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VIDEO PLAYBACK APPARATUS AND
METHOD FOR CONTROLLING THE VIDEO
PLAYBACK APPARATUS

[0001] This application is a Continuation of International
Application No. PCT/JP2009/068439, filed Oct. 27, 2009,
which is hereby incorporated by reference herein in its
entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a video playback
apparatus capable of performing special playback of video,
such as fast-forward playback, and to a method for control-
ling the same.

[0004] 2. Description of the Related Art

[0005] Recently, the frame rate of video stream data dis-
tributed in the world has become wide-ranging. For example,
the frame rate of video stream data of ordinary television
broadcast is 30 fps, whereas the frame rate of video stream
data of broadcast for mobile terminals is 15 fps. Also, with the
development of image capturing apparatuses, video content
having a high frame rate, such as 240 fps or 480 fps, has been
increasing.

[0006] Also, an H.264/SVC (Scalable Video Coding) tech-
nology capable of encoding video having a plurality of frame
rates in one piece of video stream data has been standardized.
With the use of this technology, encoding can be performed
by adding video having a high frame rate, such as 480 fps, to
video of standard 30 fps, for example. That is, even in one
piece of video content, video having a frame rate correspond-
ing to a display ability of a playback apparatus can be selected
and played back.

[0007] A technology of adaptively controlling a playback
speed in special playback of video content includes a tech-
nology of controlling a playback speed on the basis of a bit
rate of video stream data (Japanese Patent Laid-Open No.
2008-227744).

[0008] Conventionally, in general display devices, a refresh
rate in displaying video is 60 Hz in many cases. Recently,
however, display devices that are capable of performing dis-
play at a higher speed and that are compatible with 120 Hz or
240 Hz have emerged. On the other hand, in mobile appara-
tuses such as mobile phones, the refresh rate is generally 30
Hz. The refresh rate indicates the number of images (frames)
displayed per second.

[0009] Therefore, in the case of displaying video content of
30 fps on a display device of 60 Hz, for example, one frame is
repeatedly output twice or a new frame is generated between
frames in an interpolation process, whereby 30 frames per
second are substantially handled as 60 frames. Since interlace
signals are used in Japanese television broadcast, there are 30
even fields and 30 odd fields per second. 30 frame images per
second can be generated by converting an interlace signal into
a progressive signal, and furthermore, 60 frame images per
second can be structured by generating interpolation frames
between frames.

[0010] On the other hand, when all frames of video are
displayed at the refresh rate of a display device in a case where
the video has a frame rate higher than the refresh rate of the
display device, the video is seen as motions slower than actual
motions (this is referred to as slow motions or simply as
slow). For example, in the case of displaying all frames of
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video of 480 fps on a display device of 60 Hz, 480 frames per
second are displayed at 60 Hz in 480+60=8 seconds, so that
the video is seen as motions 8 times slower than actual
motions. That is, the motions in 1 second in real time are
displayed in slow motions in 8 seconds. In contrast, in the
case of playing back video having a frame rate higher than the
refresh rate of a display device at the speed equal to real time,
the video may be displayed with frames being thinned. For
example, in the case of displaying video of 480 fps on a
display device of 60 Hz at the speed equal to real time, 1 frame
per 8 frames may be periodically extracted and displayed.
[0011] Therefore, even if video content has a frame rate
different from the refresh rate of a display device, the video
content can be played back at the speed equal to real time in
accordance with the refresh rate of the display device.
[0012] Furthermore, when a user desires so-called slow
playback in which video content is played back in slow
motions, it is preferable to execute a playback process using
the characteristic of the frame rate of the video content. For
example, video having a high frame rate, which has a char-
acteristic in that the number of frames per unit time is large,
can be applied to slow playback that is finer and smoother
compared to video having a typical frame rate. In contrast,
video having a low frame rate has a small number of frames
per unit time, and is thus seen as frame-by-frame video having
no almost change in video even if the speed of slow playback
is decreased.

[0013] However, a slow playback function of a current
video playback apparatus forces a user to perform playback at
a predetermined playback speed regardless of a difference in
frame rate of video itself. In the current slow playback func-
tion, slow playback at %2x speed is merely executed when a
slow playback button is pressed. Otherwise, in the other slow
playback function, user can sequentially switch between
fixed values such as 2x speed, ax speed, Viex speed, etc.
regardless of a difference in frame rate of video itself. That is,
the frame rate of video itself is not taken into consideration for
determining a slow playback speed in the current video play-
back apparatus.

[0014] Additionally, the technology disclosed in Japanese
Patent Laid-Open No. 2008-227744 controls a playback
speed in special playback, but the bit rate of video data is
referred to for controlling the playback speed, and control
based on the frame rate is not performed.

SUMMARY OF INVENTION

[0015] Accordingly, an object of the present invention is to
provide a video playback apparatus capable of adaptively
setting a speed of slow playback in accordance with the frame
rate of video content that is being played back and performing
slow playback suitable for the video content, and a method for
controlling the same.

