
broadcast stations at locations in close proximity to the
receiver, namely, transmitting stations ST1, ST2 and
ST3.

[0153] In this case, the receiver's reception timing of
a DAB ensemble signal transmitted by a broadcast sta-
tion is different from the receiver's reception timing of a
DAB ensemble signal transmitted by any other broad-
cast station even if the signals are conveyed by carriers
having the same frequency. By detecting differences in
phase among DAB ensemble signals transmitted by dif-
ferent broadcast stations, the precise location of the re-
ceiver can be determined.

[0154] Inordertodeterminethe precise position of the
receiver, the synchronization processor 5 employed in
the receivers implemented by the third and fourth em-
bodiments detects phase shifts among received signals
and supplies the detected phase shifts to the system
control microcomputer 20. That is to say, the synchro-
nization processor 5 functions as a phase-shift detecting
means.

[01565] The system control microcomputer 20 then de-
termines the position of the receiver by using typically a
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3-point measurement technique based on phase shifts
among DAB ensemble signals transmitted by a plurality
of broadcast stations supplied thereto by the synchroni-
zation processor 5 and pieces of information on the lo-
cations of the broadcast stations. Thus, in this case, the
system control microcomputer 20 functions as a recep-
tion-position detecting means for determining the posi-
tion of the receiver from phase shifts among DAB en-
semble signals transmitted by a plurality of broadcast
stations and pieces of information on the locations of the
transmitting broadcast stations.

[0156] In this way, the position of the receiver can be
detected with a high degree of accuracy. Geographical
areas on a map are classified by condition into cities and
suburbs, and information associating each area with a
geographical condition such as a city and a suburb is
stored in the geographical-information memory 36 as a
geographical-information data base. Thus, aprecise po-
sition of the receiver can be used to identify the geo-
graphical condition of an area surrounding the position
with a high degree of accuracy. Each geographical con-
dition is associated with a list of prioritized categories of
broadcast programs and a category on the list is used
for automatically selecting a broadcast program from a
DAB ensemble signal.

[0157] Inthecase of the receiversimplemented by the
first to fourth embodiments described above, the user is
capable of determining whether a broadcast program is
to be selected by considering both the reception time
and the geographical condition of an area surrounding
the position of the receiver or considering only the geo-
graphical condition of an area surrounding the position
of the receiver and capable of setting either an automat-
ic or manual program-selection mode by operating the
so-called direct keys such as a processing-mode
switching button and a program-selection-mode switch-
ing button of the key operation unit 31. It should be not-
ed, however, that ways to determine a processing mode
and a program-selection mode are not limited to what
are described above.

[0158] Forexample, a menu display key can be oper-
ated to display a list of pieces of executable processing
on the LCD device 34. By selecting a desired piece of
processing from the list, the user is then capable of car-
rying out any of various kinds of processing such as set-
ting a variety of modes and changing information stored
in the program-selection-information memory 37.
[0159] Inaddition, in the third and fourth embodiments
described above, the geographical-information memory
36 and the program-selection-information memory 37
are provided for storing the geographical-information
data base and the program-selection data base respec-
tively. It should be noted that the geographical-informa-
tion data base and the program-selection data base can
of course be stored in the same memory. By creating
the geographical-information data base and the pro-
gram-selection data base separately, however, the
amount of information can be reduced.
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[0160] Moreover, in the third and fourth embodiments
described above, a program-selection data base asso-
ciating the category of a broadcast program to be se-
lected with a geographical condition as shown in Fig. 10
and a program-selection data base associating the cat-
egory of a broadcast program to be selected with a pair
of a geographical condition and a reception time as
shown in Fig. 12 are both stored in the program-selec-
tion-information memory 37. It should be noted, howev-
er, that implementations of the present invention are not
limited to such a scheme. For example, the 2 program-
selection data bases are stored in separate memories
and one of the memories is accessed in dependence of
whether the automatic program-selection processing is
based on a geographical condition only or both a geo-
graphical condition and a reception time.

[0161] Furthermore, in the embodiments described
above, the program-selection-information memory 35 or
37 and the geographical-information memory 36 are
provided independently of each other. It is worth noting,
however, that implementations of the present invention
are not limited to such a scheme. For example, the data
bases for storing information used to be stored in the
program-selection-information memory 35 or 37 and the
geographical-information memory 36 can also be creat-
ed and stored in a memory existing from the beginning
or a memory also used in other processing such as a
nonvolatile incorporated in the system control micro-
computer 20.

