Oo000DOo000oOo 400000000

ooooooOo,000b TAUODO ODOO,0obD O

20800000000 20180 120 2000

1 0000

cooboooobooooboooooooooobogonooooooooooooooooooooooonn
oobobooooooooobooonoooog

s [00xxxO0O0OoOoooobooooooooobooooooooboooooobooooooooooboooo
D00000000000000000m 00 xxx! 00DO0O0O0DO0DO0O0ODO0O00000000000000
oooboooooooooboonoo

00000 Java SE Development Kit (JDK)80 OO OO 8000000000000 0O0 7000 JDKO
gobobooooooooooboocoboboooooooooobobooo

e 10000 OOOOO Commons Math
e 10000 OOOOOODONO CommonsCLI
e JDOIOOODDOD®

0000000000 000D0O0O00000OD0000 cLasSPATHOOOOODODOJAROODOOOOOO
00000 7/.bashprofile JO0O0O0D0OO0O0DOO0OOO0OOO0O0OOO /path/to/library/00000
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CLASSPATH=. :\
/path/to/library/commons-math3-3.6.1.jar:\
/path/to/library/commons—-cli-1.4.jar:\
/path/to/library/ledmusic. jar

export CLASSPATH
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goodoo
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0000000000 o0o0O000000000000000000000000D00O0D0OO0 (inverse
DFT; IDFT) 0 0O O

N-1
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$ rec -r 16k -b 16 -c 1 output.wav trim 0 10
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$ play input.wav
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$ play input.wav trim 2.1 1.5
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$ play input.wav trim 2.1 1.5 repeat 9

(001 0000000000 O0O0O0UOO0OO0O00O0OO0ODO0O0OO0OO 16kHZOOOOOOODO 16000
goooooomooooobooooobooooooobooooboooooooooDboboboobOoobooOoOoO
ooooooo200000000000000000000000OOODOOODOOOOOOOO

ooooooooooooooooooooobbooooooooooooobooooooOooDbboOooo
odoooooooooooooooooooooO £1000000O00O00O0OO0O00O0O0O0O0O00O
oooboooobooooooooooboo

coooogooo

oooboooooooooboboooo

oooooooooooOoOoOoOOOOOOOODOOODO 1000000 OOOOOOOO0O0O0O00O0
000 SoXO trimO0OO0COOCOCODOOODOO

goooodooboooooboooboboooobooobooooobooooboooomooooooooogn
oobobooooobooooobooooobocoooboooo

32 0OO0O0OOO

ggodoooobbobbbobooooooooooboboboboodo0ooooooooLoDoo
gbooooboobooooboobooooboboooboboboboobobobooobobDoobm oo
goboobooboboobooboooboobbooboobo
WAVEOOOOOOOOOODOOOO0OO0O00D0OOO0OOOB O PlotWaveformCLLjava 0000000
goo

oooO0oO0oO0 1 WAVEOOOOOOOOOOOOOOO PlotWaveformSimple.java

import Jjava.io.File;

import Jjava.util.stream.Collectors;
import java.util.stream.IntStream;
import javax.sound.sampled.AudioSystem;
import javax.sound.sampled.AudioFormat;

import javax.sound.sampled.AudioInputStream;
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import javafx.application.Application;
import Jjavafx.application.Platform;
import javafx.stage.Stage;

import javafx.scene.Scene;

import Jjavafx.scene.chart.XYChart;

import javafx.scene.chart.LineChart;
import javafx.scene.chart.NumberAxis;
import Jjavafx.collections.ObservablelList;
import javafx.collections.FXCollections;

import Jp.ac.kyoto_u.kuis.led4music.Le4MusicUtils;

import java.io.IOException;
import javax.sound.sampled.UnsupportedAudioFileException;

public final class PlotWaveformSimple extends Application {

@Override public final void start(final Stage primaryStage)
throws IOException,
UnsupportedAudioFileException {

/> 00000000000 «/
final String[] args = getParameters().getRaw () .toArray(new String[0]);
if (args.length < 1) {

System.out.println ("WAVFILE is not given.");

Platform.exit ();

return;
}

final File wavFile = new File(args[0]);

/« WAVODDODDODO «/

final AudioInputStream stream = AudioSystem.getAudioInputStream(wavFile);
final double[] waveform = Le4MusicUtils.readWaveformMonaural (stream);
final AudioFormat format = stream.getFormat () ;

final double sampleRate = format.getSampleRate();

stream.close () ;

/= 00000000 =/
final ObservableList<XYChart.Data<Number, Number>> data =
IntStream.range (0, waveform.length)
.mapToObj (i -> new XYChart.Data<Number, Number> (i / sampleRate, waveform([i]))
.collect (Collectors.toCollection (FXCollections: :observableArrayList));

/» 000 O0oDOoDOoOooDooo </

final XYChart.Series<Number, Number> series = new XYChart.Series<>();
series.setName ("Waveform") ;

series.setData (data);

/« 0000 «/

final NumberAxis xAxis = new NumberAxis();
xAxis.setLabel ("Time (seconds)");

final NumberAxis yAxis = new NumberAxis();
yAxis.setLabel ("Amplitude");

/« 0000000 =/
final LineChart<Number, Number> chart = new LineChart<> (xAxis, yAxis);
chart.setTitle ("Waveform") ;
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chart.setCreateSymbols (false);
chart.getData () .add (series);

/%

/%
primaryStage
primaryStage
primaryStage

gooooaod
final Scene scene =

gooooooao

x/

new Scene (chart, 800,
*/

.setScene (scene);
.setTitle(getClass () .getName());
.show () ;

600) ;

CO00O0oO0o0o0O0O0bOOb0Ob00O00b0OO0000n javatx.scene.SceneO00O0O0OO00OO0OO0OOO
gobodoooooboooooodd

0000002 0o0o000o00o0o0oO0o0oo0oooooonon

import java.io.File;

import javax.imageio.ImagelO;
import javafx.scene.image.WritableImage;
import Jjavafx.embed.swing.SwingFXUtils;
Platform.runLater (() -> {
WritableImage image = scene.snapshot (null);

String name = "waveform";

String ext = "png";
try {

ImageIO.write (SwingFXUtils.fromFXImage (image, null), ext, new File(name + "." + ext));
} catch (IOException e) { throw new RuntimeException(e); }

}) i
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gobooobooooooooobooooboooboooooooooOooooDbDooooDoOooDboboooon
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000000 3 PlotSpectrumSimple.java

import java.io.File;

import Jjava.util.Arrays;

import java.util.stream.Collectors;

import java.util.stream.IntStream;

import javax.sound.sampled.AudioSystem;
import javax.sound.sampled.AudioFormat;
import javax.sound.sampled.AudioInputStream;

import javafx.application.Application;
import javafx.application.Platform;
import javafx.stage.Stage;

import javafx.scene.Scene;

import javafx.scene.chart.XYChart;

import Jjavafx.scene.chart.LineChart;
import javafx.scene.chart.NumberAxis;
import javafx.collections.ObservableList;
import javafx.collections.FXCollections;

import Jjp.ac.kyoto_u.kuis.ledmusic.Le4MusicUtils;
import org.apache.commons.math3.complex.Complex;

import java.io.IOException;
import javax.sound.sampled.UnsupportedAudioFileException;

public final class PlotSpectrumSimple extends Application {

@Override public final void start(final Stage primaryStage)
throws IOException,
UnsupportedAudioFileException {

