The 2014 Conference on Computational Linguistics and Speech Processing
ROCLING 2014, pp. 42-57
© The Association for Computational Linguistics and Chinese Language Processing

F A RRBRAEET 2R E TS EENR S

Automatic Multi-track Mixing by Kernel Dependency Estimation

S55EE  Tsung Ting Wu
BT R R ER TR ZE A
Department of Computer Science and Information Engineering
National Central University

101522015@cc.ncu.edu.tw

5E5Z 2 Chia-Hui Chang

CORVASEAVNE S F M i e
Department of Computer Science and Information Engineering
National Central University

chia@csie.ncu.edu.tw

e

TR R AL B SEH SRR - SR s OGS & - (E3 IR RS HR ALt
M 855 5L (Audio  Interface) s B H A gAY plhn; (B — H k%L 17 Z#i(Multi-Track
Recording) it & [ & £06 & (Mixing) YR > BB Zah e 2 R S 2 FE — ¥ -
R AN EIRT 2 B R R L L B ER A B RO B3 JR B A R e AT B
—IEHVEEE - BT PITR T BB ZWURH £t (Automatic Multi-track Mixing System) -
HmERHEEAEEN RTINS 2 BHHE - B4 5 EIAR RS (Basic
mix-down) 2 & BRI B B A - g R A YRR (Mix-down) « ERFRE & 28U
A5 BTG FeRE R TR S IR (R AT NS R Z 28 B SR TR
Z A (Model) YT - £ 285 (Parameter Learning) 5 i N BRIV ES 2B AR
FEE (Y (Dependency) TR IER A T (& it (Kernel Dependency Estimation)[ 16228
E27E (Parameter Learning) J7 xR TR AR S 25 -

Abstract

Due to the revolution of digital music, people can create recordings in a home studio
with cheaper gear. However multi-track recordings need to be mixed to combine them into
one or more channels. The question is that mixing requires background knowledge in sound
engineering and psychoacoustics. It is difficult to get good mixdown for non-specialist in
sound engineer. In this paper, we use supervised learning method for automatically mixing
multi-track recording into coherent and well-balanced piece. Due to lack of mixing
parameters, first we estimate the weight of mixing parameters by using the relation between
raw multi-track and mixdown. Given the mixing parameters for any music genre, we use
kernel decency estimation method to create our mixing model. The experiment show KDE is
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able to make a more satisfactory estimation than treating each parameter independently.
BRSEE  AZMORMEET - FEEER R - FREEE IR

Keywords: Kernel Dependency Estimation, Music IR, Music Production, Mixing.
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1F 2 4EHYEL/E (Music Production) k8047 B =1{EFSES - AlYE 4R (Pre-Production)
2 3% %(Production) ~ &% (Post-Production) » H.r{& 5L 3 7y Ky if 5 (Mixing) sz REH 1% 5L
(Mastering) /i & 77, JEE/EE SEEUE B REIRE EEAERE, B2 TIE 2l
FRELTFHYZHL(MUlti-Track) 5 - AR ~ Ffth ~ B Lo EwUR & E —(E 1 A8
iifi(stereo channel) =l B2 i/ (Mono Channel)H -

TR NN ST EERETN SR » S e M BOREGE K - (EfedRR S B AT thas
FIA$E = 5 (Audio Interface) i 24t A 5 AY il om; (HIE — HEREL T 258 (Multi-Track
Recording) st & & 2R & (Mixing) Y RRE » B T2t L #VE & R &2 F—E#H; R
B AL 22 B R R O A A RA R Al B, - FREE A E0R B i AT R A —
TEHVERIS - JRMRAVAS R S I B E S TEA AW SRR - B E AN LE - 8%
K ~ ZZRIECR S - B plE i, RS AR T AR FaiEEstss - 54
HIMARTAE - A EEESEEE A A R S B (Mixing Style) » 25 kg0 7 —H#%
FEEE N LR S HVERE - Pl S s e RS AR B B R (R AN R am sy H A - 32
AR SR S 4R S Y AH R B R A -

1.1 JE&E(Mixing)

B S EE ERIFE EENEE  REIVES T N EE RIS EEHEIAR
[EHVREERE < R E IR G B8R H VR - FHVEE o] DIERRIE - BOKERS - $87F
BENER - REHERES - JEEAT(Mixing Engineer) & {{ it & L/ 24 g5 VA
(Frequency) -~ ZEfiE(loudness) -~ Zfh ~ =5 E iz (Panoramic Position) ~ ZEfE R E=E ST
ZONLAGHAC » DR EHE Edf(track)/2E 85 5B 1L - SR E F WA R BT — e —RERE =
FiAEm - (RARX > (HeEEEniE A - FiE -

