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(54) Reception apparatus and method of displaying broadcasting station

(57) A radio reception apparatus (20) that receives
an RDS broadcast scans a frequency band in a back-
ground operation with one tuner while outputting the radio
broadcast with the other tuner to create a frequency table
in which receivable frequencies are registered and dis-
play a broadcasting station list on the basis of the fre-

quency table. A process (A) of extracting RDS data during
the scanning, a process (B) of determining whether each
frequency in the frequency table is receivable, and so on
are performed in the radio reception apparatus. The
broadcasting station corresponding to the frequency de-
termined not to be receivable in the process (B) is imme-
diately deleted from the broadcasting station list.
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Description

[0001] The present invention relates to a reception ap-
paratus mounted in a vehicle, such as a movable body
and, more particularly, to a radio reception apparatus ca-
pable of receiving a broadcast signal on which data is
multiplexed.
[0002] Radio data system (hereinafter referred to as
RDS) is a communications protocol standard, e.g. de-
fined in IEC RDS standard version IEC 62106, for em-
bedding small amounts of digital information in conven-
tional FM radio broadcasts. Radio Broadcast Data Sys-
tem (RBDS), defined in NRSC-4-B, "United States RBDS
Standard -- Specification of the Radio Broadcast Data
System (RBDS)", is the official name used for the U.S.
version of RDS; the two standards are only slightly dif-
ferent and the NRSC-4-B standard includes only those
sections that differ from the European version of the
Standard, IEC 62106, Specification of the Radio Data
System (RDS) for VHF/FM sound broadcasting in the
frequency range from 87.5 to 108.0MHz.
[0003] RDS/RBDS standardizes a variety of data that
is multiplexed on radio broadcast signals and that are
put into practical use in, for example, Europe or the U.S.
For example, the data that is multiplexed includes infor-
mation for identifying broadcast programs (Program
Identification (PI)), information for identifying the genres
of the broadcast programs (Program Type (PTY)), road
traffic information using Traffic Message Channel (TMC)
services, and so on.
[0004] A typical radio reception apparatus mounted in
a vehicle is varied from time to time in its receiving sen-
sitivity with the movement of the vehicle. If the receiving
sensitivity of a broadcasting station that is currently lis-
tened to is degraded, it is necessary to switch the current
broadcasting station to an alternative broadcasting sta-
tion. Although the alternative broadcasting station having
the same PI code as that of the broadcasting station that
is currently listened to is generally searched for, one of
two tuners in the radio reception apparatus can be oper-
ated in background in the search. In the background op-
eration, frequency scanning of a reception bandwidth
from a lower limit to an upper limit is periodically per-
formed and a broadcasting station list in which broad-
casting stations are arranged in alphabetical order or in
descending order of electric field intensity is displayed to
facilitate selection of a broadcasting station by a user (for
example, refer to JP 2011-035883 A).
[0005] However, the creation of the broadcasting sta-
tion list of receivable broadcasting stations by scanning
the reception bandwidth from the lower limit to the upper
limit, as disclosed in JP 2011-035883 A, has the following
problems.
[0006] It takes a long time to scan the reception band-
width from the lower limit to the upper limit in order to
check the presence of the receivable broadcasting sta-
tions. In reception of an RDS/RBDS broadcast, such a
scanning time is proportional to the number of receivable

