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(57) A digital broadcasting receiver reads out, in re-
sponse to a time-shift playback request, the recorded
digital broadcast signal after a predetermined time from
the recording while recording a digital broadcast signal
received from a selected broadcasting station in a first
storage section to execute time-shift playback (105, 106),
keeps reading out the digital broadcast signal from the
first storage section while recording the digital broadcast
signal received from an alternative broadcasting station
in a second storage section in response to worsening of
a reception state during the time-shift playback (108, 109,
110), and reads out the digital broadcast signal from the
second storage section after completion of reading out
of the digital broadcast signal recorded in the first storage
section while keeping recording the digital broadcast sig-
nal received from the alternative broadcasting station in
the second storage section to continue the time-shift
playback (112).
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Description

DESCRIPTION

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates generally to dig-
ital broadcasting receivers and digital broadcasting re-
ceiving methods. More particularly, the present invention
relates to a digital broadcasting receiver having a time-
shift playback function for reading out and reproducing
the digital broadcast signal recorded in the storage sec-
tion after a predetermined time from the recording while
recording a received digital broadcast signal in a storage
section and to a digital broadcasting receiving method.

2. Description of the Related Art

[0002] A function for continuously receiving a service
(hereinafter, referred to as a continuous service-receiv-
ing function) will be described.
[0003] European digital radio broadcasting (such as
digital audio broadcasting (DAB) and digital radio mondi-
ale (DRM)) provides a service link function. The service
link function allows digital broadcasting receivers to
switch a current broadcasting station to an alternative
one when reception of an ensemble becomes difficult
because of a weak electric field. More specifically, the
service link function is implemented by an application
that previously creates a list of alternative broadcasting
stations using service link information multiplexed into a
received ensemble and switches the current ensemble
to an ensemble of an alternative broadcasting station or
an analog broadcasting channel (AM/FM) in response to
worsening of a reception state to allow users to continu-
ously enjoy a service.
[0004] As a function for continuously receiving a broad-
cast program, digital television broadcasting provides re-
lay-station/network-station search function. The relay
stations are auxiliary broadcasting stations provided sep-
arately from a key station to extend a service area. The
relay stations broadcast the same programs as the key
station at different frequencies. The network stations are
affiliated with a key station, such as Nippon Television
Network Corporation, Fuji Television Network, Inc., To-
kyo Broadcasting System Television, Inc., or TV Asahi
Corporation. For example, broadcasting stations affiliat-
ed with Nippon Television Network Corporation are net-
work stations of Nippon Television Network Corporation.
The network stations are highly likely to broadcast, but
not necessarily, the same programs as the key station.
In the relay-station/network-station search function, a list
of relay stations of each key broadcasting station is pre-
viously created using network information table (NIT) in-
formation for the key broadcasting station included in
service information (SI). A list of network stations is also

previously created using affiliation identifier information
(affiliation-id) of broadcaster information table (BIT) in-
formation. When reception of a broadcast signal from a
current broadcasting station becomes difficult, a relay
station or a network station is searched using the corre-
sponding list so that the broadcast signal is received.
[0005] Fig. 8 is a diagram describing the continuous
service-receiving function. Fig. 8 illustrates a case where
a bad reception state prevents a receiver from receiving
an audio frame 9 of a current service at time t9. In such
a case, the service link function causes the receiver to
switch the current broadcasting station to a link destina-
tion (i.e., an alternative broadcasting station) to keep re-
ceiving the same service (i.e., the same program) from
a following audio frame 10 from time t10. A first square
in Fig. 8 indicates a first audio frame (the same applies
to other drawings). ETSI EN 408 defines a format of a
DAB audio frame. When audio is sampled at a frequency
of 48 KHz, an audio frame is 24 msec long. When audio
is sampled at a frequency of 24 KHz, an audio frame is
48 msec long. Fig. 9 is a diagram describing the format
of such a DAB audio frame. A receiver executes cyclic
redundancy check (CRC) for each frame and determines
whether the frame is receivable depending on whether
an error is correctable.
[0006] A time-shift playback function will now be de-
scribed.
[0007] In addition to the function for continuously re-
ceiving a service in a bad reception state, a digital broad-
casting receiver has a time-shift playback function. The
time-shift playback function allows the digital broadcast-
ing receiver to simultaneously record a received digital
broadcast signal in a buffer and read out and reproduce
the recorded digital broadcast signal after a predeter-
mined time from a recording time point (see Japanese
Unexamined Patent Application Publication No.
2008-136103). Fig. 10A is a diagram describing the time-
shift playback function. Fig. 10A illustrates a case where
the digital broadcasting receiver starts recording follow-
ing frames in a buffer BFR in response to pause of viewing
at time t1 and then sequentially reads out, from the buffer
BFR, the frames starting from the one at the time t1 in
response to resume of viewing at time t5 to reproduce.
The time-shift playback function causes the digital broad-
casting receiver to keep recording a broadcast program
even if a user temporarily stops viewing the broadcast
program because incidents, such as receiving an incom-
ing call during reception of the broadcasting, going
through a ticket gate, and creating an email, prevent the
user from viewing the broadcast program in real time.
Thus, the user can play back and enjoy the broadcast
program from the point the user has stopped viewing
when the user is ready to view the broadcast program.
[0008] A bad reception state may prevent a digital
broadcasting receiver from receiving a realtime broad-
cast program during time-shift playback. In such a case,
the digital broadcasting receiver switches a current
broadcasting station to an alternative one using the serv-
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ice link function to keep receiving the broadcast program.
Fig. 10B is a diagram describing methods for controlling
time-shift playback when reception of the realtime broad-
cast program becomes unavailable during time-shift
playback. As in the case of Fig. 10A, the digital broad-
casting receiver sequentially reads out, from a buffer
BFR, frames starting from view pause time t1 in response
to resume of viewing at time t5 to execute time-shift play-
back. In such a state, when the digital broadcasting re-
ceiver can no longer receive the current service at time
t9, the digital broadcasting receiver immediately stops
the time-shift playback, switches the current broadcast-
ing station to a link destination (i.e., the alternative broad-
casting station) at time t10 to keep receiving frames start-
ing from a frame 10 in accordance with a first time-shift
playback control method (see (a)). However, the first
time-shift playback control method unfortunately misses
frames 6-9 and, thus, does not realize continuous viewing
of a service.
[0009] In contrast, in accordance with a second time-
shift playback control method (see (b)), the digital broad-
casting receiver does not immediately stop the time-shift
playback but stop the time-shift playback after reading
out all frames recorded in the buffer BFR. The digital
broadcasting receiver then switches the current broad-
casting station to the link destination (i.e., the alternative
broadcasting station) at time t13 to keep receiving frames
starting from a frame 13. However, the second time-shift
playback control method unfortunately misses frames
9-12 and, thus, does not realize continuous viewing of
the service.
[0010] As described above, when reception of a real-
time broadcast program becomes unavailable during
time-shift playback, continuous reception of the broad-
cast program is difficult in the related art. Accordingly, a
technique is desired that allows users to continuously
view a broadcast program even if reception of the real-
time broadcast program becomes unavailable during
time-shift playback. Japanese Unexamined Patent Ap-
plication Publication No. 2008-136103 provides a tech-
nique for immediately informing users of worsening of a
reception sensitivity of a television broadcast program
during time-shift playback but does not allow the users
to continuously view the program.