TEFERERT R BRI /B RS E|(Mixing Design) » #FE% & #HY = % (Sound
Image) » e S SRR E AN EM U HEEE - 0T E 1 A —ER LIRS
FEURERE > P aT AT E &R A (Mocal) 32 HE gAY IE R [ » &5 {t(Guitar)
IHFEAENEN A, &7 EEfth(Lead Guitan)iig K NEEFD » IR ZHYBIEF £
H e i fic 12 L5 & (Volume) ~ ZE{b(Equalization) ~ iz (Pan) 2l 2 pic He My e 2 AR 1
BRSNS - (s Rt A -
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.. Front
© The Stereo Image

The Stereo Image and the Main Tools You'llUse To Manipulate
‘The Apparent Position Of Sounds In The Stereo Image

1 EEsstrER - AN (Vocal)fEH
B F 25 : The Art of Mixing — David Gibson

1.2 5B (Motivation)

£ HER & (Automatic Mixing)fIBHZE H » K2 &R e Fl R B RHERIRY B S fh 5T DR
FHIHECR BN S8 VB S RERS b—E I 30 HVRA B » Sd&PmEE R
AR E A E AR (U EE 30 FI R B - (R RS EIR L2 g R BN AEINAE R E
HYEEE 720 - I0AE T 5K (Verse) BLEIER (Chorus) R B T & e A — 11 » 125 Hig
BE R KHE TR ER ISy - BosS R RIS 2 - e e E8UER EELBIg AT A E -

FHEE e Rt g B8R BN =0 FR B R T B L E i
HEEWLBItE BT E > BEEISEES A EN S SR e g A EN S LU Ae
Bl fEE LR s Tt n] DUBSEEL P A R T EAE R NE S R E S -
FT DA I 30 %0 i B fa T A RS A o ) A R ey ok b Y 5 R o R ey e S 3R R
£ Jeffrey Scott et al. [2]AV5RT AR S| - JRZHE Z(HH17(Case By Case) - SR Filiz:
A eI S L - SRR A EMA RN ENEE G BEE SRR RIEE
FE > RENASAEREMRT > FrlAbbficdEAaTH —(E @Al (General Rule) sk /TR
e

—(EEEFHA AR S & - #ESR(Equalization) ~ ZEEEHE(T (Panning) % 2 E28 » K%
B A T A TR S AR S 28 W4 - M S EENRE G E
PRI S AV AEEER o (HERE FEEENE S S E0E A (ERI (A1) (Dependency) - £2{5
KA —HNE E LAELSEE NS E M EREERNEES ARG RRZ/N
RSB AT EAERIRYEE - BRI e T HAAHERA (% o AT AE S ETEM
1977 55 LR AR R R EME A -

FH DA B =56 AR SR AR B0 B SRR [EI G B - I A FIfCE S E(Kernel
Dependency Estimation)[ 1]y /522K BT B A& AL » i S R M e e B B F & S Fe it —
S AHIERE, » B SETERG ~ 1BEY ~ /TEIVEEsiE R EE > SR HENBERE
FH#Z B S8R R TN R 2 SR 2 BOR S - (8 2)
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Initialization

MultiTrack ] Genre Track type ‘ Music Section
Recording ‘ Chossing Labeling ‘ Labeling
human
rogram
Our System prog

[ < <
Mixa
ﬂ “ -

B 2 24 mAEaE
Keem XN BEgsm RS IHRMR  E=20g /8 R
s SLHIH I T A R PR R ERHE  SBUE B B BRI EE BRI A HrE X
E%(Cross validation) ZREEAS IR AY IERENE DL SARTEMERITH A - 85 AL Beddam DA R R AR T
{E o

=~ THEERR

R S BT IRER B BRI ER ARG — L R S S EUAE il 4R
Tl NSRS SEEE R FE DRSS E S B R E  REI S
[EREEE A RNEIE ~ FERZIE - EEEIET S8E NSRS EIFE RE
HIRF I R SR D et S EEC SR T2k - FTLAEZLH1UR B (Multitrack Mixing) 4 EE
WFFE s R AR e E R A (S5 VR B 280 B1E | & 2 (Volume) - 55 (Frequency)
FhFE(Dynamic) 5 o S5—H IV & EE A R S S EEA -