frequencies (broadcasting stations). For example, pro-
vided that 20 frequencies are receivable, it takes about
two minutes to perform the scanning around the frequen-
cy band. This means that the broadcasting stations hav-
ing the frequencies in the broadcasting station list reflect
information that is acquired two minutes ago. In other
words, the update cycle of the reception status of the
broadcasting stations is up to about two minutes. For
example, although a broadcasting station that was re-
ceivable two minutes ago may not currently be receiva-
ble, it is not possible to immediately delete the broad-
casting station from the broadcasting station list even in
such a case. Accordingly, even when the user refers to
the broadcasting station list to select a broadcasting sta-
tion, it is not possible for the user to receive the broadcast
from the selected broadcasting station and results in au-
dio output of only noise. In particular, when the vehicle
is travelling in an area, such as a tunnel or an under-
ground parking area, where the reception status is rapidly
degraded, the number of broadcasting stations that are
not receivable is increased to expose such a problem.
[0007] Therefore, it may be an object of the present
invention to provide a reception apparatus and a broad-
casting station displaying method that are capable of rap-
idly providing update information about broadcasting sta-
tions that are receivable and broadcasting stations that
are not receivable to a user.
[0008] The afore-discussed problem is solved by the
features of the independent claims. Further embodi-
ments and developments are defined in the correspond-
ing dependent claims. Further examples are provides for
facilitating the understanding of the invention.
[0009] According to an embodiment of the present in-
vention, a reception apparatus is capable of receiving a
broadcast signal on which data is multiplexed. The re-
ception apparatus includes at least first and second re-
ceiving units each capable of receiving the broadcast sig-
nal; a scanning unit that scans a frequency band with the
second receiving unit while the broadcast signal received
by the first receiving unit is being output; an extracting
unit that extracts data from the broadcast signal received
during the scanning by the scanning unit; a holding unit
that holds a frequency table in which receivable frequen-
cies within the frequency band scanned by the scanning
unit are registered; a display unit that displays broadcast-
ing stations corresponding to the frequency table held by
the holding unit; a determining unit that determines
whether each frequency in the frequency table is receiv-
able during the scanning of the frequency band by the
scanning unit; and a deleting unit that deletes the broad-
casting station corresponding to the frequency deter-
mined not to be receivable by the determining unit from
the display of the broadcasting stations.
[0010] If all alternative frequencies having the same
program identification code as that of a frequency in the
frequency table are not receivable, the determining unit
preferably determines that the frequency is not receiva-
ble. The reception apparatus preferably further includes
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a program identification code extracting unit that extracts
the program identification code from the data extracted
by the extracting unit and a creating unit that creates an
alternative frequency table in which the frequencies hav-
ing the same program identification code are registered
on the basis of the extracted program identification code.
The determining unit preferably refers to the alternative
frequency table to determine whether each alternative
frequency is receivable. If a receiving sensitivity of a cer-
tain frequency selected from the frequency table is lower
than a threshold value and the receiving sensitivity of
each alternative frequency registered in the alternative
frequency table is lower than the threshold value, the
determining unit preferably determines that the certain
frequency is not receivable. If the receiving sensitivity of
at least one alternative frequency in the alternative fre-
quency table is higher than or equal to the threshold val-
ue, the determining unit preferably determines that the
certain frequency is receivable.
[0011] The determining unit preferably determines in
a time division manner whether each frequency in the
frequency table is receivable while the scanning unit per-
forms the scanning from a lower limit to an upper limit or
from the upper limit to the lower limit of the frequency
band. The determining unit preferably includes a unit that
sets a flag in the frequency table if the determining unit
determines that a certain frequency is not receivable, and
the deleting unit preferably deletes the broadcasting sta-
tion corresponding to the flag that is set from the display
of the broadcasting stations. The reception apparatus
preferably further includes a selecting unit that selects a
broadcasting station from a list of the broadcasting sta-
tions displayed by the display unit and a control unit that
controls selection of a broadcasting station by the first
receiving unit on the basis of the broadcasting station
selected by the selecting unit. The first and second re-
ceiving units preferably each receive an RDS broadcast.
The first and second receiving units preferably each re-
ceive a digital broadcast.
[0012] According to another embodiment of the
present invention, a method of displaying a broadcasting
station in a reception apparatus capable of receiving a
broadcast signal on which data is multiplexed includes
scanning a frequency band for a receivable frequency
with a second receiving unit while a broadcast signal re-
ceived by a first receiving unit is being output; extracting
data from the broadcast signal received during the scan-
ning; holding a frequency table in which the receivable
frequencies within the frequency band that is scanned
are registered; displaying broadcasting stations corre-
sponding to the frequency table that is held; determining
whether each frequency in the frequency table is receiv-
able during the scanning of the frequency band; and de-
leting the broadcasting station corresponding to the fre-
quency determined not to be receivable by the determin-
ing from the display of the broadcasting stations.
[0013] According to the present invention, it is deter-
mined whether each frequency in the frequency table is

receivable during the scanning of the frequency band
and, if it is determined that the frequency is not receiva-
ble, the broadcasting station corresponding to the fre-
quency is deleted from the display of the broadcasting
stations.
[0014] Accordingly, by the invention, it is possible to
immediately update the display of the broadcasting sta-
tions at a time when any non-receivable broadcasting
station is found, unlike the related art in which the update
of the display of the broadcasting stations in response to
completion of the scanning of the entire frequency band
is waited for. Consequently, it is possible to provide the
up-to-date reliable display of the receivable broadcasting
stations to the user. The probability that the user is not
capable of receiving a broadcasting station when the user
selects the broadcasting station from the list is reduced,
compared with that in the related art.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015]

Fig. 1A illustrates an example of the configuration of
an in-vehicle electronic system according to an em-
bodiment of the present invention;
Fig. 1B is a block diagram illustrating an example of
the configuration of a radio reception apparatus ac-
cording to an embodiment of the present invention;
Fig. 2 illustrates exemplary functional blocks includ-
ed in a control unit illustrated in Fig. 1B;
Fig. 3 illustrates an example of a frequency table in
which frequencies determined to be receivable are
registered;
Fig. 4 illustrates an example of an alternative fre-
quency table in which the relationship between PI
codes and alternative frequencies is defined;
Fig. 5 illustrates an example of how a broadcasting
station list is displayed;
Fig. 6 illustrates an example of the frequency table
including a reception determination flag;
Fig. 7 is a graph describing exemplary processing in
scanning in the radio reception apparatus according
to the present embodiment;
Fig. 8 is a flowchart illustrating an exemplary oper-
ational process of creating the frequency table in the
radio reception apparatus according to the present
embodiment;
Fig. 9 is a flowchart illustrating an exemplary process
of determining the receiving sensitivity of a frequency
in the frequency table in the radio reception appara-
tus according to the present embodiment;
Fig. 10 is a flowchart illustrating an exemplary oper-
ational process of creating the broadcasting station
list according to the present embodiment;
Fig. 11 is a flowchart illustrating an exemplary oper-
ational process of updating the broadcasting station
list according to the present embodiment;
Fig. 12A illustrates update timing of the broadcasting
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station list in a radio reception apparatus in related
art;
Fig. 12B illustrates update timing of the broadcasting
station list in the present embodiment;
Fig. 13A illustrates an example of how the broad-
casting station list is displayed in the radio reception
apparatus in the related art; and
Fig. 13B illustrates an example of how the broad-
casting station list is displayed in the present em-
bodiment.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0016] Embodiments of the present invention will here-
in be described with reference to the attached drawings.
A radio reception apparatus mounted in an automobile,
which is a movable body, is exemplified in the embodi-
ments of the present invention. The radio reception ap-
paratus is capable of receiving a radio broadcast signal
on which data is multiplexed. The radio reception appa-
ratus receives an RDS broadcast signal as an example
here.
[0017] Fig. 1A illustrates an example of the configura-
tion of an in-vehicle electronic system according to an
embodiment of the present invention. Referring to Fig.
1A, an in-vehicle electronic system 10 includes a radio
reception apparatus 20 mounted in a vehicle and a nav-
igation apparatus 30. The radio reception apparatus 20
receives a radio broadcast signal selected by a user and
supplies road traffic information included in data multi-
plexed on the radio broadcast signal to the navigation
apparatus 30.
[0018] The radio reception apparatus 20 of the embod-
iment is a reception apparatus in accordance with the
Radio Data System (hereinafter referred to as RDS)
standard that is a communications protocol standard for
embedding small amounts of digital information in con-
ventional Frequency Modulation (FM) radio broadcasts
in Europe. Alternatively or additionally, the radio recep-
tion apparatus 20 may be a receiver in accordance with
the Radio Broadcast Data System (RBDS) standard that
is the official name used for the U.S. version of RDS;
both standards are only slightly different.
[0019] In the RDS broadcast signal, digital data (RDS
data) is multiplexed on an analog FM broadcast signal.
The RDS data includes, for example, a PI code for iden-
tifying each broadcast program, the name of the broad-
cast program, the genre of the broadcast program, and
the road traffic information using the TMC service.
[0020] The road traffic information acquired by the ra-
dio reception apparatus 20 is supplied to the navigation
apparatus 30. The navigation apparatus 30 is capable of
displaying the acquired road traffic information on a road
map or using the acquired road traffic information for au-
dio guidance. An exemplary configuration of the in-vehi-
cle electronic system 10 is illustrated in Fig. 1A. The in-
vehicle electronic system 10 may include a television re-
ception apparatus, a digital versatile disk (DVD)-Blu-ray