[0016] According to an aspect of the present invention,
there is provided a video playback apparatus capable of per-
forming a slow playback process on video data accumulated
in an accumulation unit. The video playback apparatus
includes a detecting unit that detects a value of a frame rate of
video data, a determining unit that determines, on the basis of
the value of the frame rate detected by the detecting unit, a
slow playback speed used for performing slow playback on
the video data having the frame rate, and a playback unit that
executes a slow playback process on the video data by using
the slow playback speed determined by the determining unit.
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[0017] Also, according to another aspect of the present
invention, there is provided a method for controlling a video
playback apparatus capable of performing a slow playback
process on video data accumulated in an accumulation unit.
The method includes steps of detecting a value of a frame rate
of'video data, determining, on the basis of the detected value
of the frame rate, a slow playback speed used for performing
slow playback on the video data having the frame rate, and
executing a slow playback process on the video data by using
the determined slow playback speed.

[0018] Further features of the present invention will
become apparent from the following description of exem-
plary embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF DRAWINGS

[0019] FIG.1isablock diagram illustrating a configuration
of'a video playback apparatus according to the present inven-
tion.

[0020] FIG.2isaflowchart according to a first embodiment
of the present invention.

[0021] FIG. 3 is a diagram illustrating playback speed
information according to the first embodiment of the present
invention.

[0022] FIG. 4is a flowchart according to a second embodi-
ment of the present invention.

[0023] FIG. 5 is a diagram illustrating a data structure of
H.264/SVC according to a third embodiment of the present
invention.

[0024] FIG. 6 is a diagram illustrating playback speed
information according to the third embodiment of the present
invention.

[0025] FIG. 7 is a flowchart according to the third embodi-
ment of the present invention.

DESCRIPTION OF THE EMBODIMENTS

[0026] Hereinafter, embodiments of the present invention
will be described with reference to the drawings.

First Embodiment
Configuration of Video Playback Apparatus 100

[0027] A first embodiment of the present invention will be
described. A video playback apparatus according to this
embodiment is an apparatus for playing back video that is
displayed on a display panel having a refresh rate of 60 Hz.
Specifically, a description will be given under the assumption
that the apparatus is a television set including a video record-
ing/playback unit. Of course, the video playback apparatus
according to the present invention may be a broadcast
recorder having a configuration separated from a display
panel.

[0028] Video content to be played back is stream data in an
MPEG2 TS (Transport Stream) format. In the stream data of
MPEG2 TS, video data encoded with H.264/SVC and audio
data are multiplexed. Assume that video data encoded with
H.264/SVC includes video data having a frame rate of 30 fps
and video data having a frame rate of 480 fps that are hierar-
chically encoded. H.264/SVC is an already-known technol-
ogy, and thus the description thereof is omitted here.

[0029] FIG.1isablock diagram illustrating a configuration
of the video playback apparatus 100 according to the first
embodiment. An accumulation unit 101 accumulates stream
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data serving as video content. The stream data is received
through broadcast or communication and is accumulated in
the accumulation unit 101.

[0030] A read control unit 102 reads stream data of MPEG2
TS accumulated in the accumulation unit 101 and outputs it to
a separating unit 103. The separating unit 103 separates video
stream data and audio stream data from each other in the
stream data input thereto, and outputs the video stream data
and the audio stream data to a decoding unit 104. Also, the
separating unit 103 outputs the same video stream data as the
video stream data output to the decoding unit 104 to a frame
rate detecting unit 111.

[0031] The decoding unit 104 decodes the video stream
data and the audio stream data input thereto and outputs the
decoded video data to a combining unit 106 and the decoded
audio data to an audio output unit 105. The decoded video
data output from the decoding unit 104 is video data in units
of frames. The decoding unit 104 controls the frame rate of
the video data in units of frames to 60 fps so that the frame rate
is synchronized with the refresh rate of a display panel. The
frame rate related to playback of the video output from the
decoding unit 104 (referred to as playback frame rate) is
always constant regardless of the frame rate of the input video
data and the playback speed of the video data. In contrast, the
frame rate of video data originally held by the video input to
the decoding unit 104 (referred to as video frame rate) varies
depending on video content.

[0032] Theaudio output unit 105 outputs the decoded audio
data to a speaker. The speaker may be included in the video
playback apparatus or may be separated therefrom.

[0033] The combining unit 106 executes a process of com-
bining graphics data, such as a menu screen output from a
control unit 108, with the decoded video data as necessary. Of
course, when it is unnecessary to combine graphics data, the
decoded video data passes through the combining unit 106. A
video output unit 107 outputs the video data output from the
combining unit 106 to the display panel.

[0034] The control unit 108 is a control unit, such as a CPU
that controls the entire video playback apparatus 100. Par-
ticularly, the control unit 108 controls generation of graphics
data, such as amenu presented to auser, in accordance with an
instruction from the user or an internal state of the video
playback apparatus 100. Also, the control unit 108 executes a
process of generating graphics data and outputs the generated
graphics data to the combining unit 106.