SUMMARY OF THE INVENTION

[0011] Accordingly, it is an object of the present inven-
tion to allow users to enjoy a continuous broadcast pro-
gram even if reception of the realtime broadcast program
becomes unavailable during time-shift playback.
[0012] It is another object of the present invention to
allow users to enjoy a continuous broadcast program with
one tuner while missing one frame even if reception of
the realtime broadcast program becomes unavailable
during time-shift playback.
[0013] It is still another object of the present invention
to allow users to enjoy a continuous broadcast program

with two tuners even if reception of the realtime broadcast
program becomes unavailable during time-shift play-
back.
[0014] It is a further object of the present invention to
allow users to enjoy a continuous broadcast program with
two tuners even if reception of the realtime broadcast
program from an alternative broadcasting station be-
comes unavailable.
[0015] In accordance with aspects of the present in-
vention, provided are digital broadcasting receivers hav-
ing a time-shift playback function for reading out and re-
producing the digital broadcast signal recorded in the
storage section after a predetermined time from the re-
cording while recording a received digital broadcast sig-
nal in a storage section and digital broadcasting receiving
methods.
[0016] A digital broadcasting receiver according to an
aspect of the present invention includes: a receiving sec-
tion configured to receive the digital broadcast signal; a
reception-state monitoring section configured to monitor
a reception state of the digital broadcast signal; a chan-
nel-selection section configured to control the receiving
section so that the receiving section receives the digital
broadcast signal from a selected broadcasting station
and that the receiving section receives the digital broad-
cast signal from an alternative broadcasting station in
response to worsening of the reception state; a first stor-
age section configured to store the digital broadcast sig-
nal received from the selected broadcasting station; a
second storage section configured to store the digital
broadcast signal received from the alternative broadcast-
ing station; and a time-shift playback control section con-
figured to read out, in response to a request for staring
a time-shift playback operation, the digital broadcast sig-
nal after the predetermined time from the recording while
recording the digital broadcast signal received from the
selected broadcasting station in the first storage section
to execute the time-shift playback operation, configured
to keep reading out the digital broadcast signal from the
first storage section to execute the playback operation
while recording the digital broadcast signal received from
the alternative broadcasting station in the second storage
section in response to worsening of the reception state
during the time-shift playback operation, and configured
to read out the digital broadcast signal from the second
storage section after completion of reading out of the
digital broadcast signal recorded in the first storage sec-
tion while keeping recording the digital broadcast signal
received from the alternative broadcasting station in the
second storage section to continue the time-shift play-
back operation.
[0017] When the digital broadcast signals are recorded
in the first and second storage sections in units of frames,
the digital broadcasting receiver according to the aspect
may further include means for storing a position of a
frame from which the time-shift playback operation is
started. The time-shift playback control section may ex-
ecute the time-shift playback operation by starting read-
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ing out and reproducing the digital broadcast signal from
the position of the frame stored in the first storage section
in response to the request for starting the time-shift play-
back operation.
[0018] When the digital broadcast signals are recorded
in the first and second storage sections in units of frames,
the digital broadcasting receiver according to the aspect
may further include means for storing information spec-
ifying a position of a frame at which the reception state
has worsened during the time-shift playback operation.
The time-shift playback control section may read out the
digital broadcast signal from the first storage section to
reach the position of the frame at which the reception
state has worsened and then read out the digital broad-
cast signal from the second storage section.
[0019] A digital broadcasting receiver according to an-
other aspect of the present invention includes: a first re-
ceiving section configured to receive the digital broadcast
signal; a second receiving section configured to receive
the digital broadcast signal; a reception-state monitoring
section configured to monitor a reception state of the dig-
ital broadcast signal; a channel-selection section config-
ured to control the first and second receiving sections so
that the first receiving section receives the digital broad-
cast signal from a selected broadcasting station and the
second receiving section receives the digital broadcast
signal from an alternative broadcasting station of the se-
lected broadcasting station; a first storage section con-
figured to store the digital broadcast signal received from
the selected broadcasting station; a second storage sec-
tion configured to store the digital broadcast signal re-
ceived from the alternative broadcasting station; and a
time-shift playback control section configured to read out,
in response to a request for starting a time-shift playback
operation, recorded data of the digital broadcast signal
from the first storage section after the predetermined time
from the recording while recording the digital broadcast
signals received from the selected and alternative broad-
casting stations in the first and second storage sections,
respectively, to execute the time-shift playback opera-
tion, and configured to read out, in response to worsening
of the reception state during the time-shift playback op-
eration, recorded data of the digital broadcast signal from
the second storage section while keeping recording the
digital broadcast signal in the second storage section to
continue the time-shift playback operation.
[0020] In the digital broadcasting receiver according
to the other aspect, the time-shift playback control section
may keep recording the digital broadcast signals re-
ceived from the selected and alternative broadcasting
stations in the first and second storage sections, respec-
tively, after the readout-target storage section is switched
in response to worsening of the reception state during
the time-shift playback operation and may switch the re-
adout-target storage section again to continue the time-
shift playback operation when the reception state wors-
ens again.
[0021] When the digital broadcast signals are recorded