/= 00000000000 «/
final String[] args = getParameters().getRaw () .toArray(new Stringl[0]);
if (args.length < 1) {

System.out.println ("WAVFILE is not given.");

Platform.exit ();

return;

4 000000000000000000000000000000
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final File wavFile = new File(args[0]);

/* WAVO DO OODODOOO «/

final AudioInputStream stream = AudioSystem.getAudioInputStream(wavFile);
final double[] waveform = Led4MusicUtils.readWaveformMonaural (stream);
final AudioFormat format = stream.getFormat ();

final double sampleRate = format.getSampleRate();

stream.close () ;

/+ fftSize = 2"p >= waveform.length O 0O O 0O fftSize OO0 OO

*» 2°p 00D DOOOOOO0O */
final int fftSize = 1 << LedMusicUtils.nextPow2 (waveform.length);
final int fftSize2 = (fftSize >> 1) + 1;
/» 000000 fftsize DO OO ODODDODOODOOODOOOOODOODO
+» 00000000 OooOooDog «/
final double[] src =

Arrays.stream(Arrays.copyOf (waveform, fftSize))

.map(w -> w / waveform.length)

.toArray();
/> 00000000000 */
final Complex[] spectrum = Led4MusicUtils.rfft (src);

/» 000 O0DO0DOoODOoO0oDoooo «/
final double[] speclLog =
Arrays.stream(spectrum)
.mapToDouble (c —-> 20.0 % Math.loglO(c.abs()))
.toArray();

/= 00000000 =/
final ObservableList<XYChart.Data<Number, Number>> data =
IntStream.range (0, fftSize2)
.mapToObj (i -> new XYChart.Data<Number, Number> (i * sampleRate / fftSize,
.collect (Collectors.toCollection (FXCollections: :observableArrayList));

/» 000000000000 %/
final XYChart.Series<Number, Number> series = new XYChart.Series<> ("Spectrum",

/« 0000 =/

final NumberAxis xAxis = new NumberAxis();
xAxis.setLabel ("Frequency (Hz)");

final NumberAxis yAxis = new NumberAxis();
yAxis.setLabel ("Amplitude (dB)");

/= 0000000 =/

final LineChart<Number, Number> chart = new LineChart<> (xAxis, yAxis);
chart.setTitle ("Spectrum");

chart.setCreateSymbols (false);

chart.getData () .add (series);

/> 00000 */
final Scene scene = new Scene (chart, 800, 600);

/= 0000000 «/

primaryStage.setScene (scene);
primaryStage.setTitle (getClass () .getName());
primaryStage.show () ;

11

specLog[i]))

data) ;
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gobobooobooboobuobboobboobdspectrogram 00000000000 0OO0OO0OOOO

gobodoobooooboooooooooooOooboooo

0O0oDOoO0o0O 4 PlotSpectrogramSimple.java

import
import
import
import
import
import
import

import

import
import
import
import
import
import
import
import

import

java.io.File;

java.util.Arrays;

java.util.stream.Collectors;

java.util.stream.Stream;

java.util.stream.IntStream;

javax.sound.sampled.AudioSystem;

javax.sound.sampled.AudioFormat;

javax.sound.sampled.AudioInputStream;

javafx.
javafx.
Javafx.
javafx.
javafx.
Javafx.
javafx.
javafx.
Javafx.

application.Application;

application.Platform;

stage.
.Scene;

scene

scene.

scene.

scene

Stage;

chart.XYChart;
chart.LineChart;

.chart .NumberAxis;

collections.ObservableList;

collections.FXCollections;
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import org.apache.commons.math3.complex.Complex;
import org.apache.commons.math3.util.MathArrays;

import jp.ac.kyoto_u.kuis.ledmusic.Le4MusicUtils;
import jp.ac.kyoto_u.kuis.ledmusic.LineChartWithSpectrogram;

import java.io.IOException;
import javax.sound.sampled.UnsupportedAudioFileException;

public final class PlotSpectrogramSimple extends Application ({

@Override public final void start (final Stage primaryStage)
throws IOException,
UnsupportedAudioFileException {

/> 0000000 O0O0o0 «/
final String[] args = getParameters().getRaw () .toArray(new Stringl[0]);
if (args.length < 1) {

System.out.println ("WAVFILE is not given.");

Platform.exit ();

return;
}

final File wavFile = new File(args[0]);

final double frameDuration = Led4MusicUtils.frameDuration;
final double shiftDuration = frameDuration / 8.0;

/» WAVOOOOOOOoOO «/

final AudioInputStream stream = AudioSystem.getAudioInputStream(wavFile);
final double[] waveform = Led4MusicUtils.readWaveformMonaural (stream);
final AudioFormat format = stream.getFormat () ;

final double sampleRate = format.getSampleRate();

stream.close () ;

/= O00O0O0OFFTOOO0O0O0O =/

final int frameSize = (int)Math.round(frameDuration * sampleRate);
final int fftSize = 1 << Led4MusicUtils.nextPow2 (frameSize);
final int fftSize2 = (fftSize >> 1) + 1;

/« 00 O0O0oDoooo «/
final int shiftSize = (int)Math.round(shiftDuration * sampleRate);

/« 00000000000 «/

final double[] window = MathArrays.normalizeArray (
Arrays.copyOf (Le4MusicUtils.hanning (frameSize), fftSize), 1.0

)i

/= 00000000000 =/
final Stream<Complex[]> spectrogram =
Led4MusicUtils.sliding(waveform, window, shiftSize)
.map (frame -> Led4MusicUtils.rfft (frame));

/» 0 O0O0O0D0OOO0D0OO0OO0DODOoOO0oOooOOoooogooogo «/
final double[][] specLog =
spectrogram.map (sp —> Arrays.stream(sp)
.mapToDouble(c -> 20.0 x Math.loglO(c.abs()))
.toArray())
.toArray (n —-> new double[n][]);

13




71
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108

/+« XO 001 */

final NumberAxis xAxis = new NumberAxis();
xAxis.setLabel ("Time (Seconds)");
xAxis.setLowerBound (0.0);

xAxis.setUpperBound (speclLog.length % shiftDuration);

/= YOO OI */

final NumberAxis yAxis = new NumberAxis();
yAxis.setLabel ("Frequency (Hz)");
yAxis.setLowerBound(0.0);
yAxis.setUpperBound (sampleRate *= 0.5);

/« chOODOOOOO =/
final LineChartWithSpectrogram<Number, Number> chart =

new LineChartWithSpectrogram<> (xAxis, yAxis);
chart.setParameters (specLog.length, fftSize2, sampleRate x 0.5);
chart.setTitle ("Spectrogran") ;
Arrays.stream(speclog) . forEach (chart::addSpeclLog) ;
chart.setCreateSymbols (false);
chart.setLegendVisible (false);

/= 00000 =/
final Scene scene = new Scene (chart, 800, 600);

/= 0000000 =/

primaryStage.setScene (scene);
primaryStage.setTitle (getClass () .getName());
primaryStage.show () ;

