US 20120314967A1

a2 Patent Application Publication (o) Pub. No.: US 2012/0314967 A1l

a9 United States

Suzuki

43) Pub. Date: Dec. 13, 2012

(54) REPRODUCTION APPARATUS

Publication Classification

(51) Imt.CL
GO6K 9/36 (2006.01)
(75) Inventor: Toshihiko Suzuki, Yokohama-shi HO4N 5/225 (2006.01)
p) (52): U.S. CL .ovevisvs. 382/238; 348/207.99; 348/E05.024
(57) ABSTRACT
(73) Assignee: CANON KABUSHIKI KAISHA, A reproduction apparatus includes a reproduction unit that
Tokyo (JP) reproduces plural moving image data having different frame
rates from a recording medium, an output unit that outputs the
reproduced moving image data to a display device, a setting
unit that sets one of a first and a second reproduction modes,
(21) Appl. No.: 13/492,275 and a control unit that controls the output unit to select some
of frames of the reproduced moving image data and output
moving image data of the selected frames according to an
. instruction for high-speed reproduction. In the first reproduc-
() Filed: Jum; i, 2012 tion mode, the control unit selects frames at a predetermined
frame interval according to reproduction speed for the high-
speed reproduction. In the second reproduction mode, the
(30) Foreign Application Priority Data control unit selects frames at a frame interval determined
based on the reproduction speed for the high-speed reproduc-
Jun: 132011 (P) semswmssmmmemmmsmn 2011-131421 tion and a frame rate of the reproduced moving image data.
160
-
101 102 103 104
~ ~ g ~
IHAGE - SIGNAL
CAPTURING s [he MENORY PROCESS 16
URIT T
X ]
13
Y 3 ' ' o
} A
105 107 103 i1 112
e \ -~ y y y
D1SPLAY CONTROL REponD o £y AUDIO OUTPUT EXTERNAL
GONTROL UNIT URET URIT HNET
. b
106 108 110
Y~ Z Z
DISPLAY OPERATION RECORDING
UNIT UNIT MEDIUY
1 SAMSUNG 1007



US 2012/0314967 Al

Dec. 13,2012 Sheet 1 of 10

Patent Application Publication

W aan LIND 1
ON003Y MO L¥93d0 AV1dSia
-~ 4 ~ ~ A
o1 301 301
4 4 \

41 LI L ¢ o LING IOULNDD
EINE 141N 0100V iy oegead RARS
P A ~ A - Iy - A ~ A

711 i 601 (101 501
\ 4 \ A\ Y A\
~ A A A A
£l
\ Y \ 4
ﬁamwmmwmwm RHONN 4100 mzmmmwmmw
B T Hidht DianY JOVH
01 £01 201 101
\
001




Patent Application Publication = Dec. 13,2012 Sheet 2 of 10 US 2012/0314967 A1

¥ —

s
o £33
o o
o o0
o ot
S oo
o0 3.
o T
oo weevey
- £
31_3__ &
- ]
-~ m P‘“
o Fre
- & )

4
b o ers
o0 £
g
< £L3 &\ e
& \_

; =g
& N
L
= S
]

o
o 3.
o £
]
ey &
oy LN
m A,




Patent Application Publication = Dec. 13,2012 Sheet 3 of 10 US 2012/0314967 A1

-~

7 REPRODUCTION o l

e
MODE?
\\\ “’J /

o

YES

5303

-

Ve

PROCGESSING IN SECOND
REFRUBUGTION MODE

PROCESSING IN FIRST

REPROBUCTION MODE ~$302
S END j)




Patent Application Publication = Dec. 13,2012 Sheet 4 of 10 US 2012/0314967 A1
BTG, 47 (FIRST REPRODUCTION MODE )
SET ALL FRAVES 5401
AS DISPLAY FRAMES -
ss»é%% {3}
DETECT FRAME RATE FR |._canp
OF NOVING IMAGE ’
5403
- ND :
R = 60 D
YES =
REPRODUCE AND DRCODE DATA 1~ 5404

'

QUTPUT ALL FRAMES OF
REPRODUCED MOVING
[MAGE AND SOUND

- S405

\

HiG

oN__—

S407

2408
H-SPEED YES
REFRG%?@?& E

oS40
|
HiGH-SPEED
REPRODUCT 10N
PROCESSING

ES AGE FILE BLEN REPRODUCED
& - -
$410 TO THE END? "
SELECT NEXT
SCENE A
Rgg;§§é§%saw? =
VES ¢}

STOP REPRODUCTIO
MOVING I1MAGE FIL

S

{ RETURH

5

N OF
£




Patent Application Publication

FI1G. 4B

D

Dec. 13,2012 Sheet 5 of 10 US 2012/0314967 Al

REPRODUCE AND
BECODE DATA

~ 5412

é

QUTPUT ALL FRAMES OF
REPORODUGED MOVING TWAGE

~ 5413

YES

5432 é vvvvvvvvvvvvvv

HiGH-SPEED
REPRODUCTION
iy f'_,,ﬂﬂ"'“

HiGH-SPEED
REPRODUCT 1 ON
PROCESSING

HAS MOVING

WAGE FILE DEEN REPRODUCED

<
T4 THE END?
////

YES
5418
fJ

NG
B

KO M,/ STOP

SELECT NEXT
SCENE

5418

REPROBUCTION?

|




Patent Application Publication = Dec. 13,2012 Sheet 6 of 10 US 2012/0314967 A1
s pa - ) ™
Fl1G. 5A QSEEQNE} REPRODUCTION MQE}EJJ
- ©)
DETECT FRAMEC RATE FR o S501
OF BMOVING ITMAGE Y
SET INTERVAL OF FRAMES —_S502
10 BE DISPLAYED TO FR/80
Sh03
? S
YES =
REPRODUCE AND DECODE DATA 5504
QUTPUT REPRODUCED MOVING  sson
{MAGE AND SOURD
#mwﬁmwxh $506
ol
1 GH-SPEED B
REPRODUCTION__— P
' HiGH-SPEED

—TAS HOVING

5

e |MABE FILE BEEN REPROBUCED
T0O THE END?