in the first and second storage sections in units of frames,
the digital broadcasting receiver according to the other
aspect may further include means for storing a position
of a frame from which the time-shift playback operation
is started. The time-shift playback control section may
execute the time-shift playback operation by starting
reading out and reproducing the digital broadcast signal
from the position of the frame stored in the first storage
section in response to the request for starting the time-
shift playback operation.
[0022] A digital broadcasting receiving method accord-
ing to still another aspect of the present invention includes
the steps of: reading out, in response to a request for
starting a time-shift playback operation, recorded digital
broadcast signal after a predetermined time from the re-
cording while recording the digital broadcast signal re-
ceived from a selected broadcasting station in a first stor-
age section to execute the time-shift playback operation;
keeping reading out the digital broadcast signal from the
first storage section while recording the digital broadcast
signal received from an alternative broadcasting station
in a second storage section in response to worsening of
the reception state during the time-shift playback opera-
tion to continue the playback operation; and reading out
the digital broadcast signal from the second storage sec-
tion after completion of reading out of the digital broad-
cast signal recorded in the first storage section while
keeping recording the digital broadcast signal received
from the alternative broadcasting station in the second
storage section to continue the time-shift playback oper-
ation.
[0023] When the digital broadcast signals are recorded
in the first and second storage sections in units of frames,
the digital broadcasting receiving method according to
the still another aspect may further include the steps of:
storing a position of a frame from which the time-shift
playback operation is started; and executing the time-
shift playback operation by starting reading out and re-
producing the digital broadcast signal from the position
of the frame stored in the first storage section in response
to the request for starting the time-shift playback opera-
tion.
[0024] When the digital broadcast signals are recorded
in the first and second storage sections in units of frames,
the digital broadcasting receiving method according to
the still another aspect may further include the steps of:
storing information specifying a position of a frame at
which the reception state has worsened during the time-
shift playback operation; and reading out the digital
broadcast signal from the first storage section to reach
the position of the frame at which the reception state has
worsened and then reading out the digital broadcast sig-
nal from the second storage section.
[0025] A digital broadcasting receiving method accord-
ing to a further aspect of the present invention includes
the steps of: reading out, in response to a request for
starting a time-shift playback operation, recorded data of
the digital broadcast signal from a first storage section
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after the predetermined time from the recording while
recording the digital broadcast signal received by the first
receiving section from a selected broadcasting station in
the first storage section and the digital broadcast signal
received by a second receiving section from an alterna-
tive broadcasting station in a second storage section to
execute the time-shift playback operation; and reading
out, in response to worsening of a reception state during
the time-shift playback operation, recorded data of the
digital broadcast signal from the second storage section
while keeping recording the digital broadcast signal in
the second storage section to continue the time-shift
playback operation.
[0026] The digital broadcasting receiving method ac-
cording to the further aspect may further include the steps
of: keeping recording the digital broadcast signals re-
ceived from the selected and alternative broadcasting
stations in the first and second storage sections, respec-
tively, after the readout-target storage section is switched
in response to worsening of the reception state during
the time-shift playback operation; and switching the re-
adout-target storage section again to continue the time-
shift playback operation when the reception state wors-
ens again.
[0027] When the digital broadcast signals are recorded
in the first and second storage sections in units of frames,
the digital broadcasting receiving method according to
the further aspect may further include the steps of: storing
a position of a frame from which the time-shift playback
operation is started; and executing the time-shift play-
back operation by starting reading out and reproducing
the digital broadcast signal from the position of the frame
stored in the first storage section in response to the re-
quest for starting the time-shift playback operation.
[0028] In accordance with the aspects of the present
invention, since the number of skipped frames can be
suppressed to zero or one even if reception of a realtime
broadcast program becomes unavailable during time-
shift playback, users can enjoy the continuous broadcast
program.
[0029] In accordance with the aspects of the present
invention, users can enjoy a continuous broadcast pro-
gram with one receiving section (tuner) while missing one
frame even if reception of the realtime broadcast program
becomes unavailable during time-shift playback.
[0030] In accordance with the aspects of the present
invention, users can enjoy a continuous broadcast pro-
gram without skipping frames with two receiving sections
(tuners) even if reception of the realtime broadcast pro-
gram becomes unavailable during time-shift playback.
[0031] In accordance with the aspects of the present
invention, users can enjoy a continuous broadcast pro-
gram without skipping frames with two receiving sections
(tuners) by switching between a selected broadcasting
station and an alternative broadcasting station based on
a reception state even if reception of the realtime broad-
cast program from one of the broadcasting stations be-
comes unavailable.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032]