[0035] In a slow playback operation described below, the
control unit 108 notifies a playback speed determining unit
110 that a slow playback button has been pressed after a user
has pressed the slow playback button provided in a remote
control. For a simple description, the control unit 108 is
connected to only the combining unit 106 and the playback
speed determining unit 110 in FIG. 1, but the control unit 108
is also connected to the other functional units via a signal line
not illustrated.

[0036] A remote control signal receiving unit 109 receives
a remote control signal that is input when a user operates the
remote control and that corresponds to an operation instruc-
tion from the user.

[0037] The playback speed determining unit 110 deter-
mines the playback speed of video data and outputs a control
command indicating the determined speed to the decoding
unit 104.

[0038] The frame rate detecting unit 111 analyzes video
data input from the separating unit 103 and detects a value of
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an input video frame rate. A process of detecting a value of a
video frame rate executed by the frame rate detecting unit 111
will be described below.

[0039] The value of the video frame rate detected by the
frame rate detecting unit 111 is input to the playback speed
determining unit 110. The playback speed determining unit
110 outputs a control command indicating a playback speed
to the decoding unit 104 in accordance with the value of the
video frame rate input thereto. When a user inputs an instruc-
tion about special playback, such as fast-forward, fast-re-
wind, or slow playback, via the remote control, the playback
speed determining unit 110 receives a control signal corre-
sponding to the input of the instruction from the control unit
108 that has received the input of the instruction. Then, the
playback speed determining unit 110 determines a playback
speed corresponding to the instruction from the user by using
the received input of the instruction, the video frame rate, and
information about a current playback speed, and outputs it as
a control command to the decoding unit 104.

Process of Playing Back Video Data Using Video Playback
Apparatus 100

[0040] Next, a description will be given about an operation
of playing back video data using the above-described video
playback apparatus 100.

[0041] As described above, assume that stream data of
video content received through broadcast or communication
is accumulated in the accumulation unit 101. When a user
provides an instruction to play back video content via the
remote control, the control unit 108 instructs the read control
unit 102 to read the video content specified by the user from
the accumulation unit 101 in response to the instruction. The
read control unit 102 reads transport stream data of the speci-
fied video content from the accumulation unit 101 on the basis
of the instruction from the control unit 108 and outputs it to
the separating unit 103.

[0042] The separating unit 103 executes a process of sepa-
rating video stream data and audio stream data from each
other in the transport stream data input thereto. The video
stream data separated by the separating unit 103 is input to the
decoding unit 104 and the frame rate detecting unit 111.
[0043] The frame rate detecting unit 111 analyzes the video
stream data input thereto and detects the frame rate of the
video stream data. The value of the detected video frame rate
is input to the playback speed determining unit 110.

[0044] The playback speed determining unit 110 refers to
the value of the video frame rate input thereto and input of an
instruction about a playback speed from the control unit 108
and transmits a control command indicating a playback speed
to the decoding unit 104.

[0045] For example, in a case where the frame rate of the
video stream data is 60 fps and where an instruction about
special playback is not input from the control unit 108 as a
result of analysis on the video stream data, it can be deter-
mined that the user desires playback at the speed equal to the
speed in real time. Thus, video data may be displayed at 1x
speed in order to play back the video data having a video
frame rate of 60 fps at the speed equal to the speed in real time
on a display panel having a refresh rate of 60 Hz. Then, the
playback speed determining unit 110 transmits a control com-
mand for displaying the video data of 60 fps at 1x speed to the
decoding unit 104.

[0046] In response to the control command transmitted
from the playback speed determining unit 110, the decoding
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unit 104 decodes the video stream data into video data in units
of frames and plays back the decoded frame images at the
specified playback speed. Also, the decoding unit 104 outputs
the played back video data to the combining unit 106. In the
case of displaying the video data of 60 fps at the speed equal
to the speed in teal time, 60 frames may be output per second
without a process of thinning decoded frame images or
repeatedly outputting frame images. That is, in this case, the
video frame rate matches the playback frame rate and the
playback speed is 1x speed, and thus a process of thinning or
interpolating frames is unnecessary.

[0047] On the other hand, in the case of playing back video
having a frame rate of 480 fps at the speed equal to the speed
in real time and displaying the video, 480 frames per second
cannot be output as is. Thus, the decoding unit 104 extracts 60
frames from 480 frames per second and outputs the 60 frames
to the combining unit 106. Therefore, in order to play back
video data of 480 fps at the speed equal to the speed in real
time, the playback is performed at 8x speed compared to the
case of displaying all frames at 60 Hz.

[0048] Additionally, in a process of extracting 60 frames, 1
frame is simply extracted from every 8 frames, whereby 60
frames can be extracted from 480 frames at regular intervals.
However, when such a simple method is used, motion infor-
mation in seven frames existing between extracted frames is
lost, so that the video is displayed in frame-by-frame advance.
Then, in order to prevent missing of motion information, the
decoding unit 104 may generate 60 frames from 480 frames
by interpolation. As a generation method used in this case,
various techniques about generating frames that store motion
information can be used.

