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(54) RADIO BROADCASTING RECEPTION APPARATUS AND SEAMLESS SWITCHING METHOD

(57) Provided is a radio broadcasting reception ap-
paratus and seamless switching method" capable of ap-
propriately setting a time point for start of reception of IP
radio broadcasting in a case of seamlessly switching out-
put sound from radio broadcasting to IP radio broadcast-
ing.

A controller (107) updates a counter value with an
update step (increase step or decrease step) corre-
sponding to a quality range representing a range of re-
ception quality including a reception quality, so as to

come close to a range evaluation value registered in the
quality range representing a range of reception quality
including a reception quality at the time point. Here, the
quality range is set to a smaller numerical value as the
quality range indicates a range of smaller reception qual-
ity. Then, the controller (107) controls the start of the
reception of the IP radio broadcasting when the counter
value becomes less than a predetermined threshold val-
ue.
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Description

[0001] The present invention relates to a technique,
employed in a radio broadcasting reception apparatus,
of switching output sound from broadcasting that is out-
putting reception sound to reception sound of another
broadcasting performing broadcasting having the same
content as the broadcasting.
[0002] As a technique, employed in a radio broadcast-
ing reception apparatus, of switching output sound from
broadcasting that is outputting reception sound to recep-
tion sound of another broadcasting performing broad-
casting having the same content as the broadcasting
(that is, broadcasting having the relationship of simulta-
neous broadcasting with the broadcasting that is output-
ting reception sound), a broadcasting switching tech-
nique, employed in a radio broadcasting reception appa-
ratus that receives FM broadcasting and IP radio broad-
casting having the relationship of the simultaneous
broadcasting with the FM broadcasting, of calculating a
delay time of the sound received from the IP radio broad-
casting with respect to the sound received from the FM
broadcasting, delaying the sound received from the FM
broadcasting by the calculated delay time by performing
time stretch that expands the sound in a temporal axis
direction, and switching output sound from the sound re-
ceived from the FM broadcasting to the sound received
from IP radio broadcasting, in the case of switching the
output sound from sound received from FM broadcasting
to the sound received from the IP radio broadcasting,
thus seamlessly outputting reception sound (for exam-
ple, JP 2013-201469 A) is known.
[0003] In the technique, the sound received from the
IP radio broadcasting is compared with the sound re-
ceived from the FM broadcasting and the delay time of
the sound received from the IP radio broadcasting with
respect to the sound received from the FM broadcasting
is calculated.
[0004] In addition, as the technique of switching output
sound from the broadcasting that is outputting reception
sound to another reception sound having relationship of
the simultaneous broadcasting with the broadcasting,
there is known a technique, employed in a radio broad-
casting reception apparatus that receives radio broad-
casting and broadcasting having relationship of the si-
multaneous broadcasting with the radio broadcasting
and distributed via a mobile communication network, of
starting reception of the broadcasting distributed via the
mobile communication network and switching output
sound to reception sound of the broadcasting distributed
via the mobile communication network, when a reception
quality of the radio broadcasting that is outputting recep-
tion sound is deteriorated than a predetermined refer-
ence value (for example, JP 2003-169380 A).
[0005] In order to seamlessly switch output sound to
reception sound of IP radio broadcasting having relation-
ship of simultaneous broadcasting with FM broadcasting
when reception quality of the FM broadcasting that is