Fig. 1 is a diagram illustrating an overview of a meth-
od for controlling time-shift playback in a digital
broadcasting receiver according to a first embodi-
ment of the present invention;
Fig. 2 is a block diagram of the digital broadcasting
receiver according to the first embodiment;
Fig. 3 is a flowchart of processing for controlling time-
shift playback according to the first embodiment;
Fig. 4 is a diagram illustrating an overview of a meth-
od for controlling time-shift playback in a digital
broadcasting receiver including two tuners;
Fig. 5 is a block diagram of the digital broadcasting
receiver according to a second embodiment of the
present invention;
Fig. 6 is a flowchart of processing for controlling time-
shift playback according to the second embodiment;
Fig. 7 is a diagram illustrating a link back function
and, more specifically, a diagram illustrating a meth-
od for controlling time-shift playback after a change
of a buffer from which audio frames are read out;
Fig. 8 is a diagram illustrating a continuous service-
receiving function;
Fig. 9 is a diagram illustrating a format of a DAB
audio frame; and
Figs. 10A and 10B are diagrams illustrating problems
in methods for controlling time-shift playback accord-
ing to the related art.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0033] A first embodiment will now be described.
[0034] An overview of a method for controlling time-
shift playback according to the first embodiment is dis-
cussed.
[0035] Fig. 1 is a diagram illustrating the overview of
the method for controlling time-shift playback in a digital
broadcasting receiver according to the first embodiment.
A first buffer BFR1 stores a digital broadcast signal re-
ceived from a selected broadcasting station. A second
buffer BFR2 stores a digital broadcast signal received
from an alternative broadcasting station of the selected
broadcasting station.
[0036] While the digital broadcasting receiver is out-
putting a digital broadcast signal received from the se-
lected broadcasting station, a user temporarily stops
viewing at time t1 to instruct time-shift playback later. In
response to the user’s action, a time-shift control unit (not
illustrated) records each frame of the digital broadcast
signal received from the selected broadcasting station in
the first buffer BFR1 sequentially from a frame 1 to exe-
cute time-shift playback later. The user is ready for view-
ing at time t5 and instructs the digital broadcasting re-
ceiver to execute time-shift playback. In response to the
instruction, the time-shift control unit reads out and re-
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produces the frames (i.e., the frames 1, 2, ...) from the
first buffer BFR1 while keeping recording frames (i.e.,
frames 5, 6, ...) of the digital broadcast signal received
from the selected broadcasting station. In an example
illustrated in Fig. 1, the time-shift control unit sequentially
reads out the frames from the first buffer BFR1 after a
time corresponding to four frames (hereinafter, referred
to as a four-frame time) from a recording time point to
execute time-shift playback.
[0037] Thereafter, the time-shift control unit records
frames in the first buffer BFR1 and reads out the frames
from the first buffer BFR1 after the four-frame time in
parallel to continue time-shift playback. When a reception
state worsens during time-shift playback and an error is
detected at time t9 in a frame (e.g., a frame 9) sent from
the selected broadcasting station, the time-shift control
unit switches the broadcasting station to a link-destina-
tion broadcasting station (i.e., an alternative broadcast-
ing station). The time-shift control unit then starts record-
ing frames (i.e., frames 10, 11, ...) of a digital broadcast
signal received from the alternative broadcasting station
in the second buffer BFR2 at time t10 and keeps reading
out the frames from the first buffer BFR1 to continue time-
shift playback. After reading out all of the frames recorded
in the first buffer BFR1, the time-shift control unit starts
reading out the frames (i.e., the frames 10, 11, ...) from
a frame storage starting position of the second buffer
BFR2 at time t14 to continue time-shift playback. There-
after, the time-shift control unit sequentially records
frames (i.e., frames 14, 15, ...) of the digital broadcast
signal received from the alternative broadcasting station
in the second buffer BFR2 in parallel with reading out of
the recorded frames from the second buffer BFR2.
[0038] Since time-shift playback can be continued
from the frame 10 with such a process although the frame
9 at time t9 is missed, the digital broadcasting receiver
can almost continuously execute time-shift playback of
a program.
[0039] As a method for controlling switching between
the first buffer BFR1 and the second buffer BFR2, follow-
ing first and second methods can be adopted.
[0040] The first switching control method includes
steps of:

1) recording all frames up to a frame (e.g., the frame
9 in Fig. 1) having a cyclic redundancy check (CRC)
error in the first buffer BFR1; 2) executing CRC check
on each frame read out from the first buffer BFR1
during time-shift playback; and 3) switching the
frame readout buffer to the second buffer BFR2 after
a CRC error is detected (at time t14 in Fig. 1).

[0041] The second switching control method includes
steps: 1) storing information on a position of a frame (e.g.,
the frame 9 in Fig. 1) having the CRC error; 2) reading
out frames up to the stored frame position from the first
buffer BFR1 during time-shift playback; and 3) switching
the frame readout buffer to the second buffer BFR2 there-

after. In embodiments to be described below, a descrip-
tion will be given for a case of adopting the second switch-
ing control method.
[0042] A digital broadcasting receiver according to the
first embodiment will now be described.
[0043] Fig. 2 is a block diagram of the digital broad-
casting receiver according to the first embodiment of the
present invention.
[0044] The digital broadcasting receiver includes a re-
ceiving section 11. The receiving section 11 includes a
tuner 11a, an orthogonal frequency division multiplexing
(OFDM) demodulating unit (DET) 11b, an error detecting
and correcting unit (ERDT) 11c. The tuner 11a outputs
a radio broadcast signal of a reception frequency match-
ing a broadcasting station (channel) selected by a user
from a digital radio broadcasting wave received with an
antenna AT. The OFDM demodulating unit 11b executes
OFDM demodulation on the broadcast signal received
with the tuner 11a to output a transport stream TS. The
error detecting and correcting unit 11c detects and cor-
rects an error caused during transmission.
[0045] A reception-state monitoring section 12 detects
an uncorrectable error (unreceivable state) and informs
a control section 13 of occurrence of the uncorrectable
error. The control section 13 controls the digital broad-
casting receiver and includes controls units related to the
present invention, such as a channel-selection control
unit 51 and a time-shift instructing unit 52. The channel-
selection control unit 51 controls the tuner 11a so that
the tuner 11a receives and outputs a radio broadcast
signal from a broadcasting station (channel) selected by
the user. The channel-selection control unit 51 also cre-
ates an alternative station list ASL using service link in-
formation and controls switching of the broadcasting sta-
tion using the alternative station list when the reception
state worsens. Upon being requested to start storing the
broadcast signal for time-shift playback and to start time-
shift playback by an operation section 21, the time-shift
instructing unit 52 informs a time-shift section 15 of the
requests. A data decoder section 14 decodes the data
stream output from the receiving section 11 to extract the
service link information. The data decoder section 14
then inputs the service link information to the control sec-
tion 13. The channel-selection control unit 51 creates the
alternative station list ASL using the service link informa-
tion and stores the created alternative station list ASL in
a storage section 22.
[0046] The time-shift section 15 includes a time-shift
control unit 61 for executing a time-shift control operation
described in the overview illustrated in Fig. 1, a read/write
control unit 62 for controlling writing and reading of audio
frames in and from a first buffer BFR1 and a second buffer
BFR2 of a buffer section 16, and a frame position storage
unit 63 for storing position information, such as informa-
tion on a position of the first frame stored for time-shift
playback and a position of an error detected frame.
[0047] The buffer section 16 includes the first buffer
BFR1 and the second buffer BFR2 for storing audio
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frames received from the selected and alternative broad-
casting stations at the time of time-shift playback, respec-
tively. A switching section 17 selects and outputs an au-
dio data stream (i.e., audio frames) output from the re-
ceiving section 11 at the time of normal reception. At the
time of time-shift playback, the switching section 17 se-
lects and outputs audio frames read out from the first
buffer BFR1 or the second buffer BFR2 by the time-shift
section 15.
[0048] An audio output section 18 converts the audio
frames into an audio signal and executes predetermined
audio processing to output the processed audio signal
from a speaker, not illustrated. The operation section 21
includes various keys, such as a key TSM for instructing
starting of storage for time-shift playback and a key TSP
for instructing starting of time-shift playback.
[0049] Processing for controlling time-shift playback
will now be described.
[0050] Fig. 3 is a flowchart of the processing for con-
trolling time-shift playback according to the first embod-
iment. The processing will be described with reference
to Fig. 1.
[0051] The digital broadcasting receiver receives a
broadcast service from a broadcasting station selected
by a user (hereinafter, referred to as a selected broad-
casting station) with the receiving section 11 and outputs
radio broadcast audio through the switching section 17
and the audio output section 18 (STEP 101). In such a
state, the time-shift instructing unit 52 of the control sec-
tion 13 monitors whether starting of storage for time-shift
playback is requested by the operation section 21 (STEP
102). In response to the request for starting the storage
for time-shift playback, the time-shift instructing unit 52
informs the time-shift control unit 61 of the request (at
time t1 in Fig. 1). In response to the request, the time-
shift control unit 61 buffers broadcast data (audio frames)
received from the selected broadcasting station in the
first buffer BFR1 thereafter (STEP 103). The time-shift
control unit 61 also stores, in the frame position storage
unit 63, information on a position of the first frame (e.g.,
the frame 1 in Fig. 1) having been recorded in the first
buffer BFR1 for time-shift playback.
[0052] The time-shift instructing unit 52 then monitors
whether starting of time-shift playback is requested by
the operation section 21 (STEP 104). In response to the
request for starting time-shift playback, the time-shift in-
structing unit 52 informs the time-shift control unit 61 of
the request (at time t5 in Fig. 1). The time-shift control
unit 61 then reads out the frames (e.g., the frames 1,
2, ... in Fig. 1) from the first buffer BFR1 with reference
to the first frame position information stored in the frame
position storage unit 63 and outputs the reproduced
frames through the switching section 17 and the audio
output section 18 (STEP 105). The time-shift control unit
61 also keeps recording audio frames (e.g., the frames
5, 6, ...) of the digital broadcast signal received from the
selected broadcasting station in the first buffer BFR1
(STEP 106).