REPRODUCT 1ON
PROCESS NG

$510
—
SELECT NEXT 0
SCENE <508
] STOP !

0

REPRODUCT EON?

STOP REPRODUCTION OF
MOVING TMAGE FILE

{ RETURN }

7




Patent Application Publication

Dec. 13,2012 Sheet 7 of 10

FiG. 5B

D

]

g

REPRODUGE AND

DECODE DATA ~~ 3512
QUTPUT 1MAGES OF
SELECTED FRAMES OF - S513
DECODED MOVING INAGE

SotT

Ve i GH-SPEED
vvvvvvvvvvvvvvvvvvvv REPRODUCT 1 0Y
- (P

HIGH-SPEED
REPRODUGTION
PROCESHING

US 2012/0314967 Al

O M,/’/ STOP

SELECT NEXT
SCGERE

REPRODUCT 1ON?




Patent Application Publication = Dec. 13,2012 Sheet 8 of 10

FI1G. 6

" HIGH-SPEED REPRODUCTION )
PROCESS NG J

e

i
i
i
i
H
;‘

SET INTERVAL OF FRAMES | cpa
TG BE DISPLAYED TO M

US 2012/0314967 Al

T
1
i
H
i
1o
i
i
H
E‘

REPRODUCE AND DECODE - SE0D
FRAMES 1O BE DISPLAYED

H
b
H
H
H
3
H
H
E‘

QUTPUT DECODED
HOVING IMAGE -~ 5603

|

T
ST0P e
" K GH-SPEED ‘\\%M%G

“\KxREPRGBﬁGTiON P
\\\ ':3 fff
"-\.?.»-""
YES
-
(" RETURN j)

e,




Patent Application Publication

HIGH-SPEED REPRODUGT (0N
PROCESS NG Y,

-~

Dec. 13,2012 Sheet 9 of 10

US 2012/0314967 Al

FIG. 7

i
¥

oLl INTERVAL OF FRAMES
10 BE DISPLAYED
70 FR/60 = M

"

REPRODUCE AND DECODE
FRANES 1O Bb DISPLAYED

:

QUTPUT SELECTED FRAMES
OF DECODED MOVING IMAGE

,Lgy\\ §704

"~

HAS
//f” MﬂViNG FMAGE \‘\\\
< FILE BEEN REPR%&QSEQ -
10 THE END .
\\ ’) ‘,f-'*‘/
%Q

-~ §701

~ 5702

~- 9103

3706

ot
/-

;

SELECT NEXT SCENE
$ 5707

X suos

DETECT FRAME RATE PR
OF MOVING 1MAGE

L STGP““\Q\
H1GH-SPEED
~\\\RE?RC§QST58ﬁﬂ,f

\\\M
L YES
‘?

(" RETURN )

"'\-..

10




Patent Application Publication = Dec. 13,2012 Sheet 10 of 10  US 2012/0314967 A1

240 sec

¥

FIG. 8
1

o
&
(e
N 3 o~
&
\\
—

a0fos

[ I

1/8G sen

11



US 2012/0314967 Al

REPRODUCTION APPARATUS

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a reproduction
apparatus, and more particularly to a technology suitably
used to perform a search reproduction of a plurality of moving
images having different frame rates in succession.

[0003] 2. Description of the Related Art

[0004] Video cameras for capturing and recording a mov-
ing image on a recording medium have been known hereto-
fore. Apparatuses that can record moving images with differ-
ent frame rates (the numbers of frames per unit time) have
also been discussed in recent years (for example, Japanese
Patent Application Laid-Open No. 2000-125210). Moving
images captured at different frame rates can be reproduced at
a fixed frame rate to provide a slow motion effect and/or a fast
motion effect.

[0005] Forexample, if a moving image captured at a frame
rate of 120 frames per second (fps) is reproduced at 60 fps, the
display interval of frames becomes longer than when cap-
tured. Such reproduction provides a slow motion effect ofhalf
speed. A moving image captured at 30 fps can be reproduced
at 60 fps to provide a double-speed fast motion effect.
[0006] A movingimage recorded atahigh frame ratecanbe
reproduced in real time by displaying the moving image at the
same frame rate as when recorded, or by thinning out the
frames of the reproduced moving image and displaying the
resultant at a low frame rate.

[0007] For example, if a moving image captured at a frame
rate of 120 fps is reproduced and displayed at a frame rate of
120 fps, the timing of the displayed frames coincides with the
display timing during image capturing. If a moving image
captured at a frame rate of 120 fps is reproduced and every
other frame is thinned out before the resultant is displayed at
a frame rate of 60 fps, the timing of the displayed frames
coincides with the display timing during image capturing.
[0008] As mentioned above, a moving image captured and
recorded at a high frame rate can be reproduced at a normal
frame rate (60 fps) to provide a slow effect. Fast-forward
reproduction of a moving image having a high frame rate,
however, results in lower reproduction speed (update period
of the displayed screen) than with a moving image having a
normal frame rate.

[0009] Consequently, there has been a problem of poor
usability to a user who wishes to quickly find a desired screen
by fast-forward reproduction.

