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1.4 523 Abstract
Study of Playlist Automatic Organization Algorithm

Abstract: In the past, some playlist automatic schedulings performed only rough
categorization, and excluded the relationship between the two songs in continuous
playbacks. The purpose of this study is to create a playlist that takes into
connections between the two songs in addition to an existing playlist creation
technology. Besides, the purpose is to play the songs in the playlist in natural
connections. Our application analyzes information of the songs in order to create the
playlist, and sets the characteristics of the songs as multidimensional vectors. Then
this application weights the Square Euclidean distance vectors for each songs, and
organizes the playlist using the vectors. Additionally, the application can play the
songs in the playlist in natural connections using techniques such cross-fade.
Therefore, the conclusion is that it is possible to organize the playlist that has
natural connections between the two songs by applying the techniques used in this

study.

Key words: playlist, song, automatic scheduling, Square Euclidean distance vector,

natural connection
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R = \/ c_sum? + s_sum?

1c bpmn _
Csum = 3 D(n) cos (271 * 20 ;) * win (n)
n=0
N-1
1 ] bpmn )
Ssum = D(n)sin (Zn * =20 ;) * win(n)
n=0

n: EFIOY T

D(n) : HEMEDHELS

s: oY T L— b

bpm : #7935 BPM (60~240 OHFiJH THZ S+ 5)
win(n) © ZBE (W CORRELZI D T AITHIT D)

ZZTAMIZETIE, BB L LTUTONCBEEHN L,

n
win(n) = 0.5 — 0.5 * cos (Zn * N)

FREEIILL FORIC L > TR BN D,

— SSum
T=tan 1 —

CS um

72% BPM & frEOHEERED Y — 22— RiE 4k 1) IR LTH D,
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2.3 Chroma X7 rLORIEIZ X D L— REEMNT
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dppm = |bpm[x] — bpm[y]| *? + 0.0001
11 1.3
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£k 1. BPM M OAlL @A AL

private int FFT_SIZE = 0;

public CalcBpm(int FFTsize) {
FFT_SIZE = FFTsize; // FFT_SIZE (31 > 2 % o 2RI E (512 %> 7 L)
}

public int[] getBPM(WAVEFORMAT m_wavfmt, FileInputStream fis, String fname) {
DoubleFFT 1D fft = new DoubleFFT_1D(FFT SIZE);

bytel[l m_buf = new byte[FFT_SIZE * 2];
double[] data = new double[FFT_SIZE * 2];
int i}

int row, col;

int m_width = (m_wavfmt.data_size / 2) / FFT SIZE;
int m_height = FFT_SIZE / 2;

double[] m_power = new double[m_heightl;/ /XU —2~7 k(T L — L5 (ZFH)
double[] FmVol = new double[m_widthl; // 7 L — A0 F &A&

I —TE X [t A iA T fIRHT AR BR 4R
for (col = 05 col < m_width; col++) {

I FEFrinFr R ER
try
int len = fis.read(m_buf); // —EXEHD 7 7 A IV FHEIrAT-
if (len < m_buf.length) {
Log.d("CalcBpm", "read error!" + len + ":" + m_buf.length);
}

} catch (IOException e) {
e.printStackTrace(); //Z & THOT T —AFRHIZIEFEEE L TR0
}

Il AV )T —# bytell % double[]iZ 254
for (i = 0; i < FFT_SIZE; i++) {
datali] = (short) ((m_bufli * 2 + 1] * 0x100) & OxFFFF | (m_bufli * 2] & 0xFF));

for i = FFT_SIZE; i < FFT_SIZE * 2; i++) {
datalil = 0.0; // datallOF& v %12 % 0 THD B
}

It 77—V =ZEHEFTOFT (datalolid s [11i3EE ~ datalnliZsEEg, n+ 113850
fft.realForwardFull(data);

I 78D =27 N VR
for (row = 0; row < m_height; row++) {
m_power[row] = Math.sqrt(datalrow * 2] * data[row * 2]
+ datalrow * 2 + 1] * datalrow * 2 + 1]);