2.1. JEETHEAITE (Basic Factor of Mixing)

fERF YR o B PSR EZEAVE - JRFRN(Mixing Engineer) &5 (&
PEE I HEE(E 1) AESPHEESERTIZTELS - ERAEESIES B
(Image)HIRI&NER?; %5t —Eeiy s & LA BRI S HEE - B E IR I
2B B A

EH OB - SRS EI(Mixing Engineer) & i 5% {Las (Equalizer, EQ)Y &
REFEFEZ TSRS AR - GNP T34 30 & Ay R A A s fHEE RS E K
I PLEFM AR AZS B BFI o] DU s R S th ey s D o ek (eut) -
PERE R B T R E R — -

SRS L R s B R i SRS U B ORI Y A 1 B % R JE R 55(Sound . Field) -
AT — RS B (A BRI R AN b DU 7 Ry F (stereo) » BERZIH AR 1] MERCHE
ISP EHIRERY > AR R R BT AR PR S IR G D E S S IR L - B
AR T R R SR e e e Y B e A R i S R S S A ISR A Y ZE R
MR RV SESSE AR — L - R E(F LEE iR AR AR E S & - 411 (1)
=
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Left_output = cos(p)*input
Right_output = sin(p)*input (D

Bt p Ryl SLREAY AR - Left_output, Right_output 7351 & /= iE A R iE B L
2.2. JBREZ2EhET(Mixing Parameter Estimation)

WRT—EbTFEENRATER R HFYRE S 2BEE DS - MR EA ARG NI =
im(Mixdown) IRV BRI (5T L A E AR = 28 4% Jeffrey Scott et al. [2]#YBHFEH -
PR T 5 (interview) By 5 2 BHfE T 4R RV FRTI(Mixing Engineer) 1 #4101
R WA R B AR RS BIH — SR B I (A M & e S R A A T A AR -
FERHE 7 BENE = (Automatic Mixing)HIRZEH[3, 4] - RS SMhEt LRSS R IREH
STHUNDEE Rlhn g SR E(Sound Feature)FY4RMEAH & jf (% - AU 3 AR Xi R 1 2
WREIRIE - B BSE | LR E SIS > y RIRE IR E © MR/
(755 (Least Square Method)&z/IME y & col (X) P YRR i 5 S HUR S S B E i
af e

3 m/INPITA
H BRI SRR H S BB - R Z 2 4R M8 1L (Linearly independent)y » 15 &
P ERRETHEIVEND R FRERS  BESARD ST F (O R
overhead IF&r A u/ Not FEHANSAHAYVES —Hf8kiE) - EEH LN RHE S 2[5
B (REEH R I e EiE R A T R A s -

2.3. BESBTIEN

SETENIA 2 S P 225235 (Machine  Learning) - 28 7E:HI(Parameter Prediction)
HyJ77% - 40[3] B8R T 24 iR (Multiple Linear Regression) J77% » A I K& HY sample
LR IO R - R S b T 7A S s ME s il an fE 8y JCH EE B (Euclidean
Distance); f£[3]+[EHFAI/ T Linear Dynamic System HYJ572% » IR B S B0 Ry — {18l Bk
HIRRE(Latent State) » FIF & S FHEE (FEIRE A iV, - SSAME[6IERF] T~ —1RHY 77
= o FIH Bl EE " (Mixing by Example) - HALSHEEELAIAVRES: » )RS i Ht o+
LR e R BB FHY R B 5T (Copy Mixing Design)iy I Ak 2 AR

=l
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=~ WRTE

KA EERENTE 4 Fos > FMTE& SR iaay ik SRR e H e ftaz
YR E AT R R » B T A F R AT (Feature Extraction) DL 2 #& 1544 (Model)
HIFNSR MG « FHA R EIRVEE - REIGEY S S E A A EIRVE S )70 fEF AT
B e B RIS FI R & S A T R A R S SR (R [FI G B AT A
WlE 5 FfTe ¥ ROCK Y= ELEAI 1T Intro ~ Verse ~ Chorus » POP 4 E It 7277
H=(ERGELAIRAL > DALIEHE - SISk (Training) (B /A WAV ER, 5P ERE RS2
fiigT(Parameter Estimation) - FH/R &S BERDIAUS - [Faad ISR E Rt i EEH - 38
{9 & S5 A1 IR 46 o7 B 8% 2 MR 5 Ak im (Mixdown) fi £ /8~ J7 74 ffi 51 (Least Square
Estimation) » 5& [t AR 7 51 Hi )l 9F &R 4 1 SR & 2 B 1 (Weight of Mixing
Parameter) -