outputting reception sound deteriorates, it is necessary
to start reception of the IP radio broadcasting at a time
point earlier than a time point at which the FM broadcast-
ing cannot be received normally by more than a time
period needed for calculation processing of a delay time
of the IP radio broadcasting with respect to the FM broad-
casting and delay processing by time stretch of the re-
ception sound of the FM broadcasting.
[0006] Then, when it is hard to appropriately set the
time point at which reception of this IP radio broadcasting
is started, the following problem occur.
[0007] That is, it is impossible to seamlessly switch
broadcasting outputting reception sound in the case of
starting reception of the IP radio broadcasting at a time
point later than an appropriate time point. On the other
hand, when the reception of the IP radio broadcasting is
started at a time point earlier than the appropriate time
point, the reception time of the IP radio broadcasting be-
comes redundant and the burden of the communication
cost of the user unnecessarily increases in a case where
the IP radio broadcasting is received using a communi-
cation service in which meter rate charging is performed.
Further, even when the reception quality of the FM broad-
casting is restored without failing to normally receive the
FM broadcasting after the reception of the IP radio broad-
casting is started, the unnecessary reception of IP radio
broadcasting is performed, and the burden of communi-
cation cost on a user, which is originally unnecessary,
occurs.
[0008] Accordingly, an object of the present invention
is to appropriately set a reception start time point of IP
radio broadcasting in a radio broadcasting reception ap-
paratus which seamlessly switches output sound to re-
ception sound of IP radio broadcasting having relation-
ship of the simultaneous broadcasting with the broad-
casting when a reception quality of the radio broadcasting
that is outputting reception sound is deteriorated.
[0009] The present invention relates to a radio broad-
casting reception apparatus and a seamless switching
method according to the appended claims. According to
an aspect, the present invention provides a radio broad-
casting reception apparatus capable of receiving radio
broadcasting and IP radio broadcasting having relation-
ship of simultaneous broadcasting with the radio broad-
casting. The radio broadcasting reception apparatus in-
cludes: a radio receiver configured to receive the radio
broadcasting; an IP radio player configured to receive
the IP radio broadcasting; an output unit configured to
output one of reception sound of the radio receiver and
reception sound of the IP radio player; a delay unit con-
figured to delay the reception sound of the radio receiver
output by the output unit; an evaluation value calculator
configured to calculate an evaluation value representing
a degree of quality; and a seamless switching controller
configured to allow the IP radio player to start reception
of the IP radio broadcasting having relationship of simul-
taneous broadcasting with the radio broadcasting that is
outputting reception sound and allow the delay unit to
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delay the reception sound of the radio receiver output by
the output unit by a delay time of the IP radio broadcasting
with respect to the radio broadcasting, and allow the out-
put unit to switch output reception sound from the recep-
tion sound of the radio receiver to the reception sound
of the IP radio player when the evaluation value repre-
sents that the degree of quality is worse than a predeter-
mined degree, during a period of time for which the output
unit is outputting reception sound of the radio receiver.
Here, the evaluation value calculator calculates the eval-
uation value by changing the evaluation value by a pre-
determined update amount in a direction close to a work-
ing reference value that is a reference value correspond-
ing to a current reception quality level that is the level of
reception quality including reception quality of the radio
broadcasting of the radio receiver according to a prede-
termined correspondence relationship between a level
of reception quality and a plurality of reference values,
at each time point. Further, the reference value repre-
sents a degree of specific quality, and the predetermined
correspondence relationship is a relationship in which a
level of better reception quality corresponds to a refer-
ence value representing the degree of better quality.
[0010] According to the radio broadcasting reception
apparatus, when the evaluation value represents a ref-
erence value representing the degree of better quality
than the working reference value, the evaluation value
calculator uses, in the calculation of the evaluation value,
an update amount determined such that the evaluation
value varies increasingly as a current reception quality
level is a level of worse reception quality, and when the
evaluation value represents a reference value represent-
ing the degree of worse quality than the working refer-
ence value, the evaluation value calculator uses, in the
calculation of the evaluation value, an update amount
determined such that the evaluation value varies increas-
ingly as a current reception quality level is a level of better
reception quality.
[0011] According to an aspect, the present invention
provides a radio broadcasting reception apparatus ca-
pable of receiving radio broadcasting and IP radio broad-
casting having relationship of simultaneous broadcasting
with the radio broadcasting. The radio broadcasting re-
ception apparatus includes: a radio receiver configured
to receive the radio broadcasting; an IP radio player con-
figured to receive the IP radio broadcasting; an output
unit configured to output one of reception sound of the
radio receiver and reception sound of the IP radio player;
a delay unit configured to delay the reception sound of
the radio receiver output by the output unit; an evaluation
value calculator configured to calculate an evaluation val-
ue; and a seamless switching controller configured to
allow the IP radio player to start reception of the IP radio
broadcasting having relationship of simultaneous broad-
casting with the radio broadcasting that is outputting re-
ception sound and allow the delay unit to delay the re-
ception sound of the radio receiver output by the output
unit by a delay time of the IP radio broadcasting with