[0162] On the top of that, the embodiments provided
by the present invention as described above are each
applied to a receiver mounted on a vehicle. It should be
noted, however, that applications of the present inven-
tion are not limited to a receiver mounted on a vehicle.
For example, the present invention can also be applied
to a receiver that can be carried by the user such as a
portable receiver. It is needless to say that the present
invention can also be applied to a set-type receiver for
home applications.

[0163] In addition, the embodiments provided by the
present invention as described above are each applied
to a DAB receiver. It is worth noting, however, that ap-
plications of the present invention are not limited to a
DAB receiver. For example, the present invention can
also be applied to a variety of other DAB receivers as
long as the receivers are used for receiving broadcast
signals each conveying a plurality of broadcast pro-
grams multiplexed therein and additional information
used for identifying the broadcast programs.

[0164] As described above, according to a DAB re-
ceiver as in claim 1, a broadcast program to be listened
to by the user is automatically selected from a plurality
of broadcast programs multiplexed in a DAB ensemble
signal on a priority basis in accordance with program-
selection information stored in a program-selection-in-
formation storage unit. As a result, it is no longer nec-
essary for the user to carry out a complex operation to
select a desired one among a plurality of broadcast pro-
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grams.
[0165] In addition, according to a DAB receiver as in
claim 2, a broadcast program to be listened to by the
user is automatically selected on a priority basis in ac-
cordance with a geographical condition of an area sur-
rounding the position of the receiver.

[0166] Moreover, according to a DAB receiver as in
claim 3, a broadcast program to be listened to by the
user is automatically selected on a priority basis in ac-
cordance with a reception time without the need for the
user to carry out a complicated operation to select a
broadcast program. For example, a broadcast program
of traffic information, popular music or classical music
is selected at a commutation time, a time in the after-
noon or a time on a way to home respectively.

[0167] Furthermore, according to a DAB receiver as
in claim 4, a broadcast program to be listened to by the
user is automatically selected on a priority basis in ac-
cordance with a reception time and a geographical con-
dition.

[0168] On the top of that, according to a DAB receiver
asin claim 5, the position of the receiver is detected with
a high degree of accuracy, making it possible to auto-
matically select a broadcast program to be listened to
by the user from a plurality of broadcast programs mul-
tiplexed in a DAB ensemble signal on a priority basis in
accordance with a geographical condition of an area
surrounding the position of the receiver which is deter-
mined correctly by the accurate position of the receiver.

Claims

1. Adigital-audio-broadcast receiver with a configura-
tion comprising:

a tuner for selectively receiving a digital-audio-
broadcast ensemble signal conveying a plural-
ity of broadcast programs multiplexed therein
and additional identification information reveal-
ing contents of each of said broadcast pro-
grams;

a program-selection-information storage unit
for storing program-selection information sug-
gesting a broadcast program to be selected on
a priority basis from said broadcast programs
multiplexed in said digital-audio-broadcast en-
semble signal; and

a program selecting unit for extracting a broad-
cast program from said digital-audio-broadcast
ensemble signal selectively received by said
tuner in accordance with said program-selec-
tion information stored in said program-selec-
tion-information storage unit and said addition-
al identification information conveyed by said
digital-audio-broadcast ensemble signal.

2. A digital-audio-broadcast receiver according to
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claim 1 further comprising:

a positional-information detecting means for
detecting positional information added to said
digital-audio-broadcast ensemble signal and
used for showing a position of a broadcast sta-
tion transmitting said digital-audio-broadcast
ensemble signal;

a reception-position detecting means for de-
tecting a position of reception of said digital-au-
dio-broadcast ensemble signal on the basis of
a detection result output by said positional-in-
formation detecting means;

a geographical-information storage unit for
storing geographical conditions each associat-
ed with a position; and

a geographical-condition detecting means for
searching said geographical-information stor-
age unit for said geographical condition asso-
ciated with a position detected by said recep-
tion-position detecting means as a reception
position,

wherein

said program-selection information stored in
said program-selection-information storage
unit associates each of said geographical con-
ditions with a broadcast program to be selected
on a priority basis; and

a broadcast program extracted by said program
selecting unit from said digital-audio-broadcast
ensemble signal is associated by said program-
selection information stored in said program-
selection-information storage unit with said ge-
ographical condition detected by said geo-
graphical-condition detecting means as well as
identified by said additional identification infor-
mation included in said digital-audio-broadcast
ensemble signal.