disc playback apparatus, a multifunctional terminal
(smartphone), etc. or may include only the radio recep-
tion apparatus.
[0021] Fig. 1B is a block diagram illustrating an exam-
ple of the configuration of the radio reception apparatus
20 according to the present embodiment. Referring to
Fig. 1B, the radio reception apparatus 20 includes a first
antenna 100A, a first tuner 110A, a second antenna
100B, a second tuner 110B, a signal processing unit 120,
an amplifier 130, a speaker 132, a display unit 140, a
storage unit 150, an input unit 160, an interface (I/F) unit
170, and a control unit 180. The first tuner 110A receives
a broadcast signal of a frequency (broadcasting station)
selected via the first antenna 100A. The second tuner
110B receives a broadcast signal of a frequency (broad-
casting station) selected via the second antenna 100B.
The signal processing unit 120 receives the reception
signals from the first and second tuners 110A and 110B
to perform necessary processing for each reception sig-
nal. The amplifier 130 amplifies an audio signal proc-
essed in the signal processing unit 120. The speaker 132
outputs the audio signal amplified by the amplifier 130.
The display unit 140 is capable of displaying data, etc.
decoded in the signal processing unit 120. The input unit
160 receives an input from the user. The interface unit
170 is used to connect the radio reception apparatus 20
to an external device, such as the navigation apparatus
30. The control unit 180 controls the first and second
tuners 110A and 110B, the signal processing unit 120,
the amplifier 130, and so on.
[0022] The first tuner 110A includes, for example, an
radiofrequency (RF) amplifier that receives an RF signal
from the first antenna 100A to amplify the received RF
signal; a tuning circuit that selects a signal having the
frequency of a desired station from the amplified RF sig-
nal; a mixer that mixes a frequency signal from a local
oscillator with the RF signal to generate an intermediate-
frequency (IF) signal; and a signal strength meter (S me-
ter) circuit that performs direct-current detection to the IF
signal to extract a received electric field intensity signal
(S meter signal), as widely known.
[0023] However, instead of the electric field intensity
signal, a carrier-to-noise (C/N) value may be used to de-
termine the receiving sensitivity.
[0024] In addition, the first tuner 110A converts the IF
signal and the S meter signal into digital signals with an
analog-to-digital converter (ADC) and supplies the digital
signals to the signal processing unit 120 and the control
unit 180. The second tuner 110B is configured in the
same manner as in the first tuner 110A. The first and
second tuners 110A and 110B are capable of selecting
the same frequency or different frequencies in response
to an instruction from the control unit 180. In the present
embodiment, while a radio broadcast is being listened to
with the first tuner 110A, the second tuner 110B scans
the frequency band in the background operation to check
receivable frequencies and extract the RDS data.
[0025] The signal processing unit 120 is, for example,
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a digital signal processor (DSP).
[0026] The signal processing unit 120 is capable of per-
forming signal processing including Fast Fourier Trans-
form (FFT), digital filtering, signal synchronization, time-
frequency deinterleave, audio decoding, data decoding,
and phase diversity. The above signal processing can
be controlled by using software stored in a program mem-
ory in the signal processing unit 120.
[0027] The signal processing unit 120 preferably in-
cludes a digital-to-analog converter (DAC). In this case,
the signal processing unit 120 extracts an audio signal
from the digital signal received from the first tuner 110A,
converts the audio signal into an analog signal, and sup-
plies the analog signal to the amplifier 130 for audio out-
put.
[0028] In addition, the signal processing unit 120 ex-
tracts the RDS data from the signal received from the
second tuner 110B to enable a variety of processing for
the RDS data. For example, the signal processing unit
120 may extract the PI code, a program service name
(Program Service (PS)), the road traffic information, etc.
from the RDS data to supply the extracted information to
the control unit 180.
[0029] The control unit 180 is, for example, a micro-
controller.
[0030] The control unit 180 executes a program stored
in a memory to control each component. The control unit
180 preferably causes the second tuner 110B to scan
the frequency band in the background processing while
causing the first tuner 110A to receive a radio broadcast
to acquire the RDS data via the signal processing unit
120.
[0031] Fig. 2 illustrates exemplary functional blocks in-
cluded in the control unit 180 in the present embodiment.
Referring to Fig. 2, the control unit 180 includes a fre-
quency scanner 200, an RDS data acquirer 202, a PI
code extractor 204, an alternative broadcasting station
creator 206, an alternative broadcasting station holder
208, a frequency table creator 210, a frequency table
holder 212, a broadcasting station display block 214, a
receiving sensitivity determiner 216, and a broadcasting
station deleter 218.
[0032] The frequency scanner 200 causes the second
tuner 110B to scan the entire frequency band at a certain
frequency interval in the background processing.
[0033] The RDS data acquirer 202 acquires the RDS
data extracted in the scanning of the frequency band via
the signal processing unit 120.
[0034] The PI code extractor 204 extracts the PI code
from the acquired RDS data.
[0035] The alternative broadcasting station creator
206 creates an alternative frequency table in which the
frequencies having the same PI code are registered on
the basis of the extracted PI code.
[0036] The alternative broadcasting station holder 208
holds the created alternative frequency table.
[0037] The frequency table creator 210 determines fre-
quencies at which the electric field intensity signal re-