respect to the radio broadcasting, and allow the output
unit to switch output reception sound from the reception
sound of the radio receiver to the reception sound of the
IP radio player when the evaluation value is less than a
predetermined threshold value, during a period of time
for which the output unit is outputting reception sound of
the radio receiver. Here, the evaluation value calculator
calculates the evaluation value by changing the evalua-
tion value by a predetermined update amount in a direc-
tion close to a working reference value that is a reference
value corresponding to a current reception quality range
that is the range of reception quality including reception
quality of the radio broadcasting of the radio receiver ac-
cording to a predetermined correspondence relationship
between a range of reception quality and a plurality of
reference values, at each time point. Further, the prede-
termined correspondence relationship is a relationship
in which a range of better reception quality corresponds
to a larger reference value.
[0012] Here, according to the radio broadcasting re-
ception apparatus, when the evaluation value is larger
than the working reference value, the evaluation value
calculator may use, in the calculation of the evaluation
value, an update amount determined such that the eval-
uation value decreases increasingly as a current recep-
tion quality range is a range of worse reception quality,
and when the evaluation value is smaller than the working
reference value, the evaluation value calculator may use,
in the calculation of the evaluation value, an update
amount determined such that the evaluation value in-
creases increasingly as a current reception quality range
is a range of better reception quality.
[0013] Further, according to the radio broadcasting re-
ception apparatus, when the evaluation value is larger
than the working reference value, the evaluation value
calculator may update the evaluation value in a range in
which the evaluation value is not smaller than the working
reference value, and when the evaluation value is smaller
than the working reference value, the evaluation value
calculator may update the evaluation value in a range in
which the evaluation value is not larger than the working
reference value.
[0014] Further, in the radio broadcasting reception ap-
paratus, directions of magnitudes of the reference value
and the evaluation value may be reversed.
[0015] That is, the seamless switching controller may
allow the IP radio player to start reception of the IP radio
broadcasting having relationship of simultaneous broad-
casting with the radio broadcasting that is outputting re-
ception sound, allow the delay unit to delay the reception
sound of the radio receiver output by the output unit by
a delay time of the IP radio broadcasting with respect to
the radio broadcasting, and allow the output unit to switch
output reception sound from the reception sound of the
radio receiver to the reception sound of the IP radio player
when the evaluation value is greater than a predeter-
mined threshold value, and the predetermined corre-
spondence relationship may be a relationship in which a
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range of better reception quality corresponds to a smaller
reference value.
[0016] Further, in this case, when the evaluation value
is smaller than the working reference value, the evalua-
tion value calculator may be configured to use, in the
calculation of the evaluation value, an update amount
determined such that the evaluation value increases in-
creasingly as a current reception quality range is a range
of better reception quality and when the evaluation value
is larger than the working reference value, the evaluation
value calculator may be configured to use, in the calcu-
lation of the evaluation value, an update amount deter-
mined such that the evaluation value decreases increas-
ingly as a current reception quality range is a range of
better reception quality.
[0017] Further, even in this case, when the evaluation
value is larger than the working reference value, the eval-
uation value calculator may be configured to update the
evaluation value in a range in which the evaluation value
is not smaller than the working reference value, and when
the evaluation value is smaller than the working reference
value, the evaluation value calculator may be configured
to update the evaluation value in a range in which the
evaluation value is not larger than the working reference
value.
[0018] Here, in the radio broadcasting reception appa-
ratus as described above, the radio broadcasting may
be at least one of a digital radio broadcasting and an
analog radio broadcasting.
[0019] Further, the radio broadcasting reception appa-
ratus as described above may be an in-vehicle radio
broadcasting reception apparatus mounted in a car, and
the IP radio player may receive IP radio broadcasting via
mobile communication.
[0020] According to the radio broadcasting reception
apparatus as described above, it is possible to calculate
the evaluation value representing the quality tendency
of reception quality up to the present and to determine
the time point at which reception of the IP radio broad-
casting is started using the evaluation value.
[0021] By considering the quality tendency of the qual-
ity of the reception quality, the reception of the IP radio
broadcasting can be started at an appropriate time point
rather than a case of starting reception of the IP radio
broadcasting only according to the reception quality at
the present time.
[0022] As described above, in the radio broadcasting
reception apparatus according to the present invention,
when the reception quality of a radio broadcasting that
is outputting the reception sound deteriorates, the sound
to be output is seamlessly transmitted to the reception
sound of the IP radio broadcasting having the relationship
between the broadcasting and the simultaneous broad-
casting, and it is possible to appropriately set the recep-
tion start time point of the IP radio broadcasting.

Brief Description of Drawings

[0023]

Fig. 1 is a block diagram of a configuration of a radio
broadcasting system according to an embodiment
of the present invention.
Fig. 2 is a block diagram of a configuration of a radio
broadcasting receiver according to an embodiment
of the present invention.
Fig. 3 illustrates a counter control table according to
an embodiment of the present invention.
Fig. 4 is a flowchart of a counter updating process
according to an embodiment of the present inven-
tion.
Fig. 5 is a flowchart of a seamless switching process
according to an embodiment of the present inven-
tion.
Fig. 6 is a diagram illustrating a processing example
of delay processing according to an embodiment of
the present invention.
Fig. 7 is a diagram illustrating relationship between
counter values and reception quality, according to
an embodiment of the present invention.