SUMMARY OF THE INVENTION

[0010] The present invention is directed to a reproduction
apparatus capable of improving usability of high-speed
reproduction of moving images having different frame rates.
[0011] According to an aspect of the present invention, a
reproduction apparatus includes a reproduction unit config-
ured to reproduce moving image data from a recording
medium on which the moving image data is recorded, an
output unit configured to output the moving image data repro-
duced by the reproduction unit to a display device, a setting
unit configured to set one of a first reproduction mode and a
second reproduction mode, and a control unit configured to
control the output unit to select some frames of the moving
image data reproduced by the reproduction unit and to output
moving image data of the selected frames according to an

Dec. 13, 2012

instruction for high-speed reproduction, wherein the control
unit selects, in the first reproduction mode, frames to be
output for the high-speed reproduction at a predetermined
frame interval according to reproduction speed for the high-
speed reproduction, and selects, in the second reproduction
mode, frames to be output for the high-speed reproduction at
a frame interval determined based on the reproduction speed
for the high-speed reproduction and a frame rate of the mov-
ing image data reproduced by the reproduction unit.

[0012] Further features and aspects of the present invention
will become apparent from the following detailed description
of exemplary embodiments with reference to the attached
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The accompanying drawings, which are incorpo-
rated in and constitute a part of the specification, illustrate
exemplary embodiments, features, and aspects of the inven-
tion and, together with the description, serve to explain the
principles of the invention.

[0014] FIG. 1 is a block diagram illustrating an example
configuration of an imaging apparatus according to an exem-
plary embodiment of the present invention.

[0015] FIG. 2 is a diagram illustrating a configuration of
moving image data to be coded.

[0016] FIG. 3 is a flowchart illustrating processing during
reproduction.
[0017] FIG. 4 (including 4A and 4B) is a flowchart illus-

trating processing in a first reproduction mode.

[0018] FIG. 5 (including 5A and 5B) is a flowchart illus-
trating processing in a second reproduction mode.

[0019] FIG. 6 is a flowchart illustrating processing during
high-speed reproduction in the first reproduction mode.
[0020] FIG. 7 is a flowchart illustrating processing during
high-speed reproduction in the second reproduction mode.
[0021] FIG. 8 is a diagram illustrating screens to be dis-
played during high-speed reproduction.

DESCRIPTION OF THE EMBODIMENTS

[0022] Various exemplary embodiments, features, and
aspects of the invention will be described in detail below with
reference to the drawings.

[0023] FIG. 1 is a block diagram illustrating an example
configuration of an imaging apparatus 100 according to an
exemplary embodiment ofthe present invention. The imaging
apparatus (video camera) 100 of the present exemplary
embodiment records moving images and sound according to
a predetermined recording format. Moving images and other
information recorded on a recording medium are managed as
files according to a File Allocation Table (FAT) file system.
[0024] The imaging apparatus 100 can change the frame
rate (the number of frames per unit time) of a moving image
to be captured to anyone of 60 fps, 120 fps, and 240 fps. The
imaging apparatus 100 reproduces and displays recorded
moving images at 60 fps.

[0025] InFIG. 1, an image capturing unit 101 captures an
image of an object, and generates and outputs moving image
data corresponding to the object. The image capturing unit
101 includes an optical system such as a zoom lens and a
focus lens, a complementary metal oxide silicon (CMOS)
sensor or the like, an iris, an AD converter for converting
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captured moving image data into digital data, and a process-
ing circuit for applying necessary processing to captured
moving image data.

[0026] An audio input unit 102 includes a microphone, an
amplifier, and an AD converter. The audio input unit 102
acquires sound from an object and outputs audio data. A
memory 103 stores moving image data output from the image
capturing unit 101, audio data output from the audio input
unit 102, image signals for displaying, compressed moving
image data, and other information.

[0027] During recording, a signal processing unit 104
applies coding processing according to a known Moving Pic-
ture Experts Group (MPEG) method to captured moving
image data and audio data. The signal processing unit 104
thereby compresses the amount of information of such data,
and stores the resultant into the memory 103. During repro-
duction, the signal processing unit 104 decodes reproduced
moving image data and audio data to decompress the amount
of information.

[0028] A display control unit 105 outputs moving images
and various types of information to a display unit 106 accord-
ing to instructions from a control unit 107. The display unit
106 includes a known display device such as a liquid crystal
panel.

[0029] The control unit 107 includes a microcomputer
(central processing unit (CPU)) and other necessary memo-
ries. According to a program stored in a nonvolatile memory
(not-illustrated), the control unit 107 controls the operation of
various components of the imaging apparatus 100 based on
instructions from an operation unit 108.

[0030] The operation unit 108 includes various types of
switches including a user-operable power switch, a trigger
switch for instructing to start and stop capturing a moving
image, a reproduction switch, and a menu switch. The control
unit 107 accepts user instructions input through the operation
unit 108. The user may operate a menu switch to display a
menu screen on the display unit 106. The user may change an
operation mode of the imaging apparatus 100 and change
settings by using the menu screen.

[0031] A recording and reproduction unit 109 records mov-
ing image data, audio data, and various information on a
recording medium 110, and reproduces moving image data,
audio data, and various information from the recording
medium 110 according to instructions from the control unit
107. The recording medium 110 is a randomly accessible
recording medium such as a memory card and a hard disk
drive (HDD).

[0032] Inthepresentexemplary embodiment, the recording
medium 110 is a replaceable memory card with a built-in
flash memory. The user can easily load and eject the recording
medium 110 into/from the imaging apparatus 100 by using a
loading and ejecting mechanism (not-illustrated).

[0033] An audio output unit 111 includes a speaker and an
amplifier. The audio output unit 111 outputs reproduced
sound. An external interface (IF) 112 communicates moving
images, audio data, and other information with external
devices such as a personal computer (PC) and an external
display device. An internal bus 113 is used to transfer various
types of data and commands between the components of the
imaging apparatus 100.