Control of Slow Playback Speed During Playback of Video

[0049] Next, a description will be given about control dur-
ing a slow playback process, which is a characteristic process
of'the present invention. Note that the slow playback process
in the present invention includes a reverse in a rewind direc-
tion (backward direction) in addition to an advance in a play-
back direction (forward direction). Also, in this embodiment,
slow playback has two selections of ON and OFF. When slow
playback is turned OFF, playback is performed at the speed
equal to real time. A selection between ON and OFF of slow
playback is performed by pressing a slow playback button of
the remote control. That is, when the slow playback button is
pressed during slow playback, control for turning OFF slow
playback is executed.

[0050] Also, it is assumed that video content that is being
played back is encoded with the above-described H.264/SVC
standard, and that video data having two types of frame rates,
480 fps and 30 fps, is included as video data.

[0051] FIG. 2 is a flowchart illustrating control during a
process of playing back video content.

[0052] First,instep S201, a user selects video content accu-
mulated in the accumulation unit 101, and inputs an instruc-
tion to play back the selected video content to the remote
control, whereby the control unit 108 receives the instruction
to play back the video output from the remote control signal
receiving unit 109. Accordingly, the control unit 108 recog-
nizes that the playback button of the remote control has been
pressed.

[0053] Subsequently, the video frame rate of the video con-
tent that is specified to be played back is determined. When
the video content is not content in the form of H.264/SVC or
the like and is video content having a general single frame
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rate, the frame rate of the video content itself is used as the
video frame rate. For example, when the video content has a
single frame rate of 60 fps, the video frame rate is naturally 60
fps. On the other hand, in the case of video content of H.264/
SVC, video data having a plurality of frame rates is encoded
and thus it is necessary to select a video frame rate to be
decoded. Various methods can be used to select a video frame
rate, but a method for causing a user to select a video frame
rate is used to determine a video frame rate to be decoded in
this embodiment. The frame rate of video content can be
obtained by referring to header information of video data of
H.264/SVC by the frame rate detecting unit 111. The control
unit 108 generates a Ul for selecting a frame rate by using
information about this frame rate and causes the display panel
to display it via the combining unit 106. The user selects a
video frame rate to be decoded via the displayed UL

[0054] After the video frame rate has been determined, the
process proceeds to step S203. In step S203, the playback
speed determining unit 110 determines a playback speed
equal to the speed in real time on the basis of the value of the
video frame rate. As described above, in the case of video
content having a video frame rate to be decoded of 60 fps in
the display panel of 60 Hz, the playback speed which is the
speed equal to real time is 1x speed. On the other hand, in the
case of video content of 480 fps, the playback speed which is
the speed equal to real time is 8x speed.

[0055] In step S204, the playback speed determining unit
110 notifies the decoding unit 104 ofthe determined playback
speed. The decoding unit 104 constitutes frame images
obtained by decoding video stream data in 60 {ps correspond-
ing to the refresh rate of the display panel so as to realize the
specified playback speed, and outputs them to the combining
unit 106.

[0056] In step S205, the control unit 108 determines
whether an instruction of slow playback is input from the user
during playback of video at the speed equal to real time. When
determining that an instruction of slow playback is input (Yes
in step S205), the control unit 108 notifies the playback speed
determining unit 110 of that fact.

[0057] In step S206, the playback speed determining unit
110 refers to playback speed information of slow playback
that is predetermined in accordance with the values of video
frame rates and performs a process of determining a playback
speed corresponding to the value of the corresponding frame
rate.

[0058] FIG. 3 is a diagram illustrating the outline of the
playback speed information. The playback speed information
is information that is stored in a storage unit (not illustrated).
In the playback speed information, a plurality of types of
playback speeds in slow playback are associated with respec-
tive values of a plurality of video frame rates that are assumed
to be available in video that can be played back by this video
playback apparatus. Note that the playback speeds indicate
multiplying factors of speed in a case where the speed equal
to real time is 1x speed. The playback speed determining unit
110 determines a playback speed at which slow playback is to
be performed on video that is currently being played back by
using the value of the frame rate of the video that is currently
being played back and the playback speed information of
slow playback stored in the storage unit.

[0059] The reason for varying a playback speed of slow
playback in accordance with a difference in video frame rate
to be decoded is as follows. Video having a high video frame
rate, e.g., video data o 480 fps, has a larger number of frames
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per unit time compared to that of video having a low video
frame rate, e.g., video data of 30 fps. Therefore, in the case of
performing slow playback, video having a higher frame rate is
suitable for playback at a low speed. This is because frames
exist at shorter intervals in video having a larger number of
frames per unit time, and that inter-frame video can be
smoothly played back even when the video is played back at
a low speed. With smoother slow playback at a lower speed,
a user can see video of a moment that is invisible in slow
playback at a general speed. In other words, if slow playback
is performed at a constant slow playback speed regardless of
a difference in frame rate, amerit of a high frame rate of video
that is being played back cannot be sufficiently utilized.

[0060] Naturally, even if video having a low video frame
rate is played back at an extremely low slow playback speed
that is the same as that for ahigh frame rate, display of smooth
slow playback cannot be realized because the original number
of frames is small. That is, by performing slow playback by
using an appropriate slow playback speed according to a
difference in video frame rate, slow playback video that is
more attractive for a user can be presented.

