
US 201600 19024A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2016/0019024 A1 

SUZUKI et al. (43) Pub. Date: Jan. 21, 2016 

(54) PLAYBACK DEVICE, PLAYBACK METHOD, (52) U.S. Cl. 
AND STORAGEMEDIUM CPC .............. G06F 3/165 (2013.01); G10H I/0025 

(2013.01); G10H 1/40 (2013.01); G10H I/0033 
(71) Applicant: CASIO COMPUTER CO.,LTD., (2013.01); G 10H 2210/071 (2013.01); G 10H 

Tokyo (JP) 2230/041 (2013.01); G10H 2210/076 
2013.O1): GLOH 222O/OSI (2013.O1): GLOH 

(72) Inventors: Taiju SUZUKI, Tokyo (JP): Osamu ( ); S; 36. 01) 
MORIYAMA, Tokyo (JP); Fumiaki 
OTA, Tokyo (JP) 

(73) Assignee: CASIO COMPUTER CO.,LTD., (57) ABSTRACT 
Tokyo (JP) 

(21) Appl. No.: 14/796.884 A playback device includes a first buffer and a second buffer, 
1-1. each having storage regions, and a processing unit. The pro 

(22) Filed: Jul. 10, 2015 cessing unit performs: a storage process that causes input 
O O audio data to be stored in the storage regions of the first buffer 

(30) Foreign Application Priority Data in order, a first playback process that causes the stored audio 
Jul. 16, 2014 (JP) 2014-146327 data to be played back in the order in which the audio data was 

• u. Yu’s 1- u. I way - F · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · stored; a designation process that designates, in response to a 

Publication Classification user input, at least one of the plurality of storage regions of the 
first buffer in which the audio data is stored; a copy process 

51) Int. Cl. that causes the audio data stored in the designated Storage 9. 9. 
G06F 3/16 
GIOH L/40 
GIOH L/00 

(2006.01) 
(2006.01) 
(2006.01) 

region of the first buffer to be copied to the second buffer; and 
a second playback process that causes the audio data copied to 
the second buffer to be repeatedly played back. 

From step S1506 in FIG. 15 

OFF Slice start flag on? 

ON 

S507 

S508 

S54 

DOne Copying audio OFF 
YES/data for current playback 

range from recording 
ring buffer to playback 

rind buffer S53 

Previous slice ON 
start flag on? S5 

OFF Continue copying audio data 
for current playback range 
from recording ring buffer 

Done copying audio dataNYES 
for Current slice 

from recording ring buffer 
to playback ring buffer to playback ring buffer? 

Determine which samples 
in Current slice in recording 

ring buffer to use for playback 

Output 
input audio 
data as-is 

Continue Copying audio data 
for Current slice 

from recording ring buffer 
to playback ring buffer 

S52 

Retrieve and output 
pitch values 

starting from current address 
in playback ring buffer 

Complete 
current slice insertion process 

S53 

    

  

  

  

  

    

  

  

Petitioners' Exhibit 1030 
Page 01 of 26

phan_b
Text Box
Samsung et. al. v. Techiya
IPR2024-00559
Exhibit 1030



Patent Application Publication Jan. 21, 2016 Sheet 1 of 16 US 2016/0019024 A1 

Freeze Button Tap Button 

O3 04 

FIG. 1 

  

  

Petitioners' Exhibit 1030 
Page 02 of 26



Patent Application Publication Jan. 21, 2016 Sheet 2 of 16 US 2016/0019024 A1 

S 

M 

WY W \ s 

  

Petitioners' Exhibit 1030 
Page 03 of 26



Patent Application Publication Jan. 21, 2016 Sheet 3 of 16 US 2016/0019024 A1 

, CDCY) 

s s s 3 2. 7 

  

Petitioners' Exhibit 1030 
Page 04 of 26



US 2016/0019024 A1 Jan. 21, 2016 Sheet 4 of 16 Patent Application Publication 

Playback Range 
  

Petitioners' Exhibit 1030 
Page 05 of 26



Patent Application Publication Jan. 21, 2016 Sheet 5 of 16 US 2016/0019024 A1 

Playback Range 

g 

i 
S 

a 
a 

1 - 
Y - e 1. ^ - - - w Y 

Y 
- 1 - a 

W. 

- - 1 
* 

as a 
ar 

  

Petitioners' Exhibit 1030 
Page 06 of 26



US 2016/0019024 A1 Jan. 21, 2016 Sheet 6 of 16 Patent Application Publication 

arris a risis or 

HE terr rrrrrr. Frrier rer 

  

Petitioners' Exhibit 1030 
Page 07 of 26



US 2016/0019024 A1 Jan. 21, 2016 Sheet 7 of 16 Patent Application Publication 

Playback Range 

HE were rea's rer wave 

' ' ' ', 
W. . . . 

w w a 

* * * * * * * * * * * * * * * * * * * * * * * 

  

  

Petitioners' Exhibit 1030 
Page 08 of 26



US 2016/0019024 A1 Jan. 21, 2016 Sheet 8 of 16 Patent Application Publication 

Playback Range 

ZOZ 

rawer warrayer terra --- 

* * * * * * * * * * * * * * * * * * * * * * ?? 

• 

~ _ - - - - - - - - - - - - - - - - - ----- « », 
- * :). -- ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ? *, 

~^^ ---------- --> - - - - ------ ^ ^ ^ 

~~ ~ – – – – – – – – – – – – – – – – – – – – –x x x * 
~~ ~ ~ ~ – – – – – – – – – – – –-- - - -\\ x * \, ~ ~ ~ ~ ~ || ………** * * * * * 

~~ ~ || … -- º*** ** ** • • • • • – „** * * * * 

  

Petitioners' Exhibit 1030 
Page 09 of 26



Patent Application Publication Jan. 21, 2016 Sheet 9 of 16 US 2016/0019024 A1 

LED 
Display Unit Sound System 

FIG. 9 

    

  

Petitioners' Exhibit 1030 
Page 10 of 26



Patent Application Publication 

Detect 
step N button press 

SOO 
N/ 

Slice start flag on? ON 

OFF 

Set step N 
as slice start step 

Retrieve 
default slice length 

Set slice start flag to on 

Stop revolving 
illumination of step LEDs 

Turn on LED 
Corresponding to step N 

Turn LEDS from Slice Start 
Step + 1 to Step Calculated using -/ 

slice length on and of 
aS appropriate 

Complete 
Current SCan Of SWitches 

FIG. 10 

SO08 

Jan. 21, 2016 Sheet 10 of 16 US 2016/0019024 A1 

SOOf 

Slice Length = 
Step N - Slice Start Step 

  

  

Petitioners' Exhibit 1030 
Page 11 of 26



Patent Application Publication Jan. 21, 2016 Sheet 11 of 16 US 2016/0019024 A1 

Detect that 
step N button 

was pressed again 

^/ 

Slice start step cleared? 

YES 

Set slice start flag to off 

Clear slice start step 

Resume revolving 
illumination of step LEDs 

Turn Off LED 
Corresponding to step N 

Complete current scan of switches 

FIG 11 

  

    

    

  

  

  

  

  

  

  

Petitioners' Exhibit 1030 
Page 12 of 26



Patent Application Publication Jan. 21, 2016 Sheet 12 of 16 US 2016/0019024 A1 

Detect freeze 
button press 

Freeze flag on? 