Spectrogram Spectrogram

8,000 8,000

700 e 7,000

6,000 6,000

n
5}
15}
5]
n
5}
15}
5]

Frequency (Hz)
a
Frequency (Hz)

by P 3

w
o
<1
S

w
o
<1
S

2,000

1,000

[ 0.5 1 15 2 25 3 35 [ 0.5 1 15 2 2.5 3 3.5 4 437
Time (seconds) Time (seconds)

06 DO0O0ODO0O0O0OO0O0DOMMOOOOOODOODOOO0OOmMOOOOO0O0O0O00O0

004 0000000000000000D0000C0DOO0O0OOOOOOOOOOOOOOOOOOODO
gobobooooboooooooooooooboooooooooooooooooooooooooonoa
oooooooooocooon

14




005" DODOODOOOOOOOOOOO

4 00000
41 00000

OO loudness DO OO0OMOOOODODOODOOOOOOOOOOD300OO0OODOOODODOODOO
00000000000 00000000000000000000000¥ 0 0000000000000
0000000000000 00000000200000"000000000000000000000
00 Parseval’stheorem D 0000000000 OCOODOO

1 N—-1 1 N—-1
2 2
v J;) Xe2 =\ % ; ] (17)

00000000000 RMS (root-mean-square) 0 0 0 O

0000000000000 000000000000000D0 RMSOO0OOOOOOO0OOODOOOOO
0000000 0oooooD dBODODOODOODOODOOO0OD AODODO BOODO20dBO0OO0O0OO0O
O0ODOD0DAOBOOO 100000 RMSOODOOOOOOOIdBOOOO 2%21.122DDDDDDDD
o0o0oooooooooooooooo

Volgg = 20log;, RMS (18)

m(006 20000000000000000000O0OUO0OUOOUOOUOOULOOUDOOUOOOOO
ooooogodBoooooon

42 00000

OO0 pitch00 00 MOOOO0OO0OOOO0OOOOO0OOOOOODOOOOOOOODODOOOOODODOO
0000 pitchedsound 00000000 unpitchedsound DO O OO0O0O0O0O0O0OOOOOOODOODODOO
ooooooooooooo

421 0000
coooooooocooon

1. 0000000000000 00000000O0O0000O0000000DODDO00oODDO00oDoOoOooOn
gbooooooboobobobooooooooboboo

2. 000000000 200000000000000000DO0DOO00DOOO0OO0ODODOOODOOOO0O
00000 w0 440HzOOODOOODOOOOOODOO w0 220HzODO 880HzO OO OODOOO
wiDw OOOOOOOO

¥ 0000000000000000000000000000000000000000000000000 3kHzOO0OOOO
00000000000 020HzOODO20kHz 0000000000000 000000D000000000000000000
0000000000000000000000

*00pooooo0000 NOOOOOODOOOOOO

15



Dalw, 00000 we OOODOODOODOOOOOO
OblDw; 00000 wO0000OCCODOCOODODODO
gboooooogoog
3.0000003,4,..0000000000000000000O00C000000O0DOOODODOOO
gooooood

gobodobobooboobobooobooboooboobobobbuoobboooboobbooboon
0000000000000 00000000000000000000000O00O0O0O0OO0O00000
00000000000 DO00D0000D000D 0wy = 440Hz, we = 880Hz, wy = 1320Hz, wy = 1760Hz,
ws =2200Hz, ... 000000000000 0440Hz 00 0000000000000000O000000
00000 harmonicstructure ] 00 0000000000000 00000O00O0O0O0OOOOOOOO
U000 00000 fundamental frequency™> 0000 0000000000000 000000OOO
ooooo0opoOoooooooOo0o0oOoOooooD200300400..00000000000000000
0020000300004000..000M00000000000000000O0O0O0D0O00O00000
oooooooooooo0o0ooooOo0o00ooOo0O00bO0O00bOoO0O00oOoOO0D0oOoDOo0D0ooDO0
ooooooooooooo

gobodobobooboobbooobooboooboobbooboobboobUoobboobooo
oooooooo0ooooooooOoooooooon

m07 200000000000000000000000000D0O0DOOOCO0OO0OOOODDOOQOO
gbooboboboooooobooboboboboobooooobooo

m00 8 ODooooooooo

422 0000
0000 autocorrelation 0 0 0 00 0000000000000 O0O0O0O00OOO0OO0O0O0OOOOOOO

pgoooodooooood
N—1—1

Vr=0,....,N-1: AC, = Y zmz, (19)
t=0
000 wOOOO0OO0O0OO0ODO000O0 r00000000000000007=0000000000000
00000007=1/w00002000000000000000000000000000000000
0000000000000000000000000000000000000000000000000
002000000000000000000000000

m(009 2000000000000000000000O00O0OOOOOOOOOOOOOOOOOOO
gooooo

<l QppopO0o0D0000000000000000000000000000000000000000000000000000
00000000000000000000000

2 0ppoDo00000000000000DO000O000OND0N0NoONDooNoooo

3000000000 FO0ODOODNOOO

4 O0poDooo 10000000

16



00 10" DO0ODODODDOODOOO0DOO0OO0O0OO0OO0OO0200000000000000000000
gboboboboooooobobobobobooooooboobobobo

s 00117 O0OD0OO0OO0O0OO0ODO0OO000O0O0OD00000O000000000000000000000

43 00O0ODOO

OO0 timbre 00 0000000000000 000000DOODDDOOOOOMOOOMMO0m
obotoomobOooomoooobooooobooobooooooooooobobooobooooogoon
gobodoobooooboooooooooboooobooooooooooooooooooooboOooon
oooooooOooooooOooooooooOoooo diIS )yoboocoooooooooooooooooon
goboooooooooooooooooboo0ooboooooooooooooDoDooooObDOooDboboOooon
goocooooobooooooboOoooooOobOoOo0obOOoO0OoOO0OoOoO0OobocOobOboOobOboOoboboOoooboon
goboooboooooooooobooooboobooobooooooooooooobOboooDOobOooboboooon
gobbodooomomoomooooooobooooooooooooooooooOooboOooon
goooooood

431 0O0OO0OOOO
000000 ecepstrum® ™ 000 00000000000000000O0ODOO0

Fllog | Flxo,x1, ..., zN-1]]] (20)

gboboooboooooogooboobobobooooboooooobobobobobboooooooDoDbo
00000000000 vecalecords0OOO000O0O0O00000O0OODODODOOCOOOOOOOOOOOO
gooooobooboboooboobboobobooboobDboobuoobbooboobboboboobo
g0oo0o0obOOo0oDOOo0oDOoO0bOO00OO00O0OU0DOO00OCO0O0DOOOOOOOOOOOOOO vocal
tractJ 0000000000 OO0DOOOOO0ODOOOOOOODOOOODODOOODODOODOODODOO
goooboobobobooooooooooboboboboooobooboobooboboboboboboooo
gogboobooobooboboobooboobbooboobbooboobobobooboobbobboobo
goobobobooooooooboboboboooooooboboboboo