3. A digital-audio-broadcast receiver according to
claim 1 or 2, further comprising a present-time de-
tecting means for detecting a present time to re-
ceive said digital-audio-broadcast ensemble signal

wherein

said program-selection information stored in
said program-selection-information storage
unit associates each of pieces of information on
time with a broadcast program to be selected
on a priority basis; and

a broadcast program extracted by said program
selecting unit from said digital-audio-broadcast
ensemble signal is associated by said program-
selection information stored in said program-
selection-information storage unit with a piece
of information on time detected by said present-
time detecting means as a present time as well
as identified by said additional identification in-
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formation included in said digital-audio-broad-
cast ensemble signal.

4. Adigital-audio-broadcast receiver according to any
one of the preceding claims further comprising:

a positional-information detecting means for
detecting positional information added to said
digital-audio-broadcast ensemble signal and
used for showing a position of a broadcast sta-
tion transmitting said digital-audio-broadcast
ensemble signal;

a reception-position detecting means for de-
tecting a position of reception of said digital-au-
dio-broadcast ensemble signal on the basis of
a detection result output by said positional-in-
formation detecting means;

a geographical-information storage unit for
storing geographical conditions each associat-
ed with a position;

a geographical-condition detecting means for
searching said geographical-information stor-
age unit for said geographical condition asso-
ciated with a position detected by said recep-
tion-position detecting means as a reception
position; and

a present-time detecting means for detecting a
present time to receive said digital-audio-
broadcast ensemble signal,

wherein

said program-selection information stored in
said program-selection-information storage
unit comprises pairs which are each composed
of one of said geographical conditions and a
piece of information on time and each associ-
ated with a broadcast program to be selected
on a priority basis; and

abroadcast program extracted by said program
selecting unit from said digital-audio-broadcast

ensemble signal is identified by said additional
identification information included in said digit-
al-audio-broadcast ensemble signal as well as
associated with one of said pairs in said pro-

gram-selection information stored in said pro-
gram-selection-information storage unit com-
posed of said geographical condition detected
by said geographical-condition detecting
means and a piece of information on time de-
tected by said present-time detecting means as
a present time.

5. A digital-audio-broadcast receiver according to
claim 2 or 4, or any claim appendant thereto further
comprising a phase-shift detecting means for de-
tecting phase shifts among a plurality of said digital-
audio-broadcast ensemble signals transmitted by
the same plurality of broadcast stations using car-
riers having the same frequency, selectively re-
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ceived by said tuner, wherein said reception-posi-
tion detecting means detects said position of recep-
tion from positional information detected by said po-
sitional-information detecting means and phase
shifts detected by said phase-shift detecting
means.

A digital-audio-broadcast receiver according to any
one of hte preceding claims further comprising:

a change-request-input receiving means for re-
ceiving a request for a change to be made to
said program-selection information stored in
said program-selection-information storage
unit; and

an information changing means for changing
said program-selection information stored in
said program-selection-information storage
unit in accordance with said request for a
change input by said change-request inputting
means.

A digital-audio-broadcast receiver for receiving a
digital-audio-broadcast ensemble signal conveying
a plurality of broadcast programs multiplexed there-
in and additional identification information revealing
contents of each of said broadcast programs and
for automatically selecting one of said broadcast
programs multiplexed in said digital-audio-broad-
cast ensemble signal in an automatic selection
mode or manually selecting one of said broadcast
programs multiplexed in said digital-audio-broad-
cast ensemble signal in a manual selection mode
in accordance with a request issued by the user,
said digital-audio-broadcast receiver comprising:

a tuner for selectively receiving a digital-audio-
broadcast ensemble signal conveying a plural-
ity of broadcast programs multiplexed therein;
a program selecting unit for extracting a broad-
cast program from said digital-audio-broadcast
ensemble signal selectively received by said
tuner;

a program-selection-information storage unit
for storing program-selection information sug-
gesting a broadcast program to be selected on
a priority basis from said broadcast programs
multiplexed in said digital-audio-broadcast en-
semble signal,