OFF 

Si2O 

S 204 

Set freeze flag to on Set freeze flag to off 

Si2O5 

Turn on freeze LED Turn Off freeze LED 

Complete Current scan of switches 

FIG. 12 

  

  

    

  

  

Petitioners' Exhibit 1030 
Page 13 of 26



Patent Application Publication Jan. 21, 2016 Sheet 13 of 16 US 2016/0019024 A1 

Detect 
tap button press 

Si3O 
/N/ 

Tap button pressed NO 
in most recent time 

period X? 
S 302 

Calculate tempo using time 
elapsed since Reset tempo Count 

the last tap button press 

5 306 yo 
Modify trigger time 

Change tempo for turning tempo LED 
On and Off 

S 307 S304 

Reset next step LED 
to be illuminated 

to position number 1 
Change 

tempo LED illumination rate 

Complete Current scan of Switches 

FIG. 13 

  

  

Petitioners' Exhibit 1030 
Page 14 of 26



Patent Application Publication Jan. 21, 2016 Sheet 14 of 16 US 2016/0019024 A1 

Start timer process 

S4O 

nement r 
S402 

/N/ 
NO 

T (time)/16 (steps) > N (step)? 

Step N' = N + 1 

S4O4. 
M 

Received instruction NO 
to start revolving illumination 

of step LEDs? 

S405 
Slice start flag on? 

Turn On LED ON 
Corresponding to 

S4O6 Steo N' 
Illuminate 
step LEDs 

coats to in Current Slice Steo N' - 1 aS appropriate 

Complete current timer process 

F.G. 14 

  

  

Petitioners' Exhibit 1030 
Page 15 of 26



Patent Application Publication Jan. 21, 2016 Sheet 15 of 16 US 2016/0019024 A1 

Start slice insertion process 

Store input audio data 
in recording ring buffer 

Freeze flag on? 

ON 
S503 

^N/ 

Previous freeze flag on? ON 

Done copying audio dataNYES 
for current freeze range 
from recording ring buffer 
to playback ring buffer? 

S 50 

Determine which samples in 
current freeze range in recording 

ring buffer to use for playback 

Continue Copying audio data 
for current freeze range 

from recording ring buffer 
to playback ring buffer 

To step S1507 in FIG. 16 

FIG. 15 

  

  

  

  

  

  

Petitioners' Exhibit 1030 
Page 16 of 26



Patent Application Publication Jan. 21, 2016 Sheet 16 of 16 US 2016/0019024 A1 

From step S1506 in FIG. 15 
S50 

OFF Slice start flag on? 

ON SSOE 

ON ye 
YES Done Copying audio OFF 

data for Current playback 
range from recording 
ring buffer to playback 

rind buffer? SSO9 

Previous slice 
start flag on? 

OFF Continue copying audio data 
for current playback range 
from recording ring buffer 
to playback ring buffer 

YES Done copying audio data 
for Current slice 

from recording ring buffer 
to playback ring buffer? 

Determine which samples 
in current slice in recording 

ring buffer to use for playback 

Output 
Continue Copying audio data 

for Current slice 
from recording ring buffer 
to playback ring buffer 

input audio 
data as-is 

S: 56 

Retrieve and output 
pitch values 

starting from current address 
in playback ring buffer 

Complete 
current slice insertion process 

FIG. 16 

    

  

  

  

  

    

  

  

  

  

  

Petitioners' Exhibit 1030 
Page 17 of 26



US 2016/0019024 A1 

PLAYBACK DEVICE, PLAYBACK METHOD, 
AND STORAGEMEDIUM 

BACKGROUND OF THE INVENTION 

0001 1. Technical Field 
0002 The present invention relates to audio playback 
technology. 
0003 2. Background Art 
0004 One effect that is commonly applied to music sig 
nals is audio slicing. Audio slicing allows a user to define a 
desired start point and end point to create a slice of music 
signal data from a given music signal. 
0005 Patent Document 1 (Japanese Patent Application 
Laid-Open Publication No. 2001-306069) discloses one con 
ventional technology for implementing an audio slicing fea 
ture, for example. In this conventional technology, the user 
can edit performance data divided into a plurality of seg 
ments. A series of blocks that represent each segment are 
displayed. The user uses the mouse pointer to select a block. 
The user can then drag the edges of the selected block (that is, 
the positions where divisions between the selected block and 
the adjacent blocks are inserted) to change the length of the 
selected block (and the length of the segment represented 
thereby). The lengths of the adjacent blocks are updated auto 
matically. After the length of a block is changed, icons are 
displayed at the positions where the divisions between blocks 
were previously located for the user's reference. To play back 
the performance data when no segment is selected, the user 
uses a restart switch to move a grid pointer to the beginning of 
the performance data and then uses a start playback Switch to 
play the performance data to the very end thereof. When a 
segment is selected, the restart Switch moves the grid pointer 
to the beginning of the selected segment, and the start play 
back Switch plays the performance data though to the end of 
the selected segment. 

RELATED ART DOCUMENT 

Patent Document 

0006 Patent Document 1: Japanese Patent Application 
Laid-Open Publication No. 2001-306069 

SUMMARY OF THE INVENTION 

0007. In the conventional technology described above, 
however, the music signal to slice must be prepared ahead of 
time in a musical instrument and must conform to playback 
pointers inserted at designated locations in order to be able to 
later slice the data. Therefore, an arbitrary music signal from 
an external source, for example, could not be sliced in real 
time. 
0008. The present invention aims to provide an audio slic 
ing feature for slicing music signal data in real time. 
0009. To achieve these and other advantages and in accor 
dance with the purpose of the present invention, as embodied 
and broadly described, in one aspect, the present disclosure 
provides a playback device that includes a first buffer and a 
second buffer, each having a plurality of storage regions, and 
a processing unit, wherein the processing unit performs: a 
storage process that causes input audio data to be stored in the 
storage regions of the first buffer in order; a first playback 
process that causes the stored audio data to be played back in 
the order in which the audio data was stored; a designation 
process that designates, in response to a user input, at least 
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one of the plurality of storage regions of the first buffer in 
which the audio data is stored; a copy process that causes the 
audio data stored in the designated storage region of the first 
buffer to be copied to the second buffer; and a second play 
back process that causes the audio data copied to the second 
buffer to be repeatedly played back. 
0010. In another aspect, the present disclosure provides a 
playback method for a playback device that includes a first 
ring buffer and a second ring buffer each having a plurality of 
storage regions, the playback method including: Storing input 
audio data in the storage regions of the first ring buffer in 
order; playing back the stored audio data in the orderin which 
the audio data was stored; designating at least one of the 
plurality of storage regions of the first ring buffer in which the 
audio data is stored in response to a user input; copying the 
audio data stored in the designated Storage regions of the first 
ring buffer to the second ring buffer; and repeatedly playing 
back the audio data copied to the second ring buffer while 
terminating the playing back of the audio data stored in the 
first ring buffer. 
0011. In another aspect, the present disclosure provides a 
non-transitory storage medium that stores instructions 
executable by a playback device having a processor and a first 
ring buffer and a second ring buffer each having a plurality of 
storage regions, the instructions causing the processor of the 
playback device to perform the following: causing input 
audio data to be stored in the storage regions of the first ring 
buffer in order; causing the stored audio data to be played 
back in the order in which the audio data was stored; desig 
nating at least one of the plurality of storage regions of the first 
ring buffer in which the audio data is stored in accordance 
with a user input, causing the audio data stored in designated 
storage regions of the first ring buffer to be copied to the 
second ring buffer, and causing the audio data copied to the 
second ring buffer to be repeatedly played back. 
0012. It is to be understood that both the foregoing general 
description and the following detailed description are exem 
plary and explanatory, and are intended to provide further 
explanation of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0013 FIG. 1 illustrates an example of a musical sound 
playback device according to an embodiment of the present 
invention. 
0014 FIG. 2 illustrates how illumination of LEDs corre 
sponds to storage of data in a recording ring buffer. 
0015 FIG.3 illustrates the relationship between regions in 
the recording ring buffer and a playback ring buffer once a 
slice start step has been designated. 
0016 FIG. 4 illustrates how a playback process works 
when the user has only designated a slice start step. 
0017 FIG. 5 illustrates how the playback process works 
once the user has designated a slice end step. 
0018 FIG. 6 illustrates the relationship between regions in 
the recording ring buffer and the playback ring buffer when 
the musical Sound playback device is in a freeze state. 
0019 FIG. 7 illustrates how the playback process works 
when the device is in the freeze state and the user designates 
a slice start step. 
0020 FIG. 8 illustrates how the playback process works 
when the device is in the freeze state and the user designates 
a slice end step. 
0021 FIG. 9 illustrates an example of a hardware configu 
ration for the musical Sound playback device. 
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0022 FIG. 10 is a flowchart illustrating an example of a 
process executed when the device detects that the user has 
pressed a button corresponding to an Nth step. 
0023 FIG. 11 is a flowchart illustrating an example of a 
process executed when the device detects that the user has 
pressed the button corresponding to the Nth step again. 
0024 FIG. 12 is a flowchart illustrating an example of a 
process executed when the device detects that the user has 
pressed a freeze button. 
0025 FIG. 13 is a flowchart illustrating an example of a 
process executed when the device detects that the user has 
pressed a tap button. 
0026 FIG. 14 is a flowchart illustrating an example of a 
timer process for illuminating the LEDs. 
0027 FIG. 15 is a flowchart illustrating the first part of an 
example of a slice insertion process. 
0028 FIG. 16 is a flowchart illustrating the second part of 
the example of the slice insertion process. 