}

I 7 V= D 0F B FHE A B
FmVol[col] = 0;
for (row = 1; row < m_height; row++) {
FmVollcol] += Math.pow(
Math.sqrt(Math.pow(data[row * 2], 2.0)
+ Math.pow(datalrow * 2 + 1], 2.0)), 2.0)
+ Math.pow(Math.sqrt(Math.pow(datalrow * 2 + m_height],2.0)
+ Math.pow(datalrow * 2 + 1 + m_height], 2.0)),2.0);
}
FmVol[col] = Math.sqrt(Math.pow(FmVol[coll, 2.0) / FFT_SIZE); // — & X0 & &

} I FET & T
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/1 BPM BUSFHT AL B 4f
double[] FmDiffVol = new double[m_widthl; / 7 L — AfgDOE B AFHEEITE 720

Il 7 L— hEOF RS Z B EILR S0
FmDiffVol[0] = FmVol[0];
for (col = 1; col < m_width; col++) {
FmDiffVol[col] = (FmVol[col] - FmVollcol - 1]);
if (FmDiffVol[col] < 0){ FmDiffVol[coll = 0; }
}

double rate = m_wavfmt.rate / FFT_SIZE; // %> 7V > 7 A (~v RigAiAR)
int Bmin = 60; // #E&7 % BPM @ TR

int Bmax = 240; // #E7 %5 BPM @ LR

doublell cos_w = new double[Bmax - Bmin + 11; / cos FE: %

doublel] sin_w = new double[Bmax - Bmin + 1]; // sin A%

double[] r_w = new double[Bmax - Bmin + 1]; // BPM O~ v F

double c_sum, s_sum, win; // f##TH tmp 225

/| BPM fi#hr
int mainBPM = -1;
double BPMs = -1;
for (int bpm = Bmin; bpm <= Bmax; bpm++) {
c_sum =s_sum = 0;
for (col = 0; col < m_width; ++col) {
win = 0.5 - 0.5 * Math.cos(2.0 * Math.PI * col / m_width); // ZREE D —>0~ %)
¢_sum += FmDiffVol[col]
* Math.cos(2.0 * Math.PI * ((double) bpm / 60.0) * col / rate) * win;
s_sum += FmDiffVol[col]
* Math.sin(2.0 * Math.PI * ((double) bpm / 60.0) * col / rate) * win;
}
cos_w[bpm - Bmin] = c_sum / m_width;
sin_w[bpm - Bmin] = s_sum / m_width;
r_w[bpm - Bmin] = Math.sqrt(Math.pow(cos_w[bpm - Bminl, 2.0) + Math.pow(sin_w[bpm - Bmin], 2.0));
if (BPMs < r_w/[bpm - Bmin]) {
mainBPM = bpm;
BPMs =r_w[bpm - Bmin];
}
}
Log.d("CalcBpm", mainBPM + "bpm" + BPMs); // mainBPM (23K & - 7= BPM,BPMs (Z R 23l ST %

I E R
double theta = Math.atan2(sin_w[mainBPM - Bmin], cos_w[mainBPM - Bminl);
if (theta < 0) {
theta += 2.0 * Math.PI;
}
int start_beat = (int) (theta / (2.0 * Math.PI) * ((double) 60 / mainBPM) * m_wavfmt.rate);

Log.d("CalcBpm", "Beat Start : " + start_beat + " point¥n"); // K% - /=L &
Log.d("CalcBpm", "Beat Start : " + (double) start_beat / m_wavfmt.rate +" sec¥n"); / HINLE % FFEH# A

return new int[] { mainBPM, start_beat };
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fék 2. Chroma X7 b /LEMTALER

private int FFT_SIZE = 0; // FFT_SIZE |31 > A2 % > AERKRHIIRE (4096 > 7L)

public CalcChroma(int FFTsize) {
FFT_SIZE = FFTsize;
}

public double[] getChroma(WAVEFORMAT m_wavfmt, FileInputStream fis, String fname) {