ceived in the scanning of the frequency band is higher
than or equal to a threshold value to create a frequency
table in which such receivable frequencies are regis-
tered.
[0038] The frequency table holder 212 holds the cre-
ated frequency table.
[0039] The broadcasting station display block 214 dis-
plays a list of the receivable broadcasting stations on the
basis of the frequency table held by the frequency table
holder 212.
[0040] The receiving sensitivity determiner 216 deter-
mines whether each frequency in the frequency table is
receivable during the scanning of the frequency band.
[0041] The broadcasting station deleter 218 deletes
the broadcasting station corresponding to the frequency
that is determined not to be receivable by the receiving
sensitivity determiner 216 from the broadcasting station
list.
[0042] The frequency scanner 200 causes the second
tuner 110B to scan a predetermined frequency band from
an upper limit to a lower limit or from the lower limit to
the upper limit at a certain frequency interval while a radio
broadcast is being listened to with the first tuner 110A to
check the receivable frequencies. Whether a frequency
is receivable is based on the determination of whether
the electric field intensity signal from the second tuner
110B is higher than or equal to the threshold value. If the
electric field intensity signal from the second tuner 110B
is higher than or equal to the threshold value, it is deter-
mined that the frequency is receivable. The result of the
scanning in the frequency scanner 200 is sequentially
supplied to the frequency table creator 210.
[0043] When the receivable frequency is detected by
the frequency scanner 200, the RDS data multiplexed on
the broadcast signal of the frequency is extracted by the
signal processing unit 120 and the extracted RDS data
is supplied to the RDS data acquirer 202. The PI code
extractor 204 extracts the PI code, which is program iden-
tification information at the frequency that is being re-
ceived, from the RDS data. The extracted PI code is sup-
plied to the frequency table creator 210.
[0044] The frequency table creator 210 receives the
frequency that is determined to be receivable by the fre-
quency scanner 200 and the PI code extracted by the PI
code extractor 204 to create the frequency table in which
the frequency is paired with the PI code.
[0045] For example, when an FM broadcast in Europe
is received, the second tuner 110B is caused to scan a
frequency band from 108.0 MHz to 87.5 MHz at a fre-
quency interval of 100 KHz in order to determine the re-
ceivable frequencies.
[0046] Fig. 3 illustrates an example of the frequency
table in which frequencies determined to be receivable
are registered. The relationship between the receivable
frequencies and the PI codes corresponding to the fre-
quencies is defined in the frequency table. The frequency
table is updated such that a receivable broadcasting sta-
tion is registered each time the broadcasting station is
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found during the scanning of the entire frequency band.
However, in the present embodiment, the receiving sen-
sitivity of each frequency registered in the frequency table
is determined during such normal scanning and the result
of the determination is appropriately reflected in the fre-
quency table, as described below.
[0047] The alternative broadcasting station creator
206 creates the alternative frequency table on the basis
of the PI code extracted by the PI code extractor 204.
The frequencies having the same PI code are registered
in the alternative frequency table. In other words, the al-
ternative frequency table is a table for identifying the
broadcasting station that delivers the same broadcast
program as that of the broadcasting station that is being
received.
[0048] Fig. 4 illustrates an example of the alternative
frequency table. For example, in an alternative frequency
table 220 in Fig. 4, the current frequency is 98.5 MHz
and the PI code of the frequency is D303 (refer to Fig.
3). The alternative frequencies having D303 as the PI
code are 92.3 MHz, 94.3 MHz, 99.7 MHz, and 107.5 MHz
represented by AF(1) to AF(4), respectively. The alter-
native frequency table 220 has "BAYERN 3" registered
as the program service name (PS). Such alternative fre-
quency tables are created at least for the frequencies
included in the frequency table illustrated in Fig. 3.
[0049] The broadcasting station display block 214 re-
fers to the frequency table illustrated in Fig. 3 and the PS
of the alternative frequency table to display the broad-
casting station list corresponding to the receivable fre-
quencies.
[0050] Fig. 5 illustrates an example of how the broad-
casting station list is displayed. This broadcasting station
list includes a row 230 in which the program service name
that is being received is displayed and a list row 240
below the row 230 in which a list of the program service
names corresponding to the receivable frequencies is
displayed. In the list row 240, identification indicator 242
is added to the broadcasting program that is being re-
ceived. For example, the genres of the broadcasting pro-
grams and the frequencies of the broadcast programs
may also be displayed in the broadcasting station list as
information other than the program service names.
[0051] The receiving sensitivity determiner 216 deter-
mines whether each frequency included in the frequency
table illustrated in Fig. 3 is receivable. The determination
method is described in detail below. It is noted that the
determination is performed in a time division manner dur-
ing the scanning of the frequency band by the frequency
scanner 200. The result of the determination by the re-
ceiving sensitivity determiner 216 is supplied to the
broadcasting station deleter 218. The broadcasting sta-
tion deleter 218 deletes the broadcasting station that is
not receivable from the broadcasting station list.
[0052] The result of the determination by the receiving
sensitivity determiner 216 is preferably represented by a
reception determination flag associated with a frequency
table illustrated in Fig. 6. Referring to Fig. 6, "1" denotes