DETAILED DESCRIPTION OF EMBODIMENTS 

0029. An embodiment of the present invention will be 
described in detail below with reference to figures. FIG. 1 
illustrates an example of a musical Sound playback device 
according to an embodiment of the present invention. The 
musical Sound playback device of the present embodiment 
may be implemented as an effect-adding device that slices an 
input musical signal in real time. This musical sound play 
back device includes a musical Sound playback unit (not 
shown in the figures) that employs a built-in sequencer to play 
back a musical Sound at a user-designated tempo, and an 
external signal input terminal (not shown in the figures) into 
which music signal data from an external source can be input 
in order to be mixed with the musical sound played back by 
the sequencer. 
0030. As shown in FIG. 1, in this musical sound playback 
device, 16 LEDs/touch-type sensors 101 for designating the 
timing at which to slice music signal data (LED-timing sen 
sors 101) are numbered 1 to 16 and arranged in a ring around 
a ring-shaped chassis 102. Each LED-timing sensor 101 cor 
responds to a sixteenth note. When the user starts the 
sequencer using a Switch (not shown in the figures), the 
sequencer Sounds and the music signal data mixed therewith 
are played back at the user-designated tempo. The LED 
timing sensors 101 light up for the duration of the associated 
sixteenth note and then turn offin order in a repeating loop 
from number 1 to number 16 (that is, in the clockwise direc 
tion indicated by arrow A in FIG. 1) and in time with the 
user-designated tempo. Therefore, each revolution around the 
16 LED-timing sensors 101 corresponds to 1 bar of music 
signal data. 
0031. As shown in FIG. 1, the musical sound playback 
device according to the present embodiment includes a tap 
button 104. When the user taps this tap button 104 a single 
time, the sequencer is reset to the beginning of the current bar, 
and the position of the next LED-timing sensor 101 to be 
illuminated is reset to position number 1. 
0032 Moreover, the user can tap the tap button 104 twice 
at a desired tempo to change the playback tempo accordingly. 
0033 FIG. 2 illustrates how the LED-timing sensors 101 
in FIG. 1 correspond to storage regions in a recording ring 
buffer 201. The musical sound playback device according to 
the present embodiment includes a recording ring buffer 201 
and a playback ring buffer 202. These buffers 201 and 202 
each store, in numbered storage regions, the maximum Stor 
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able number of samples at a predetermined minimum sam 
pling rate that does not depend on the playback tempo set 
when the corresponding music signal data was recorded. 
When this music signal data is played back, sampled music 
signal data are selected and loaded from these stored samples 
according to the currently designated playback tempo. 
0034. As shown in FIG. 2, while the light is making a 
revolution around the 16 LED-timing sensors 101 on the 
ring-shaped chassis 102, groups of sampled music signal data 
that each correspond to the period of time during which the 
corresponding LED-timing sensor 101 was illuminated are 
stored in the associated numbered storage regions in the 
recording ring buffer 201. These groups of sampled music 
signal data are sampled from music signal data that includes 
the sequencer Sounds plus the external music signals. In other 
words, as shown by the bold dashed lines in FIG. 2, when the 
LED-timing sensor 101 in position number 1 lights up, for 
example, a group of sampled music signal data sampled from 
the currently playing music signal data are sequentially stored 
in storage region number 1 of the recording ring buffer 201. 
When the LED-timing sensor 101 in position number 2 lights 
up, a group of sampled music signal data sampled from the 
currently playing music signal data are sequentially stored in 
storage region number 2. 
0035. Once a group of sampled music signal data has been 
sequentially stored in storage region number 16 and the LED 
timing sensor 101 in position number 1 on the ring-shaped 
chassis 102 lights up again, the existing group of sampled 
music signal data stored in storage region number 1 of the 
recording ring buffer 201 is overwritten with a new group of 
sampled music signal data. In this way, a fullbar (a prescribed 
segment) of the input music signal data is stored sequentially 
in the storage regions of the recording ring buffer 201 (a first 
buffer) in a repeating and cyclical manner. Moreover, the 
process by which the sampled music signal data are actually 
stored in the storage regions may be synchronized with the 
intervals at which the input music signal data is sampled and 
performed each time a full sample group is taken, for 
example. 
0036. The playback ring buffer 202 in FIG.2 has the same 
storage capacity as the recording ring buffer 201 but operates 
differently, as will be described in more detail later. 
0037. As described above, when the user starts playback 
of the sequencer Sound/external music signal mix, the 16 
LED-timing sensors 101 on the ring-shaped chassis 102 light 
up and turn offin order one by one in the clockwise direction 
indicated by arrow A in FIG. 2 and in time with the current 
tempo. 
0038. While listening to the music signal data being 
played at the current tempo, the user can press one of the 
LED-timing sensors 101 in order to create a slice of music 
signal data starting at that point. In the following description, 
the sixteenth notes corresponding to each LED-timing sensor 
101 are referred to simply as “steps”. Moreover, the step the 
user designates as the starting point for the slice is the "slice 
start step. FIG. 3 illustrates how this slice operation works. 
FIG.3 also illustrates the relationship between samples stored 
in the recording ring buffer 201 and the playback ring buffer 
202 once a slice start step has been designated. FIG.3 depicts 
a case in which the user has pressed the LED-timing sensor 
101 in position number 5. As shown by the bold dashed 
arrows between the recording ring buffer 201 and the play 
back ring buffer 202, the groups of sampled music signal data 
stored in the recording ring buffer 201 are copied in order to 
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the playback ring buffer 202, with the group of sampled music 
signal data in storage region number 5 in the recording ring 
buffer 201 being copied to the first storage region in the 
playback ring buffer 202. The process by which the sampled 
music signal data are copied may be synchronized with the 
intervals at which the music signal data is sampled and per 
formed each time a complete sample group is taken, for 
example. Once the group of sampled music signal data in 
storage region number 16 in the recording ring buffer 201 
have been copied, the copy process returns to the beginning of 
the recording ring buffer 201 and copies the group of sampled 
music signal data in storage region number 1 to the storage 
region after storage region number 16 in the playback ring 
buffer 202, and so on. 
0039. In the present embodiment, music signal data is 
copied in order to the playback ring buffer starting from the 
starting address thereof. However, the present embodiment 
may also be configured Such that a consistent offset from the 
starting addresses of the recording ring buffer and the play 
back ring buffer is maintained (that is, Such that the samples 
stored in storage region number Min the recording ring buffer 
201 are always copied to storage region number M in the 
playback ring buffer 202, for example). 
0040. In this way, one full bar of music signal data starting 
from the user-designated slice start step is copied to the play 
back ring buffer 202, as shown in FIG. 3. The user may 
designate the slice start step (step number 5 in FIG. 3) either 
exactly when the LED-timing sensor 101 corresponding to 
that step illuminates and the corresponding portion of the 
music signal data is playing or at any point when the corre 
sponding LED-timing sensor 101 is not illuminated. Further 
more, the input music signal data continues to be sequentially 
stored in the recording ring buffer 201 after the user desig 
nates a slice start step and groups of sampled music signal 
data start being copied from the recording ring buffer 201 to 
the playback ring buffer 202. The processes by which input 
music signal data is sequentially stored in the recording ring 
buffer 201 and by which that music signal data is copied from 
the recording ring buffer 201 to the playback ring buffer 202 
are executed in Synchronization with the sampling interval. 
This makes it possible to correctly copy one continuous bar of 
groups of sampled music signal data starting from the slice 
start step in the recording ring buffer 201 to the playback ring 
buffer 202. 