[0034] Next, recording processing of the imaging appara-
tus 100 will be described. When the imaging apparatus 100 is
powered on through the operation unit 108, the control unit
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107 controls each unit to store moving image data obtained by
the image capturing unit 101 into the memory 103.

[0035] The control unit 107 sets a frame rate to 60 fps, and
controls the image capturing unit 101 to output captured
image data. The control unit 107 then outputs a moving image
of'an object according to the moving image data stored in the
memory 103 to the display unit 106 for displaying, and enters
a recording standby state.

[0036] Inthe recording standby state, the user may operate
the operation unit 108 to set the frame rate of a moving image
to be captured to any one of the plurality of frame rates
mentioned above. The user is not allowed to change the frame
rate of the moving image to be captured between the start and
end of image capturing.

[0037] If an instruction to start recording is given from the
operation unit 108 in the recording standby state, the control
unit 107 checks the current setting of the frame rate. The
control unit 107 instructs the image capturing unit 101 to
generate moving image data at the set frame rate. The control
unit 107 also instructs the signal processing unit 104 to code
the moving image data generated by the image capturing unit
101 and audio data.

[0038] In the present exemplary embodiment, the signal
processing unit 104 codes the generated moving image
according to an MPEG method. In MPEG methods, each
frame of a moving image is coded by using any one of
intraframe coding (I-frame), interframe forward predictive
coding (P-frame), and interframe bidirectional predictive
coding (B-frame).

[0039] According to MPEG methods, coding is performed
in units of a predetermined number of frames called a group
of pictures (GOP). The present exemplary embodiment will
be described on the assumption that a single GOP includes 15
frames. Each GOP includes one [-frame, along with P-frames
at intervals of two frames (one frame in every three frames).
[0040] FIG. 2 illustrates a GOP. A data string 201 illustrates
a GOP of moving image data that is output from the image
capturing unit 101. A data string 202 shows the coding order
of'the data string 201. In FIG. 2, the frame with I represents an
I-frame. The frames with P represent P-frames. The frames
with B represent B-frames. The numerals indicate the input
order.

[0041] The recording and reproduction unit 109 reads such
coded moving image data and audio data from the memory
103, and records the read data on the recording medium 110.
If the set frame rate is other than 60 fps, the control unit 107
instructs each component to disable coding and recording of
audio data. Moving images having a frame rate of 120 fps or
240 fps are thus recorded without sound.

[0042] Suppose that after the recording of a moving image
and sound is started, an instruction to stop recording is given
from the operation unit 108. In such a case, the control unit
107 instructs the recording and reproduction unit 109 to stop
recording the moving image. The control unit 107 instructs
the recording and reproduction unit 109 to generate addi-
tional information including information on the frame rate of
the moving image data and record the generated additional
information on the recording medium 110 as additional infor-
mation of a moving image file. In the present exemplary
embodiment, a series of moving images and sound recorded
between an instruction to start recording and an instruction to
stop recording are managed as a single file.

[0043] The control unit 107 instructs the recording and
reproduction unit 109 to update a management file recorded
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on the recording medium 110. The management file is a file
that contains information indicating the recording locations
and filenames of files recorded on the recording medium 110
and/or the order of reproduction of moving image files.
[0044] FIG. 8 illustrates moving image data that is captured
and recorded as described above. Moving image data 801
includes a 60-fps moving image in the period from T0 to T1,
a 240-fps moving image in the period from T1 to T2, and a
120-fps moving image in the period from T2 to T3. The time
axis of FIG. 8 corresponds to the lapse of real time during
recording.

[0045] Next, reproduction processing will be described.
Suppose that the user operates the operation unit 108 to
instruct switching to a reproduction mode. The control unit
107 instructs the recording and reproduction unit 109 to read
the beginning of moving image files recorded on the record-
ing medium 110. The control unit 107 instructs the signal
processing unit 104 to decode the beginning of the moving
image files and generate thumbnail image data.

[0046] The signal processing unit 104 decodes the begin-
ning of'the moving image files, reduces the first frames in size
to generate thumbnail image data, and outputs the thumbnail
image data to the display control unit 105. The display control
unit 105 generates an index screen including thumbnail
images of a plurality of moving image files. The display
control unit 105 outputs the index screen to the display unit
106 for display, along with a cursor image for selecting a
thumbnail image and other information.

[0047] Based on additional information on the moving
image files, the control unit 107 instructs the display control
unit 105 to display thumbnail images along with information
on the frame rates of the respective moving images.

[0048] The user operates the operation unit 108 to select a
desired thumbnail image from the plurality of thumbnail
images displayed on the index screen and instruct to start
reproduction. Under the instruction to start reproduction, the
control unit 107 instructs the recording and reproduction unit
109 to reproduce a moving image file corresponding to the
selected thumbnail. The recording and reproduction unit 109
reproduces the designated moving image file from the record-
ing medium 110, and temporarily stores the reproduced mov-
ing image file into the memory 103.

[0049] The signal processing unit 104 reads a reproduced
moving image and audio data from the memory 103, decodes
the moving image and audio data, and stores the resultant into
the memory 103 again. The display control unit 105 reads the
decoded moving image data from the memory 103, and dis-
plays the reproduced moving image instead of the index
screen. The audio output unit 111 reads the decoded audio
data from the memory 103, and outputs sound from the
speaker.

[0050] Inthe present exemplary embodiment, reproduction
modes include a first reproduction mode and a second repro-
duction mode. The user operates the operation unit 108 to set
either one of the first reproduction mode and the second
reproduction mode while the reproduction of a moving image
is stopped.