that the corresponding frequency is receivable. If the fre-
quency is determined not to be receivable, the flag of the
frequency is switched to "0." Upon switching of the re-
ception determination flag to "0", the broadcasting station
deleter 218 deletes the broadcasting station correspond-
ing to the frequency from the broadcasting station list
illustrated in Fig. 5.
[0053] An exemplary operation of the radio reception
apparatus according to the present embodiment will now
be described. Fig. 7 is a graph describing exemplary
processing in the scanning performed by the second tun-
er 110B in the background operation.
[0054] Referring to Fig. 7, the vertical axis represents
frequency and the horizontal axis represents time. The
upper limit of the frequency band is set to 108.0 MHz and
the lower limit thereof is set to 87.5 MHz. In the example
in Fig. 7, the scanning from the upper limit to the lower
limit is performed three times. A process A indicates ex-
traction of the RDS data from an RDS broadcasting sta-
tion. A process B indicates determination of the receiving
sensitivity of a frequency registered in the frequency ta-
ble. A process C indicates extraction of the road traffic
information from a TMC broadcasting station.
[0055] Referring to Fig. 7, the scanning by the frequen-
cy scanner 200 is started. Upon determination of a fre-
quency f1 to be receivable, a broadcast signal of the RDS
broadcasting station is received and the process A of
extracting the RDS data from the broadcast signal is per-
formed.
[0056] The RDS data includes, for example, the PI
code, the information (PTY) for identifying the genre of
the program, the program service name, and traffic pro-
gram identification (TP).
[0057] Although only the process A at the frequency
f1 is indicated in the example in Fig. 7, the process A is
similarly performed for the other receivable frequencies.
Each time the receivable broadcasting station is found
during the scanning of the frequency band, the corre-
sponding frequency and the PI code are registered in,
for example, the frequency table illustrated in Fig. 6 and
the reception determination flag is set to "1." Upon com-
pletion of the scanning of the entire frequency band once,
the frequency table illustrated in Fig. 3 or Fig. 6 is com-
pleted.
[0058] Fig. 8 is a flowchart illustrating an exemplary
operational process of creating the frequency table by
the frequency scanner 200. Referring to Fig. 8, in Step
S101, the frequency scanner 200 varies the frequency
of the second tuner 110B. In Step S102, the electric field
intensity signal of the frequency received by the second
tuner 110B is supplied to the control unit 180. In Step
S103, the control unit 180 determines whether the elec-
tric field intensity signal is higher than or equal to a thresh-
old value. If the electric field intensity signal is lower than
the threshold value (NO in Step S103), the process goes
back to Step S101. If the electric field intensity signal is
higher than or equal to the threshold value (YES in Step
S103), in Step S104, the control unit 180 determines that
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the frequency is receivable. In Step S105, the control unit
180 determines whether the broadcasting station corre-
sponding to the frequency is an RDS broadcasting sta-
tion. If the broadcasting station corresponding to the fre-
quency is not an RDS broadcasting station (NO in Step
S105), the process goes back to Step S101. If the broad-
casting station corresponding to the frequency is an RDS
broadcasting station (YES in Step S105), in Step S106,
the RDS data is extracted in the process A, as illustrated
in Fig. 7. In Step S107, the frequency and the correspond-
ing PI code are registered in the frequency table. In Step
S108, it is determined whether the scanning reaches the
upper limit or the lower limit of the frequency band. If the
scanning does not reach the upper limit or the lower limit
of the frequency band (NO in Step S108), the process
goes back to Step S101. If the scanning reaches the up-
per limit or the lower limit of the frequency band (YES in
Step S108), the scanning is terminated. Then, the next
scanning is started.
[0059] Referring back to Fig. 7, upon completion of the
process A, the process B of determining whether the fre-
quency registered in the frequency table is receivable is
performed. The determination may be started at any fre-
quency in the frequency table. For example, when the
scanning is started from higher frequencies, the check
of the receiving sensitivity is performed for the frequen-
cies in the frequency table in descending order. The re-
ceiving sensitivity of a frequency f7 registered in the fre-
quency table is determined in the example in Fig. 7. The
process B is performed by the receiving sensitivity de-
terminer 216 in the time division manner during the scan-
ning of the frequency band by the frequency scanner 200.
[0060] Fig. 9 is a flowchart illustrating an exemplary
process of determining the receiving sensitivity of a fre-
quency in the frequency table. Referring to Fig. 8, in Step
S201, the receiving sensitivity determiner 216 selects
one frequency from the multiple frequencies registered
in the frequency table. In Step S202, the receiving sen-
sitivity determiner 216 determines whether the electric
field intensity signal of the frequency is higher than or
equal to a threshold value. At this time, the second tuner
110B is tuned to the frequency to be subjected to the
determination of the receiving sensitivity under the con-
trol of the control unit 180. If the electric field intensity
signal of the frequency is higher than or equal to the
threshold value (YES in Step S202), the process goes
back to Step S201. Since the frequency is receivable
when the electric field intensity signal of the frequency is
higher than or equal to the threshold value, the next fre-
quency is selected from the frequency table and the re-
ceiving sensitivity of the next frequency is determined.
The determination of the next frequency is performed in
the process B allocated to the next time division period.
[0061] If the electric field intensity signal of the frequen-
cy is lower than the threshold value (NO in Step S202),
in Step S203, the alternative frequency table is searched
on the basis of the PI code corresponding to the frequen-
cy. In Step S204, the alternative frequency registered in