0041. Once the user designates a slice start step, the musi 
cal sound playback device stops playing the input music 
signal data and starts playing the slice of music signal data 
stored in the playback ring buffer 202. Here, the user has only 
designated the slice start step at which the slice should start 
and has not yet designated the step at which the slice should 
end. The default behavior of the musical sound playback 
device in this case is to repeatedly play 2 steps of music signal 
data (an amount equal in duration to an eighth note), for 
example, starting from the slice start step. FIG. 4 illustrates 
this behavior and shows how the playback process works 
when only the slice start step has been designated. In this case, 
the musical sound playback device plays the group of 
sampled music signal data corresponding to the slice start 
step (step number 5) that was copied to the first storage region 
in the playback ring buffer 202 and then plays the group of 
sampled music signal data corresponding to step number 6 
that was copied to the next storage region in the playback ring 
buffer 202. As shown by the arrow at the top of the playback 
ring buffer 202 in FIG. 4, once playback of the group of 
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sampled music signal data stored in storage region number 6 
completes, the group of sampled music signal data stored in 
storage region number 5 is played again, and so on. Therefore, 
when the user has only designated the slice start step, the 
musical Sound playback device plays an eighth note’s worth 
of groups of sampled music signal data starting from that slice 
start step in the playback ring buffer 202. 
0042. Next, the user can press another one of the LED 
timing sensors 101 in order to end the slice of music signal 
data at that point. Here, the step the user designates as the 
ending point for the slice is the "slice end step. FIG. 5 
illustrates how the playback process works once the user has 
designated a slice end step. FIG.5 depicts a case in which the 
user has designated step number 12 as the slice end step, for 
example. Once the user has designated a slice end step, the 
musical sound playback device repeatedly plays the slice of 
music signal data beginning at the slice start step and ending 
at the slice end step. In other words, the musical Sound play 
back device plays, in order, the groups of sampled music 
signal data starting from the group of sampled music signal 
data corresponding to the slice start step (step number 5) that 
was copied to the first storage region in the playback ring 
buffer 202 and ending with the group of sampled music signal 
data corresponding to step number 12. As shown by the arrow 
at the top of the playback ring buffer 202 in FIG. 5, once 
playback of the group of sampled music signal data stored in 
storage region number 12 completes, the group of sampled 
music signal data stored in storage region number 5 is played 
again, and so on. Therefore, once the user has designated the 
slice start step and the slice end step and has thereby desig 
nated a complete slice of music signal data, the musical Sound 
playback device repeatedly plays the groups of sampled 
music signal data corresponding to that slice from the play 
back ring buffer 202. 
0043. In this way, as the input music signal data is sequen 
tially stored in the recording ring buffer 201 and played back, 
the user can designate a slice of music signal data by desig 
nating a slice start step and a slice end step, and the full bar of 
music signal data that includes the designated slice and is 
stored in the recording ring buffer 201 is copied to the play 
back ring buffer 202. Furthermore, of the music signal data 
copied to the playback ring buffer 202, the music signal data 
corresponding to the user-designated slice is repeatedly 
played back. In this way, a music signal can be sliced in real 
time. Moreover, the user can easily switch between playback 
of input music signal data that includes the external music 
signal and playback of the internally stored slice of music 
signal data by using the LED-timing sensors 101. Playback of 
the slice of music signal data is looped, thereby making it 
possible to Smoothly recompose an music signal in an intui 
tive manner and without inadvertently creating periods of 
silence. Moreover, there is no need to prepare music signal 
data ahead of time, and any arbitrary music signal can be 
edited in real time. Conventional audio slicing technologies 
require pointers to be aligned at the appropriate playback 
positions. The present embodiment, however, provides a user 
interface with which a slice start step and a slice end step can 
be designated immediately while listening to music signal 
data being played in real time. 
0044. In the state shown in FIG. 5, the user has pressed the 
LED-timing sensors 101 in positions number 5 and 12 to 
designate those steps as the slice start step and the slice end 
step, respectively. If, in this state, the user presses the LED 
timing sensor 101 in position number 12 (which corresponds 
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to the slice end step) again, looped playback of the current 
slice continues. In this state, the user can then press another 
LED-timing sensor 101 to designate a different slice end step 
and create a new slice of music signal data (similar to how the 
user pressed the LED-timing sensor 101 in position number 
12 to create the slice in the case shown in FIG. 5). The musical 
Sound playback device then begins looped playback of the 
new slice of music signal data (from the slice start step to the 
new slice end step) from the playback ring buffer 202, which 
still stores a full bar of music signal data starting from the 
slice start step. 
0045. If, while in the states shown in FIGS. 4 and 5 (in 
which step number 5 has been designated as the slice start 
step), the user presses the LED-timing sensor 101 in position 
number 5 that corresponds to the slice start step again, the 
musical sound playback device returns to the state shown in 
FIG. 2, and the contents of the playback ring buffer 202 are 
cleared. The behavior of the device at this time is the same as 
the behavior described in reference to FIG. 2. 

0046 While the device is in the state shown in FIG. 2, the 
user can press the freeze button 103 shown in FIG. 1 at any 
time. FIG. 6 illustrates what happens when the user presses 
the freeze button 103 while the device is in the state shown in 
FIG. 2 and shows the resulting relationship between the con 
tents of the recording ring buffer 201 and the contents of the 
playback ring buffer 202 once the freeze operation has been 
performed. Assume, for example, that while the device is in 
the state shown in FIG. 2, the user presses the freeze button 
103 just after the LED in the LED-timing sensor 101 in 
position number 16 turns off but just before the next LED 
timing sensor 101 (in position number 1) illuminates. In this 
case, as shown by the bold dashed arrows in FIG. 6 between 
the recording ring buffer 201 and the playback ring buffer 
202, the groups of sampled music signal data corresponding 
to the most recent bar of music signal data stored in the 
recording ring buffer 201 (here, from the step number 1 from 
a fullbar earlier to the step number 16 that just occurred) are 
copied to the playback ring buffer 202. Moreover, the freeze 
button 103 may also be pressed at any desired timing. If the 
user presses the freeze button 103 immediately before the 
LED in the LED-timing sensor 101 in position number 4 turns 
off, for example, a situation similar to the one described in 
reference to FIG. 3 results. Again, the groups of sampled 
music signal data corresponding to the most recent bar of 
music signal data stored in the recording ring buffer 201 
(here, from the step number 5 from a fullbar earlier to the step 
number 4 that just occurred) are copied to the playback ring 
buffer 202. 