000000000 000000000D000O00000AO0 spectralenvelope 1 D0 O0O0O0O0O0O000O0O
goooooboobooboooboobooobooboobDbooboobbooboobboboboobo
gooboboboboooooboobobobobooooboobooobo

gobodobobooboobobooobooboooboobbobbuoobboooboobbooboon
gooobooboboboooooooooobobobobooooboooobooboboboboboboooo
goog

l.ooooooooooooooooooooooo

A 0O0DO0D00000000000000000000000000000000000MO000000000000000000
0000000000
16 gpectrum 000 4000000

17



2. 00000000000C0C0CCOOOCOOOOOOOOOOOOOOOOOOOOOOOOOOOO
oooboooooooooobooooobobooobbooooooo

j.ooooooooOOoO0OO0O0O0O0O0O0OOOOOCOOOCOOOOO

4. 00ooooooopoopoopooboopoo

coobobooobooooooooooOooOoOobOOo0oOobOOoOoOoOoOoOoOoOOOoOOOOOODOOOObOoOOn
oobobooooobooooooboooobbooooboooooooooboOoobboOooboooooooOooDn

m(00 12 200000000000000 100 130000000000000000O000OOOOO0OO
ooboboobooobooooooooobooooboobooooDooo

m(00 13 200000000000000 0000 000000000000 ODOOOOOOOO
oooooooooooon

432 0OOOOO

000000000000 0ooo0o0Oooonon veicedsound OO0 O0O00O0O0O0OOOOOOOOO
unvoicedsound ] 0000000000000 0000000O0O0O0O0OO /af, /i, lel,/lof 000000/,
/d,/b/000000 /y/,/w/DOOOOO0OO0O00O0OK,/s,/OOOOODOooooooooooooooDoo
gobooooooooobobobooooobooooooobooboboboboooobooboobOobOoboo
gobooboobooobooboooboooboobbooboobboboboobboobbooboo
gbooooooobobobooooooooobogobo

0000000000000 00000D00000 zerocrossing(rate) 00 0000000000000
gooOoooOoOoOoOoOoOoOooOOOODOODODODOODOODODODOODODODOODOOODOOOOOOO
0000000000000 0000O0O0O0O0OOODOOOOOOOOOOOoOoD 20"000000on
goobooboobooobooboooobooboobbooboobbooboobbobbooboo
goooooooogo

m0 14 0000000000000 O00O0ODO0OO0O0O00OO0ODOOOO0000OD0ODO0OO0O0000O0O
goboooooooooboboboooooobooooooboobobobobooooboooDobOobOoboo
gobooboobooobooboooboooboobbooboobboboboobboobbooboo
OopDOoDoOoOoOoOOOCOCOOoDobDO

44 0000

000000000000000000000000000000000000000000000000
000000000000000000000000 500000000000 o00oonn
0000000 M(w,X)0000000 fa(e;p,2) 0000000000

— )T —
fN($§H:E)=(27r),3/122|1/2€XP<—(x D ”>> 1)

70000 1000000000000000 100000000

18



0000000000000 00 ¥o0000o

n— 22)

1 D(ﬂﬂd—ud)z
In(zsp, %) = exp ( — e (23)
(27T)D/2HdD:10d Z

ogoooooo
go0oo0o0oooo0o0ooooooooooooooooooooooooooooooooooon

O0@MO0MOO0DOOoOODmoooooooooooooooooooooooooooooo0ooooboooboooa
gooooooooooooooooooooooobooboooobooOooooooOooooOooUbooOooooo
goo0oooooooooooOooooo0oo0obOoooooooooooOobooboobooooobooOoboon
00o0o0ooooDooooooDoooDooDOoooDooo0ooooooooooooon0 X =ox,...,XN
O00000000o0oooDoobObObOb0Obo0oDbO LOoOo0ooooooa

N
L=logp(X|p, %) =log [ [ fw(@n; 1, %)

n=1

(D - 2. (T — pa)?
n,
— E (2 log 27 + E logog + dil %‘3) 24

n=1 d=1

7 & (fﬂn,d—Md)2
O(—ZZ IOng‘i‘T

n=1d=1 d

Ooooooooooooooo00 O ¥X0O0O00000OoO0O000000000o0oO00000 0000
0000000000000 000O00000000 a0 S000000000000000

L
Vd:l,...,D:—aA =0 (25)
Otiq
L
Vd:l,...,D:a—Azo (26)
add
00o0000000O0ooooo
N
. 1
Vd:]-""aD:,u'd:NE Tn,d (27)
n=1
N 1 N
Vd=1,...,D: 0% = ﬁ;(:ﬂn,d—ud)Q (28)

oooo
cooboooooboobooooooooooOoooboobooooboo0ooooboooobObo0ooboOoOooobooOooOooDo
cobooooodoboobooooobOOoboboobooOoooboobooooOoboOooOoOooOoOooOoOobOobOOobooOa
goboboooooboooooooooobooooboOobooboooooooooobooOooobooOooboOoOooobooOoo
goobooooboooooooooboboooboooooooooooooboooooooooooon

19



0015 2000000000000000000OO0O0ODO0OO0O0O0O0OO0O0OOOOOOOODODOO
000000000000 0o00000oo0000oooO000oDoOoO0000o0=0,000=1,000=2,
000=3,000=40000000000000000

S5 ODD0OOOOOoood

oo obobobobobobbobobbobodddooooooooDobDDbbno
gooooOoOoOoOoOoOoOoOOOO0O0O0O0O0U0UOU0LO0UO0OOUOO0UOODODOOoOoOoOoOoOoOoOoog
gooooOoOOO0OO0OOO0COOO0OC00O0O00U0OU00O000OUUODOUOODODOODODOoODOoOooooog
Joododooooooooboboobobboboooboboddddddoooooooooooooooon
sound source separation 1 0 00 00 0000000000000 OO0ODOOOOOOO

51 000000

goooooooboobobobbobobboooooooobobobobbbbbbob0ooouoo oL o
D000000001000000 RODODOOODO®000000000000000000000000
0000000 CCHD,D# E, FEF# G, G# A, A#,BO00000DO0O0ODOOOO0O0OOOO0ODOOO
oooo0ooo2»0o00o0oo0oo0oo0oo0oo0oo0ooUooooooooooOon
00000000000 A0 4100000000 DOOO0ODOOOUODOOOODODODOODOOODOOOOd
000o0o0o0o0o0ooo0ooooooooooooo

0000000000000 Musical Instrument Digital Interface MIDI) OO0 00000000000
0000000000000 000000000OMIDIODOO0OOOO0OD 00O 12700000000
notenumber 0 00 0000000000000 O0O0O0OO0O0O0OOOOODOOOUOOOOOUOOOOO
goobobobobobobobobobobobobobobUbUbUbDUDbOoDbUDbUDUDOD @
000000000 0O0o0o0ooOooo e 0UODOOoUOooOoUoOn

000 440Hz

e 00O A4=

e 0DODOOODO
Doooo®ooooooooooog®

0000000 nnOO0OD fHpOOOOOOOOOOOO

f =440 x 2(n=69/12

/ (29)

8 ppooo000000D00D00D0000000C0O0 ¥20000000000000000000000000000000
000D000O000000000