[0051] In the first reproduction mode, all the frames of
high-frame-rate moving images, i.e., 120-fps and 240-fps
moving images are reproduced, decoded, and displayed at 60
fps. As a result, in the first reproduction mode, a 120-fps
moving image is reproduced by slow reproduction (effect) of
Ya-fold speed. A 240-fps moving image is reproduced by slow
reproduction of Y4-fold speed.
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[0052] In the second reproduction mode, high-frame-rate
moving images are thinned, reproduced, and displayed at 60
fps. High-frame-rate moving images are thereby reproduced
so that the update period of the display screen coincides with
the update period in real time during image capturing.

[0053] More specifically, in the case of a 120-fps moving
image, the interval of frames to be displayed is set to two
frames. Every other frame is reproduced and displayed. For a
240-fps moving image, the interval of frames to be displayed
is set to four frames. Every fourth frame is reproduced and
displayed. In the second reproduction mode, the apparent
reproduction speed with respect to the real time is thus normal
speed regardless of the frame rates of moving images.

[0054] FIG. 3 is a flowchart illustrating reproduction pro-
cessing. The processing of FIG. 3 is performed by the control
unit 107 controlling various components. The control unit
107 starts the processing of FIG. 3 when the user selects a
desired thumbnail image from an index screen and instructs to
start reproduction as described above.

[0055] 1In step S301, the control unit 107 determines
whether the reproduction mode currently set is the first repro-
duction mode or the second reproduction mode. If the first
reproduction mode is set (YES in step S301), then in step
S302, the control unit 107 performs processing in the first
reproduction mode. If the second reproduction mode is set
(NO in step S301), then in step S303, the control unit 107
performs processing in the second reproduction mode.

[0056] Next, the processing in the first reproduction mode
will be described. FIG. 4 (including 4A and 4B) is a flowchart
illustrating processing in the first reproduction mode. In step
S401, the control unit 107 sets all the frames of a reproduced
moving image as display frames. In step S402, the control
unit 107 detects the frame rate FR (fps) of the moving image
based on additional information on a selected moving image
file. In step S403, the control unit 107 determines whether the
frame rate FR is 60.

[0057] If the frame rate FR is 60 (YES in step S403), the
moving image is recorded with sound. In step S404, the
control unit 107 instructs the recording and reproduction unit
109 and the signal processing unit 104 to reproduce and
decode moving image data and audio data stored in the
selected moving image file in succession from the beginning.
In step S405, the control unit 107 instructs the display control
unit 105 to output all the frames of the decoded moving image
to the display unit 106 for display. The control unit 107 also
causes the audio output unit 111 output reproduced sound.

[0058] After the start of reproduction, in step S406, the
control unit 107 determines whether an instruction for high-
speed reproduction (fast-forward reproduction) is given from
the operation unit 108. If an instruction for high-speed repro-
duction is given (YES in step S406), then in step S411, the
control unit 107 performs high-speed reproduction process-
ing. The high-speed reproduction processing will be
described below.

[0059] In step S406, if an instruction for high-speed repro-
duction is not given (NO in step S406), then in step S407, the
control unit 107 determines whether the moving image file
currently under reproduction has been reproduced to the end.
It the moving image file has been reproduced to the end (YES
in step S407), then in step S410, the control unit 107 selects a
next scene (moving image file) according to information on
the order of reproduction stored in the management file. The
processing then returns to step S402.
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[0060] Ifthe moving image file has not been reproduced to
the end (NO in step S407), then in step S408, the control unit
107 determines whether an instruction to stop reproduction is
given. If an instruction to stop reproduction is given (YES in
step S408), then in step S409, the control unit 107 stops the
reproduction of the moving image file. The control unit 107
then causes an index screen to be displayed again. If no
instruction to stop reproduction is given (NO in step S408),
the processing returns to step S404.

[0061] In step S403, if the frame rate FR is not 60 (NO in
step S403), no audio data is recorded. In step S412, the
control unit 107 instructs the recording and reproduction unit
109 and the signal processing unit 104 to reproduce and
decode moving image data stored in the selected moving
image file in succession from the beginning. In step S413, the
control unit 107 instructs the display control unit 105 to
output all the frames of the decoded moving image to the
display unit 106 for display.

[0062] After the start of reproduction, in step S414, the
control unit 107 determines whether an instruction for high-
speed reproduction (fast-forward reproduction) is given from
the operation unit 108. If an instruction for high-speed repro-
duction is given (YES in step S414), then in step S417, the
control unit 107 performs high-speed reproduction process-
ing. The high-speed reproduction processing will be
described below.

[0063] Instep S414, if no instruction for high-speed repro-
duction is given (NO in step S414), then in step S415, the
control unit 107 determines whether the moving image file
currently under reproduction has been reproduced to the end.
Ifthe moving image file has been reproduced to the end (YES
in step S415), then in step S418, the control unit 107 selects a
next scene (moving image file) according to information on
the order of reproduction stored in the management file. The
processing then returns to step S402.

[0064] Ifthe moving image file has not been reproduced to
the end (NO in step S415), then in step S416, the control unit
107 determines whether an instruction to stop reproduction is
given. If an instruction to stop reproduction is given (YES in
step S416), then in step S409, the control unit 107 stops the
reproduction of the moving image file. The control unit 107
then causes an index screen to be displayed again. If no
instruction to stop reproduction is given (NO in step S416),
the processing returns to step S412.

[0065] Next, the processing in the second reproduction
mode will be described. FIG. 5 (including 5A and 5B) is a
flowchart illustrating processing in the second reproduction
mode. In step S501, the control unit 107 detects the frame rate
FR (fps) of the moving image based on additional information
on a selected moving image file. In step S502, the control unit
107 sets the interval of frames to be displayed of the repro-
duced moving image to FR/60. In step S503, the control unit
107 determines whether the frame rate FR is 60.