[0024] Embodiments of the present invention are de-
scribed below.
[0025] Fig. 1 illustrates a configuration of a radio broad-
casting system according to an embodiment.
[0026] As illustrated in Fig. 1, the radio broadcasting
receiver 1 is a position-movable radio broadcasting re-
ceiver 1, such as a vehicle-mounted radio broadcasting
receiver 1 or a portable radio broadcasting receiver, and
performs reception of radio broadcasting by broadcast-
ing waves from a radio broadcasting station 2. Further,
examples of the radio broadcasting by broadcasting
waves are digital radio broadcasting, such as Digital Au-
dio Broadcasting (DAB) or DAB+, or analog radio broad-
casting, such as FM radio broadcasting. Furthermore,
the radio broadcasting receiver 1 is connected to a wide
area network (WAN) 3, such as the Internet, through mo-
bile communication so as to receive IP radio broadcast-
ing from an IP radio server 4 on the WAN 3.
[0027] Hereinafter, for the sake of convenience, "radio
broadcasting" will be described as referring to radio
broadcasting by broadcasting waves, rather than IP radio
broadcasting.
[0028] Here, the IP radio broadcasting performed by
an IP radio server 4 includes IP radio broadcasting having
the relationship of simultaneous broadcasting with radio
broadcasting, that is, IP radio broadcasting having the
same content as radio broadcasting.
[0029] Note that, in this embodiment, sound received
from the IP radio broadcasting having the relationship of
the simultaneous broadcasting with radio broadcasting
delays relative to sound broadcasted by the radio broad-
casting having the relationship of the simultaneous
broadcasting with the IP radio broadcasting.
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[0030] Next, a configuration of the radio broadcasting
receiver 1 will be described with reference to Fig. 2
[0031] As illustrated in Fig. 2, the radio broadcasting
receiver 1 includes a radio tuner 101 which receives radio
broadcasting and reproduces and outputs received audio
data, and an IP radio player 102 which receives IP radio
broadcasting and outputs received audio data.
[0032] Here, the IP radio player 102 is connected to
an IP radio server 4 on the WAN 3 through a mobile
communication device 103 which performs mobile com-
munication, receives an audio stream delivered from the
IP radio server 4 through IP radio broadcasting, and re-
produces and outputs audio data. Note that the radio
broadcasting receiver 1 may include, instead of the mo-
bile communication device 103, an external interface 104
to which a mobile phone 5 which performs mobile com-
munication is connected. In this case, the IP radio player
102 may be connected to the IP radio server 4 on the
WAN 3 through the mobile communication performed by
the mobile phone 5, receive an audio stream delivered
by the IP radio server 4 through IP radio broadcasting,
and reproduce and output audio data.
[0033] In addition, the radio broadcasting receiver 1
includes an input device 105, a display device 106, and
a controller 107.
[0034] Further, the radio broadcasting receiver 1 in-
cludes a delay unit 108 which delays audio data to be
output from the radio tuner 101 by a set delay target time
before outputting the audio data, a selector 109 which
selects and outputs one of audio data output from the
delay unit 108 and audio data output from the IP radio
player 102, a DA converter 110 which converts the audio
data output from the selector 109 into an analog sound
signal and outputs the analog sound signal, an amplifier
111 which amplifies the analog sound signal output from
the DA converter 110, and a speaker 112 which is driven
by the sound signal amplified by the amplifier 111 and
which outputs sound.
[0035] The radio broadcasting receiver 1 includes a
tuner memory 113, a player memory 114, and a compa-
rator 115.
[0036] With this configuration, when receiving an in-
struction for receiving radio broadcasting of a specific
radio broadcasting station 2 from a user through the input
device 105, the controller 107 starts reception of radio
broadcasting of the radio broadcasting station 2 which is
instructed to be received by the radio tuner 101, and out-
put of the audio data. Further, the controller 107 outputs
sound, received from the radio broadcasting station 2 by
the radio tuner 101, from the speaker 112, by outputting
the audio data, input to the selector 109 from the delay
unit 108, to the DA converter 110.
[0037] On the other hand, the audio data output from
the radio tuner 101 is stored in the tuner memory 113.
Here, the storage in the tuner memory 113 is performed
such that the latest audio data for a predetermined re-
production time is stored in the tuner memory 113 at all
time. Furthermore, a reproduction time of the audio data

stored in the tuner memory 113 at all-time is set to be
equal to or longer than a period of time expected as a
largest value of a delay time of the IP radio broadcasting
having the relationship of simultaneous broadcasting
with the radio broadcasting relative to the radio broad-
casting.
[0038] In addition, the radio tuner 101 also performs a
process of calculating a reception quality of the radio
broadcasting being received in accordance with recep-
tion electric field strength of the radio broadcasting being
received, an SN ratio, an error generation rate, or the like
when the radio broadcasting is being received.
[0039] Here, the radio tuner 101 calculates the recep-
tion quality as a numerical value from 0 to 100. The nu-
merical value represents that the reception quality is bet-
ter as the value is larger.
[0040] Next, a counter updating process to be per-
formed by the controller 107 is described.
[0041] First, a counter control table used for the coun-
ter updating process will be described.
[0042] As illustrated in Fig. 3, a decrease step, an in-
crease step, and a range evaluation value are registered
in the counter control table with respect to each of quality
ranges respectively representing ranges obtained by di-
viding a range between 0 and 100 which are values of
the reception quality of the radio broadcasting.
[0043] Here, 0 or a negative numerical value between
0 and -120 is registered in the decrease step of each
quality range. In addition, in the decrease step of each
quality range, a smaller numerical value is registered as
the quality range represents a smaller reception quality
range.
[0044] Also, 0 or a positive numerical value between
0 and +10 is registered in the increase step of each quality
range. In addition, in the increase step of each quality
range, a larger numerical value is registered as the quality
range represents a larger reception quality range.
[0045] Further, a positive numerical value between 0
and 480 is registered in the range evaluation value of
each quality range. In addition, in the range evaluation
value of each quality range, a smaller numerical value is
registered as the quality range represents a smaller re-
ception quality range.
[0046] Next, a procedure of the counter updating proc-
ess performed by the controller 107 using such a counter
control table is illustrated in Fig. 4.
[0047] Here, the counter updating process is started
when the radio tuner 101 starts receiving the radio broad-
casting of the broadcasting station, or when the radio
tuner 101 switches broadcasting stations that receive the
radio broadcasting. When the radio tuner 101 has started
receiving the radio broadcasting of the broadcasting sta-
tion or when the radio tuner 101 has switched the broad-
casting stations that receive the radio broadcasting, if the
counter updating process has already been executed,
the execution of the counter updating process is newly
started after ending the executed counter updating proc-
ess.
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[0048] As illustrated in Fig 4, in the counter updating
process, the controller 107 sets a counter value CV to
480 which is the maximum value of the range evaluation
values registered in the counter control table (step 402).
[0049] Then, the reception quality Q calculated by the
radio tuner 101 is acquired from the radio tuner 101 (step
404).
[0050] Next, the range evaluation value ReRQ, which
is registered in the quality range RQ representing the
range of the reception quality including the acquired re-
ception quality Q, is acquired from the counter control
table (step 406).
[0051] Then, it is determined whether the acquired
range evaluation value ReRQ is smaller than the counter
value CV (step 408) or whether the acquired range eval-
uation value ReRQ is larger than the counter value CV
(step 410).
[0052] When the range evaluation value ReRQ is nei-
ther smaller nor larger than the counter value CV, that
is, when the range evaluation value ReRQ is equal to the
counter value CV, the process returns to step 404.
[0053] Subsequently, when the range evaluation value
ReRQ is smaller than the counter value CV (step 408),
the decrease step DSRQ, registered in the quality range
RQ representing the range of reception quality including
the acquired reception quality Q, is acquired from the
counter control table (step 412). It is checked whether or
not the value obtained by adding the decrease step
DSRQ to the counter value CV is smaller than the range
evaluation value ReRQ (step 414), and if so, the process
returns to step 404.
[0054] Since the decrease step is 0 or a negative value
as described above, the counter value CV is unchanged
or is decreased due to the addition of the decrease step
DSRQ.
[0055] On the other hand, when the value obtained by
adding the decrease step DSRQ to the counter value CV
is not smaller than the range evaluation value ReRQ (step
414), the counter value CV is updated to a value obtained
by adding the decrease step DSRQ to the counter value
CV (step 416).
[0056] Then, the process returns to step 404.
[0057] On the other hand, when the range evaluation
value ReRQ is larger than the counter value CV (step
410), the increase step ISRQ, registered in the quality
range RQ representing the range of reception quality in-
cluding the acquired reception quality Q, is acquired from
the counter control table (step 418). It is checked whether
or not the value obtained by adding the increase step
ISRQ to the counter value CV is larger than the range
evaluation value ReRQ (step 420), and if so, the process
returns to step 404.
[0058] Since the increase step is 0 or a negative value
as described above, the counter value CV is unchanged
or is increased due to the addition of the increase step
ISRQ.
[0059] On the other hand, when the value obtained by
adding the increase step ISRQ to the counter value CV