19 440Hz0 A300D00000000

2000000000000 000000000

2l Qppoo00000000000000000MO000000000000000

20



MIDI Note Frequency Period

Note Num Name [Hz] [ms]
108 c8 4186.0 0.2389
107 B7 3951.1 0.2531
106 A#7 3729.3 0.2682
105 A7 3520.0 0.2841
104 G#7 3322.4 0.3010
103 G7 3136.0 0.3189
102 F#7 2960.0 0.3378
101 F7 2793.8 0.3579
100 E7 2637.0 0.3792
99 D#7 2489.0 0.4018
98 7 2349.3 0.4257
97 C#7 2217.5 0.4510
926 c7 2093.0 0.4778
95 B6 1975.5 0.5062
94 A#6 1864. 0.5363
93 A6 1760.0 0.5682
92 G#6 1661.2 0.6020
91 G6 1568.0 0.6378
920 F#6 1480.0 0.6757
89 F6 1396.9 0.7159
88 E6 1318.5 0.7584
87 D#6 1244.5 0.8035
86 D6 1174.7 0.8513
85 C#6 1108.7 0.9019
84 cée 1046.5 0.9556
83 B5 987.77 1.0124
82 A#5 932.33 1.0726
81 A5 880.00 1.1364
80 G#5 830.61 1.2039
79 G5 783.99 1.2755
78 F#5 739.99 1.3514
77 F5 698.46 1.4317
76 E5 659.26 1.5169
75 D#5 622.25 1.6071
74 D5 587.33 1.7026
73 C#5 554.37 1.8039
72 c5 523.25 1.9111
71 B4 493.88 2.0248
70 A#4 466.16 2.1452
69 A4 440.00 2.2727
68 G#4 415.30 2.4079
67 G4 392.00 2.5511
66 F#4 369.99 2.7027
65 F4 349.23 2.8635
64 E4 329.63 3.0337
63 D#4 311.13 3.2141
62 D4 293.66 3.4052
61 C#4 277.18 3.6077
60 c4 261.63 3.8223
59 B3 246.94 4.0495
58 A#3 233.08 4.2903
57 A3 220.00 4.5455
56 G#3 207.65 4.8157

. 55 G3 196.00 5.1021
54 F#3 185.00 5.4055
53 F3 174.61 5.7269

. 52 E3 164.81 6.0675
51 D#3 155.56 6.4282
50 D3 146.83 6.8105
49 C#3 138.59 7.2155
48 c3 130.81 7.6445
47 B2 123.47 8.0991
46 A#2 116.54 8.5807
45 A2 110.00 9.0909
44 G#2 103.83 9.6315
43 G2 97.999 10.204
42 F#2 92.499 10.811
41 F2 87.307 11.454
40 E2 82.407 12.135
39 D#2 77.782 12.856
38 D2 73.416 13.621
37 C#2 69.296 14.431
36 c2 65.406 15.289
35 B1 61.735 16.198
34 A#1 58.270 17.161
33 55.000 18.182
32 G#1 51.913 19.263
31 1 48.999 20.408
30 F#1 46.249 21.622
29 F1 43.654 22.908
28 E1 41.203 24.270
27 D#1 38.891 25.713
26 D1 36.708 27.242
25 C#1 34.648 28.862
24 c1 32.703 30.578
23 BO 30.868 32.396
22 A#0 29.135 34.323
21 AO 27.500 36.364
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e OO0 DOODDOOODOODDOODLOODLDOODO
gbooooboobobobobooooooobogbobo
gbooooooboobobobooooooooooboo
gobooboobbooboobboobuoobboobooobo

OO0 A JavaOOoOOd

oo00O0000OC0c00bO0O00ob00o00ob0O0O0000O000 CheckAudioSystemOQOGOO0O

o

% java Jp.ac.kyoto_u.kuis.ledmusic.CheckAudioSystem
13 Mixer (s) are available.
Mixer 0: default [default], version 3.10.0-229.11.1.el7.x86_64
2 Sourceline(s) are available.
SourceLine 0: interface SourceDataline supporting 512 audio formats,
and buffers of at least 32 bytes
BufferSize: 88200
Format: PCM_SIGNED 44100.0 Hz, 16 bit, stereo, 4 bytes/frame, little-endian
SourcelLine 1: interface Clip supporting 512 audio formats,
and buffers of at least 32 bytes
BufferSize: 88200
Format: PCM_SIGNED 44100.0 Hz, 16 bit, stereo, 4 bytes/frame, little-endian
1 TargetLine(s) are available.
TargetLine 0: interface TargetDataline supporting 512 audio formats,
and buffers of at least 32 bytes
BufferSize: 88200
Format: PCM_SIGNED 44100.0 Hz, 16 bit, stereo, 4 bytes/frame, little-endian
Mixer 1: PCH [plughw:0,0], version 3.10.0-229.11.1.el17.x86_64
2 Sourceline(s) are available.
Sourceline 0: interface SourceDataline supporting 24 audio formats,
and buffers of at least 32 bytes
BufferSize: 88200
Format: PCM_SIGNED 44100.0 Hz, 16 bit, stereo, 4 bytes/frame, little-endian
SourcelLine 1: interface Clip supporting 24 audio formats,
and buffers of at least 32 bytes
BufferSize: 88200
Format: PCM_SIGNED 44100.0 Hz, 16 bit, stereo, 4 bytes/frame, little-endian
1 TargetLine(s) are available.
TargetLine 0: interface TargetDataline supporting 24 audio formats,
and buffers of at least 32 bytes
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BufferSize: 88200
Format: PCM_SIGNED 44100.0 Hz, 16 bit, stereo, 4 bytes/frame, little-endian
Mixer 2: PCH [plughw:0,2], version 3.10.0-229.11.1.el17.x86_64
1 TargetLine(s) are available.
TargetLine 0: interface TargetDataline supporting 24 audio formats,
and buffers of at least 32 bytes
BufferSize: 88200
Format: PCM_SIGNED 44100.0 Hz, 16 bit, stereo, 4 bytes/frame, little-endian

0000000 ooo0O000ooO0O000ooD MixenOOOODOOODOODOOOOOODDOOO 1
0o0ooogoo1ggggooooooooooooooooool1o0000oooooooooooooon
oo0oO0ooooO0O0O0O0O0O0O0000000000000000000 (SourceDataLine) 00000000
O (TargetDataLine) 0 0 0 000 0000000000000 00O0O0O0O0OOOOOOOOOOOODOOO
gobooobooooboooooon