[0053] During the time-shift playback, the reception-
state monitoring section 12 is monitoring whether an au-
dio frame is receivable by detecting an uncorrectable er-
ror (STEP 107). Upon detecting the uncorrectable error
(at time t9 in Fig. 1), the reception-state monitoring sec-
tion 12 informs the control section 13 of occurrence of
the uncorrectable error. The time-shift instructing unit 52
of the control section 13 immediately informs the time-
shift control unit 61 of the occurrence of the uncorrectable
error. Additionally, the channel-selection control unit 51
switches the broadcasting station from the currently re-
ceiving one to an alternative broadcasting station with
reference to the alternative station list ASL. Thereafter,
the receiving section 11 outputs an audio data stream
(i.e., audio frames) received from the alternative broad-
casting station (STEP 108).
[0054] Upon being informed of the occurrence of the
uncorrectable error, the time-shift control unit 61 stores
information on a position of the error-detected audio
frame in the frame position storage unit 63. Thereafter
(e.g., after time t10 in Fig. 1), the time-shift control unit
61 buffers audio frames (e.g., frames 10, 11, ...) received
from the alternative broadcasting station in the second
buffer BFR2 (STEP 109). In parallel with buffering, the
time-shift control unit 61 keeps reading out the audio
frames from the first buffer BFR1 to continue time-shift
playback (STEP 110).
[0055] In such a state, the time-shift control unit 61
monitors whether all of the frames recorded in the first
buffer BFR1 have been read out. That is, the time-shift
control unit 61 monitors whether readout of the audio
frame indicated by the frame position information stored
in the frame position storage unit 63 from the first buffer
BFR1 has completed (STEP 111). In response to the
completion of readout, the time-shift control unit 61 reads
out the frames (e.g., the frames 10, 11, ... in Fig. 1) from
the frame storage starting position of the second buffer
BFR2 thereafter (after time t14 in Fig. 1) to continue time-
shift playback. At the same time, the time-shift control
unit 61 sequentially records audio frames (e.g., frames
14, 15, ...) of the digital broadcast signal received from
the alternative broadcasting station in the second buffer
BFR2 (STEP 112).
[0056] Although the error-detected frame (e.g., the
frame 9 in Fig. 1) is not reproduced, the time-shift play-
back can be continued from the following frame in ac-
cordance with the first embodiment. Thus, time-shift play-
back of a program can be executed almost continuously.
[0057] A second embodiment will now be described.
[0058] An overview of a method for controlling time-
shift playback according to the second embodiment is
discussed.
[0059] Although Fig. 1 illustrates the overview of the
digital broadcasting receiver according to the first em-
bodiment that includes one tuner, Fig. 4 illustrates an
overview of a method for controlling time-shift playback
in a digital broadcasting receiver according to the second
embodiment that includes two tuners.
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[0060] Referring to Fig. 4, a first buffer BFR1 stores a
digital broadcast signal received by a first tuner from a
selected broadcasting station, whereas a second buffer
BFR2 stores a digital broadcast signal received by a sec-
ond tuner from an alternative broadcasting station of the
selected broadcasting station.
[0061] While the digital broadcasting receiver is out-
putting a digital broadcast signal received by the first tun-
er from the selected broadcasting station, a user tempo-
rarily stops viewing at time t1 to instruct time-shift play-
back later. In response to the user’s action, a time-shift
control unit (not illustrated) records each frame of the
digital broadcast signal received from the selected broad-
casting station in the first buffer BFR1 sequentially from
a frame 1 to execute time-shift playback later. At the same
time, the time-shift control unit records each frame of the
digital broadcast signal received from the alternative
broadcasting station in the second buffer BFR2 sequen-
tially from the frame 1. The user is ready for viewing at
time t5 and instructs the digital broadcasting receiver to
execute time-shift playback. In response to the instruc-
tion, the time-shift control unit reads out the frames (i.e.,
the frames 1, 2, ...) from the first buffer BFR1 after a pre-
determined time (e.g., a four-frame time in Fig. 4) from
a recording time point to execute playback (time-shift
playback). In parallel with the time-shift playback, the
time-shift control unit keeps recording frames of the dig-
ital broadcast signals received by the first and second
tuners from the selected and alternative broadcasting
stations in the first and second buffers BFR1 and BFR2,
respectively.
[0062] Thereafter, the time-shift control unit records
frames in the first and second buffers BFR1 and BFR2
and reads out the frames from the first buffer BFR1 after
the four-frame time in parallel to continue time-shift play-
back. When a reception state worsens during time-shift
playback and an error is detected at time t9 in a frame
(e.g., a frame 9) sent from the selected broadcasting sta-
tion, the time-shift control unit stores a position of the
error-detected frame.
[0063] Thereafter, the time-shift control unit records
frames in the first and second buffers BFR1 and BFR2
and reads out the frames from the first buffer BFR1 after
the four-frame time in parallel to continue time-shift play-
back. If the frame read position of the first buffer BFR1
reaches the position of the error-detected frame (e.g.,
the frame 9), the time-shift control unit immediately
switches the buffer to the second buffer BFR2 and reads
out the frames from the position of the error-detected
frame. As a result, the frames 9, 10, ... are read out from
the second buffer BFR2 thereafter and the time-shift play-
back is continued. Here, the frames are recorded in the
first and second buffers BFR1 and BFR2 in parallel re-
gardless of whether an error occurs or not.
[0064] In this way, the digital broadcasting receiver can
continuously play back a program even if a broadcasting
station is switched in response to detection of an error
during time-shift playback.