is not larger than the range evaluation value ReRQ (step
420), the counter value CV is updated to a value obtained
by adding the increase step ISRQ to the counter value
CV (step 422).
[0060] Then, the process returns to step 404.
[0061] The counter updating process to be performed
by the controller 107 has been described above.
[0062] According to the counter updating process de-
scribed above, at each time point, the counter value CV
is updated with an update step (increase step or decrease
step) corresponding to the quality range RQ representing
the range of the reception quality including the reception
quality Q, so as to come close to the range evaluation
value ReRQ registered in the quality range RQ repre-
senting a range of reception quality including a reception
quality Q at the time point. Further, in the case of de-
creasing the counter value CV, the magnitude (absolute
value) of the update step (decrease step) of the counter
value CV increases as the reception quality Q decreases,
and in the case of increasing the counter value CV, the
magnitude (absolute value) of the update step (increase
step) of the counter value CV increases as the reception
quality Q increases.
[0063] Next, a seamless switching process of the con-
troller 107 will be described which is performed in order
to seamlessly switch sound output to the speaker 112
between sound received from the radio broadcasting and
sound received from the IP radio broadcasting having
the relationship of the simultaneous broadcasting with
the radio broadcasting.
[0064] Fig. 5 illustrates a procedure of the seamless
switching process. Note that the seamless switching
process is activated when an instruction for receiving the
radio broadcasting from a specific radio broadcasting sta-
tion 2 is issued by the user.
As illustrated in Fig. 5, in this process, a state in which
the radio broadcasting receiver 1 outputs the sound of
the radio broadcasting from the speaker 112 is waited
(step 502). Thereafter, when the state in which the sound
of the radio broadcasting is output from the speaker 112
is entered, whether the counter value CV is less than a
predetermined threshold value ThS (ThS is 220 for ex-
ample, in the counter control table of Fig. 3) is monitored
(step 504).
[0065] Subsequently, when the counter value CV is
less than the predetermined threshold value ThS (step
504), start of reception of the IP radio broadcasting by
the IP radio player 102 is instructed, the IP radio broad-
casting having the relationship of the simultaneous
broadcasting with the radio broadcasting that is output-
ting sound (step 506). The IP radio player 102 instructed
to start reception accesses the WAN 3 via mobile com-
munication and starts reception of IP radio broadcasting
from the IP radio server 4. Thereafter, the IP radio player
102 outputs audio data received from the IP radio broad-
casting to the selector 109 and stores the audio data in
the player memory 114.
[0066] In addition, the controller 107 starts a delay
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processing (step 508).
[0067] Here, in the delay processing, the controller 107
performs the following process.
[0068] Now, when the reproduction time of a predeter-
mined time length (for example, 2 ms) is set as a unit
time, rectangles in Fig. 6 surrounding numbers indicate
audio data for unit time. Further, rectangles surrounding
numbers without ""’ indicate audio data received by the
radio tuner 101 from the radio broadcasting, and rectan-
gles surrounding numbers with ""’ indicate audio data
received by the IP radio player 102 from the IP radio
broadcasting. Further, rectangles having the same num-
bers (for example, "4" and "4"’) indicate audio data having
the same content.
[0069] When the controller 107 has controlled the start
of reception of the IP radio broadcasting at time point T1
in step 506, the controller 107 starts the delay processing
and instructs the comparator 115 to calculate the delay
time.
[0070] When the comparator 115 has been instructed
to calculate the delay time, the comparator 115 waits for
actual start of the reception of the audio data from the IP
radio broadcasting at time point T2, calculates the delay
time of the audio data of the IP radio broadcasting with
respect to the audio data of the radio broadcasting by
comparison with the audio data stored in the tuner mem-
ory 113 and the audio data stored in the player memory
114, and notifies the controller 107 of the calculated delay
time.
[0071] Then, at time point T3, the controller 107, which
has been notified of the delay time, sets the notified delay
time as a delay target time in the delay unit 108 and in-
structs execution of time stretch.
[0072] The delay unit 108, which has been instructed
to execute the time stretch, performs the time stretch on
the audio data being output until the set delay target time
coincides with the delay time of the audio data output
from the delay unit 108 with respect to the audio data
input to the delay unit 108. That is, as indicated by the
output of the delay unit between the time point T3 and
the time point T4, the delay unit 108 performs a time
stretch operation of expanding and outputting the audio
data in a temporal axis direction while maintaining pitch
of sound of the audio data until the set delay target time
coincides with the delay time of the audio data output
from the delay unit 108 with respect to the audio data
input to the delay unit 108.
[0073] The time stretch of the audio data is performed
such that the length of the audio data in the temporal axis
direction is not changed by a predetermined length (for
example, 20% of the original length) or more with respect
to the original length.
[0074] Thereafter, when the set delay target time co-
incides with the delay time of the audio data output from
the delay unit 108 with respect to the audio data input to
the delay unit 108, the delay unit 108 stops the time
stretch, returns to the output of the audio data according
to the normal reproduction speed, and reports the coin-