[0061] In a case where the value of a video frame rate of
video that is currently being played back is 60 fps, V2x speed
with respect to real time is specified as a playback speed at the
time of slow playback in the playback speed information.
Then, the playback speed determining unit 110 transmits, to
the decoding unit, a control command for providing an
instruction to perform playback at Y2x speed. That is, 60
frames are played back in two seconds, and thus 1 frame is
repeatedly displayed twice. In a case where the value of a
video frame rate of video that is being played back is 480 fps,
the playback speed determining unit 110 transmits, to the
decoding unit, a control command for providing an instruc-
tion to perform playback at Yiex speed with respect to real
time. Video having a frame rate of 480 fps is played back at 8x
speed as the speed equal to real time. Thus, when the video is
played back at Yiex speed with respect to real time, which
means the video is played back at Y/2x speed. This corresponds
to displaying 480 frames per second in 16 seconds, and 1
frame is repeatedly displayed twice.

[0062] Instep S207, the decoding unit 104 executes selec-
tion and interpolation of output frames of video data that is
currently being played back, and adjustment of output timing
so as to realize the playback speed that is notified of using the
control command transmitted from the playback speed deter-
mining unit 110. Accordingly, the slow playback video cor-
responding to the video frame rate can be adaptively provided
to the user.

[0063] In step S208, the control unit 108 determines
whether an instruction to stop slow playback has been input
via the remote control or not. If the control unit 108 deter-
mines that an instruction to stop slow playback has been
input, the process returns to step S204, where a control com-
mand is issued to the decoding unit 104 so as to perform
switching to playback at the playback speed determined by
the playback speed determining unit 110 in step S203.

[0064] In step S209, the control unit 108 determines
whether an instruction to stop playback of the video is input
during slow playback or during playback at the speed equal to
real time or not. If the control unit 108 determines that an
instruction to stop playback of the video has been input, the
control unit 108 provides an instruction to stop playback of
the video to individual functional units, such as the read
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control unit 102 and the decoding unit 104, and executes
control so that no video is displayed on the display panel.
[0065] With the above-described process, the speed of slow
playback is adaptively set in accordance with the frame rate of
video content that is being played back, so that slow playback
suitable for the video content can be performed.

Second Embodiment

[0066] Next, a second embodiment of the present invention
will be described. In the above-described first embodiment, a
preferable slow playback speed is predetermined in accor-
dance with the video frame rate of video data, and slow
playback is performed by setting a slow playback speed in
accordance with the value of the video frame rate of the video
that is being played back at the execution of slow playback.

[0067] In contrast, this embodiment is characterized by
performing slow playback by selecting video data having a
video frame rate that is more suitable for slow playback at the
execution of slow playback of video data in which a plurality
of video frame rates can be freely selected. An example of
video data in which a plurality of video frame rates can be
freely selected includes video data that is encoded in the
H.264/SVC standard, but this embodiment is not limited
thereto. For example, two independent video streams having
different frame rates may be played back while switching
therebetween by synchronizing the playback positions
thereof. In any case, the video playback apparatus according
to the second embodiment is an apparatus capable of playing
back video data having any one video frame rate among a
plurality of pieces of video data having the same content and
different values of video frame rates.

[0068] The configuration of the video playback apparatus
according to the second embodiment is similar to the configu-
ration of the video playback apparatus according to the first
embodiment illustrated in FIG. 1, and thus the description
thereof is omitted.

[0069] FIG. 4 is a flowchart illustrating control in a process
of playing back video content according to the second
embodiment.

[0070] The control in steps S401 to S405 is equal to that in
steps S201 to S205 in the flowchart in FIG. 2 according to the
above-described first embodiment, and thus the description
thereof is omitted.

[0071] In step S406, the frame rate detecting unit 111
detects the value of the highest video frame rate in video
content that is being played back. Substantially, frame rate
information is detected in step S402, and thus it is preferable
to store a detection result at the time and use the information
in step S406.

[0072] A specific method for detecting a video frame rate
will be described. FIG. 5 is a diagram illustrating a data
structure of H.264/SVC. Video data of H.264/SVC is formed
of the unit called “sequence”. The sequence includes an SPS
(sequence parameter set) and an AU (access unit). The SPS is
a header in which information about encoding of a sequence
is described. The AU is data obtained by encoding video
itself.

[0073] In H.264/SVC, a plurality of SPSs can be arranged
in one sequence as a mechanism of encoding multilayer
video. That is, when decoding is performed by using an SPS
in which low frame rate information is described, decoding
can be performed to obtain video having a first frame rate,
which is a low frame rate. In contrast, when an AU is decoded
by using an SPS in which high frame rate information is
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described, decoding can be performed to obtain video having
a second frame rate, which is a high frame rate.

[0074] The frame rate detecting unit 111 detects the value
of the highest frame rate in the frame rate information of a
plurality of SPSs. In the case of FIG. 5, 480 fps is detected.
This is a process that is performed to detect video data having
a video frame rate more suitable for a slow playback process
as video data on which a slow playback process is to be
executed.