BRI ET(Kernel Dependency Estimation)iyfEAYTr - Feff &
B S 2 R B R R R AR (R A SR ARE i 5 T (Kernel Dependency Estimation)
HIMHE » Sl SRAFAIIERL & AR TN EDR & 2BV E - SR RGN R A RE S
EITRE -

TERE T ARHVE BT et dii /48 &P BRAVIBUE - 7R 26 3.1 ot M E eV E
15 (Data Set) ity 48 LS TR IRV ER 73 - FE 3.2 G748 FM A mT A1 A B/ N D7 AR A
S RHEDE B 28U Ry R HOR S S BhET - 80 3.3 M e /48 AR 5+ (T
KDE) YR MBS PAR AT AN e B SO [T ez dn el 3sea 1 -

ook
ultiTracl i
Mixdown i e
E e }
h= -
(per section)

‘ Preprocessing J

Rock

>
Verse N

‘ Feature Extraction ’

Training Testing

(per genre)
Jazz

Least Square —
Parameter Estimation — Verse
(Feature Vector) Mlxing J Mixdown

Track Merge

Pop
‘ KDE Model Training ‘

—
— 3 3 3
=EE

4 ZHIRREIE] 5 JRESHIRA
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3.1 &kl (DATASET)

HAE AV E I 82 (Data. Set) /2 2K H B/ M—ARH R B HYEL T #5 "Mixing  Secrets
for Small Studio”[7] - ILEFIREZ EHFHBTHIEEGEEHIVESHEN - HEHEN
BEERAIER - B SIS TSN > WITTNER 1 R o IE R Ry S Sy
TEPURIR o HLERMEERSR AR E N AV E SR L REEE E K (Full Multitrack) -
— DA S s % (Music Information Retrieval)BFZERT{EE FHAVE R &2 A Z%E 20~30
sec IR » i/ VAIREERERIVERE - IWRRANINERME A RS 2EMEE:
(Music Section) & Z# T AN FEIAYIEAY - SR A (% AV AY AE SE N EIRATE - IEERE
Fir 2 B 1Y R 5 Bl an (Mixdown) — it 2 B E AV RE - BERA LR WAV 1E
(uncompressed WAV files, 24bit and 44.1 kHz sample rate) -

*® 1 BHgIgETR

+ orson

Alt Rock / Blues / Country Rock / Indie / Funk / Reggae 7
Rock / Punk / Metal 17

Pop / Singer-Songwriter 10

Acoustic / Jazz / Country / Orchestral 8

Total 42

BRI ERIEEAE D - BRI ER S S F B AR Alt Rock/Blues
Rock/Punk ~ Pop/Singer-Songwriter ~ Acoustic/Jazz/Country 5 » £ & 428 84 Frr{s FH A i
e G ARIE > G R LR E SR EEFLL O S LRSS - B g SR 1%
AR E R EE N 2R MR o Fr DURy TR LR P 4eaT 1 S SR A
FEVECES e RS EASE H(Basic Track)41#% 2> HfMER T 12 EWATIPRE -
AR 7 & e s et = BB fF e R0 R B 2R R kg &
R & OF(Track Merge) » j’F[E— S AYH H R IG HAE B o & DF G A A S #,
e [l — 2R HIAE ZE ST & O — (], BT R —E i o sk T Wi > P& SeiF s mie
HygkE SO —E - DAG(E 2 %3140 FORIE a2 AL 2 -

® 2 AR
(1)Kick (2)Snare (3)Hihat (4)TOM (5)DrumRoom  (6)OVERHEAD
(9)Electric  (10)Acoustic