[0066] If the frame rate FR is 60 (YES in step S503), the
interval of frames to be displayed is one. In other words, all
the frames are to be displayed. If the frame rate FR is 60 (YES
in step S503), the moving image is recorded with sound. In
step S504, the control unit 107, even in the second reproduc-
tion mode, instructs the recording and reproduction unit 109
and the signal processing unit 104 to reproduce and decode
moving image data and audio data stored in the selected
moving image file in succession from the beginning.

[0067] In step S505, the control unit 107 instructs the dis-
play control unit 105 to output the decoded moving image to
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the display unit 106 for display. The control unit 107 also
causes the audio output unit 111 to output reproduced sound.
[0068] After the start of reproduction, in step S506, the
control unit 107 determines whether an instruction for high-
speed reproduction (fast-forward reproduction) is given from
the operation unit 108. If an instruction for high-speed repro-
duction is given (YES in step S506), then in step S511, the
control unit 107 performs high-speed reproduction process-
ing. The high-speed reproduction processing will be
described below.

[0069] Instep S506, if no instruction for high-speed repro-
duction is given (NO in step S506), then in step S507, the
control unit 107 determines whether the moving image file
currently under reproduction has been reproduced to the end.
It the moving image file has been reproduced to the end (YES
in step S507), then in step S510, the control unit 107 selects a
next scene (moving image file) according to information on
the order of reproduction stored in the management file. The
processing then returns to step S501.

[0070] Ifthe moving image file has not been reproduced to
the end (NO in step S507), then in step S508, the control unit
107 determines whether an instruction to stop reproduction is
given. If an instruction to stop reproduction is given (YES in
step S508), then in step S509, the control unit 107 stops the
reproduction of the moving image file. The control unit 107
then causes an index screen to be displayed again. In step
S508, if no instruction to stop reproduction is given (NO in
step S508), the processing returns to step S504, and the con-
trol unit 107 performs the processing described above.
[0071] In step S503, if the frame rate FR is not 60 (NO in
step S503), no audio data is recorded. In step S512, the
control unit 107 instructs the recording and reproduction unit
109 and the signal processing unit 104 to reproduce and
decode moving image data stored in the selected moving
image file in succession from the beginning.

[0072] Ifthe framerate FRis 120 fps, the interval of frames
to be displayed is two frames. If the frame rate FR is 240 fps,
the interval of frames to be displayed is four frames. In step
S513, the control unit 107 instructs the display control unit
105 to output the images of frames selected to be displayed of
the decoded moving image to the display unit 106 for display.
[0073] As described above, in the second reproduction
mode, all the moving image data is reproduced and decoded
before thinned out for display. To provide a display in time,
the decoding processing needs to be performed at higher
speed than in the first reproduction mode.

[0074] Forexample, in the first reproduction mode, only 60
frames of a 120-fps moving image need to be decoded in one
second. In the second reproduction mode, 120 frames, i.e.,
twice as much frames of the moving image need to be
decoded to display 60 frames thereof.

[0075] In the present exemplary embodiment, the signal
processing unit 104 therefore decodes moving image data at
high speed so that a screen display can be provided in time
even when a 240-fps moving image is reproduced in the
second reproduction mode.

[0076] After the start of reproduction, in step S514, the
control unit 107 determines whether an instruction for high-
speed reproduction (fast-forward reproduction) is given from
the operation unit 108. If an instruction for high-speed repro-
duction is given (YES in step S514), then in step S517, the
control unit 107 performs high-speed reproduction process-
ing. The high-speed reproduction processing will be
described below.
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[0077] Instep S514, if no instruction for high-speed repro-
duction is given (NO in step S514), then in step S515, the
control unit 107 determines whether the moving image file
currently under reproduction has been reproduced to the end.
Ifthe moving image file has been reproduced to the end (YES
in step S515), then in step S518, the control unit 107 selects a
next scene (moving image file) according to information on
the order of reproduction stored in the management file. The
processing then returns to step S501.

[0078] Ifthe moving image file has not been reproduced to
the end (NO in step S515), then in step S516, the control unit
107 determines whether an instruction to stop reproduction is
given. If an instruction to stop reproduction is given (YES in
step S516), then in step S509, the control unit 107 stops the
reproduction of the moving image file. The control unit 107
then causes an index screen to be displayed again. In step
S516, if no instruction to stop reproduction is given (NO in
step S516), the processing returns to step S512, and the con-
trol unit 107 performs the processing described above.
[0079] Next, reproduction processing will be described.
FIG. 6 is a flowchart illustrating M-fold high-speed reproduc-
tion processing (S411 and S417) in the first reproduction
mode in detail.

[0080] Referring to FIG. 6, in step S601, the control unit
107 sets the interval of frames to be displayed to M according
to reproduction speed in high-speed reproduction. In the
present exemplary embodiment, moving images are coded
according to the GOP configuration illustrated in FIG. 2.
During high-speed reproduction, I- and P-frames are selected
from the frames illustrated in FIG. 2, and decoded and dis-
played. The control unit 107 then sets the reproduction speed
in high-speed reproduction to three-fold, and sets the interval
M of frames to be displayed to three.

[0081] With the GOP configuration, I-frames are selected,
reproduced, and decoded to enable 15-fold high-speed repro-
duction. If data read speed from the recording medium 110
and the decoding speed of the signal processing unit 104 are
high, the control unit 107 may set the reproduction speed in
high-speed reproduction to an arbitrary value other than
three.