cidence of the delay times to the controller 107.
[0075] When the coincidence of the delay times is re-
ported, the controller 107 completes the delay process-
ing.
[0076] Therefore, the delay processing started at time
point T1 is completed at time point T4.
[0077] After the delay processing has been completed
at the time point T4, as illustrated in Fig. 6, since no dif-
ference is caused in delay time between the audio data
output by the IP radio player 102 and the audio data out-
put by the delay unit 108, the selector 109 switches audio
data to be output to the DA converter 110 between the
audio data input from the IP radio player 102 and the
audio data input from the delay unit 108, thereby enabling
seamless switching of sound output from the speaker
112 between the sound of the audio data received from
the radio broadcasting by the radio tuner 101 and the
sound of the audio data received by the IP radio player
102.
[0078] Returning to Fig. 5, when the controller 107
starts the delay processing (step 508), the controller 107
monitors whether the counter value CV becomes greater
than the threshold value ThR (ThR is for example, 360
in the counter control table of Fig. 3) (step 510), whether
the counter value CV becomes less than the threshold
value ThC (ThC is for example, 20 in the counter control
table of Fig. 3) (step 512), and whether delay processing
is completed (step 514).
[0079] It is noted that ThR, ThS, and ThC have a rela-
tionship of ThR > ThS > ThC.
[0080] When the counter value CV becomes greater
than the threshold value ThR (step 510), the IP radio
player 102 is instructed to stop the reception of the IP
radio broadcasting (step 522), and the process returns
to step 504. Here, in the case of stopping the reception
of the IP radio broadcasting, the IP radio player 102 dis-
connects mobile communication with the WAN 3 of the
mobile communication device 103 or the mobile phone 5.
[0081] On the other hand, when the counter value CV
becomes greater than the threshold value ThC (step
512), the selector 109 switches the audio data output to
the DA converter 110 to audio data output by the IP radio
player 102 to switch sound output from the speaker 112
from sound of the audio data being received from the IP
radio broadcasting by the IP radio player 102 (step 516)
and the process proceeds to step 518. Here, in the case
of proceeding from step 512 to step 516, the delay
processing has not been completed at this time point,
and therefore, switching from the sound of the audio data
received from the radio broadcasting to the sound of the
audio data received by the IP radio player 102 output
from the speaker 112 is not seamlessly performed.
[0082] Even after the IP radio player 102 has switched
the sound output to the speaker 112 to sound of the audio
data being received from the IP radio broadcasting in
step 516, the reception of the radio broadcasting being
received is continued in radio tuner 101 as background.
[0083] On the other hand, when the delay processing
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has completed (step 514), the selector 109 switches the
audio data output to the DA converter 110 to audio data
output by the IP radio player 102 to switch sound output
from the speaker 112 from sound of the audio data being
received from the IP radio broadcasting by the IP radio
player 102 (step 516) and the process proceeds to step
518. Here, in this way, in the case of proceeding to step
516 from step 514, at this time point, the delay processing
has been completed, and since the delay unit 108 delays
the audio data received from the radio broadcasting by
the delay time of the audio data received from the IP radio
broadcasting with respect to the audio data received from
the radio broadcasting and then outputs the audio data,
so that the switching in step 516 enables the sound output
from the speaker 112 to be seamlessly switched from
the sound of the audio data received from the radio broad-
casting to the sound of the audio data received by the IP
radio player 102.
[0084] As described above, even after the IP radio
player 102 has switched the sound output to the speaker
112 to sound of the audio data being received from the
IP radio broadcasting, the reception of the radio broad-
casting being received is continued in radio tuner 101 as
background
[0085] Subsequently, when the IP radio player 102
switches the sound output to the speaker 112 to the
sound being received from the IP radio broadcasting,
whether the counter value CV exceeds the threshold val-
ue ThB is monitored (step 518).
[0086] Here, ThB is set such that ThB ≥ ThR.
[0087] When the counter value CV exceeds the thresh-
old value ThB (step 518), the selector 109 switches the
audio data output to the DA converter 110 to the audio
data output by the delay unit 108, to switch sound output
to the speaker 112 to the sound of the audio data received
from the radio broadcasting from the radio tuner 101 (step
520). Here, at this time point, since the delay unit 108
delays the audio data received from the radio broadcast-
ing by the delay time of the audio data received from the
IP radio broadcasting with respect to the audio data re-
ceived from the radio broadcasting and then outputs the
audio data, the switching in step 520 enables the sound
output from the speaker 112 to be seamlessly switched
from the sound of the audio data received from the radio
broadcasting to the sound of the audio data received by
the IP radio player 102.
[0088] The IP radio player 102 is instructed to stop the
reception of the IP radio broadcasting (step 522), and
the process returns to step 504. Here, in the case of stop-
ping the reception of the IP radio broadcasting, the IP
radio player 102 disconnects mobile communication with
the WAN 3 of the mobile communication device 103 or
the mobile phone 5.
[0089] The seamless switching process performed by
the controller 107 has been described above.
[0090] Relationship between the reception quality Q
and the counter value CV is illustrated in Fig. 7.
[0091] Fig. 7b illustrates transition of the counter value