0047. Furthermore, after the groups of sampled music sig 
nal data corresponding to the most recent bar of music signal 
data are copied from the recording ring buffer 201 to the 
playback ring buffer 202, the contents of the recording ring 
buffer 201 begin to be overwritten with new groups of 
sampled music signal data as the input music signal data 
continues to playback. However, the contents of the playback 
ring buffer 202 do not change. 
0048. When the user presses the freeze button 103, the 
musical Sound playback device does not transition into the 
looped slice playback mode. Moreover, after the user taps the 
freeze button 103, the current freeze state persists as long as 
the user does not press the freeze button 103 again. During 
this freeze state, the user can designate a slice start step and a 
slice end step as described above. FIG. 7 illustrates this 
behavior and shows how the playback process works when 
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the device is in the freeze state and only the slice start step has 
been designated. As shown in FIG. 7, if the user designates 
step number 9 as the slice start step while the device is in the 
freeze state, the musical Sound playback device stops playing 
the input music signal data and starts playing the slice of 
music signal data stored in the playback ring buffer 202. Like 
the case shown in FIG. 4, in this case the user has only 
designated the slice start step at which the slice should start 
(here, step number 9) and has not yet designated the step at 
which the slice should end. As shown in FIG. 7, in this case, 
like the case shown in FIG. 4, the default behavior of the 
musical Sound playback device is to repeatedly play 2 steps of 
music signal data (an amount equal in duration to an eighth 
note; here, steps number 9 and 10), for example, starting from 
the slice start step (step number 9). 
0049 FIG. 8 illustrates how the playback process works 
when the device is in the freeze state and the user designates 
a slice end step. FIG. 8 depicts a case in which the user has 
designated step number 16 as the slice end step, for example. 
Once the user has designated a slice end step, the musical 
Sound playback device repeatedly plays the slice of music 
signal data beginning at the slice start step (here, step number 
9) and ending at the slice end step (here, step number 16). 
0050. However, slicing works slightly differently when 
the device is in the freeze state as compared to the normal slice 
behavior described in reference to FIGS. 3 to 5. During nor 
mal slicing, if the user presses the LED-timing sensor 101 
corresponding to the current slice start step again, looped 
slice playback mode is deactivated and playback of the input 
music signal data resumes. Therefore, if the user selects a new 
slice start step, the new slice is taken from a new segment of 
the input music signal data. In contrast, once the user has 
frozen a bar of music signal data into the playback ring buffer 
202 using the freeze button 103, that bar of music signal data 
remains stored in the playback ring buffer 202 until the cur 
rent freeze state is deactivated. Therefore, if, while the device 
is in the freeze state, the user disables the current slice start 
step and designates a new slice start step, the new slice is 
taken from the same segment of music signal data that is still 
currently stored in the playback ring buffer 202. 
0051 Finally, the user can disable the current freeze state 
by pressing the freeze button 103 again. 
0.052 FIG. 9 illustrates an example of a hardware configu 
ration for the musical sound playback device according to the 
present embodiment that Supports the slicing and freeze fea 
tures described in reference to FIGS. 2 to 8. The musical 
sound playback device shown in FIG. 9 includes: a central 
processing unit (CPU)901; a random-access memory (RAM) 
902; a read-only memory (ROM)903; a switch group 904; a 
keyboard 905; an LED display unit 906; a line-in unit 907; a 
digital-to-analog converter (DAC)908; a sound system 909; 
and a system bus 910 that connects all of these components to 
one another. The configuration shown in FIG. 9 is only an 
example of a hardware configuration for the musical Sound 
playback device. The musical sound playback device of the 
present embodiment is not limited to this configuration. 
0053. The CPU 901 controls the overall musical sound 
playback device. The ROM 903 stores the control programs 
illustrated by the flowcharts in FIGS. 10 to 16. The CPU901 
controls the musical Sound playback device by executing the 
programs stored in the ROM 903 while assigning the RAM 
902 as the recording ring buffer 201, the playbackbuffer 202, 
an address register A that causes data to be stored in these ring 