DoubleFFT 1D fft = new DoubleFFT_1D(FFT SIZE);
bytell m_buf = null;

double[] data = null;

int i}

int row, col;

int point;

double rate;

int m_width = (m_wavfmt.data_size / 2) / FFT SIZE;
int m_height = FFT_SIZE / 2;

double[] m_power = new double[m_heightl;/ /XU —2~7 k(T L — L5 IZFH)

m_buf = new byte[FFT_SIZE * 2;
data = new double[FFT_SIZE * 2];

String[] sca = {HAH’HA#H,HBH,HCH,HC#H,HDH’UD#H,nE",HFH,"F\#",HG",HG#H};
double[] scale = new double[12 * 7 + 1]; // A2 110Hz ~ G8 F T (while A —/3—%fIZ+1)

doublel] AllChroma = new double[13]; / Chroma <7 kv 12 fi5l & &7 MLV OEFHEZ KN D
long TotalChroma = 0;

for (=051 < 12;i++) {
AllChromalil = 0;
}

/I FHEDJEFEDOFF (scale (ZA&HA)
scale[0] = 110; // F:#Ef3: 02a = 110Hz
for (i=0;i< 7 i++) {
if G!=0)
scaleli * 12] = scale[G-1) * 12] * 2;
for (int j = 15j < 12; j++) {
scaleli * 12 +j] = scaleli * 12] * Math.pow(2, (double) j / 12);
}

}

=

I FEARIA T FRAT VLB AR
for (col = 0 col < m_width; col++) {

Il Fe AT JUER
try {
int len = fis.read(m_buf);
if (len < m_buf.length) {
Log.d("CalcChroma", "read error!" +len+":"+ m_buf.length);
}

} catch (IOException e) {
e.printStackTrace(); //Z & THOT T —FHIZIEFERE L TR0
}

Il F VU 2F T —# bytell % double[liz 254t
for (i = 0; i < FFT_SIZE; i++) {

datali] = (short) ((m_bufli * 2 + 1] * 0x100) & OxFFFF | (m_bufli * 2] & 0xFF));
}

for (i = FFT_SIZE; i < FFT_SIZE * 2; i++) {
datalil = 0.0;
i datall D5k Y #%F-% 0 THD D
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I 77— = ZEHEFTOFEAT (dataloliL T4 [11I3EH ~ datalnliZFEE, n+1H3EED
fft.realForwardFull(data);

I 78D — 227 RVEE
for (row = 0; row < m_height; row++) {
m_power[row] = Math.sqrt(datal[row * 2] * data[row * 2]
+ datalrow * 2 + 1] * datalrow * 2 + 1]);

}

Il 7 L= LEOEWEED ALY b VR T a= T N LTI
point = 0;
for (row = 0; row < m_height; row++) {
rate = (double) m_wavfmt.rate / FFT_SIZE * row;
if (rate > 107.70833) {
while ((point < (12%7)) && (rate > (double)(scale[point] + scale[point+1]) / 2)) {
point++;
}

if (point < 12 * 7) {// %3 5 FHHC T B A M3 2 0B
AllChromalpoint % 12] += m_power[row];
TotalChroma += m_power[row];

}

}
M FHEORT
/I k7= Chroma X7 kU 7w
Log.d("CalcChroma", "TotalChromaVector(o2a~o08g)¥n");
for G=0;1<12;i++) {

Log.d("CalcChroma", scali] + ":" + AllChromalil);
}
AllChromal[12] = TotalChroma; // return 2 12 X7 ML OEFHEE 13 % B IR

return AllChroma;
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ik 3. FhFRPERIELEE O R H AL

public void getSimilar() {
int N = MainActivity.dbHelper.count_musicListQ; / % N

/I HEOEBES

String cname(] = new String[N]; // %8#h > 7 A L —8 (EF—& LTHIH)
int[] bpm = new int[N];

int[] beat = new int[N];

double[l[] chroma = new double[N][12];

String artist[] = new String[N];

String composer[] = new String[N];

String album[] = new String[N];