[0065] A digital broadcasting receiver according to the
second embodiment will now be described.
[0066] Fig. 5 is a block diagram of the digital broad-
casting receiver according to the second embodiment of
the present invention. In Fig. 5, like reference characters
designate the same or similar sections or units as those
illustrated in Fig. 2. A difference is that the digital broad-
casting receiver according to the second embodiment
includes first and second receiving sections 11-1 and
11-2 for receiving broadcast signals from selected and
alternative broadcasting stations and first and second
reception-state monitoring sections 12-1 and 12-2 for
monitoring reception states of the selected and alterna-
tive broadcasting stations, respectively. Audio data
streams are input to a time-shift section 15 from the first
and second receiving sections 11-1 and 11-2, respec-
tively. The first and second receiving sections 11-1 and
11-2 have the same configuration. More specifically, as
in the case of the first embodiment, each of the first and
second receiving sections 11-1 and 11-2 has a tuner 11a,
an OFDM demodulating unit (DET) 11b, and an error
detecting and correcting unit (ERDT) 11c.
[0067] Processing for controlling time-shift playback
will now be described.
[0068] Fig. 6 is a flowchart of the processing for con-
trolling time-shift playback according to the second em-
bodiment. The processing will be described with refer-
ence to Fig. 4.
[0069] The digital broadcasting receiver receives a
broadcast service from a broadcasting station selected
by a user (hereinafter, referred to as a selected broad-
casting station) with the first receiving section 11-1 and
outputs radio broadcast audio through a switching sec-
tion 17 and an audio output section 18 (STEP 201). In
such a state, a time-shift instructing unit 52 of a control
section 13 monitors whether starting of storage for time-
shift playback is requested by an operation section 21
(STEP 202). In response to the request for starting the
storage for time-shift playback, the time-shift instructing
unit 52 informs a time-shift control unit 61 of the request
(at time t1 in Fig. 4). Additionally, a channel-selection
control unit 51 causes the second receiving section 11-2
to start receiving a broadcast service from an alternative
broadcasting station. Reception of the broadcast servic-
es from the selected and alternative broadcasting sta-
tions may be executed simultaneously in parallel.
[0070] Thereafter, the time-shift control unit 61 buffers
broadcast data (audio frames) received by the first and
second receiving sections 11-1 and 11-2 from the select-
ed and alternative broadcasting stations in the first and
second buffers BFR1 and BFR2, respectively (STEP
203). At this time, the time-shift control unit 61 stores
information of a position of the first frame (e.g., the frame
1 in Fig. 4) having been recorded in the first buffer BFR1
for time-shift playback in a frame position storage unit 63.
[0071] The time-shift instructing unit 52 then monitors
whether starting of time-shift playback is requested by
the operation section 21 (STEP 204). In response to the
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request for starting time-shift playback, the time-shift in-
structing unit 52 informs the time-shift control unit 61 of
the request (at time t5 in Fig. 4). The time-shift control
unit 61 then reads out the frames (e.g., the frames 1,
2, ... in Fig. 4) from the first buffer BFR1 with reference
to the first frame position information stored in the frame
position storage unit 63 to reproduce the frames (STEP
205). The time-shift control unit 61 also keeps recording
audio frames (e.g., frames 5, 6, ...) of the digital broadcast
signals received from the selected and alternative broad-
casting stations in the first and second buffers BFR1 and
BFR2, respectively (STEP 206).
[0072] During the time-shift playback, the first recep-
tion-state monitoring section 12-1 is monitoring whether
the audio frame are receivable by detecting an uncor-
rectable error (STEP 207). Upon detecting the uncorrect-
able error (at time t9 in Fig. 4), the first reception-state
monitoring section 12-1 informs the control section 13 of
occurrence of the uncorrectable error. The time-shift in-
structing unit 52 of the control section 13 immediately
informs the time-shift control unit 61 of the occurrence of
the uncorrectable error. The time-shift control unit 61, in
turn, stores information on a position of the error-detected
audio frame in the frame position storage unit 63 (STEP
208).
[0073] Thereafter (e.g., after time t9 in Fig. 4), the time-
shift control unit 61 buffers audio frames (e.g., frames 9,
10, 11, ...) received from the selected and alternative
broadcasting stations in the first and second buffers
BFR1 and BFR2, respectively. In parallel with buffering,
the time-shift control unit 61 keeps reading out the audio
frames from the first buffer BFR1 to continue time-shift
playback (STEP 209).
[0074] In such a state, the time-shift control unit 61
monitors whether all of the error-free frames recorded in
the first buffer BFR1 have been read out. That is, the
time-shift control unit 61 monitors whether readout of the
audio frame (e.g., the frame 8) immediately in front of the
error-detected frame indicated by the frame position in-
formation stored in the frame position storage unit 63
from the first buffer BFR1 has completed (STEP 210). In
response to the completion of reading out of the preced-
ing frame (at time t12 in Fig. 4), the time-shift control unit
61 reads out the audio frames (e.g., the frames 9, 10, ...
in Fig. 4) from the position of the error-detected frame of
the second buffer BFR2 to continue time-shift playback.
At the same time, the time-shift control unit 61 sequen-
tially records audio frames (e.g., frames 13, 14, ...) re-
ceived from the selected and alternative broadcasting
stations in the first and second buffers BFR1 and BFR2,
respectively (STEP 211).
[0075] As described above, the digital broadcasting re-
ceiver reads out the error-free audio frames (e.g., the
frames 1-8) immediately in front of the error-detected un-
receivable frame from the first buffer BFR1 and then
reads out, from the second buffer BFR2, the error-free
frames received from the alternative station (e.g., the
frames 9, 10, ...) starting from a frame corresponding to