the alternative frequency table is selected. In Step S205,
the receiving sensitivity of the alternative frequency is
determined. For example, if it is determined that the elec-
tric field intensity signal of the frequency 98.5 MHz in the
frequency table illustrated in Fig. 3 is lower than the
threshold value, the alternative frequency table (refer to
Fig. 4) corresponding to the PI code "D303" of the fre-
quency is searched. Since the four alternative frequen-
cies AF(1) to AF(4) are registered in the alternative fre-
quency table, the receiving sensitivities of the four alter-
native frequencies are determined. The determination is
based on the determination of whether the electric field
intensity signal when the second tuner 110B is tuned to
the alternative frequency is higher than or equal to the
threshold value, as in the above manner.
[0062] In Step S206, it is determined whether the re-
ceiving sensitivities of all the alternative frequencies are
degraded, that is, it is determined whether the electric
field intensity signals of all the alternative frequencies are
lower than the threshold value. If the receiving sensitiv-
ities of all the alternative frequencies are degraded, that
is, the electric field intensity signals of all the alternative
frequencies are lower than the threshold value (YES in
Step S206), in Step S207, it is determined that the fre-
quency selected from the frequency table is not receiv-
able. In Step S208, the receiving sensitivity determiner
216 switches the reception determination flag of the fre-
quency to "0." In response to the switching of the recep-
tion determination flag to "0", the broadcasting station list
is updated. In Step S209, the broadcasting station deleter
218 deletes the broadcasting station corresponding to
the flag "0" from the broadcasting station list. If the electric
field intensity signal of any alternative frequency is higher
than or equal to the threshold value (NO in Step S206),
it is determined that the frequency selected from the fre-
quency table is receivable and the process goes back to
Step S201 to select the next frequency from the frequen-
cy table. In Step S210, it is determined whether an un-
determined frequency exists in the frequency table. If an
undetermined frequency exists in the frequency table
(YES in Step S210), the process goes back to Step S201.
If no undetermined frequency exists in the frequency ta-
ble (NO in Step S210), the process is terminated. The
process B of determining the receiving sensitivity of the
frequency registered in the frequency table is performed
in the time division manner in parallel to the scanning of
the frequency band by the frequency scanner 200.
[0063] Referring back to Fig. 7 again, at a frequency
f2, the process C of extracting the road traffic information
(TMC data) transmitted from the TMC broadcasting sta-
tion is performed. Then, at frequencies f6 and f7, the
process B of determining the receiving sensitivity of the
frequency registered in the frequency table is performed.
Upon completion of the first scanning, the second tuner
110B starts the second scanning. When a larger number
of receivable frequencies exist, it takes a longer time to
perform the scanning once. For example, when about 20
receivable frequencies exist, it takes about two minutes
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to perform the scanning once.
[0064] Fig. 10 is a flowchart illustrating an exemplary
operational process of creating the broadcasting station
list. Referring to Fig. 10, in Step S301, the broadcasting
station display block 214 refers to the frequency table
created by the frequency table creator 210 to extract the
program service name (PS) corresponding to each fre-
quency from the RDS data. In Step S302, the broadcast-
ing station display block 214 creates the broadcasting
station list, as illustrated in Fig. 5, which is a list of the
broadcasting station name corresponding to the frequen-
cy that is being received and the receivable broadcasting
station names.
[0065] In the process B illustrated in Fig. 7, if it is de-
termined by the receiving sensitivity determiner 216 that
the frequency in the frequency table is not receivable,
the reception determination flag is set to "0." In Step
S303, it is determined whether the reception determina-
tion flag set to "0" exists. If the reception determination
flag set to "0" exists (YES in Step S303), in Step S304,
the broadcasting station deleter 218 deletes the broad-
casting station corresponding to the flag "0" from the
broadcasting station list. If the reception determination
flag set to "0" does not exist (NO in Step S303), the proc-
ess skips Step S304.
[0066] Fig. 11 is a flowchart illustrating an exemplary
operational process of updating the display of the broad-
casting station list. Referring to Fig. 11, in Step S401, the
broadcasting station display block 214 refers to the fre-
quency table to display the broadcasting station list in-
cluding the broadcasting station name that is being re-
ceived and the receivable broadcasting station names.
In Step S402, the scanning of the frequency band by the
frequency scanner 200 is performed during the display
of the broadcasting station list to determine whether the
receivable frequency exists and, in parallel to the deter-
mination of the presence of the receivable frequency, the
receiving sensitivity determiner 216 determines whether
the frequency registered in the frequency table is receiv-
able. The results of the determinations are reflected in
the flag in the frequency table. In Step S403, it is deter-
mined whether the flag is switched to "0." If the flag is
switched to "0" (YES in Step S403), in Step S404, the
broadcasting station deleter 218 updates the display of
the broadcasting station list. In other words, the broad-
casting station deleter 218 deletes the broadcasting sta-
tion corresponding to the frequency having the flag "0"
from the broadcasting station list. If the flag is not
switched to "0" (NO in Step S403), the process skips Step
S404. When a new receivable frequency is found in the
scanning of the frequency band, the frequency is regis-
tered in the frequency table.
[0067] Fig. 12A schematically illustrates an exemplary
operation to display the broadcasting station list in related
art.
[0068] Fig. 12B schematically illustrates an exemplary
operation to display the broadcasting station list in the
present embodiment.