/I FIHE O SQLite 2> 5 D FiAriA s
cname = MainActivity.dbHelper.get_AllMusicList(N);

for (inti=0;i < N; i++) {
bpm[i] = MainActivity.dbHelper.get_bpm(cnamelil);
beat[i] = MainActivity.dbHelper.get_beat(cnamelil);
chromali]l = MainActivity.dbHelper.get_chroma(cnamelil);
artist[i] = MainActivity.dbHelper.get_info_artist(cnamelil);
composer|i] = MainActivity.dbHelper.get_info_composer(cnamelil);
albumli] = MainActivity.dbHelper.get_info_album(cnamelil);

}

intn=N;

11755 % 3R 2 2 DKL

intl] diff b = new int[N];

double[] diff_ch = new double[N];
double[] diff mix = new double[N];

Il BEY T LA U A NERLEL DB
int[] use = new int[nl;
for (inti=0;i<mn; i++) { uselil = 0; }

I > BB A e D
int pt = (int) (Math.random( * n);
uselpt] = 1;

N1 E OF —FZ =2 ~DA5fk
MainActivity.dbHelper.write_playList(0, cnamel[pt]);

/12 iy B DA OB HRULER
for (intj = 1;j <n; j++) {
for (int i = 0; i< n; i++) {
if (pt 1=1 && useli] 1= 1) {
diff bli] = bpm_dist(bpml[ptl, bpm[il); // TEBCEH
diff_chl[i] = chroma_dist(chromalptl, chromalil); / &8 CatH

I AT LT th RE U &
diff_mix[i] = Math.pow(diff blil, 1.2) * 0.0001
+ Math.pow(diff_chlil, 1.3)
+ ((artist[pt].equals(artist[i])) ? 0 : 0.000025)
+ ((composerlpt].equals(composer[i])) ? 0 : 0.000020)
+ ((album[pt].equals(albumlil)) ? 0 : 0.000010);
}else { IBEISEIRB A DG IZA X v 7
diff bli] =-1;
diff_chli] =-1;
diff_mix[i] = -1;
}
}
I b EREORWN 3 IERSL 1#i%2 T o7 L3N 5
int px[] = new int[3];
px = UtilFunc.find_min3(diff_mix, n); // diff_mix 7> 5 & HIEDO/HNE W 3 #i 0K 5 % B
int rand = ( <n - 2) ? (int) Math.random( * 3) : 0;
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pt = px[rand];
uselpt] = 1;

112 i B LA DT — & _— A~ DB fk
MainActivity.dbHelper.write_playList(j, cname|[pt]);

}

private int bpm_dist(int b1, int b2) {
return Math.abs(b1 - b2);

private double chroma_dist(double ch1[l, double ch2[l) {
double dist = 0.0;
for (inti=0;1i<12;i++) {
dist += (ch1[i] - ch2[il) * (ch1[i] - ch2[iD);
}

return dist;
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gk 4. 2 #h G RKER S OB RALE S H AL

private int rate =0; // 7V T L— |k

CalcClossfade() {
rate = MainActivity.ms.getRate(; // 3% E1E(44100)% Bt
}

public int[] getClossFadePoint(String cnamel, String cname?2) {

I EREDYEIT OBHE L1Th R WA G ) To oy
if(cname2 != nulD{
11 2588l O 55 Ak Fr Ul
File finl = new File(cnamel);
File fin2 = new File(cname2);
FileInputStream fis1 = null;
FileInputStream fis2 = null;

try {
fis1 = new FileInputStream(fin1);
fis2 = new FileInputStream(fin2);
fis2.skip(44);

} catch (FileNotFoundException e) {
e.printStackTrace();

} catch (IOException e) {
e.printStackTrace();

}

ReadWaveHeader headl = new ReadWaveHeader(fis1);

// DB »>% bpm & beat O Hf5

int m1bpm = MainActivity.dbHelper.get_bpm(cname1);
int m1beat = MainActivity.dbHelper.get_beat(cnamel);
int m2bpm = MainActivity.dbHelper.get_bpm(cname2);
int m2beat = MainActivity.dbHelper.get_beat(cname2);