(7)PERCUSSION  (8)BASS (11)LeadVox.  (12)BackVox
Guitar Guitar

3.2 B E S hEt (PARAMETER ESTIMATION)
BRI B S Y H Y 2 2 A )| R0k (Training Data) A 5—fUR & 281
L EEA > FE R E AR ECR AR S 8HI(E - BrL ISR B ie T 38 TR G
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BT HIAE 28 R 1% 25 i e Y 2 R T R E =022 (Supervised Learning) < (H2 EE R
B2 ENEIFE SIS - ARSI E - AESM e AR
[FHVEE ~ BB R ZIE - 1 RS R S i D a2 G0 T2k EEAEDES
SHE BV ERNIEEEIEE RNEE - BT 2 RIVETE Y IMVESMSETHE
BHEP B ERAVES 2% - FIHELE 7T #1HE 2 (Raw Multi-track) k2 i % & & i i
(Mixdown) sk fli5 B EHAVEE 28 S e —EFOREEEESUEF 2 BEE
E235 (Supervised Learning)#y {5 -

B TG BAE E A et ER & 28 > B R 4677 8 B 5 18 05 B HY B
(Final Mix)rYRe {Fe— B¢ 4 AT4H & (Linear Combination) » 417 (2)=0 R — & AV AR 14:4H
ERi% -

oaUi+aoU;r +.. o U=V 2

a Fy5E VAR S SEMEE - U = [ug, v, o unl TREE T URERUR R VRIS
SRAVFHER & (Feature Vector) » F—HfifHEL N {5 frames i HHAXFE - HAFERFEHVE
B2 EHARNESREC PIOEE E280T e R E ST IR EE R &R
15 RS0 e PR SRS (Spectrum) 2555 - KR LR MEAH A IR - FRAFTA]
DIF A /N J772 (Least Square Method) & (d 51 HUE B 28 o BYEUE » f/ ]\ J77%(Least
Square Method) 2 DU HIME U BATENE 0 > ZA95F 5 FIME B A b Ay B A2 8
(Objective Function) « DIEFESERAH] - < un A5 K #1155 n (EEHE(Frame)dy 7R E
(RMS) » FEEHEREL R 20 Z2F) > Al()ETEFRR A

;U2 thz - Ugg Qg Vi
Uy Uy - e Uy Qi Vo
uNl PR PR PR uNk_ _ka _VN_ (3)

RS R RSN SEE S AR 7= = (EREE 2 Volume
Frequency ~ Pan » FE{&GETA[FIHY S BIFHAPT & (50 FA FIRVE B Rl - 32 PRS2
Pt YRR 4

28 (VOLUME)

F RS AR FE L (Gain) » EEAZEHSEZTURNS EEERETEE
iy - ARim S EER T J73FR(Root Mean Square)ity /5 =2 M &[] — (& S HE (Frame)
& EWHYEZEE(Sound Pressure Level) » DALETE R B2 BEVRH AR - FAER
A4 - G o2 K IATREE > N HEIEVRE -

[RMS11 RMS1; RMSi3 -+ RMSy ] [g&1] [ VRws, |
RMSQ]_ RM522 cee cee RMSgk Jp! VRMSg
_RMSNI N TN [P RMSNk_ _gk_ _VRMSN_ (4)
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HH%(Frequency)

PERSHNE R E N ST YESR LR P - fERFBRE T R TEIEE
WY H OB 2 F e KR B M AR IR > thalEsi iR S
S 2 % (b 45 (Equalizer) 2 8 - 1E 55T AL &5 0 & Jo i B (E ML VI 2 B2
(Multi-band) > ZITRE =BRAVEERLE AR ~ AR ~ (B - PR B SSAEHY TR
(Center Frequency) 52355 (bandwidth){& RlI5e plakat » AfRam CAEARR ST — 5
PRAZ BB S ET72((Multi-band Equalization) SRS B PR F(LEsAv#E(E - B2
REYUGETHEREYIRE T 288 2B T HE - 20N E 6 ok -

-18dB:

-24dB
-30dB-
-36dB:
-42dB-
~48dB|
~54dB-
-60dB:

Low-mid i treble

-66dB-

-72dB
center frequency

-78dB-

-84dB
-90d8)|

3Hz SHz 10Hz 20Hz 40Hz 100Hz 200Hz 400Hz 1000Hz 3000Hz 7000Hz 15000Hz

6 PRI
FEHET TR BT > FefPT & e PR AT S8 i (Fast Fourier Transform) S5 2]
ISR (Spectrum) - BEEHE S F N HISARE IR IR T MR ST 73 B AV SRR 3 T 25 A%
A ] E (Regression Problem) » DUffiat H S ARELAE SRR P28 - 411 (5)3A