O0B O0O0OODOODOOO

000000 s 0000000 PlotWaveformCLIjava

import java.lang.invoke.MethodHandles;
import Jjava.io.File;

import java.util.Arrays;

import java.util.Optional;

import java.util.stream.IntStream;

import java.util.stream.Collectors;

import javax.sound.sampled.AudioSystem;
import javax.sound.sampled.AudioFormat;
import javax.sound.sampled.AudioInputStream;
import javax.imageio.ImagelO;

import javafx.application.Application;
import javafx.application.Platform;
import Jjavafx.stage.Stage;

import javafx.scene.Scene;

import javafx.scene.chart.XYChart;
import Jjavafx.scene.chart.LineChart;
import javafx.scene.chart.NumberAxis;
import javafx.scene.image.WritableImage;
import Jjavafx.collections.ObservablelList;
import javafx.collections.FXCollections;
import javafx.embed.swing.SwingFXUtils;

import org.apache.commons.cli.CommandLine;
import org.apache.commons.cli.DefaultParser;
import org.apache.commons.cli.Options;

import org.apache.commons.cli.HelpFormatter;
import Jp.ac.kyoto_u.kuis.led4music.Le4MusicUtils;
import java.io.IOException;

import javax.sound.sampled.UnsupportedAudioFileException;

import org.apache.commons.cli.ParseException;
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public final class PlotWaveformCLI extends Application {

private static final Options options = new Options();
private static final String helpMessage =
MethodHandles.lookup () .lookupClass () .getName () + " [OPTIONS] <WAVFILE>";

static {
/> 0000000 OoooDoooo «/
options.addOption ("h", "help", false, "Display this help and exit");
options.addOption("o", "outfile", true,
"Output image file (Default: " +
MethodHandles.lookup () .lookupClass () .getSimpleName () +
"." + Le4MusicUtils.outputImageExt + ")");
options.addOption("a", "amp-bounds", true,
"Upper (+) and lower (-) bounds in the amplitude direction " +
"(Default: " + Led4MusicUtils.waveformAmplitudeBounds + ")");

@Override
public final void start(final Stage primaryStage)
throws IOException,
UnsupportedAudioFileException,
ParseException {
/« 00000000000 «/
final String[] args = getParameters().getRaw () .toArray(new String[0]);
final CommandLine cmd = new DefaultParser () .parse (options, args);
if (cmd.hasOption ("help")) {
new HelpFormatter () .printHelp (helpMessage, options);
Platform.exit ();
return;
}
final String[] pargs = cmd.getArgs();
if (pargs.length < 1) {
System.out.println ("WAVFILE is not given.");
new HelpFormatter () .printHelp (helpMessage, options);
Platform.exit ();
return;
}

final File wavFile = new File(pargs[0]);

/« WAVODDOODDOO «/

final AudioInputStream stream = AudioSystem.getAudioInputStream(wavFile);
final double[] waveform = Led4MusicUtils.readWaveformMonaural (stream);
final AudioFormat format = stream.getFormat ();

final double sampleRate = format.getSampleRate();

stream.close () ;

/« 00000000 =/
final ObservablelList<XYChart.Data<Number, Number>> data =
IntStream.range (0, waveform.length)
.mapToObj (i -> new XYChart.Data<Number, Number> (i / sampleRate, waveform[i]))
.collect (Collectors.toCollection (FXCollections::observableArrayList));

/>~ 000000000000 «/

final XYChart.Series<Number, Number> series =
new XYChart.Series<> ("Waveform", data);
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91

92 /+x XOO0OO0O */

93 final double duration = (waveform.length - 1) / sampleRate;
94 final NumberAxis xAxis = new NumberAxis (

95 /* axisLabel = %=/ "Time (seconds)",

96 /+ lowerBound = %/ 0.0,

97 /* upperBound = %/ duration,

98 /* tickUnit = x/ LedMusicUtils.autoTickUnit (duration)
99 )i

100 xAxis.setAnimated (false);

101

102 /= YODooog «/

103 final double ampBounds =

104 Optional.ofNullable (cmd.getOptionValue ("amp-bounds"))
105 .map (Double: :parseDouble)

106 .orElse (Led4MusicUtils.waveformAmplitudeBounds) ;

107 final NumberAxis yAxis = new NumberAxis (

108 /x axisLabel = %/ "Amplitude",

109 /* lowerBound = %/ —ampBounds,

110 /* upperBound = */ +ampBounds,

111 /x tickUnit = %/ Led4MusicUtils.autoTickUnit (ampBounds x 2.0)
112 ) ;

113 yAxis.setAnimated(false);

114

115 /= 0000000 «/

116 final LineChart<Number, Number> chart = new LineChart<> (xAxis, yAxis);
117 chart.setTitle ("Waveform") ;

118 chart.setCreateSymbols (false);

119 chart.setLegendVisible (false);

120 chart.getData () .add(series);

121

122 /« 00000 =/

123 final Scene scene = new Scene (chart, 800, 600);

124 scene.getStylesheets () .add ("src/ledmusic.css");

125

126 /> 0 O0O0O0ooo «/

127 primaryStage.setScene (scene);

128 primaryStage.setTitle (getClass () .getName());

129 primaryStage.show () ;

130

131 /= 00 000000000000 =/

132 Platform.runLater (() -> {

133 final String[] name_ext = Led4MusicUtils.getFilenameWithImageExt (
134 Optional.ofNullable (cmd.getOptionValue ("outfile")),
135 getClass () .getSimpleName ()

136 )

137 final WritableImage image = scene.snapshot (null);

138 try {

139 ImageIO.write (SwingFXUtils.fromFXImage (image, null),
140 name_ext [1], new File (name_ext[0] + "." + name_ext[1]));
141 } catch (IOException e) { e.printStackTrace(); }

142 }) i

143 }

144

145 |}
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0000006 UOOO0OOOO0OOO PlotSpectrumCLI java

import java.lang.invoke.MethodHandles;
import Jjava.io.File;

import java.util.Arrays;

import java.util.Optional;

import java.util.stream.IntStream;

import java.util.stream.Collectors;

import javax.sound.sampled.AudioSystem;
import Jjavax.sound.sampled.AudioFormat;
import javax.sound.sampled.AudioInputStream;
import javax.imageio.ImagelIO;

import javafx.application.Application;
import javafx.application.Platform;
import Jjavafx.stage.Stage;

import javafx.scene.Scene;

import javafx.scene.chart.XYChart;
import javafx.scene.chart.LineChart;
import javafx.scene.chart.NumberAxis;
import javafx.scene.image.WritableImage;
import Jjavafx.collections.ObservablelList;
import javafx.collections.FXCollections;
import javafx.embed.swing.SwingFXUtils;

import org.apache.commons.cli.CommandLine;

import org.apache.commons.cli.DefaultParser;

import org.apache.commons.cli.Options;

import org.apache.commons.cli.HelpFormatter;

import org.apache.commons.math3.complex.Complex;

import Jjp.ac.kyoto_u.kuis.ledmusic.Le4MusicUtils;

import java.io.IOException;

import javax.sound.sampled.UnsupportedAudioFileException;
import org.apache.commons.cli.ParseException;

public final class PlotSpectrumCLI extends Application {

private static final Options options = new Options();
private static final String helpMessage =

MethodHandles.lookup () .lookupClass () .getName () + " [OPTIONS] <WAVFILE>";

static {
/> 00 0O0O0Oo0DOoOooooooo «/
options.addOption ("h", "help", false, "Display this help and exit");
options.addOption("o", "outfile", true,
"Output image file (Default: " +
MethodHandles.lookup () .lookupClass () .getSimpleName ()
"." + Le4MusicUtils.outputImageExt + ")");
options.addOption(null, "amp-lo", true,
"Lower bound of amplitude [dB] (Default: " +
Led4MusicUtils.spectrumAmplitudeLowerBound + ")");
options.addOption (null, "amp-up", true,
"Upper bound of amplitude [dB] (Default: " +
Led4MusicUtils.spectrumAmplitudeUpperBound + ")");
options.addOption(null, "freg-lo", true,
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57 "Lower bound of frequency [Hz] (Default: 0.0)");
58 options.addOption(null, "freg-up", true,