[0082] In step S602, the control unit 107 instructs the
recording and reproduction unit 109 and the signal processing
unit 104 to reproduce and decode data on the frames to be
displayed during high-speed reproduction, i.e., I- and
P-frames. In step S603, the control unit 107 instructs the
display control unit 105 to output the decoded moving image
to the display unit 106 for display.

[0083] After the start of high-speed reproduction, in step
S604, the control unit 107 determines whether an instruction
to stop high-speed reproduction is given from the operation
unit 108. For example, if an instruction for normal reproduc-
tion or an instruction to stop reproduction is given from the
operation unit 108 (YES in step S604), the control unit 107
stops the high-speed reproduction processing, and the pro-
cessing returns to the processing described in FIG. 4. If no
instruction to stop high-speed reproduction is given (NO in
step S604), the processing returns to step S602.

[0084] Inthe first reproduction mode, the interval of frames
to be displayed is constant regardless of the frame rate of the
moving image under reproduction. In FIG. 8, a row 802
illustrates frames to be displayed during high-speed repro-
duction in the first reproduction mode.

[0085] As illustrated in the row 802 of FIG. 8, every third
frame is selected and displayed regardless of the frame rate
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the moving image under reproduction has. The reproduction
speed with respect to the real time (elapsed time during image
capturing) therefore varies with the frame rate of each moving
image.

[0086] For example, a 60-fps moving image is reproduced
at three-fold speed. A 240-fps moving image is reproduced at
¥4-fold speed with respect to the real time. A 120-fps moving
image is reproduced at 3/2-fold speed with respect to the real
time.

[0087] Next, processing during high-speed reproduction in
the second reproduction mode will be described. FIG. 7 is a
flowchart illustrating the processing during high-speed repro-
duction in the second reproduction mode. In step S701, the
control unit 107 sets the interval of frames to be displayed to
FR/60xM according to the reproduction speed in high-speed
reproduction and the frame rate of the moving image.

[0088] In step S702, the control unit 107 instructs the
recording and reproduction unit 109 and the signal processing
unit 104 to reproduce and decode data on frames to be dis-
played during high-speed reproduction, i.e., I- and P-frames.
In step S703, the control unit 107 instructs the display control
unit 105 to select frames to be displayed of the decoded
moving image and output the selected frames to the display
unit 106 for display.

[0089] In the second reproduction mode, the interval of
frames to be displayed is determined according to the frame
rate of the moving image under reproduction so that the
reproduction speed with respect to the real time is M times
that of normal reproduction, i.e., three-fold speed even during
high-speed reproduction.

[0090] In FIG. 8, the row 803 illustrates frames to be dis-
played during high-speed reproduction in the second repro-
duction mode. As illustrated in the row 803 of FIG. 8, the
interval of frames to be displayed during high-speed repro-
duction is determined according to the frame rate of the
moving image so that the update interval of frames to be
displayed is constant with respect to the lapse of real time.
[0091] After the start of high-speed reproduction, in step
S704, the control unit 107 determines whether the moving
image file under reproduction has been reproduced to the end.
If'the moving image file has been reproduced to the end (YES
in step S704), then in step S706, the control unit 107 selects a
next scene based on information on the order of reproduction
stored in the management file. In step S707, the control unit
107 detects the frame rate FR of the moving image based on
additional information on the moving image file of the
selected scene. The processing then returns to step S701.

[0092] Ifthe moving image file has not been reproduced to
the end (NO in step S704), then in step S705, the control unit
107 determines whether an instruction to stop high-speed
reproduction is given from the operation unit 108. For
example, if an instruction for normal reproduction or an
instruction to stop reproduction is given from the operation
unit 108 (YES in step S705), the control unit 107 stops the
high-speed reproduction processing, and returns the process-
ing to the processing described in FIG. 5. If no instruction to
stop high-speed reproduction is given (NO in step S705), the
processing returns to step S702.

[0093] As described above, the present exemplary embodi-
ment provides the first reproduction mode and the second
reproduction mode. In the first reproduction mode, all frames
are reproduced and displayed at a predetermined frame rate.
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In the second reproduction mode, a high-frame-rate moving
image is thinned, reproduced, and displayed at a predeter-
mined frame rate.

[0094] During high-speed reproduction in the first repro-
duction mode, the interval of frames to be displayed is con-
stant regardless of the frame rate of the moving image under
reproduction. During high-speed reproduction in the second
reproduction mode, frames to be displayed for high-speed
reproduction are changed according to the frame rate of the
moving image so that the interval of frames displayed is
constant with respect to the lapse of real time according to the
reproduction speed.

[0095] Movingimages may be captured at a high frame rate
for the sake of a slow effect. The user can reproduce such
moving images at high speed in the second reproduction
mode to find an intended screen more quickly.

[0096] The present exemplary embodiment has the con-
figuration of reproducing captured moving images at 60 fps.
However, moving images may be reproduced at other frame
rates. For example, suppose that the frame rate for reproduc-
tion is FRa (a natural number), and the frame rate at which a
moving image is captured is FRb (an integer such as
FRb=FRa). If FRb is equal to FRa, the moving image is
recorded with sound. If FRb is not equal to FRa, only the
moving image is recorded.

[0097] Then, the interval of frames to be displayed in the
second reproduction mode may be set to FRb/FRa. The inter-
val of frames to be displayed during high-speed reproduction
in the second reproduction mode may be set to FRb/FRaxM.
[0098] IfFRD is not an integer multiple of FRa, the display
timing is determined from the interval of frames to be dis-
played. Then, frames of the moving image closest to the
display timing are selected as frames to be displayed. The
higher the frame rate FRb of the moving image, the longer the
interval of frames to be displayed.