[0069] In the related art, if it is determined that a fre-
quency fc is receivable in the scanning of the frequency
band, the broadcasting station corresponding to the fre-
quency fc is displayed in the broadcasting station list at
a time Tr1 in response to the determination. The recep-
tion state of the frequency fc is updated in the next scan-
ning of the frequency band. Specifically, the frequency
fc in the broadcasting station list is updated at a time Tr2.
Even if the frequency fc is switched to a non-receivable
state immediately after the time Tr1, the frequency fc is
continued to be displayed in the receivable state in the
broadcasting station list until the time Tr2. Provided that
the time required for one scanning of the frequency band
is denoted by Ts, an update time Td of the broadcasting
station from the time Tr1 to the time Tr2 depends on the
one scanning period Ts. When a larger number of receiv-
able frequencies are found in one scanning, the scanning
time Ts is increased in response to the increased number
of receivable frequencies and the scanning period Ts of
the frequency fc is also increased.
[0070] In contrast, in the present embodiment, the re-
ceiving sensitivities of the respective frequencies in the
frequency table are repeatedly determined in the time
division manner during the scanning of the frequency
band. For example, when n-number frequencies (fa, fb,
fc, ..., fn) are registered in the frequency table, the re-
ceiving sensitivities of the n-number frequencies are re-
peatedly determined during one scanning period and the
results of the determinations are reflected in the flag in
the frequency table. If the frequency fc is switched to the
non-receivable state immediately after the time Tr1, the
next determination of the receiving sensitivity of the fre-
quency fc is performed in the scanning using the frequen-
cy table, unlike the related art in which the determination
of the receiving sensitivity of the frequency fc is per-
formed during the next scanning period of the frequency
band.
[0071] Accordingly, an update period Tdx of the fre-
quency fc in the broadcasting station list is much shorter
than the update time Td in the related art. Consequently,
if any frequency that is not receivable is found in the fre-
quency table, the broadcasting station corresponding to
the frequency is immediately deleted from the broadcast-
ing station list.
[0072] As a result, it is possible to present the up-to-
date accurate broadcasting station list to the user. The
probability that the user is not capable of receiving a fre-
quency when the broadcasting station corresponding to
the frequency is selected from the broadcasting station
list is reduced, compared with that in the related art.
[0073] Fig. 13A and Fig. 13B illustrate specific exam-
ples of how the broadcasting station list is displayed. Fig.
13A illustrates an example of how the broadcasting sta-
tion list is displayed in the related art. Fig. 13B illustrates
an example of how the broadcasting station list is dis-
played in the present embodiment. The display lists at a
time T1, a time T2, and a time T3 are illustrated in the
examples in Fig. 13A and Fig. 13B. It is assumed that a
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vehicle enters an area, such as a tunnel or a underground
parking area, where the reception environment of the ra-
dio waves is not good (the travelling distance is relatively
long, for example, about one kilometer) at the time T2
and only "BAYERN 3" is receivable in the area where the
reception environment of the radio waves is not good.
[0074] At the time T1, a program name "ARABERA"
that is being received and multiple receivable program
names are displayed in the broadcasting station list. At
the time T2, the vehicle enters the area where the recep-
tion environment is not good. In the related art, since the
update period of the broadcasting station list is long, the
same broadcasting station list as the one at the time T1
is continued to be displayed at the time T2. In contrast,
in the present embodiment, the receiving sensitivities of
the frequencies in the frequency table are sequentially
checked in the time division manner and it is determined
that the program names other than "BAYERN 3" are not
receivable. Only "BAYERN 3" is left in the broadcasting
station list and all the other non-receivable program
names are deleted. Accordingly, the user is capable of
recognizing that only "BAYERN 3" is receivable from the
broadcasting station list.
[0075] At the time T3, although the user, who has re-
ferred to the broadcasting station list in the related art,
selects "HITRADIO" because "ARABERA" is inaudible,
the user is not capable of listening to "HITRADIO" be-
cause the receiving sensitivity of "HITRADIO" is bad and
only noise is output from the speaker. In contrast, the
user, who has referred to the broadcasting station list in
the present embodiment, is capable of switching to the
reception of "BYAERN 3."
[0076] While the invention is described in terms of
some specific examples and embodiments, it will be clear
that this invention is not limited to these specific examples
and embodiments and that many changes and modified
embodiments will be obvious to those skilled in the art
without departing from the scope of the invention as de-
fined in the claims.
[0077] The present invention as described may be
modified by at least one of the following modifications.
[0078] Although the electric field intensity signal is
used in the determination of the receiving sensitivity of
the frequency or the broadcasting station in the above
embodiments, the error ratio of signals and/or the pres-
ence of a multi-path may be used as the determination
condition, instead of the electric field intensity signal or
in addition to the electric field intensity signal.
[0079] Although the receiving sensitivity determiner
216 sets the flag "0" for the frequency that is determined
not to be receivable in the above embodiments, this set-
ting is only an example. For example, the receiving sen-
sitivity determiner 216 may delete such a frequency from
the frequency table.
[0080] Although the radio reception apparatus is ex-
emplified in the above embodiments as receiving the
RDS broadcast, the radio reception apparatus may be
configured to receive another radio broadcast in accord-

ance to a communication protocol standard, other than
the RDS broadcast communications protocol standard
for embedding small amounts of digital information in
conventional FM radio broadcasts, as long as data can
be multiplexed on the radio broadcast. Further, the radio
broadcast received by the radio reception apparatus is
not also limited to the analog radio broadcast, e.g. con-
ventional FM radio broadcast, and thus the radio recep-
tion apparatus may be alternatively or additionally con-
figured to receive a digital radio broadcast, such as a
digital audio broadcast (DAB), as well.
[0081] Although the radio reception apparatus includ-
ing two tuners is exemplified in the above embodiments,
the number of the tuners is not specifically limited. The
radio reception apparatus may use a single tuner for re-
ception of broadcast signals and extraction of data in the
time division manner or may have three or more tuners.