59 "Upper bound of frequency [Hz] (Default: Nyquist)");
60 }

61

62 @Override public final void start(final Stage primaryStage)

63 throws IOException,

64 UnsupportedAudioFileException,

65 ParseException {

66 /« 00000000000 «/

67 final String[] args = getParameters().getRaw () .toArray(new String[0]);
68 final CommandLine cmd = new DefaultParser () .parse (options, args);
69 if (cmd.hasOption ("help")) {

70 new HelpFormatter () .printHelp (helpMessage, options);

71 Platform.exit ();

72 return;

73 }

74 final String[] pargs = cmd.getArgs();

75 if (pargs.length < 1) {

76 System.out.println ("WAVFILE is not given.");

77 new HelpFormatter () .printHelp (helpMessage, options);

78 Platform.exit ();

79 return;

80 }

81 final File wavFile = new File(pargs[0]);

82

83 /> WAVODOOOOOO «/

84 final AudioInputStream stream = AudioSystem.getAudioInputStream(wavFile);
85 final double[] waveform = Le4MusicUtils.readWaveformMonaural (stream);
86 final AudioFormat format = stream.getFormat () ;

87 final double sampleRate = format.getSampleRate();

88 final double nygquist = sampleRate % 0.5;

89 stream.close () ;

90

91 /x fftSize = 2°p >= waveform.length O 0O O 0O fftSize OO OO

92 « 2°p 0DODDODODOOOODODO */

93 final int fftSize = 1 << Led4MusicUtils.nextPow2 (waveform.length);
94 final int fftSize2 = (fftSize >> 1) + 1;

95 /= 000000 fftsize D0 OO OODDDODOODDOOODOOODOODODO
96 FS I A I 0 A W B 6

97 final double[] src =

98 Arrays.stream (Arrays.copyOf (waveform, fftSize))

99 .map(w —> w / waveform.length)

100 .toArray();

101 /« 00000000000 «/

102 final Complex[] spectrum = Le4MusicUtils.rfft (src);

103

104 /« 000 O0DD0DO0OO0OO0oDoooo «/

105 final double[] speclLog =

106 Arrays.stream(spectrum)

107 .mapToDouble (c -> 20.0 % Math.loglO(c.abs()))

108 .toArray();

109

110 /» 000000000 O0DO0DDODOO0DOoDOoDOooDoOoooao

111 + 000000 OoO0ooOooao

112 * fregs[0] = 0OHz

113 « fregs[fftSize2 - 1] = sampleRate / 2 (= NyquistOOO) «/
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114 final double[] fregs =

115 IntStream.range (0, fftSize2)

116 .mapToDouble (i -> i » sampleRate / fftSize)

117 .toArray();

118

119 /= 00000000 =/

120 final ObservableList<XYChart.Data<Number, Number>> data =
121 IntStream.range (0, fftSize2)

122 .mapToObj (i —-> new XYChart.Data<Number, Number> (freqgs([i], specLog[i]))
123 .collect (Collectors.toCollection (FXCollections: :observableArrayList));
124

125 /= 000000000000 «/

126 final XYChart.Series<Number, Number> series =

127 new XYChart.Series<> ("spectrum", data);

128

129 /x XxO0000 =/

130 final double fregLowerBound =

131 Optional.ofNullable (cmd.getOptionValue ("freg-1o"))

132 .map (Double: :parseDouble)

133 .orElse (0.0);

134 if (fregLowerBound < 0.0)

135 throw new IllegalArgumentException (

136 "freg-lo must be non-negative: " + fregLowerBound

137 ) ;

138 final double freqUpperBound =

139 Optional.ofNullable (cmd.getOptionValue ("freg-up"))

140 .map (Double: :parseDouble)

141 .orElse (nyquist);

142 if (freqUpperBound <= fregLowerBound)

143 throw new IllegalArgumentException (

144 "freg-up must be larger than freg-lo: " +

145 "freg-lo = " + freglowerBound + ", freg-up = " + freqUpperBound
146 ) ;

147 final NumberAxis xAxis = new NumberAxis (

148 /* axisLabel = x/ "Frequency (Hz)",

149 /» lowerBound = */ fregLowerBound,

150 /* upperBound = x/ freqUpperBound,

151 /* tickUnit = »/ Led4MusicUtils.autoTickUnit (freqUpperBound - fregLowerBound)
152 );

153 xAxis.setAnimated (false);

154

155 /= YODooog «/

156 final double ampLowerBound =

157 Optional.ofNullable (cmd.getOptionValue ("amp—-1o"))

158 .map (Double: :parseDouble)

159 .orElse (Le4MusicUtils.spectrumAmplitudeLowerBound) ;
160 final double ampUpperBound =

161 Optional.ofNullable (cmd.getOptionValue ("amp-up"))

162 .map (Double: :parseDouble)

163 .orElse (Le4MusicUtils.spectrumAmplitudeUpperBound) ;
164 if (ampUpperBound <= ampLowerBound)

165 throw new IllegalArgumentException (

166 "amp-up must be larger than amp-lo: " +

167 "amp-lo = " 4+ ampLowerBound + ", amp-up = " + ampUpperBound
168 )i

169 final NumberAxis yAxis = new NumberAxis (

170 /x axisLabel = %/ "Amplitude (dB)",
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/% lowerBound = x/ ampLowerBound,

/* upperBound = %/ ampUpperBound,

/* tickUnit = »/ Led4MusicUtils.autoTickUnit (ampUpperBound - ampLowerBound)
)i
yAxis.setAnimated (false);

/= 0000000 «/

final LineChart<Number, Number> chart =
new LineChart<> (xAxis, yAxis);

chart.setTitle ("Spectrum");

chart.setCreateSymbols (false);

chart.setLegendVisible (false);

chart.getData () .add (series);

/> 00000 «/
final Scene scene = new Scene (chart, 800, 600);
scene.getStylesheets () .add ("src/ledmusic.css");

/> 0000000 «/

primaryStage.setScene (scene);
primaryStage.setTitle (getClass () .getName());
primaryStage.show () ;

/> 0000000 OoooDoooo «/
Platform.runLater (() —> {
final String[] name_ext = Le4MusicUtils.getFilenameWithImageExt (
Optional.ofNullable (cmd.getOptionvValue ("outfile")),
getClass () .getSimpleName ()
)i
final WritableImage image = scene.snapshot (null);
try {
ImageIO.write (SwingFXUtils.fromFXImage (image, null),
name_ext[1l], new File(name_ext[0] + "." 4+ name_ext[1]));
} catch (IOException e) { e.printStackTrace(); }
1)