[0099] The exemplary embodiments of the present inven-
tion may be implemented by performing the following pro-
cessing. That is, software (computer program) for imple-
menting the functions of the foregoing exemplary
embodiments is supplied to a system or apparatus through a
network or various types of computer-readable storage
media. A computer (or a CPU or a microprocessing unit
(MPU)) of the system or apparatus then reads and executes
the program.

[0100] 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
modifications, equivalent structures, and functions.

[0101] This application claims priority from Japanese
Patent Application No. 2011-131421 filed Jun. 13, 2011,
which is hereby incorporated by reference herein in its
entirety.

What is claimed is:

1. A reproduction apparatus comprising:

areproduction unit configured to reproduce moving image
data from a recording medium on which the moving
image data is recorded;

an output unit configured to output the moving image data
reproduced by the reproduction unit to a display device;

a setting unit configured to set one of a first reproduction
mode and a second reproduction mode; and
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a control unit configured to control the output unit to select
some frames of the moving image data reproduced by
the reproduction unit and to output moving image data of
the selected frames according to an instruction for high-
speed reproduction,

wherein the control unit selects, in the first reproduction
mode, frames to be output for the high-speed reproduc-
tion at a predetermined frame interval according to
reproduction speed for the high-speed reproduction, and
selects, in the second reproduction mode, frames to be
output for the high-speed reproduction at a frame inter-
val determined based on the reproduction speed for the
high-speed reproduction and a frame rate of the moving
image data reproduced by the reproduction unit.

2. The reproduction apparatus according to claim 1,
wherein the control unit, in the first reproduction mode,
selects frames to be output for the high-speed reproduction at
the predetermined frame interval regardless of the frame rate
of the moving image data.

3. The reproduction apparatus according to claim 1,
wherein the control unit, in the second reproduction mode,
determines the frame interval of frames to be output for the
high-speed reproduction so that the higher a frame rate of the
moving image data, the greater the frame interval at which
frames to be output for the high-speed reproduction are
selected.

4. The reproduction apparatus according to claim 1,
wherein the control unit, in the second reproduction mode,
determines the frame interval of frames to be output for the
high-speed reproduction so that an update interval of frames
output by the output unit corresponds to a constant lapse of
real time during recording of the moving image data, the
update interval corresponding to the reproduction speed for
the high-speed reproduction.

5. The reproduction apparatus according to claim 1,
wherein the control unit controls the output unit to output all
the frames of the moving image data reproduced by the repro-
duction unit if normal reproduction is instructed in the first
reproduction mode, and to output some selected frames of the
moving image data reproduced by the reproduction unit so
that the update period of frames output by the output unit
coincides with a lapse of real time during recording of the
moving image data if normal reproduction is instructed in the
second reproduction mode.

6. The reproduction apparatus according to claim 1,
wherein the moving image data is coded by using intraframe
coding and interframe predictive coding, and the reproduc-
tion speed for the high-speed reproduction relates to an inter-
val of frames of the moving image data coded by the
intraframe coding.

7. The reproduction apparatus according to claim 1,
wherein the moving image data reproduced by the reproduc-
tion means includes image data having different frame rates.

8. The reproduction apparatus according to claim 1,
wherein the moving image data reproduced by the reproduc-
tion means includes image data having a frame rate higher
than the rate at which the output means outputs frames.

9. A reproduction method comprising:

reproducing moving image data from a recording medium
on which the moving image data is recorded;

outputting the reproduced moving image data to a display
device;

setting one of a first reproduction mode and a second repro-
duction mode; and
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performing control to select some frames of the reproduced
moving image data and to output moving image data of
the selected frames according to an instruction for high-
speed reproduction,

wherein the control is performed so as to select, in the first

reproduction mode, frames to be output for the high-
speed reproduction at a predetermined frame interval
according to a reproduction speed for the high-speed
reproduction, and to select, in the second reproduction
mode, frames to be output for the high-speed reproduc-
tion at a frame interval determined based on the repro-
duction speed for the high-speed reproduction and a
frame rate of the moving image reproduced by the repro-
ducing.

10. The reproduction method according to claim 9,
wherein the control is performed, in the first reproduction
mode, so as to select frames to be output for the high-speed
reproduction at the predetermined frame interval regardless
of the frame rates of the moving image data.

11. The reproduction method according to claim 9,
wherein the control is performed, in the second reproduction
mode, so as to determine the frame interval of frames to be
output for the high-speed reproduction so that the higher a
frame rate of the moving image data, the greater the frame
interval at which frames to be output for the high-speed
reproduction are selected.

12. The reproduction method according to claim 9,
wherein the control is performed, in the second reproduction
mode, so as to determine the frame interval of frames to be
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output for the high-speed reproduction so that an update
interval of output frames corresponds to a constant a lapse of
real time during recording of the moving image data, the
update interval corresponding to the reproduction speed for
the high-speed reproduction.

13. The reproduction method according to claim 9,
wherein the control is performed so as to output all the repro-
duced frames of the moving image data if normal reproduc-
tion is instructed in the first reproduction mode, and to output
some selected reproduced frames ofthe moving image data so
that the update period of the output frames coincides with a
lapse of real time during recording of the moving image data
if normal reproduction is instructed in the second reproduc-
tion mode.

14. The reproduction method according to claim 9,
wherein the moving image data is coded by using intraframe
coding and interframe predictive coding, and the reproduc-
tion speed for the high-speed reproduction relates to an inter-
val of frames of the moving image data coded by the
intraframe coding.

15. A reproduction method according to claim 9, wherein
the moving image data reproduced by the reproduction means
includes image data having different frame rates.

16. The reproduction method according to claim 9,
wherein the moving image data reproduced by the reproduc-
tion means includes image data having a frame rate higher
than the rate at which the output means outputs frames.
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