the error-detected frame. Accordingly, the digital broad-
casting receiver can execute time-shift playback without
audio skipping.
[0076] In accordance with the second embodiment,
time-shift playback of frames of a program can be exe-
cuted continuously, i.e., without audio skipping, even if
an error is detected during time-shift playback.
[0077] A method for controlling time-shift playback with
a link back function will now be described.
[0078] Fig. 7 is a diagram illustrating the link back func-
tion. More specifically, Fig. 7 illustrates a method for con-
trolling time-shift playback after switching, at time t12 in
Fig. 4, the buffer from which audio frames are read out.
[0079] After switching, in response to worsening of the
reception state during time-shift playback, the buffer from
which the audio frames are read out (e.g., after time t12
in Fig. 7), the time-shift control unit 61 keeps recording
audio frames (e.g., frames 13, 14, ...) received from the
selected and alternative broadcasting stations in the first
and second buffers BFR1 and BFR2, respectively. In re-
sponse to detection of an error caused by a bad reception
state of the alternative broadcasting station correspond-
ing to the second buffer BFR2 from which the audio
frames are read out (at time t16 in Fig. 7), the time-shift
control unit 61 stores information on a position of the
error-detected audio frame in the frame position storage
unit 63.
[0080] Thereafter, the time-shift control unit 61 keeps
buffering audio frames (e.g., frames 16, 17, ...) received
from the selected and alternative broadcasting stations
in the first and second buffers BFR1 and BFR2, respec-
tively. In parallel with buffering, the time-shift control unit
61 keeps reading out the audio frames from the second
buffer BFR2 to continue time-shift playback. In such a
state, the time-shift control unit 61 monitors whether all
of the error-free frames recorded in the second buffer
BFR2 have been read out. That is, the time-shift control
unit 61 monitors whether readout of the audio frame (e.g.,
the frame 15) immediately in front of the error-detected
frame indicated by the frame position information stored
in the frame position storage unit 63 from the second
buffer BFR2 has completed. In response to the comple-
tion of reading out of the audio frame immediately in front
of the error-detected frame (at time t20 in Fig. 7), the time-
shift control unit 61 switches the buffer and reads out the
audio frames (e.g., the frames 16, 17, ... in Fig. 7) from
the position of a frame corresponding to the error-detect-
ed frame in the first buffer BFR1 to continue time-shift
playback. At the same time, the time-shift control unit 61
buffers audio frames (e.g., frames 20, 21, ...) received
from the selected and alternative broadcasting stations
in the first and second buffers BFR1 and BFR2, respec-
tively. Thereafter, the similar time-shift playback control-
ling operation is executed.
[0081] The selected broadcasting station and the al-
ternative broadcasting station are alternately switched
based on the reception state in accordance with the
above-described method for controlling time-shift play-
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back with the link back function so that users can enjoy
a continuous broadcast program.
[0082] Although a case of applying the present inven-
tion to digital radio receivers has been described above,
the present invention can obviously applied to digital tel-
evision receivers in the similar manner.

Claims

1. A digital broadcasting receiver having a time-shift
playback function for reading out and reproducing
the digital broadcast signal recorded in the storage
section after a predetermined time from the record-
ing while recording a received digital broadcast sig-
nal in a storage section, the digital broadcasting re-
ceiver comprising:

a first receiving section (11, 11-1) configured to
receive the digital broadcast signal;
at least one reception-state monitoring section
(12, 12-1, 12-2) configured to monitor a recep-
tion state of the digital broadcast signal;
a channel-selection section (51) configured to
control the first receiving section (11, 11-1) so
that the first receiving section (11, 11-1) receives
the digital broadcast signal from a selected
broadcasting station and that the first receiving
section (11, 11-1) receives the digital broadcast
signal from an alternative broadcasting station
in response to worsening of the reception state;
a first storage section (BFR1) configured to store
the digital broadcast signal received from the
selected broadcasting station;
a second storage section (BFR2) configured to
store the digital broadcast signal received from
the alternative broadcasting station; and
a time-shift playback control section (61) config-
ured to selectively read out, in response to a
request for starting a time-shift playback opera-
tion, the digital broadcast signal after the prede-
termined time from the recording stored in the
first storage section (BFR1) or second storage
section (BFR2), while recording the digital
broadcast signal received from the selected
broadcasting station in the first storage section
(BFR1) or second storage section (BFR2) to ex-
ecute the time-shift playback operation.

2. The digital broadcasting receiver according to Claim
1, wherein the time-shift playback control section
(61) is further configured to keep reading out the dig-
ital broadcast signal from the first storage section
(BFR1) to execute the playback operation while re-
cording the digital broadcast signal received from
the alternative broadcasting station in the second
storage section (BFR2) in response to worsening of
the reception state during the time-shift playback op-

eration, and the time-shift playback control section
(61) being configured to read out the digital broad-
cast signal from the second storage section (BFR2)
after completion of reading out of the digital broad-
cast signal recorded in the first storage section
(BFR1) while keeping recording the digital broadcast
signal received from the alternative broadcasting
station in the second storage section (BFR2) to con-
tinue the time-shift playback operation.

3. The digital broadcasting receiver according to Claim
1 or 2, the digital broadcast signals being recorded
in the first and second storage sections (BFR1,
BFR2) in units of frames, the digital broadcasting
receiver further comprising:

means (63) for storing a position of a frame from
which the time-shift playback operation is start-
ed, wherein
the time-shift playback control section (61) ex-
ecutes the time-shift playback operation by
starting reading out and reproducing the digital
broadcast signal from the position of the frame
stored in the first storage section (BFR1) in re-
sponse to the request for starting the time-shift
playback operation.