Petitioners' Exhibit 1030 
Page 21 of 26



US 2016/0019024 A1 

buffers 201 and 202 and that reads this data for playback, 
and/or as another working region. 
0054 The switch group 904 includes various types of 
Switches typically found in electronic musical instruments as 
well as switches for the tap button 104 and the freeze button 
103 shown in FIG. 1. The CPU 901 periodically scans the 
operational states of the switches in the switch group 904 
according to a control program stored in the ROM903. Once 
the CPU901 detects abutton press, the CPU901 executes one 
of the processes shown in the flowcharts in FIGS. 10 to 13. 
0055. The keyboard 905 serves as a user interface that 
allows the user to play an electronic keyboard instrument. 
Any music the user plays on the keyboard 905 is input to a 
musical Sound generation unit (not shown in the figures) 
controlled by the CPU901, which generates music signal data 
corresponding to the music played by the user. This music 
signal data is then converted to an analog signal by the DAC 
908, amplified by the sound system 909, and then sent to 
speakers, a headphone jack, a line-out terminal, or the like 
built into the sound system 909 for playback. 
0056. When the user starts the sequencer using the switch 
group 904, the CPU901 inputs any preset or user-configured 
automatic musical performance data stored in the ROM 903 
or the RAM 902 to the CPU 901-controlled musical Sound 
generation unit (not shown in the figures), which generates 
the corresponding music signal data for the sequencer. The 
user can then use a slider switch or the like (not shown in the 
figures) in the Switch group 904 to mix the music signal data 
from the sequencer with an external music signal input via the 
line-in unit 907. The user can then perform the slicing and 
freeze operations described above on this mixed music signal 
data. Any sliced music signal data is converted to an analog 
signal by the DAC 908, amplified by the sound system 909, 
and then sent to speakers, a headphone jack, a line-out termi 
nal, or the like built into the sound system 909 for playback in 
the manner described above. 
0057. In the present embodiment, the musical sound play 
back device is configured to include components necessary 
for playback of music, such as the DAC 908 and the sound 
system 909. However, the musical sound playback device 
may also be configured not to include these components 
internally and Such that these components can be connected 
to the musical sound playback device externally. 
0058. In the musical sound playback device of the present 
embodiment, the CPU 901 executes programs such as those 
depicted by the flowcharts in FIGS. 10 to 16 to implement 
features Supported by the musical Sound playback device. 
These programs may be stored and distributed using a por 
table storage medium (not shown in the figures) or distributed 
on a network and obtained via a communication interface (not 
shown in the figures), for example. 
0059. The LED display unit 906 includes the 16 LED 
timing sensors 101 and the ring-shaped chassis 102 shown in 
FIG 1. 
0060 FIG. 10 is a flowchart illustrating an example of a 
process executed by the CPU901 shown in FIG.9 when the 
CPU901 detects that one of the 16 LED-timing sensors 101 
shown in FIG. 1 has been pressed while periodically scanning 
the operational states of the switches in the switch group 904 
according to a control program stored in the ROM903. In the 
description below, the LED-timing sensor 101 that has been 
pressed is denoted as step N. 
0061 First, the CPU901 determines the current value of a 
slice start flag stored in the RAM 902 as a variable. Here, a 
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logical value of 1 indicates that the flag is on and a logical 
value of 0 indicates that the flag is off, for example (S1001). 
0062. The first time the user has presses one of the LED 
timing sensors 101 (shown in FIG.1) after turning the musical 
Sound playback device on, the slice start flag has an initial 
value of offbecause the slice feature has not yet been used. In 
this case, the CPU901 sets a slice start step variable stored in 
the RAM 902 to a value of N corresponding to the LED 
timing sensor 101 that the user pressed (S1002). 
0063) Next, the CPU 901 reads the default slice length 
value from the ROM 903 and sets that value to a slice length 
variable in the RAM 902 (S1003). This default value corre 
sponds to the eighth note's worth of groups of sampled music 
signal data (that is, two steps) described above in reference to 
FIG. 4. Here, this value is 2, for example. 
0064. Next, the CPU901 sets the slice start flag variable in 
the RAM 902 to on (that is, to a logical value of 1, for 
example) (S1004). 
0065. The CPU 901 then uses the variables stored in the 
RAM902 to send an instruction to stop the revolving illumi 
nation of the LEDs in the 16 LED-timing sensors 101 shown 
in FIG. 1 (S1005). In other words, because normal playback 
of the music signal data stops once the user has designated a 
slice start step, as described above, the revolving illumination 
of the LED-timing sensors 101 is also stopped. 
0066. Then, the CPU 901 turns on the LED of the Nth 
LED-timing sensor 101 corresponding to the designated slice 
start step (S1006). 
0067 Finally, the CPU 901 sets a prescribed value to a 
prescribed variable in the RAM 902 in order to make the 
LEDs in the LED-timing sensors 101 from the slice start 
step--1 (that is, N+1) to the step calculated using the slice 
length variable stored in the RAM 902 turn on and off 
(S1008). The CPU 901 then finishes the current scan of the 
switches in the switch group 904. 
0068 For the case shown in FIG. 3, for example, in steps 
S1001 to S1006 the CPU 901 would detect that the LED 
timing sensor 101 in position number 5 had been pressed and 
then illuminate LED-timing sensor 101 in position number 5. 
Moreover, in step S1008, the default slice length value is 2, 
for example. Therefore, starting at Step 5+1=6 and continuing 
to the step calculated using a slice length of 1, the LEDs in the 
corresponding LED-timing sensors 101 would turn on and 
off. Here, the LED in the LED-timing sensor 101 in position 
number 6 would turn on and off. 
0069. Meanwhile, if the user has already designated a slice 
start step and the CPU 901 detects that the user has pressed 
another LED-timing sensor 101, the CPU901 determines that 
the slice start flag is on and proceeds to step S1007. Here, the 
CPU901 subtracts the slice startstep value stored in the RAM 
902 in step S1002 from the newly detected step Nand sets the 
result to the slice length variable in the RAM 902 (S1007). 
Finally, the CPU 901 sets a prescribed value to a prescribed 
variable in the RAM 902 in order to make the LEDs in the 
LED-timing sensors 101 from the slice start step--1 to the step 
calculated using the slice length variable stored in the RAM 
902 turn on and off (S1008). The CPU901 then finishes the 
current scan of the switches in the switch group 904. 
0070 For the case shown in FIG. 5, for example, in steps 
S1007 and S1008 the CPU 901 would detect that the LED 
timing sensor 101 in position number 12 had been pressed and 
designated as the slice end step. Then, starting at step 5+1=6 
and continuing to the step calculated using a slice length of 
12-5-7, the LEDs in the corresponding LED-timing sensors 
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101 would turn on and off. Here, as indicated by the dotted 
circles in FIG. 5, the LEDs in the LED-timing sensors 101 in 
position numbers 6 to 12 would turn on and off. 
(0071 FIG. 11 is a flowchart illustrating an example of a 
process executed by the CPU901 shown in FIG.9 when the 
CPU901 detects that one of the 16 LED-timing sensors 101 
shown in FIG. 1 that was pressed earlier has been pressed 
again while periodically scanning the operational states of the 
switches in the switch group 904 according to a control pro 
gram stored in the ROM 903. In the description below, the 
LED-timing sensor 101 that has been pressed again is 
denoted as step N. 
0072 First, the CPU 901 determines whether the LED 
timing sensor 101 corresponding to the slice start step has 
been pressed again by determining whether the step N for 
which another button press was just detected is the same step 
stored as the slice start step in the RAM 902 (S1101). 
0073. If the LED-timing sensor 101 for which another 
button press was just detected is not the slice start step (that is, 
if the determination in step S1101 yields NO), the CPU901 
simply finishes the current scan of the switches in the switch 
group904. In this case, as in the case described in reference to 
FIG. 5 (in which the user presses the LED-timing sensor 101 
in position number 12 again), looped playback of the current 
slice simply continues unchanged. If, however, the user then 
presses a different LED-timing sensor 101 to designate a 
different slice end step, the CPU 901 goes through 
S1001d-S1007>S1008 in FIG. 10 to set a new slice length 
using the new slice end step. 
0074. If the determination in step S1101 yields YES, the 
CPU901 sets the slice start flag variable in the RAM 902 to 
off (that is, to a logical value of 0, for example) (S1102). 
0075) Next, the CPU901 clears the slice start step variable 
in the RAM902 to clear the slice start step (S1103). 
0076. The CPU 901 then uses the variables stored in the 
RAM902 to send an instruction to restart the revolving illu 
mination of the LEDs in the 16 LED-timing sensors 101 
shown in FIG. 1 (S1104). In other words, normal playback of 
the music signal data resumes once the user clears the slice 
start step, and therefore the revolving illumination of the 
LED-timing sensors 101 is also resumed. 
0077 Finally, the CPU 901 turns off the LED of the Nth 
LED-timing sensor 101 corresponding to the previously des 
ignated slice start step (S1105). The CPU 901 then finishes 
the current scan of the switches in the switch group 904. 
0078 FIG. 12 is a flowchart illustrating an example of a 
process executed when the user presses the freeze button 103 
shown in FIG. 1 in the switch group 904 shown in FIG. 9. 
0079. The freeze button 103 functions like a toggle switch. 
First, the CPU901 determines whether a freeze flag variable 
stored in the RAM 902 is currently set to on or off (S1201). 
0080. If the musical sound playback device was not 
already in the freeze state and the freeze flag is currently set to 
off, the CPU 901 sets the freeze flag in the RAM 902 to on 
(that is, to a logical value of 1, for example) (S1202). 
0081. Next, the CPU901 illuminates a freeze LED embed 
ded in the freeze button 103 shown in FIG. 1 in the switch 
group 904 shown in FIG. 9 (S1203). The CPU 901 then 
finishes the current scan of the switches in the switch group 
904. 

I0082) Meanwhile, if the musical sound playback device is 
already in the freeze state and the freeze flag is currently set to 
on, the CPU901 sets the freeze flag in the RAM 902 to off 
(that is, to a logical value of 0, for example) (S1204). 