[ m1 OO —F g D FH - >SEAEIIIZ mleq Z 3R D
int m1cycle = (int) ((double) 60 / m1bpm * rate);
int mleq = ((headl.size() / m1cycle) * mlcycle) + m1beat;
int mlend = head1.size(;

short[] bufl = new short[m1cyclel;

boolean ch1 = false;
int skipl = 0;
try {
while (ch1 == false) {
fis1l.skip((mlend - skipl * mlcycle) * 2);
bufl = UtilFunc.fread(fis1, mlcycle); // 7 7 A /LD FiFriA B ULER

/I X v 7L A A R LR
int i=mlcycle - 1;// m1 OFADLLE DFHH
while (( >= 0) && (Math.abs(buf1[i]) <= MainActivity.ms.getTh10)) {

13
}
if (G + (m1lend - skipl * mlcycle)) > mleq)

chl = true;
mleq -= mlcycle;

skip1+=20;//20 A 5 LT mleq 29 53 (HRHDLELEME 20 & LT\ 5)

m1leq -= mlcycle*20;
} else {

skipl++;

mleq -= mlcycle;

fisl.closeQ; // BR&E L
fis1 = new FileInputStream(fin1);
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fis1.skip(44);
}
}
} catch IOException e) {
e.printStackTrace();
}

/I m2 O—BUE O FHE - >SHHEIUIZ m2eq &R D

int m2cycle = (int) ((double) 60 / m2bpm * rate);
int m2eq = m2beat;

short[] buf2 = new short[m2cyclel;

boolean ch2 = false;
int skip2 = 0;
while (ch2 == false) {
buf2 = UtilFunc.fread(fis2, m2cycle);

I ¥ v 7 L A FRA B EALER
inti=0;// m2 OHDONLEDFHHE
while (G < m2cycle)
&& (Math.abs(buf2[il) <= MainActivity.ms.getTh20)) {
i++;

}

if (G + skip2 * m2cycle) < m2eq) {
ch2 = true;
skip2+=10;//10 AHIHE L T m2eq 23 53
m2eq += m2cycle*10;

} else {
skip2++;
m2eq += m2cycle;
}
}
J] ==mmmmmm e e
try 1

fis1.close(;
fis2.close(;
} catch (IOException e) {
e.printStackTrace();
}

H2Mo—EmE A7y PERERE L TRT

return new int[l { mleq, m2eq, milcycle };

ERAEDEEIThRWGE
telsel
FileInputStream fis1 = null;
ReadWaveHeader headl = null;

try {
fis1 = new FileInputStream(cnamel);
headl = new ReadWaveHeader(fis1);

} catch (FileNotFoundException e) {
e.printStackTrace();

3

// DB »>% bpm & beat O HfS:
int m1bpm = MainActivity.dbHelper.get_bpm(cnamel);
int m1beat = MainActivity.dbHelper.get_beat(cname1);

int m1cycle = (int) ((double) 60 / m1bpm * rate);
int mleq = ((headl.size() / m1cycle) * mlcycle) + m1lbeat;

int mlend = head1.size();

short[] bufl = new short[m1cyclel;
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boolean ch1 = false;
int skipl = 0;
try {
while (ch1 == false) {
fisl.skip((mlend - skipl * mlcycle) * 2);
bufl = UtilFunc.fread(fis1, m1cycle);

/I ¥% v 7 L AR
int i=m1lcycle - 1; / m1 OFIOALE DFHH
while (G >= 0)
&& (Math.abs(bufllil) <= MainActivity.ms.getTh10)) {

}

if (G + (m1lend - skipl * m1lcycle)) > mleq) {
chl = true;