4. The digital broadcasting receiver according to any
of Claims 1 to 3, the digital broadcast signals being
recorded in the first and second storage sections
(BFR1, BFR2) in units of frames, the digital broad-
casting receiver further comprising:

means (63) for storing information specifying a
position of a frame at which the reception state
has worsened during the time-shift playback op-
eration, wherein
the time-shift playback control section (61)
reads out the digital broadcast signal from the
first storage section (BFR1) to reach the position
of the frame at which the reception state has
worsened and then reads out the digital broad-
cast signal from the second storage section
(BFR2).

5. The digital broadcasting receiver according to any
of Claims 1 to 4, further comprising:

a second receiving section (11-2) configured to
receive the digital broadcast signal;
wherein the channel-selection section (51) is
configured to control the first and second receiv-
ing sections (11-1, 11-2) so that the first receiv-
ing section (11-1) receives the digital broadcast
signal from a selected broadcasting station and
the second receiving section (11-2) receives the
digital broadcast signal from an alternative
broadcasting station of the selected broadcast-
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ing station; and
the time-shift playback control section (61) is
configured to read out, in response to a request
for starting a time-shift playback operation, re-
corded data of the digital broadcast signal from
the first storage section (BFR1) after the prede-
termined time from the recording while recording
the digital broadcast signals received from the
selected and alternative broadcasting stations
in the first and second storage sections (BFR1,
BFR2), respectively, to execute the time-shift
playback operation, and the time-shift playback
control section (61) being configured to read out,
in response to worsening of the reception state
during the time-shift playback operation, record-
ed data of the digital broadcast signal from the
second storage section (BFR2) while keeping
recording the digital broadcast signal in the sec-
ond storage section (BFR2) to continue the time-
shift playback operation.

6. The digital broadcasting receiver according to Claim
5, wherein the time-shift playback control section
(61) is configured to keep recording the digital broad-
cast signals received from the selected and alterna-
tive broadcasting stations in the first and second stor-
age sections (BFR1, BFR2), respectively, after the
readout-target storage section is switched in re-
sponse to worsening of the reception state during
the time-shift playback operation and the time-shift
playback control section (61) switches the readout-
target storage section again to continue the time-
shift playback operation when the reception state
worsens again.

7. A digital broadcasting receiving method for a digital
broadcasting receiver having a time-shift playback
function for reading out and reproducing the digital
broadcast signal recorded in the storage section af-
ter a predetermined time from the recording while
recording a received digital broadcast signal in a
storage section, the digital broadcasting receiving
method comprising the steps of:

reading out, in response to a request for starting
a time-shift playback operation, the recorded
digital broadcast signal after a predetermined
time from the recording while recording the dig-
ital broadcast signal received from a selected
broadcasting station in a first storage section
(BFR1) to execute the time-shift playback oper-
ation (105, 106);
keeping reading out the digital broadcast signal
from the first storage section (BFR1) while re-
cording the digital broadcast signal received
from an alternative broadcasting station in a sec-
ond storage section (BFR2) in response to wors-
ening of the reception state during the time-shift

playback operation to continue the playback op-
eration (108, 109, 110); and
reading out the digital broadcast signal from the
second storage section (BFR2) after completion
of reading out of the digital broadcast signal re-
corded in the first storage section (BFR1) while
keeping recording the digital broadcast signal
received from the alternative broadcasting sta-
tion in the second storage section (BFR2) to con-
tinue the time-shift playback operation (112).

8. The digital broadcasting receiving method according
to Claim 7, the digital broadcast signals being re-
corded in the first and second storage sections
(BFR1, BFR2) in units of frames, the digital broad-
casting receiving method further comprising the
steps of:

storing a position of a frame from which the time-
shift playback operation is started; and
executing the time-shift playback operation by
starting reading out and reproducing the digital
broadcast signal from the position of the frame
stored in the first storage section (BFR1) in re-
sponse to the request for starting the time-shift
playback operation.

9. The digital broadcasting receiving method according
to Claim 7 or 8, the digital broadcast signals being
recorded in the first and second storage sections
(BFR1, BFR2) in units of frames, the digital broad-
casting receiving method further comprising the
steps of:

storing information specifying a position of a
frame at which the reception state has worsened
during the time-shift playback operation; and
reading out the digital broadcast signal from the
first storage section (BFR1) to reach the position
of the frame at which the reception state has
worsened and then reading out the digital broad-
cast signal from the second storage section
(BFR2).

10. A digital broadcasting receiving method for a digital
broadcasting receiver having a time-shift playback
function for reading out and reproducing the digital
broadcast signal recorded in the storage section af-
ter a predetermined time from the recording while
recording a received digital broadcast signal in a
storage section, the digital broadcasting receiving
method comprising the steps of:

reading out, in response to a request for starting
a time-shift playback operation, recorded data
of the digital broadcast signal from a first storage
section (BFR1) after the predetermined time
from the recording while recording the digital
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broadcast signal received by a first receiving
section (11-1) from a selected broadcasting sta-
tion in the first storage section (BFR1) and the
digital broadcast signal received by a second
receiving (11-2) section from an alternative
broadcasting station in a second storage section
(BFR2) to execute the time-shift playback oper-
ation (205, 206); and
reading out, in response to worsening of a re-
ception state during the time-shift playback op-
eration, recorded data of the digital broadcast
signal from the second storage section (BFR2)
while keeping recording the digital broadcast
signal in the second storage section (BFR2) to
continue the time-shift playback operation (211).

11. The digital broadcasting receiving method according
to Claim 10, further comprising the steps of:

keeping recording the digital broadcast signals
received from the selected and alternative
broadcasting stations in the first and second
storage sections (BFR1, BFR2), respectively,
after the readout-target storage section is
switched in response to worsening of the recep-
tion state during the time-shift playback opera-
tion; and
switching the readout-target storage section
again to continue the time-shift playback oper-
ation when the reception state worsens again.

12. The digital broadcasting receiving method according
to Claim 10 or 11, the digital broadcast signals being
recorded in the first and second storage sections
(BFR1, BFR2) in units of frames, the digital broad-
casting receiving method further comprising the
steps of:

storing a position of a frame from which the time-
shift playback operation is started; and
executing the time-shift playback operation by
starting reading out and reproducing the digital
broadcast signal from the position of the frame
stored in the first storage section (BFR1) in re-
sponse to the request for starting the time-shift
playback operation.
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