[0075] The value of the video frame rate detected by the
frame rate detecting unit 111 in step S406 is transmitted to the
playback speed determining unit 110.

[0076] In step S407, the playback speed determining unit
110 determines a slow playback speed by using the value of
the highest frame rate. This determination process is executed
by referring to the playback speed information according to
the above-described first embodiment. For example, since the
highest frame rate is 480 fps, the slow playback speed is
determined to be Yiex speed.

[0077] In step S408, the playback speed determining unit
110 determines whether the video that is currently being
played back is obtained by decoding the video having the
highest frame rate detected in step S406 or not. Information
about the video frame rate of the video that is currently being
played back is obtained in step S403 when the playback speed
is determined. By storing the information in the storage unit,
the information can be used in step S408.

[0078] If the playback speed determining unit 110 deter-
mines that the frame rate of the video that is currently being
played back is equal to the highest frame rate, the process
proceeds to step S410. If the playback speed determining unit
110 determines that the frame rate is not equal to the highest
frame rate, the process proceeds to step S409.

[0079] In step S409, the playback speed determining unit
110 instructs the decoding unit 104 to change the video frame
rate to be decoded to the highest frame rate. Specifically, the
playback speed determining unit 110 outputs, to the decoding
unit 104, a command of ordering decoding AU using SPS of
480 fps.

[0080] In step S410, the decoding unit 104 executes selec-
tion and interpolation of output frames of video data that is
currently being played back, and adjustment of output timing
s0 as to realize the playback speed that is notified of using the
control command transmitted from the playback speed deter-
mining unit 110. Accordingly, slow playback video corre-
sponding to each frame rate can be provided to the user.
[0081] Inthis embodiment, a control command of specify-
ing the slow playback speed determined in step S407 is trans-
mitted from the playback speed determining unit 110 to the
decoding unit 104. This command includes an instruction to
perform playback at “1ex speed with respect to the real time.
In accordance with this instruction, the decoding unit 104
decodes video data so that the frame rate thereof is 480 fps,
and executes a process of playing back the decoded video data
at a playback frame rate of 60 fps, in order to play back the
decoded video data at Viex speed. A method for realizing Yiex
speed has been described in the first embodiment, and thus the
description thereof is omitted in this embodiment.

[0082] The process in steps S411 to S413 is similar to that
in steps S208 to S210 described in the first embodiment, and
thus the description thereof is omitted.

[0083] Step S414 is a process of instructing the decoding
unit 104 to change the frame rate to the video frame rate
determined in step S402 so as to perform again playback at
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the speed equal to the real time when the control unit 108
receives input of an instruction to stop slow playback in step
S411. If the video frame rate is the highest frame rate before
slow playback is performed, which means that the video
frame rate determined in step S402 is the highest frame rate,
and thus it is unnecessary to execute the process in step S414.
After the process in step S414, the process returns to step
S403.

[0084] According to this embodiment, in a case where
video can be played back by selecting an arbitrary video
frame rate from among a plurality of video frame rates, a
video frame rate suitable for slow playback can be selected,
and slow playback can be performed at a playback speed
suitable for the video frame rate.

[0085] In this embodiment, a slow playback process is
executed by using video data having a value of the highest
video frame rate. Alternatively, video data having a value of a
frame rate higher than the value of the frame rate of video data
that is being played back at the speed equal to real time may
be used. This is because, when slow playback at the same
slow playback speed is performed on pieces of video data
having a value of a frame rate higher than that of video data
that is being played back at the speed equal to real time,
smoother slow playback can be performed on the one having
a higher frame rate.

[0086] In each of the above-described embodiments, the
frame rate detecting unit 111 detects the value of a frame rate
from video data, but may detect the value from metadata
about the video. Specifically, the value of the frame rate may
be detected from section data that is multiplexed on MPEG2
TS. In this case, the separating unit 103 separates section data,
such as PSI/SI, from MPEG2 TS and outputs it to the frame
rate detecting unit 111. The frame rate detecting unit 111 may
analyze the input section data to detect the value of the frame
rate.

[0087] Additionally, in each of the above-described
embodiments, determination of a slow playback speed is
executed by referring to the predetermined playback speed
information. Alternatively, a slow playback speed may be
obtained through calculation using the value of a frame rate.
For example, a slow playback speed can be determined by
dividing a predetermined value by the value of an obtained
video frame rate. For example, the predetermined value is 30.
This value is defined as the number of frames of video dis-
played per second during slow playback. That is, it is defined
that playback is performed using 30 frames per second at any
video frame rate. When the video frame rate is 60 fps,
30+60=V2, and thus slow playback is executed at /2x speed.
On the other hand, when the video frame rate is 480 fps,
30+480=V1¢, and thus slow playback is executed at %16 speed.
In this way, a slow playback speed corresponding to a video
frame rate can be determined in a calculation process.

Third Embodiment

[0088] Next, a third embodiment of the present invention
will be described. In the above-described first and second
embodiments, one slow playback speed is set in accordance
witha video frame rate. However, a plurality of slow playback
speeds can be set, and a slow playback speed can be changed
by a user operation.