a selection-indicating-information receiving
means for receiving an input of selection indi-
cating information entered by the user for se-
lecting a broadcast program;

a selection-information receiving means for re-
ceiving an input of information for selecting a
mode entered by the user; and

a mode switching means for setting said auto-
matic selection mode or said manual selection
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mode in accordance with information for select-
ing a mode received by said selection-informa-
tion receiving means,

wherein

said program selecting unit extracts a broad-
cast program from said digital-audio-broadcast
ensemble signal selectively received by said
tuner in accordance with said program-selec-
tion information stored in said program-selec-
tion-information storage unit and said addition-
al identification information conveyed by said
digital-audio-broadcast ensemble signal in said
automatic selection mode set by said mode
switching means; and

said program selecting unit extracts a broad-
cast program from said digital-audio-broadcast
ensemble signal selectively received by said
tuner in accordance with an input of selection
indicating information entered by the user via
said selection-indicating-information receiving
means and said additional identification infor-
mation conveyed by said digital-audio-broad-
cast ensemble signal in said manual selection
mode set by said mode switching means.



EP 0 961 430 A2

Ol

301A34Q 4o

7
143

v/Q

AHOW3W LINA
NOILYWSHOSNI 4371104 1LNOD L1N2HI1D NOILVE 3O
-NOI1237138 1 Y3IWIL
-AVH49034d as AN
J [ / ! A \
Ge ce 2¢ Ie
4I1INAWOI0HIIW TOHLINOD WILSAS
/
o0 N py
H0SS3004d 1INA
NOILYZ ONILOVHLX3
_INOYHDNAS NOI1VWHOANI
h
LINN 1INN LINA
ONId053a ONIQ023a 4O1VINQOW3A | |¥O1vINAOW3a|_ INS
0iaNY| | on Bmﬁmm YIIN3Y34 410 IWNOSOHLYO [~ | novy
C C 0 { !
l 9 b ¢ 2

9|4

21



EP 0 961 430 A2

108N AS |_.._DZ'_

an3id
viva

<
==

€
a13i4
vivdad

Z
an3id
vivd

an3id
vivd

(MTINNVHD

_

NOI1LVWHOINI 1Sdid)

|

J14 _

{
77

(TT3NNVHD 3FOIAY3S NIVIN) OSIN

—

f

NOILVZINOYHONAS

¢ 94

IVNOIS 3T8W3ISN3 1Svodvodd -01dnv -11vliolid v 40 3WvY4

-

22



EP 0 961 430 A2

FI1G. 3

DIGITAL-AUDIO-BROADCAST
ENSEMBLE SIGNAL

CONVEYED PROGRAM
PROGRAMS CATEGORY
PROGRAM | NEWS
PROGRAM 2 SPORT

PROGRAM 3 POPULAR MUSIC

PROGRAM 4 | CLASSICAL MUSIC

PROGRAM 5 ROCK MUSIC

FI1G. 4

PROGRAM- SELECTION-
INFORMATION MEMORY

PRIORITY EQBOG%'E,\'AZED
LEVEL CATEGORY

| NEWS

2 CLASSICAL MUSIC

POPULAR MUSIC

23




EP 0 961 430 A2

FI1G. S

C AUTOMATIC - PROGRAM-)

SELECTION ROUTINE

r

READ OUT PROGRAM- SELECTION
INFORMATION FROM THE PROGRAM- [—SIO|
SELECTION-INFORMATION MEMORY

IS THE DESIRED
PROGRAM INCLUDED IN THE
ENSEMBLE SIGNAL

S103

J
LOWER THE
PRIORITY LEVEL

)