Jan. 21, 2016 

0083. Then, the CPU901 turns off the freeze LED embed 
ded in the freeze button 103 shown in FIG. 1 in the switch 
group 904 shown in FIG. 9 (S1205). The CPU 901 then 
finishes the current scan of the switches in the switch group 
904. 
I0084 FIG. 13 is a flowchart illustrating an example of a 
process executed when the user presses the tap button 104 
shown in FIG. 1 in the switch group 904 shown in FIG. 9. 
I0085. First, the CPU901 determines whether the tap but 
ton 104 was pressed within a certain most recent period of 
time X (S1301). 
I0086). If the determination in step S1301 yields NO, the 
CPU901 resets a tempo count variable stored in the RAM902 
(S1302). 
I0087 Next, the CPU901 modifies a trigger time variable 
that is stored in the RAM902 and used to turn a tempo LED 
(not shown in the figures) in the switch group 904 shown in 
FIG.9 on and off (S1303). 
I0088. The CPU 901 then resets the position of the next 
LED-timing sensor 101 to be illuminated to position number 
1 (S1304). The CPU901 then finishes the current scan of the 
switches in the switch group 904. 
I0089. In this way, when the user taps the tap button 104 
shown in FIG. 1 a single time, the sequencer is reset to the 
beginning of the current bar, and the position of the next 
LED-timing sensor 101 to be illuminated is reset to position 
number 1. 
I0090. Meanwhile, if the determination in step 1301 yields 
YES, the CPU 901 calculates a new tempo value using the 
time that has elapsed since the tap button 104 was last pressed 
(S1305). 
I0091 Next, the CPU901 changes the tempo value stored 
in the RAM 902 to the new tempo value calculated in step 
S1305 (S1306). During playback of automatic musical per 
formance data from the sequencer, the CPU 901 references 
this new tempo value and changes the rate at which the revolv 
ing illumination of the LEDs in the 16 LED-timing sensors 
101 shown in FIG. 1 occurs accordingly. 
0092 Finally, the CPU901 changes a tempo LED illumi 
nation rate variable stored in the RAM902 to match the new 
tempo (S1307). The CPU901 then finishes the current scan of 
the switches in the switch group 904. 
I0093 FIG. 14 is a flowchart illustrating an example of a 
timer process for illuminating the LEDs. 
I0094. This process runs at fixed time intervals correspond 
ing to timer interrupts. First, the CPU 901 increments a time 
variable T stored in the RAM902 (S1401). 
I0095) Next, the CPU 901 divides the current value of the 
time variable T by 16 and determines whether the result is 
greater than a step variable N' stored in the RAM902(S1402). 
I0096. If the determination in step S1402 yields YES, the 
CPU901 increments the value of the step variable N' by 1 
(S1403). This step variable N represents a step number from 
1 to 16 within a bar of music signal data and is reset to 1 when 
incremented beyond the maximum value of 16. 
I0097. If the determination in step S1402 yields NO, the 
CPU901 skips step S1403. 
0098 Next, the CPU901 uses the variables stored in the 
RAM 902 to determine whether an instruction to illuminate 
the LEDs in the 16 LED-timing sensors 101 shown in FIG. 1 
in the revolving manner has been sent (S1404). This instruc 
tion is sent when the user has not designated a slice start step. 
I0099] If the determination in step S1404 yields YES, the 
CPU901 illuminates the LED in the LED-timing sensor 101 
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corresponding to the current value of the step variable N that 
was incremented in step S1403 (S1405). The CPU901 then 
turns off the LED in the LED-timing sensor 101 in position 
N'-1 (S1406). Finally, the CPU 901 completes the current 
timer process. In this way, the 16 LED-timing sensors 101 on 
the ring-shaped chassis 102 shown in FIG. 1 light up and turn 
off (on the basis of the value of the step variable N that is 
incremented according to a time variable T) in a revolving 
manner in the clockwise direction indicated by arrow A in 
FIG. 1 and in time with the music signal data currently being 
played. 
0100. If the determination in step S1404 yields NO, the 
CPU901 determines whether the slice start flag stored in the 
RAM 902 is set to on (S1407). 
0101. If the determination in step S1407 yields ON, the 
CPU901 turns the LEDs in the LED-timing sensors 101 
within the current slice, as indicated by variables stored in the 
RAM 902 (that is, from the slice start step--1 to the step 
calculated using the slice length variable stored in the RAM 
902) on and off (S1408). 
0102) If the determination in step S1407 yields OFF, the 
CPU901 skips step S1408. 
(0103 Finally, the CPU 901 completes the current timer 
process. 
0104. In this way, the LEDs in the LED-timing sensors 
101 within the current slice can be turned on and off as 
appropriate. As shown by the dotted circles in FIGS. 5 and 8. 
this allows the user to easily see which steps are part of the 
current slice. 
0105 FIGS. 15 and 16 are flowcharts illustrating an 
example of a slice insertion process. This process is executed 
at the sampling interval at which the input music signal data 
is sampled, for example. 
01.06 First, as described in reference to FIG. 2, the CPU 
901 stores a sample of the input music signal data for the 
current sampling period in the recording ring buffer 201 
(S1501). The details of this process were described above in 
reference to FIG. 2. 
01.07 Next, the CPU 901 determines whether the freeze 
flag variable stored in the RAM 902 is currently set to on 
(S1502). 
0108 First, the case in which the device is not in the freeze 
state and the freeze flag is currently set to off will be 
described. The process for this case is illustrated by the flow 
chart in FIG. 16. First, the CPU901 determines whether the 
slice start flag variable stored in the RAM902 is currently set 
to on (that is, whether the user has started creating an audio 
slice) (S1507). 
0109) If the determination in step S1507 yields OFF, the 
CPU901 outputs the input music signal data as-is to the DAC 
908 shown in FIG. 9, and the slice insertion process for the 
current sampling period ends. 
0110. If the determination in step S1507 yields ON, this 
indicates that the user has started using the slicing feature. 
The CPU 901 then determines whether the freeze flag vari 
able stored in the RAM 902 is currently set to on (S1508). 
0111. If the freeze flag is currently set to off, the CPU901 
determines whether the slice start flag variable stored in the 
RAM 902 was set to on during the previous sampling period 
(S1509). In order to be able to perform this determination, the 
CPU901 may store the current state of the slice start flag in 
the RAM 902 in preparation for the next sampling period (at 
which point the value stored is used as the value of the slice 
start flag for the previous sampling period). 
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0112) If the slice start flag was set to off during the previ 
ous sampling period, the CPU901 determines which samples 
in the current slice in the recording ring buffer 201 to use for 
playback (S1510). 
0113. Next, the CPU901 sequentially copies the data for 
the current slice from the recording ring buffer 201 to the 
playback ring buffer 202 (S1512). As described above in 
reference to FIG. 3, a full bar of music signal data starting 
from the user-designated slice start step is copied. Moreover, 
one full sample of data is copied per sampling period. 
0114) Next, the CPU901 retrieves the music signal data 
(represented as pitch values) from the playback ring buffer 
202 starting at the current address and outputs those values to 
the DAC 908 (S1513). The CPU 901 then ends the slice 
insertion process for the current sampling period. 
0115 If the slice start flag was setto on during the previous 
sampling period, the CPU 901 determines whether the pro 
cess for copying the slice (1 full bar) of music signal data 
determined in step S1510 from the recording ring buffer 201 
to the playback ring buffer 202 is complete (S1511). 
0116. If the determination in step S1511 yields YES, the 
CPU901 proceeds to step S1513 and begins looped playback 
of the slice of music signal data that was copied to the play 
back ring buffer 202. 
(0.117) If the determination in step S1511 yields NO, the 
CPU901 proceeds to step S1512 and continues copying the 
current slice of music signal data (1 fullbar starting from the 
slice start step) from the recording ring buffer 201 to the 
playback ring buffer 202. 
0118. Next, the case in which the device is in the freeze 
state and the freeze flag is currently setto on will be described. 
In this case, the determination in step S1502 in FIG. 15 yields 
ON. The CPU 901 then determines whether the freeze flag 
variable stored in the RAM 902 was set to on during the 
previous sampling period (S1503). In order to be able to 
perform this determination, the CPU 901 may store the cur 
rent state of the freeze flag in the RAM902 in preparation for 
the next sampling period (at which point the value stored is 
used as the value of the freeze flag for the previous sampling 
period). 
0119. If the freeze flag was set to off during the previous 
sampling period, the CPU 901 determines which samples in 
the current freeze range in the recording ring buffer 201 to use 
for playback (S1504). 
I0120 Next, the CPU901 sequentially copies the data for 
the current freeze range from the recording ring buffer 201 to 
the playback ring buffer 202 (S1506). As described above in 
reference to FIG. 6, the past full bar of music signal data 
ending with when the user pressed the freeze button 103 is 
copied. Moreover, one full sample of data is copied per Sam 
pling period. 
I0121 Next, the CPU901 proceeds to step S1507 in FIG. 
16. 