[0089] FIG. 6 is playback speed information specifying
slow playback speeds that are predetermined in accordance
with respective video frame rates. A plurality of slow play-
back speeds are specified compared to the playback speed
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information illustrated in FIG. 3. Also, initial slow playback
speeds, which are set as default slow playback speeds when
execution of slow playback is started in a state where play-
back is performed at the speed equal to real time, are sepa-
rately specified.

[0090] For example, in the case of performing slow play-
back on video data having a video frame rate of 480 fps, the
slow playback speed that is first specified by the playback
speed determining unit 110 to the decoding unit 104 is Yiex
speed with respect to the real time. When a user performs a
predetermined operation via the remote control while slow
playback at Yiex speed is being executed, a slow playback
speed other than Viex speed (V2x speed, Yax speed, Ysx speed,
or Y44x speed) can be selected.

[0091] Selection of a slow playback speed can be realized
with a configuration in which a slow playback speed is
sequentially switched in a low-speed direction or a high-
speed direction when a user presses the slow playback button
of the remote control. When the slow playback button is
pressed again after Y4x speed is selected, switching is per-
formed so that slow playback is performed at Y24x speed, so
that a slow playback speed desired by the user can be selected
with a simple operation.

[0092] FIG.7is aflowchart illustrating switching control of
slow playback speeds. This flowchart corresponds to an inter-
nal process that is executed in step S207 of the flowchart in the
first embodiment illustrated in FIG. 2 and step S410 of the
flowchart in the second embodiment illustrated in FIG. 4.
[0093] Additionally, assume that an initial slow playback
speed in a determined video frame rate is selected and slow
playback is executed in step S206 or step S407, which are
steps before control according to this flowchart is executed.
For example, in the first embodiment, when the video frame
rate of video that is being played backis 60 fps, slow playback
is performed at Y2x speed. In the second embodiment, when
the highest frame rate is 480 fps, slow playback is performed
at Viex speed.

[0094] In step S701, the control unit 108 determines, in
accordance with a notification from the remote control signal
receiving unit 109 that receives a remote control signal,
whether a user has input an instruction to change the slow
playback speed via the remote control or not. If the control
unit 108 determines that the instruction to change the slow
playback speed has been received, the control unit 108 noti-
fies the playback speed determining unit 110 of the informa-
tion.

[0095] In step S702, the playback speed determining unit
110 refers to the playback speed information illustrated in
FIG. 6 stored in the storage unit for the video frame rate of the
video on which slow playback is being executed.

[0096] In step S703, the playback speed determining unit
110 determines, by using the playback speed information that
was referred to, whether another slow playback speeds dif-
ferent from a playback speed of current slow playback is set
for the video frame rate of the video on which slow playback
is being executed. As a result of the determination in step
S703, if it is determined that another slow playback speed
does not exist, the process proceeds to step S706. The play-
back speed determining unit 110 notifies the control unit 108
of information for providing an instruction to combine a Ul
indicating that the slow playback speed is unchangeable with
the video. The control unit 108 that has received the informa-
tion generates a Ul indicating that the slow playback speed is
unchangeable and outputs it to the combining unit 106. The
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combining unit 106 combines the Ul generated by the control
unit 108 with the video that has been input to the combining
unit 106.

[0097] If the playback speed determining unit 110 deter-
mines in step S703 that another slow playback speed different
from the playback speed of the current slow playback is set,
the process proceeds to step S704.

[0098] In step S704, the playback speed determining unit
110 selects a slow playback speed that is to be selected next to
the current slow playback speed in accordance with a selec-
tion order of the slow playback speeds specified in the play-
back speed information. The information about the selection
order is not illustrated in the playback speed information in
FIG. 6, but preferably the selection order is ascending order of
slow playback speed. Thus, in a case where a currently
selected slow playback speed is “16x speed in a video frame
rate of 480 fps, the slow playback speed that should be
selected next to this playback speed is Ysx speed.

[0099] In step S705, the playback speed determining unit
110 transmits a control command to the decoding unit 104 so
as to play back video data at the slow playback speed deter-
mined in step S704.

[0100] In this embodiment, a plurality of slow playback
speeds suitable for a video frame rate are set in accordance
with the value of a video frame rate, and a user is allowed to
arbitrarily select a slow playback speed. Accordingly, a video
playback apparatus having an increased convenience for a
user can be provided. Also, even in a case where a plurality of
slow playback speeds exist, an initial slow playback speed
that is applied at the transition to slow playback is set as a slow
playback speed suitable for a frame rate of video. Accord-
ingly, slow-motion video having a slow playback speed suit-
able for the frame rate can be presented to a user without
changing the slow playback speed a number of times.
[0101] Inaddition, the elements and processes described in
each of the above-described embodiments may be loaded as
hardware, software, or the combination thereof. The software
(program) for loading part or all of those elements and pro-
cesses, and a storage medium storing the software are
included in the scope of the present invention.