CV updated by the counter updating process with respect
to transition of the reception quality Q of Fig. 7a.
[0092] As described above, according to the counter
updating process, at each time point, the counter value
CV is updated with an update step (increase step or de-
crease step) corresponding to the quality range RQ rep-
resenting the range of the reception quality including the
reception quality Q, so as to come close to the range
evaluation value ReRQ registered in the quality range
RQ representing a range of reception quality including a
reception quality Q at the time point. In addition, the range
evaluation value ReRQ is smaller as it represents the
range of the smaller reception quality Q.
[0093] Therefore, as also illustrated in the Fig. 7, the
counter value CV is a value representing the quality ten-
dency of the reception quality Q up to the present. There
is a correlation between the quality tendency of the re-
ception quality Q up to the present and a time point when
the radio broadcasting cannot be normally received.
[0094] Therefore, by setting a time point at which re-
ception of the IP radio broadcasting is started using the
counter value CV, it is possible to start reception of the
IP radio broadcasting at a more appropriate time point
than the case of determining the time point of starting
reception of the IP radio broadcasting according to only
the reception quality at that time point.
[0095] That is, for example, when the radio broadcast-
ing cannot be normally received, the quality tendency of
the reception quality Q is gradually deteriorated before
that time, but by using the counter value CV, it is possible
to detect the tendency and to start reception of the IP
radio broadcasting at an appropriate timing.
[0096] The above-described threshold values ThR and
ThB are values of the counter value CV which represent
the lower limits of the quality tendency of the reception
quality Q which can be regarded as being able to suffi-
ciently receive the radio broadcasting, and the above-
described threshold value ThC is a value of the counter
value CV which represents the upper limit of the quality
tendency of the reception quality Q which can be regard-
ed as being in a reception state in which the radio broad-
casting cannot be received or a value obtained by adding
some offset to the value.
[0097] The embodiments of the present invention have
been described above.
[0098] Here, the above-described embodiments are
equivalent even when the direction of magnitudes of the
counter values of the range evaluation values is re-
versed.
[0099] In other words, in this case, the sign of each
increase step and each decrease step in the counter con-
trol table is reversed, and a larger numerical value is set
for the range evaluation value for a smaller range of re-
ception quality Q.
[0100] In addition, in the counter updating process,
step 402 is a process of setting the counter value CV to
0, step 408 is a process of determining whether the range
evaluation value ReRQ is greater than the counter value
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CV, and step 410 is a process of determining whether
the range evaluation value ReRQ is smaller than the
counter value CV.
[0101] Further, ThB ≤ ThR < ThS < ThC is set and, in
the seamless switching process, step 504 is a process
of monitoring whether the counter value CV becomes
greater than the threshold value ThS, step 510 is a proc-
ess of monitoring whether the counter value CV becomes
less than the threshold value ThR, step 512 is a process
of monitoring whether the counter value CV becomes
greater than the threshold value ThC, and step 518 is a
process of monitoring whether the counter value CV be-
comes less than the threshold value ThB.