ﬂ"TrEbJ’ELLrTrEbJ'EL + &.'TTEMEQL'{TTEMEQ + 0 4 Treble, L“'TTEME;_. = Virrebie

High, UHigh, + High, UHigh, + *++ + aHigh, Unigh, = VHigh

ﬂ'H-m@dlUH-mﬂ;dl + OYHomid, UH-mm‘z + o YHomid, UH-m'.I;dk = Viomid
ﬂ'L-mm‘lUL-:m;dl + ¥ Lomids UL—m'.I;dQ + e+ ¥ -mid UL-mi;d,_. = Vi mid

X oun ULowl T Loy ULoulz Tt T Ko, ULo*ul;_. = Viow (5)

4EERTENL(PANNING)

s RN EZ B AR B oEEE 2 B BIEE - x(1) - FEARRR S
S 5 o B P R e — B 25 B S M A TR - A — 25
ST AREM - REESESET > BRI A EZ E P E A AR E B
A F(6) ~ (MR -

oqUp1tooUpo +..... +oyU =V (6)
01UR1tT0oUR2 +..... +ogUrk=V (7)

3.3 AL E TR R TT (Kernel Dependency Estimation Model)

fliEtEE R E R EH =R 5 28 (Wlume ~ EQ ~ Panning){% - f1H T & H
FAVFH I E(X) » KEETAVETSH(Y) - BIRFEHEE N X, Y EARIGRETL A
BB R BB o IR A ER Y B M & R B [EI B S8 R EI S SERG B T
— A > o — 4R RE T B BRI W E (R E - H8E) > SRR AEG
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sub-band) o FI[ FH AT AL F V7 Y U7 e e 14 F B o BE A EE FH 2 B PR B o - BRI Y
BB B S/l ek o Pt AL 3000 [EHAZKE (EHAFIAIEISRE R © 406 7 > un
FoiZ B RIHNSE n EHARHTEE K WEVESRAEE - o /55 n [EEAZ S KWHR &S5
FEE(ELK Ry ShE 8 - AR SRy 12 -

Y
Q11 Qg2 13 v Qg
X ﬂ21 a22 P P sz
U1 w12 Uz - Ul : : :
g1 Uz v ot U :
¥p1 Qi nk

Uy oo e e Unkl
T RESEIENRERE

T (I R 2 T LRI F 3 LA 23 M (Parameter Prediction) 9 757457 11233k
fi# » (4025 45 M4 B (Multiple Linear Regression) ~ EHE45 14 Z.47%(Linear Dynamic System);
HEHENDESRE—IHENSEHEEA T AEZERN  Hh—iiiy s &8RS HAzl
e NELE > 7R ACHE A (A (dependent) © 5 A2 il E RIS B AR TR AR MR 5 £
s - MRS K BB IV - SR B4R T RE A AR A HIEE YR
% - PRI SCRR A TR ARG AV 2ok iy I - IR A M Rl SR
MR AIIEAY © 8 T AR & S0 /48R MO T A R AKE 1 -

3.3.1 ZfcEELET(Kernel Dependency Estimation)

ZAFREET (DA T i KDE) & —TE i =il AL X By tH Y BRI AV
J8HE » KDE HYRAZAI N E 8 Ayw » AP BE £ 257 iy — (B B
1. e (Projection) © ¥t Y i3 a5 43 Fr (Principal Component Analysis) » i, Y

b RS H R y ERFEFZE m {1573 (Principal Component) Bty zE i I » Bl
Hig Y SEEEhE - Ko ERRAVEERE TP Y” -

2. 8 (Learning The Map) : ¥ FEEEEE A= (Principal Component)j » 1<j<m - F{fj&r
E23— (B TE B (Mapping Function)ri(X) » $ESSY r €T et X BIEE Y5 (8
FERER A > B SR Ery 22 i B m (&g TR -

3. FEHI(Prediction) : #HA—{EHT AT A X FATE LUFI R SERTES B AP B E R ECR H
= [ 1<) 100). ... 1(X)] Y ER™ o FARFLNGF YL A FE A2 I 0 BISRH XA
WIERY Y fH -
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YeRk

(2)Learning the Map
@

r(x)!
y+eRM

(1)PCA

8 KDE ~E[E
PR AR S SCHY EREAGESR - BefPIHy X2 M E e SRR & - Y w23k
FE ST HARAT R S S8 Y ERS 1F KDE BB P FIer e Y R4 % m 46 PCA