SUPPLY PROGRAM-SELECTION
INFORMATION SUGGESTING A
PROGRAM TYPE TO THE SELECTING
AND DECODING UNIT

END

FI1G.o

PROGRAM- SELECTION-
3/5 INFORMATION MEMORY

PERIOD OF | CATEGORY OF A FIRST-
TIME CHOICE PROGRAM

6:00~9:00 | TRAFFIC INFORMATION
9:00~17:00 POPULAR MUSIC
17:00-19:00 NEWS
AFTER 19:00| CLASSICAL MUSIC

24



EP 0 961 430 A2

FI1G. 7

AUTOMATIC - PROGRAM-
SELECTION ROUTINE

OBTAIN A PRESENT TIME [—S20I

OBTAIN A LIST OF PROGRAM
CATEGORIES FOR THE PRESENT
TIME FROM THE PROGRAM- ~5202
SELECTION - INFORMATION
MEMORY

5203 <
N

SEARCH THE FIC OF THE

ENSEMBLE SIGNAL FOR

INFORMATION ON A PROGRAM
INDICATED BY A CATEGORY ON THE LIST

WAS SUCH PROGRAM

INFORMATION FOUND

SUPPLY PROGRM- SELECTION
INFORMATION SUGGESTING A
PROGRAM CATEGORY TO THE
SELECTING AND DECODING UNIT

END

25



EP 0 961 430 A2

Ol

pe— 321A30 @9

o)

AYOWIW
NOLLVWHOANI zoﬁ@&mww?_“,__ 43TIOHINOD| | 1In2YId zo_pqmwzaw
-NOI1D373S an HINIL
-AYH90Nd -AVOIHAYYEO 039 AdM
7 7 J 7 \ J
1€ og | ¢e 2e I3
HM3LNdWODIOHIIN TOHINOD WILSAS
/ Y
0c LINQ ONI12313a
L NOILYWHOANI ~
4 - TWNOILISOd
¥0SS3004d
NOILVZ LINN ONILDI13d
-INOYHONAS || | NOILVWHOSNI -
7 NOILVDI41 LNId| <
¢ -NOILV1S
2l -ONIL1LIWSNYSL
v
N
e oN| own_vzmm ON _ow%mm yolvinaow3a| [dolvinaowaa Fn_u n m
NV ™ wILN383 4410 TYNOOOH LHO[™ | _
: 01NV | | gNiIoT19% 1NOYS
8 m T ]
/ (
i 9 b ¢ 2

8 914

26



EP 0 961 430 A2

F1G.9

GEOGRAPHICAL - INFORMATION
/36 MEMORY

GEOGRAPHICAL- INFORMATION

DATA BASE
POSITIONAL GEOGRAPHICAL
INFORMATION CONDITION

LATITUDE /LONGITUDE URBAN AREA

LATITUDE/ LONGITUDE SUBURB

LATITUDE /7 LONGITUDE MOUNTAIN

LATITUDE / LONGITUDE SEASHORE

LATITUDE / LONGITUDE PLATEAU

FI1G. 10

PROGRAM-SELECTION -
/37 INFORMATION MEMORY

PROGRAM-SELECTION
DATA BASE
GEOGRAPHICAL | CATEGORY OF A FIRST-
CONDITION CHOICE PROGRAM
URBAN AREA NEWS
SUBURB CLASSICAL MUSIC
MOUNTAIN SPORT
SEASHORE ROCK MUSIC
PLATEAU POPULAR MUSIC

27



EP 0 961 430 A2

FI1G. I

(AUTOMATIC-PROGRAM-SELECTION ROUTINE )

FETCH TRANSMITTING-STATION- | ~530]
IDENTIFICATION INFORMATION

¥

FETCH THE LATITUDES/LONGITUDES |-~g302

OF THE TRANSMITTING STATIONS
7 <S303

PICK UP ONE OF THE LATITUDES/LONGITUDES TO
REPRESENT THE POSITION OF THE RECIVER

=
L]

SEARCH THE GEOGRAPHICAL-INFORMATION
DATA BASE FOR A GEOGRAPHICAL
CONDITION MATCHING THE LATITUDE/
LONGITUDE REPRESENTING THE POSITION

OF THE RECEIVER

H
S305 S304

WAS SUCH A
GEOGRAPHICAL CONDITION

FOUND 7

$306, YES

OBTAIN A LIST OF PROGRAM CATEGORIES
FOR THE GEOGRAPHICAL CONDITION FROM
THE PROGRAM-SELECTION DATA BASE AND
SEARCH THE FIC OF THE ENSEMBLE SIGNAL
FOR INFORMATION ON A PROGRAM INDICATED
BY A CATEGORY ON THE LIST

NO

S307

WAS SUCH

PROGRAM INFORMATION
FOUND ?