Claims

1. A radio broadcasting reception apparatus capable
of receiving radio broadcasting and IP radio broad-
casting having relationship of simultaneous broad-
casting with the radio broadcasting, the radio broad-
casting reception apparatus comprising:

a radio receiver configured to receive the radio
broadcasting;
an IP radio player (102) configured to receive
the IP radio broadcasting;
an output unit configured to output one of recep-
tion sound of the radio receiver and reception
sound of the IP radio player (102);
a delay unit (108) configured to delay the recep-
tion sound of the radio receiver output by the
output unit;
an evaluation value calculator configured to cal-
culate an evaluation value; and
a seamless switching controller configured to al-
low the IP radio player to start reception of the
IP radio broadcasting having relationship of si-
multaneous broadcasting with the radio broad-
casting that is outputting reception sound, allow
the delay unit (108) to delay the reception sound
of the radio receiver output by the output unit by
a delay time of the IP radio broadcasting with
respect to the radio broadcasting, and allow the
output unit to switch output reception sound from
the reception sound of the radio receiver to the
reception sound of the IP radio player when the
evaluation value is less than a predetermined
threshold value, during a period of time for which
the output unit is outputting reception sound of
the radio receiver, characterized in that
the evaluation value calculator is configured to
calculate the evaluation value by changing the
evaluation value by a predetermined update
amount in a direction close to a working refer-
ence value that is a reference value correspond-
ing to a current reception quality range that is
the range of reception quality including recep-

tion quality of the radio broadcasting of the radio
receiver at a time point according to a predeter-
mined correspondence relationship between a
range of reception quality and a plurality of ref-
erence values, at each time point, and
the predetermined correspondence relationship
is a relationship in which a range of better re-
ception quality corresponds to a larger reference
value.

2. The radio broadcasting reception apparatus accord-
ing to claim 1, characterized in that, when the eval-
uation value is larger than the working reference val-
ue, the evaluation value calculator is configured to
use, in the calculation of the evaluation value, an
update amount determined such that the evaluation
value decreases increasingly as a current reception
quality range is a range of worse reception quality,
and
when the evaluation value is smaller than the work-
ing reference value, the evaluation value calculator
is configured to use in the calculation of the evalua-
tion value, an update amount determined such that
the evaluation value increases increasingly as a cur-
rent reception quality range is a range of better re-
ception quality,

3. The radio broadcasting reception apparatus accord-
ing to claim 1 or 2, characterized in that, when the
evaluation value is larger than the working reference
value, the evaluation value calculator is configured
to update the evaluation value in a range in which
the evaluation value is not smaller than the working
reference value, and
when the evaluation value is smaller than the work-
ing reference value, the evaluation value calculator
is configured to update the evaluation value in a
range in which the evaluation value is not larger than
the working reference value,

4. The radio broadcasting reception apparatus accord-
ing to any one of claims 1 to 3, characterized in
that, the radio broadcasting is at least one of a digital
radio broadcasting and an analog radio broadcast-
ing.

5. The radio broadcasting reception apparatus accord-
ing to any one of claims 1 to 4. characterized in that
the radio broadcasting reception apparatus is an in-
vehicle type radio broadcasting reception apparatus
mounted on a vehicle, and the IP radio player (102)
receives the IP radio broadcasting via mobile com-
munication.

6. A seamless switching method for seamlessly switch-
ing output sound from reception sound of radio
broadcasting to reception sound of IP radio broad-
casting in a radio broadcasting reception apparatus
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capable of receiving the radio broadcasting and the
IP radio broadcasting having relationship of simulta-
neous broadcasting with the radio broadcasting, the
method comprising:

an evaluation value calculation step of calculat-
ing, by the radio broadcasting reception appa-
ratus, an evaluation value representing a degree
of quality;
a seamless switching step of starting reception
of the IP radio broadcasting having relationship
of simultaneous broadcasting with the radio
broadcasting that is outputting reception sound,
delaying the reception sound of the radio receiv-
er output by a delay time of the IP radio broad-
casting with respect to the radio broadcasting,
and switching output reception sound from the
reception sound of the radio broadcasting to the
reception sound of the IP radio player in a case
where the evaluation value represents that a de-
gree of quality is worse than a predetermined
degree when the reception sound of the radio
broadcasting is being output by the radio broad-
casting reception apparatus, characterized in
that
the evaluation value calculation step calculates
the evaluation value by changing the evaluation
value by a predetermined update amount in a
direction close to a working reference value that
is a reference value corresponding to a current
reception quality level that is a level of the re-
ception quality of the radio broadcasting in a time
point according to a predetermined correspond-
ence relationship between a level of reception
quality and a plurality of reference values, at
each time point, and
the reference value represents a degree of a
specific quality, and the predetermined corre-
spondence relationship is a relationship in which
a level of better reception quality corresponds
to a reference value representing a degree of
better quality.

7. The seamless switching method according to claim
6, characterized in that, when the evaluation value
represents degree of better quality than the working
reference value, the evaluation value calculation
step uses an update amount for the calculation of
the evaluation value, the update amount being de-
termined such that the evaluation value varies in-
creasingly as a current reception quality level is a
level of worse reception quality, and
when the evaluation value represents degree of
worse quality than the working reference value, the
evaluation value calculation step uses an update
amount for the calculation of the evaluation value,
the update amount being determined such that the
evaluation value varies increasingly as a current re-

ception quality level is a level of better reception qual-
ity.
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