Zefi] b o PEEAE m MERYZE ] BRI EEE m (B AR IR A e S - AR BT E
HAPIEEF T ridge regression By AR m (AR EIRE o AEMTRMIES > Ay — &y

BRI X E A SERTEREY m (ETERS ok 7y €R™ - BEET v
H RN k 4720 ISR S HUR T SR -

M- HhE

BRI = (BERS T S B0 BB ES HE HRA 53 TR L B
HEVE; 55059 F2ATAE KDE {fcE(Dependency) YRR » ELBERIRINY m (EEHHUHIERE
PERBLEEIRI, S = A R I S R B R A R - ERRETAE RO
R — 2 — (152 XUBRa8 B e — 5 SR i /7 %75 (Mean Square ErroniFis - 5
JrRRATE TR T ¢

MSE = ~%1L(&; — a;)? ®)
af{FHH KDE AT TR R & S EHE R o 2 S B H BRI R S S B EE-
4.1 ——EAZ XA (Leave-one-out Cross Validation)

# 3 RyE{EE AR S & 2800 — R — {5 X8 (Leave-one-out Cross
Validation) 1945 5 » HAE &y KDE AT HIAE S E IR E S S BRI R EE
(Mean Square Error) » R & S ¥R SRS 3000 (EREAARMOREL > m (E S
Fy 8 FHFR A HIE KDE Fralll S H AR 7 3 72 I REATPEAE 0.129 A RYEUE - TEM
IR EAZE BN SRR HRS S IR ARSI 7= BBV B A Rl
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R AR RN ESREZ AN ERFAR SIS 2RI O E Iy TR EME -
TR Outlier » WIFERFIHAYEE 17 BHIGER -
# 3 BIFE EHEE VR R
Rock/Metal POP Jazz/Country Alt Rock/Funk

songl 0.137 0.043 0.145 0.027
song2 0.148 0.224 0.005 0.087
song3 0.192 0.057 0.018 0.040
song4 0.172 0.030 0.018 0.053
song5 0.205 0.056 0.138 0.038
song6 0.035 0.070 0.037 0.426
song’ 0.166 0.067 0.017 0.018
song8 0.135 0.055

song9 0.052

songl10 0.120

songll 0.199

songl2 0.040

songl3 0.092

songl4 0.048

songl15 0.269

songl6 0.748

songl7 2.175

Mean 0.290 0.075 0.054 0.099

[ 9 & —fdE T A th Rl (Chorus) 22 X gaa iy AR 2= » X fili (R HpEi
PR 24 (Sound Sample) » Y il B AT FEIS U7 3055 - [BIFR T [EIREBH 0 HI4R IR
REFRE—EHRVESEAR - 1] LIEE3R KDE Rl 6 H s R AT 5] — & sy S ARy
FH R -

PORIS ing-Song Wriker
T

—songl
——sohg2
——sonhg3
——songd
10k ——songs

S0Nge
—song?
——sonhg8

0 500 WDDD WSDD ZDDD 2500 3000
TIME SAMPLE

9 POP/Sing-Song writer

ES— T HHEHVERE - 0B 10 > eI LAZEHEAE Kick ~ DrumRoom -
Overhead EE#I b &R G HEARNERAHR » HFRRERFLNTEE L2 [E 5%
H (Multi-track Recording)if » B —#fith & S5 32 H s/ VS (55 5) » 40 Overhead -
DrumRoom Z5#fi&r 5 Kick ~ snare ZEHEAMGEAHAVEERS < BLIRRER T & W5 75—
FRaar RS B e s BB RE = A R (E 4R A S iR (% > ST R 4R
17, PP EIRZEGEEE G R FAIA SR EET -

53



T
——ROCK
——pop
—Jazz
— Ak

L L T T 1
Kick Share Hihat ToM - DrumRoom Overhead Percussion  BASS EG AG Leadvox  Backvox

10 Z#hEbElE

FEFF (Equalization) A T TEIEAMEIRAE 732 3 8gee » i al AR S B8 70
HIREREREY Fy 0.015 » BUTRAESRR S BTHM EA EHAFRE -
R 4 BRI N RS
Rock/Metal POP Jazz/Country  Alt Rock/Funk

Kick 0.011 0.019 0.003 0.008
Snare 0.043 0.015 0.011 0.018
Hihat 0.003 0.001 0.020 0.021
TOM 0.008 0.017 0.013 0.007
DRUMROOM 0.013 0.004 0.036 0.001
OVERHEAD 0.017 0.028 0.003 0.046
PERCUSSION 0.008 0.006 0.025 0.005
BASS 0.011 0.007 0.004 0.017