}else {
skipl++;
mleq -= mlcycle;

fisl.closeQ; // BHEE L
fis1 = new FileInputStream(cnamel);
fis1.skip(44);
}
}
} catch (IOException e) {
e.printStackTrace();

try {
fis1.close(;
} catch (IOException e) {
e.printStackTrace();
}

H2Mio—FmE A7y bEERE LTRY
return new int[] { mleq, 0, mlcycle };
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gk 5. 2 #hi A RER 5 OB RGBT H ) AL e

public class LookAheadThread extends Thread {

private int startPoint;
private int endPoint;

private int beatPoint;

private int m1cycle;

private String cname;
private String cname2;
private String cname3 = null;

private short[] out_buf;
private int[] ret_point;

private CalcClossfade cc;

public LookAheadThread(int var3, int var4, int var5, int var6, String cnl, String cn2, String cn3) {
cc = new CalcClossfade();

startPoint = var3;
endPoint = var4;
beatPoint = varb;
m1lcycle = var6;
cname = cnl;
cname?2 = cn2;
cname3 = cn3;

}

public void run( {
out_buf = lookAhead(startPoint, endPoint, beatPoint, m1cycle);
}

private short[] lookAhead(int startPoint, int endPoint, int beatPoint, int m1cycle) {
FileInputStream fis1_2 = null; / BI/EFEAEF OO F % 2 TG
FileInputStream fis2 = null; / KIZFAET € O i O JE8E % Bitfs

short[] buf_out = null;

if(cname2 != null){
try {
fis1_2 = new FileInputStream(cname);
fis2 = new FileInputStream(cname2);

fis1_2.skip(startPoint); /47 & v + F CRIXT
fis2.skip(44); /| ~ v X 53T
beatPoint -= 44;

bytell buf = new byte[44100];

while (buf.length < endPoint - m1cycle*20) {//20 FOFELRAEHLE LT
fis1_2.skip(buf.length);
endPoint -= buf.length;

}

short[] bufl = UtilFunc.fread(fis1_2, fisl_2.available() / 2);

short[] buf2 = UtilFunc.fread(fis2, beatPoint / 2);

buf_out = new short[endPoint / 2];

int n = buf_out.length;

for inti=0;i<n;it+ {

/| 7 a A7 x— RALEE
short tmp1 = (i < bufl.length) ? bufilil : 0;
short tmp2 = (i < (endPoint - beatPoint) / 2) ? 0 : buf2[i - (endPoint - beatPoint) / 2];
buf_outl[i] = (short) (tmp1 * ((double) (n - i) / n) + tmp2 * ((double) i / n));

}

} catch (FileNotFoundException e) {
e.printStackTrace();
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} catch (I0OException e) {
e.printStackTrace();
)

IR & DOWIZTHETEDO I TRAERZHEA
ret_point = cc.getClossFadePoint(cname2, cname3); // 4% 5 ORE#ZFF O L
Log.d("StreamWrite", "GetClossFadePoint finish!");

7 BA7 x— RLROEGE
}else {
try {
fis1_2 = new FileInputStream(cname);

fis1_2.skip(startPoint);
beatPoint -= 44;

endPoint -= startPoint;

bytell buf = new byte[44100];

while (buf.length < endPoint - m1cycle) {
fis1_2.skip(buf.length);
endPoint -= buf.length;

¥

short[] bufl = UtilFunc.fread(fis1_2, fis1_2.available() / 2);
buf_out = new short[endPoint / 2];
int n = buf out.length;
for (inti=0;i<mn;i++) {
short tmp1 = (i < bufl.length) ? buf1l[i] : 0;
buf_outli] = (short) (tmp1 * ((double) (n - i) / n));
}

} catch (FileNotFoundException e) {
e.printStackTrace();

} catch (IOException e) {
e.printStackTrace();

}

ret_point = new int[] { 0, 0, 0 };
}

return buf_out;

}

public short[l get_buf0 {
return out_buf;
}

public byte[] get_buf_b(int offset) {

bytell buf = new byte[44100];

int i=0;

while(i<22050 && (+offset)<out_buf.length){
buflil = (byte) (out_bufli+offset]& 0xFF /2);
bufli+1] = (byte) (out_bufli+offset]l& 0xFF00 /2);
i++;

}

return buf;

¥

public int get_buflen( {
return out_buf.length;
}

public int[] get_ret( {
return ret_point;
}
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