[0102] As described above, according to the present inven-
tion, a video playback apparatus capable of adaptively setting
a speed of slow playback in accordance with the frame rate of
video content that is being played back and performing slow
playback suitable for the video content, and a method for
controlling the same can be provided.

[0103] While the present invention has been described with
reference to exemplary embodiments, it is to be understood
that the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.

1. A video playback apparatus capable of performing a
slow playback process on video data accumulated in an accu-
mulation unit, the video playback apparatus comprising:

adetecting unit that detects a value of a frame rate of video

data;

adetermining unit that determines, on the basis of the value

of the frame rate detected by the detecting unit, a slow
playback speed used for performing slow playback on
the video data having the frame rate; and

a playback unit that executes a slow playback process on

the video data by using the slow playback speed deter-
mined by the determining unit.
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2. The video playback apparatus according to claim 1,
wherein the video playback apparatus is capable of playing
back video data at a speed equal to a speed in real time,
and selecting, from among a plurality of pieces of video
data having same content and different values of video
frame rates, a piece of video data having any one of the
video frame rates to play back the piece of video data,

wherein the detecting unit detects, at execution of a slow
playback process, whether there exists video data that
has a value of a frame rate higher than a value of a frame
rate of video data being played back at a speed equal to
a speed in real time and that has same content as the
video data being played,

wherein the determining unit determines, if the detecting

unit detects that there exists video data that has a higher
frame rate and that has same content as the video data
being played, a slow playback speed used for perform-
ing slow playback on the video data on the basis of the
value of the frame rate of the video data, and

wherein the playback unit executes a slow playback pro-

cess on the video data that has the higher frame rate by
using the slow playback speed determined by the deter-
mining unit.
3. The video playback apparatus according to claim 1,
wherein the determining unit determines the slow playback
speed of the video data on which a slow playback pro-
cess is to be executed by using playback speed informa-
tion in which at least one slow playback speed suitable
for performing slow playback is associated with each of
a plurality of values available as the frame rate of video
data.
4. The video playback apparatus according to claim 3,
wherein, in a case where a plurality of slow playback
speeds are associated with a value available as the frame
rate of video data in the playback speed information, the
plurality of slow playback speeds are slow playback
speeds that can be selected in accordance with input of
an instruction from a user at a time of slow playback of
video data having an associated frame rate.
5. A method for controlling a video playback apparatus
capable of performing a slow playback process on video data
accumulated in an accumulation unit, the method comprising
steps of:
detecting a value of a frame rate of video data;
determining, on the basis of the detected value of the frame
rate, a slow playback speed used for performing slow
playback on the video data having the frame rate; and

executing a slow playback process on the video data by
using the determined slow playback speed.
6. The method for controlling a video playback apparatus
according to claim 5,
wherein the video playback apparatus is capable of playing
back video data at a speed equal to a speed in real time,
and selecting, from among a plurality of pieces of video
data having same content and different values of video
frame rates, a piece of video data having any one of the
video frame rates to play back the piece of video data,

wherein in the step of detecting, at execution of a slow
playback process, whether there exists video data that
has a value of a frame rate higher than a value of a frame
rate of video data being played back at a speed equal to
a speed in real time and that has same content as the
video data being played is detected,
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wherein in the step of determining, if video data having a
higher frame rate and having same content as the video
data being played exists, a slow playback speed used for
performing slow playback on the video data is deter-
mined on the basis of the value of the frame rate of the
video data, and

wherein in the step of executing, a slow playback process is
executed on the video data that has the higher frame rate
by using the determined slow playback speed.

7. The method for controlling a video playback apparatus

according to claim 5,

wherein in the step of determining, the slow playback
speed of the video data on which a slow playback pro-
cess is to be executed is determined by using playback
speed information in which at least one slow playback
speed suitable for performing slow playback is associ-
ated with each of a plurality of values available as the
frame rate of video data.

8. The method for controlling a video playback apparatus

according to claim 7,

wherein, in a case where a plurality of slow playback
speeds are associated with a value available as the frame
rate of video data in the playback speed information, the
plurality of slow playback speeds are slow playback
speeds that can be selected in accordance with input of
an instruction from a user at a time of slow playback of
video data having an associated frame rate.
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9. A video playback apparatus capable of playing back
video data, the video playback apparatus comprising:

aplayback unit that is capable of performing slow playback
by using slow playback speeds, each of which is deter-
mined in accordance with the type of frame rate of video
data,

wherein the slow playback speeds are determined so that

slow playback at a slow playback speed corresponding
to a second frame rate can be performed at a lower speed
than slow playback at a slow playback speed corre-
sponding to a first frame rate, the second frame rate
being higher than the first frame rate.

10. A method for controlling a video playback apparatus
capable of playing back video data, the method comprising a
step of:

performing slow playback by using slow playback speeds,

each of which is determined in accordance with the type
of frame rate of video data,

wherein the slow playback speeds are determined so that

slow playback at a slow playback speed corresponding
to a second frame rate can be performed at a lower speed
than slow playback at a slow playback speed corre-
sponding to a first frame rate, the second frame rate
being higher than the first frame rate.
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