§5308

SUPPLY PROGRAM-SELECTION INFORMATION
SUGGESTING A PROGRAM CATEGORY TO THE

SELECTING AND DECODING UNIT

END

28



EP 0 961 430 A2

FI1G

12

PROGRAM- SELECTION -
137 INFORMATION MEMORY

PROGRAM-SELECTION DATA BASE

URBAN AREA AV NEWS
PM | CLASSICAL MUSIC
AM | CLASSICAL MUSIC
SUBURB
PM | CLASSICAL MUSIC
AM |WEATHER FORECAST
MOUNTAIN
PM SPORT
SEASHORE AM |WEATHER FORECAST
P M ROCK MUSIC
A
PLATEAU A M | CLASSICAL MUSIC
PM | POPULAR MUSIC

29




EP 0 961 430 A2

aN3

3WIL NOILJ303d 3HL ANV NOILIONOD
VI IHdYY9039 3HL H108

ONIY3QISNOD WVY90dd V 103713S
ATIVOILYINOLNY OL 3NILNOY Vv 171V

NOILIGNOD TTVIIHJAVY9039 3JHL
ATNO ONIY3AISNOD WVH90dd
Vv 1237135 ATIVIILVNOLNY

Ol 3INILNOY V TT7IVO

!
cOvS

S3A

¢l 914

A0} 23

d3430ISNOD 38
Ol 033N 3WIL NOI1Ld323d
3H1L S30d

3NILNOY NOILD313S
-WVH90dd J11VINOLNY

[0) 2

30



EP 0 961 430 A2

FI1G.14

AUTOMATIC-PROGRAM-SELECTION ROUTINE
CONSIDERING THE RECEPTION TIME
Y
FETCH TRANSMITTING-STATIONfS5OI
-IDENTIFICATION INFORMATION
v

FETCH THE LATITUDES/LONGITUDES | g502

OF THE TRANSMITTING STATIONS

PICK UP ONE OF THE LATITUDES/LONGITUDES TO
REPRESENT THE POSITION OF THE RECEIVER

~S504

SEARCH THE GEOGRAPHICAL-INFORMATION DATA BASE
FOR A GEOGRAPHICAL CONDITION MATCHING THE
LATITUDE / LONGITUDE REPRESENTING THE POSITION

OF THE RECEIVER

S505
WAS SUCH A

NO

GEOGRAPHICAL CONDITION
FOUND ?

ACQUIRE THE PRESENT TIME [}—S506

S507

§

OBTAIN A LIST OF PROGRAM CATEGORIES FOR A PAIR OF
THE GEOGRAPHICAL CONDITION AND THE PRESENT TIME
FROM THE PROGRAM-SELECTION DATA BASE AND SEARCH
THE FIC OF THE ENSEMBLE SIGNAL FOR INFORMATION
ON A PROGRAM INDICATED BY A CATEGORY ON THE LIST

S508

WAS SUCH NO

PROGRAM INFORMATION
FOUND ?

S509
§

SUPPLY PROGRAM-SELECTION INFORMATION
SUGGESTING A PROGRAM CATEGORY TO THE
SELECTING AND DECODING UNIT

END

31



EP 0 961 430 A2

FI1G. IS

PROGRAM-SELECTION - INFORMATION
MODIFYING ROUTINE

IS THERE A
REQUEST FOR A
CHANGE 7

DISPLAY PIECES OF
PROGRAM-SELECTION INFORMATION

STORED IN THE MEMORY

'

RECEIVE A CHANGE AND

MODIFY THE PROGRAM- |—S603
SELECTION INFORMATION

END

32



EP 0 961 430 A2

FIG.I6

PROGRAM-SELECTION
ROUTINE

ST7T01

AUTOMATIC

PROGRAM
SELECTION 7

NO

l S703

YES DISPLAY A LIST OF

PROGRAMS AND RECEIVE
S702 A CHOICE ENTERED BY
f THE USER VIA THE KEY

SELECT A PROGRAM||| OPERATION UNIT

AUTOMATICALLY l {3704

SUPPLY PROGRAM-
SELECTION INFORMATION
INCLUDING THE USER’S
CHOICE TO THE SELECTING
AND DECODING UNIT

e

(" EnD )

33



EP 0 961 430 A2

FI1G.I7

TRANSMITTING ST

STATION

POSITION OF
THE RECEIVER

e ™

TRANSMITTING
STATION

TRANSMITTING

STATION ST2 ST3

34



	bibliography
	description
	claims
	drawings