I0122) If the freeze flag was set to on during the previous 
sampling period, the CPU 901 determines whether the pro 
cess for copying the current freeze range (1 fullbar) of music 
signal data determined in step S1504 from the recording ring 
buffer 201 to the playback ring buffer 202 is complete 
(S1505). 
(0123. If the determination in step S1505 yields YES, the 
CPU901 proceeds to step S1507 in FIG. 16. 
(0.124. If the determination in step S1505 yields NO, the 
CPU901 proceeds to step S1506 and continues copying the 
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current freeze range of music signal data from the recording 
ring buffer 201 to the playback ring buffer 202. 
0125. Next, the behavior of the device when the user uses 
the slicing feature while the device is in the freeze state will be 
described. This corresponds to when the determination in step 
S1507 in FIG. 16 yields ON and then the determination in 
step S1508 also yields ON. In this case, the CPU901 deter 
mines whether the process for copying the slice of music 
signal data designated in the playback ring buffer 202 from 
the recording ring buffer 201 to the playback ring buffer 202 
is complete (S1514). This determination is performed for the 
following reason. When the device is put into the freeze state, 
the music signal data copied from the recording ring buffer 
201 to the playback ring buffer 202 is the past one fullbar of 
music signal data. Therefore, if the user starts creating a slice 
while the device is still transitioning into the freeze state, all 
of the necessary music signal data may not have been fully 
copied to the playback ring buffer 202 yet. 
0126. If the determination in step S1514 yields NO, the 
CPU901 first copies the music signal data corresponding to 
the sliced playback range from the recording ring buffer 201 
to the playback ring buffer 202 in parallel with the process for 
copying music signal data from the recording ring buffer 201 
to the playback ring buffer 202 from step S1506 in FIG. 15. 
This range of data gets overwritten later in step S1506. How 
ever, the data used to overwrite this range is the same as the 
data in the range itself, so no data is lost. 
0127. If the determination in step S1514 yields YES, the 
CPU901 skips step S1515. 
0128. Next, the CPU 901 proceeds to step S1513 and 
retrieves the music signal data (represented as pitch values) 
from the playback ring buffer 202 starting at the current 
address and outputs those values to the DAC 908 (S1513). 
0129. In the above description of the present embodiment, 

it was assumed that the musical sound playback device 
required a crossfader and the like and would be used in 
conjunction with a musical instrument having an external 
input and a built-in sequencer Supporting configuration of 
tempo settings. However, the essential technical feature of the 
present embodiment is the audio slicing feature, and the 
methods/components used to input music signal data to the 
musical Sound playback device are not limited in any way. 
Moreover, the present embodiment is configured for a situa 
tion in which each bar of music signal data is divided into 16 
segments during playback. However, the present embodiment 
is not limited to this configuration. 
0130. It will be apparent to those skilled in the art that 
various modification and variations can be made in the 
present invention without departing from the spirit or scope of 
the invention. Thus, it is intended that the present invention 
cover modifications and variations that come within the scope 
of the appended claims and their equivalents. In particular, it 
is explicitly contemplated that any part or whole of any two or 
more of the embodiments and their modifications described 
above can be combined and regarded within the scope of the 
present invention. 
What is claimed is: 
1. A playback device, comprising: 
a first buffer and a second buffer, each having a plurality of 

storage regions; and 
a processing unit, 
wherein the processing unit performs: 

a storage process that causes input audio data to be 
stored in the storage regions of the first bufferin order; 
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a first playback process that causes said stored audio 
data to be played back in the order in which said audio 
data was stored; 

a designation process that designates, in response to a 
user input, at least one of the plurality of storage 
regions of the first buffer in which the audio data is 
stored; 

a copy process that causes the audio data stored in the 
designated storage region of the first buffer to be 
copied to the second buffer; and 

a second playback process that causes the audio data 
copied to the second buffer to be repeatedly played 
back. 

2. The playback device according to claim 1, wherein the 
processing unit, during said processes, starts performing the 
second playback process in response to the audio data being 
copied to the second buffer. 

3. The playback device according to claim 1, wherein the 
processing unit stops performing the first playback process 
when the second playback process starts. 

4. The playback device according to claim 1, 
wherein the processing unit, in the designation process, 

designates the storage region of the first buffer in which 
the audio data is stored in accordance with a timing of 
the user input while the audio data is played back during 
the first playback process, and 

wherein the processing unit, in the copy process, causes the 
audio data stored in the designated Storage region of the 
first buffer to be copied to the second buffer each time 
the designation process designates the storage region of 
the first buffer. 

5. The playback device according to claim 1, 
wherein the processing unit performs a freezing process 

that causes a prescribed segment of the audio data that 
has been stored in the first buffer to be copied to the 
second buffer, said prescribed segment having a start 
point that can be set in accordance with a user input, and 

wherein the processing unit performs a second designation 
process that designates at least one of the storage regions 
of the second buffer in which the prescribed segment of 
audio data has been stored in response to a user input that 
is performed after the freezing process has been per 
formed. 

6. The playback device according to claim 1, wherein the 
audio data includes musical data input from an external 
SOUC. 

7. The playback device according to claim 6. 
wherein said musical data includes rhythm audio data for a 

plurality of bars of music that are played back at a 
designated tempo, and 

wherein the first buffer stores musical data that has a dura 
tion greater than or equal to one bar of music as defined 
by the rhythm sounds. 

8. The playback device according to claim 7, further com 
prising: 

a display unit that, when the musical data from at least one 
of the first playback process and the second playback 
process is played back, displays timing of the respective 
rhythm sounds representing the full bar of music. 

9. The playback device according to claim 1, wherein the 
first buffer and the second buffer are ring buffers. 

10. A playback method for a playback device that includes 
a first ring buffer and a second ring buffer each having a 
plurality of storage regions, the playback method comprising: 
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storing input audio data in the storage regions of the first 
ring buffer in order; 

playing back the stored audio data in the order in which 
said audio data was stored; 

designating at least one of the plurality of storage regions 
of the first ring buffer in which the audio data is stored in 
response to a user input; 

copying the audio data stored in the designated Storage 
regions of the first ring buffer to the second ring buffer; 
and 

repeatedly playing back the audio data copied to the second 
ring buffer while terminating the playing back of the 
audio data stored in the first ring buffer. 

11. A non-transitory storage medium that stores instruc 
tions executable by a playback device having a processor and 
a first ring buffer and a second ring buffer each having a 
plurality of storage regions, said instructions causing the pro 
cessor of the playback device to perform the following: 

causing input audio data to be stored in the storage regions 
of the first ring buffer in order; 

causing the stored audio data to be played back in the order 
in which said audio data was stored; 

designating at least one of the plurality of storage regions 
of the first ring buffer in which the audio data is stored in 
accordance with a user input; 

causing the audio data stored in designated storage regions 
of the first ring buffer to be copied to the second ring 
buffer; and 

causing the audio data copied to the second ring buffer to be 
repeatedly played back. 

k k k k k 
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