Claims

1. A reception apparatus capable of receiving a broad-
cast signal on which data is multiplexed, the recep-
tion apparatus comprising:

at least first and second receiving units (110A,
110B) each configured for receiving the broad-
cast signal;
a scanning unit (200) that is configured to scan
a frequency band with the second receiving unit
(110B) while the broadcast signal received by
the first receiving unit (110A) is being output;
an extracting unit (202) that is configured to ex-
tract data from the broadcast signal received
during the scanning by the scanning unit (200);
a holding unit (212) that is configured to hold a
frequency table in which receivable frequencies
within the frequency band scanned by the scan-
ning unit (200) are registered;
a display unit (214) that is configured to display
broadcasting stations corresponding to the fre-
quency table held by the holding unit;
a determining unit (216) that is configured to de-
termine whether each frequency in the frequen-
cy table is receivable during the scanning of the
frequency band by the scanning unit (200); and
a deleting unit (218) that is configured to delete
the broadcasting station corresponding to the
frequency determined not to be receivable by
the determining unit from the display of the
broadcasting stations.

2. The reception apparatus according to Claim 1,
wherein, if all alternative frequencies having the
same program identification code as that of a fre-
quency in the frequency table are not receivable, the
determining unit (216) is configured to determine that
the frequency is not receivable.
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3. The reception apparatus according to Claim 2, fur-
ther comprising:

a program identification code extracting unit
(204) that is configured to extract the program
identification code from the data extracted by
the extracting unit (202); and
a creating unit (206) that is configured to create
an alternative frequency table in which the fre-
quencies having the same program identifica-
tion code are registered on the basis of the ex-
tracted program identification code,
wherein the determining unit (216) is configured
to refer to the alternative frequency table to de-
termine whether each alternative frequency is
receivable.

4. The reception apparatus according to Claim 3,
wherein, if a receiving sensitivity of a certain frequen-
cy selected from the frequency table is lower than a
threshold value and the receiving sensitivity of each
alternative frequency registered in the alternative
frequency table is lower than the threshold value,
the determining unit (216) is configured to determine
that the certain frequency is not receivable.

5. The reception apparatus according to Claim 4,
wherein, if the receiving sensitivity of at least one
alternative frequency in the alternative frequency ta-
ble is higher than or equal to the threshold value, the
determining unit (216) is configured to determine that
the certain frequency is receivable.

6. The reception apparatus according to any of Claims
1 to 5,
wherein the determining unit (216) is configured to
determine in a time division manner whether each
frequency in the frequency table is receivable while
the scanning unit (200) performs the scanning from
a lower limit to an upper limit or from the upper limit
to the lower limit of the frequency band.

7. The reception apparatus according to any of Claims
1 to 6,
wherein the determining unit (216) includes a unit
that is configured to set a flag in the frequency table
if the determining unit (216) determines that a certain
frequency is not receivable, and
wherein the deleting unit (218) is configured to delete
the broadcasting station corresponding to the flag
that is set from the display of the broadcasting sta-
tions.

8. The reception apparatus according to any of Claims
1 to 7, further comprising:

a selecting unit that is configured to select a
broadcasting station from a list of the broadcast-

ing stations displayed by the display unit (214);
and
a control unit that is configured to control selec-
tion of a broadcasting station by the first receiv-
ing unit (110A) on the basis of the broadcasting
station selected by the selecting unit.

9. The reception apparatus according to any of Claims
1 to 8,
wherein the first (110A) and second (110B) receiving
units each are configured to receive a Radio Data
System broadcast.

10. The reception apparatus according to any of Claims
1 to 9,
wherein the first (110A) and second (110B) receiving
units each are configured to receive a digital broad-
cast.

11. A method of displaying a broadcasting station in a
reception apparatus capable of receiving a broad-
cast signal on which data is multiplexed, the methods
comprising:

scanning a frequency table for a receivable fre-
quency with a second receiving unit (110B) while
a broadcast signal received by a first receiving
unit (110A) is being output;
extracting data from the broadcast signal re-
ceived during the scanning;
holding a frequency table in which the receivable
frequencies within the frequency band that is
scanned are registered;
displaying broadcasting stations corresponding
to the frequency table that is held;
determining whether each frequency in the fre-
quency table is receivable during the scanning
of the frequency band; and
deleting the broadcasting station corresponding
to the frequency determined not to be receivable
by the determining from the display of the broad-
casting stations.

12. The displaying method according to Claim 11,
wherein, if all alternative frequencies having the
same program identification code as that of a fre-
quency in the frequency table are not receivable, the
determining determines that the frequency is not re-
ceivable.

13. The displaying method according to Claims 11 or 12,
further comprising:

extracting the program identification code from
the extracted data; and
creating an alternative frequency table in which
the frequencies having the same program iden-
tification code are registered on the basis of the
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extracted program identification code,
wherein the determining refers to the alternative
frequency table to determine whether each al-
ternative frequency is receivable.

14. The displaying method according to Claim 13,
wherein, if a receiving sensitivity of a certain frequen-
cy selected from the frequency table is lower than a
threshold value and the receiving sensitivity of each
alternative frequency registered in the alternative
frequency table is lower than the threshold value,
the determining determines that the certain frequen-
cy is not receivable.

15. The displaying method according to any of Claims
11 to 14,
wherein the determining determines in a time divi-
sion manner whether each frequency in the frequen-
cy table is receivable while the scanning performs
the scanning from a lower limit to an upper limit or
from the upper limit to the lower limit of the frequency
band.
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