0000007 0000000000000 PlotSpectrogramCLI.java

import java.lang.invoke.MethodHandles;
import java.io.File;

import Jjava.util.Arrays;

import java.util.Optional;

import java.util.stream.Stream;

import Jjava.util.stream.IntStream;

import javax.sound.sampled.AudioSystem;
import Jjavax.sound.sampled.AudioFormat;
import javax.sound.sampled.AudioInputStream;
import javax.imageio.ImagelO;

import Jjavafx.application.Application;
import javafx.application.Platform;
import javafx.stage.Stage;

import javafx.scene.Scene;

import Jjavafx.scene.chart.NumberAxis;
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javafx.scene.image.WritableImage;
javafx.embed.swing.SwingFXUtils;

org.apache.commons.cli.CommandLine;
org.apache.commons.cli.DefaultParser;
org.apache.commons.cli.Options;
org.apache.commons.cli.HelpFormatter;

org.apache.commons.math3.complex.Complex;
org.apache.commons.math3.util.MathArrays;

jp.ac.kyoto_u.kuis.ledmusic.Led4MusicUtils;
jp.ac.kyoto_u.kuis.ledmusic.LineChartWithSpectrogram;

java.io.IOException;
javax.sound.sampled.UnsupportedAudioFileException;
org.apache.commons.cli.ParseException;

final class PlotSpectrogramCLI extends Application ({
ate static final Options options = new Options();
ate static final String helpMessage =
thodHandles.lookup () .lookupClass () .getName () + " [OPTIONS] <WAVFILE>";
ic {

goooDoooOoOoooooo «/

tions.addOption ("h", "help", false, "Display this help and exit");
tions.addOption("o", "outfile", true,
"Output image file (Default: " +
MethodHandles.lookup () .lookupClass () .getSimpleName ()
"." + Led4MusicUtils.outputImageExt + ")");

tions.addOption("f", "frame", true,
"Duration of frame [seconds] (Default: " +
Led4MusicUtils.frameDuration + ")");

tions.addOption("s", "shift", true,
"Duration of shift [seconds] (Default: frame/8)");

rride public final void start (final Stage primaryStage)
rows IOException,
UnsupportedAudioFileException,

ParseException {
ooooooooo0Oo0 «/
nal String[] args = getParameters().getRaw () .toArray(new String[0]);

nal CommandLine cmd = new DefaultParser () .parse (options, args);
(cmd.hasOption ("help")) {

new HelpFormatter () .printHelp (helpMessage, options);

Platform.exit ();

return;

nal String[] pargs = cmd.getArgs();
(pargs.length < 1) {
System.out.println ("WAVFILE is not given.");
new HelpFormatter () .printHelp (helpMessage, options);
Platform.exit ();

return;
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74 final File wavFile = new File(pargs[0]);

75

76 /> WAVO D OOOOOO «/

71 final AudioInputStream stream = AudioSystem.getAudioInputStream(wavFile);
78 final double[] waveform = Led4MusicUtils.readWaveformMonaural (stream);
79 final AudioFormat format = stream.getFormat ();

80 final double sampleRate = format.getSampleRate();

81 final double nyquist = sampleRate x 0.5;

82 stream.close () ;

83

84 /~ 0000 FFTOOOODODO */

85 final double frameDuration =

86 Optional.ofNullable (cmd.getOptionValue ("frame"))

87 .map (Double: :parseDouble)

88 .orElse (Le4MusicUtils.frameDuration);

89 final int frameSize = (int)Math.round (frameDuration * sampleRate);
90 final int fftSize = 1 << Led4MusicUtils.nextPow2 (frameSize);

91 final int fftSize2 = (fftSize >> 1) + 1;

92

93 / O O0O0O0OoDoooo */

94 final double shiftDuration =

95 Optional.ofNullable (cmd.getOptionValue ("shift"))

96 .map (Double: :parseDouble)

97 .orElse (Le4MusicUtils.frameDuration / 8);

98 final int shiftSize = (int)Math.round(shiftDuration * sampleRate);
99

100 /> 00 0000000000000 «/

101 final double[] window = MathArrays.normalizeArray (

102 Arrays.copyOf (Le4MusicUtils.hanning (frameSize), fftSize), 1.0
103 )

104

105 /» 00000000000 =/

106 final Stream<Complex[]> spectrogram =

107 Led4MusicUtils.sliding(waveform, window, shiftSize)

108 .map (frame -> Le4d4MusicUtils.rfft (frame));

109

110 /» 000000 O0O00OO0O0DDODOOO0oOoDOoooDoOooog «/

111 final double[][] specLog =

112 spectrogram.map (sp —> Arrays.stream(sp)

113 .mapToDouble(c -> 20.0 x Math.loglO(c.abs()))
114 .toArray())

115 .toArray(n —-> new double[n][]);

116

117 /» 0000000000000 O0000O0000 =/

118 final double[] times =

119 IntStream.range (0, speclLog.length)

120 .mapToDouble (i -> i x shiftDuration)

121 .toArray();

122

123 /» 00000000000 D0D0ODO0OO0DOoDOooOoooO */

124 final double[] fregs =

125 IntStream.range (0, fftSize2)

126 .mapToDouble (i -> i * sampleRate / fftSize)

127 .toArray();

128

129 /» XO0 OO0 «/

130 final double duration = (specLog.length - 1) % shiftDuration;
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final NumberAxis xAxis = new NumberAxis (

/* axisLabel = %=/ "Time (seconds)",

/+ lowerBound = %/ 0.0,

/* upperBound = x/ duration,

/* tickUnit = x/ LedMusicUtils.autoTickUnit (duration)

)i
xAxis.setAnimated (false);

/> YOOoOOo «/
final NumberAxis yAxis = new NumberAxis (
/* axisLabel = x/ "Frequency (Hz)",
/+ lowerBound = %/ 0.0,
/* upperBound = x/ nyquist,
/x tickUnit = %/ Led4MusicUtils.autoTickUnit (nyquist)
)i
yAxis.setAnimated (false);

/> OO0 O0QO0ooOog «/
final LineChartWithSpectrogram<Number, Number> chart =
new LineChartWithSpectrogram<> (xAxis, yAxis);
chart.setParameters (speclLog.length, fftSize2, nyquist);
chart.setTitle ("Spectrogramn") ;
Arrays.stream(speclLog) .forEach (chart::addSpecLog) ;
chart.setCreateSymbols (false);
chart.setLegendVisible (false);

/= 00000 «/
final Scene scene = new Scene (chart, 800, 600);
scene.getStylesheets () .add("src/ledmusic.css");

/> 0000000 «/

primaryStage.setScene (scene);
primaryStage.setTitle (getClass () .getName());
primaryStage.show () ;

/> 00 0O0O00o0DOoOooooooo «/
Platform.runLater (() —-> {
final String[] name_ext = Le4MusicUtils.getFilenameWithImageExt (
Optional.ofNullable (cmd.getOptionValue ("outfile")),
getClass () .getSimpleName ()
)i
final WritableImage image = scene.snapshot (null);
try {
ImageIO.write (SwingFXUtils.fromFXImage (image, null),

name_ext[1l], new File(name_ext[0] + "." + name_ext[1l]));
} catch (IOException e) { e.printStackTrace(); }

b
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$ sox input.wav output.wav channels 1

gobooboobbobboobooooba

$ sox input.wav output.wav rate 16000

gooooooooom21000 15000360000

$ sox input.wav output.wav trim 2.1 1.5

*20 Rt tp://S0X.SoUrcerorge. net/
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