EG 0.006 0.019 0.024 0.005

AG 0.000 0.004 0.015 0.006
LEADVOX 0.021 0.013 0.005 0.025
BACKVOX 0.002 0.003 0.032 0.017
Mean 0.012 0.011 0.016 0.015

4.2 KDE F7EHVEE (Effect of KDE Method)

FE RV E R BTG KDE RIEARAEMEAYRICE > B eBMaTam TR EEY m {H
BT A s 8 > SRR T IE 11> Fy ROCK ERIFKIFAE m BRI ITE > X il A A FEHY
m{E > Y RFTEEHIE R o FFTAT LIS E m (Eifl(K KDE SR &aRr ViR » K
ffy m (gt T KDE Y514 (eg.PCA space fi¢ R™ BE{IFy R®) « ISt B T IR IEME:
BRESEIRANED) -
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11 A[E m{EEEE
PEE I (E T AHEAT T o [B1FT {58 A 25 40 PR AR i (JE =5 BB ((ORR 12 ) B AR S Y
KDE(F @ ({Ha M)Ay 7 A MR - &R0 N E 12 > SRR 8AVH F KDE LB 4%
MR AR YR o BURHARREME (a7 2 se = B S0 Z Ry F-fr -

I
DrumiRo OH Percuss  BASS EG  AG  Leadv¥ox BackWox

12 KDE £ MLR CLER[E]

4.3 EESEAHAIEA(Cross Genre Testing)

FESE— B 57 B B Bt R A 0 AR ISR R PRAE [ — (= S o > A58 = BB HY
B > WIS AR F RIS RS A HEE RO KITREEMNHARE
BAFfTEI 4R U R AU AR B HA RS S A 2= » 45540 NE 13 0 X Bl A2 SoRl E R YA
A Y R H ERY TR E PNEE R ROCK &y —3F 17 5
[ o YRR Ry 73 AL POP ~ jazz ~ Alt Rock Ffrlll R HHAYIAREE A 22 ROCK JH Ay HIEES
SR o PATT R DASE IR s i AR R R P AE A (RS R A Bl e SR A TE A 2
aRZE MR - AE Y POP B JAZZ YGES - ISIRIRYIAAIE FAE ROCK &4 L HAER
BURAKIE G - JI 3 S 2R DAY AR = 7 A G R T4 E 1 ROCK B2 Alt
ROCK HY$5 7 3522 (B Ry PR - &L R L B BT T DUSRIA [ Y H 25U HA [RIAYIR
FTR 0 Bl SR AR A AR -
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gl
10 I ! | | | | I I 1 1 |
1] Kick Share Hihat TOk DrumPoom Overhead Percussion Bass EG AG Leacvor  BackVox

TRACK

ERERGIESE
e~ ERERATIE

FEESEEUE DR SRR E BT > SR BUAYRE S AR
i R B 2R 25 B R B O B B R BR R Al B - RS A\ L B0 1 =]
AR A —EHVEEE  Fr DA SR —(E R B B AR EAGE T H B2 HUR T &
&t o ELEARAHB A FIRE H E BRIV L IR RZ MR {55 (Kernel Dependency
Estimation) - FI[FR B 2 #0011 (dependency) - ZRIECE S S BN TN; F5—(HELH
fi AR BE SR SO RIS ISRV B A - RS HE R IEH (EhHI(Case By Case) » Ji
FHRIEA FAERIEZ ZT TR E - FEFRIARMA AR RE TR, B ERR
i SCHIIA RS T B SRR P & R IR A Ry B 2R DL RGBS 1A R HIIRAY » LUT (5
‘REE LA - BERGERE A A ER S ESEIHRE S 52U A H AR R -

RACTAETTH > AR SCA o3 VA SRR R R AT SRR
BrtA R IR > RAFHE S FFEMEREIU M e HEE HEHN RS S8R RE
EERUEHY > AR Oe R R U ET HE R AR S 2 B E - RACRT AU
MEEWT IR T T B B IR IR R B S B LR R R S A RE EREAT B IE EAYTE
oL PR —(ER IR E R T AGEE B EIRR S Sl R E 28 - 559ME KDE
RS ST IR AR AR E F H A% e (Kernel function)iy &t » RACH DM AT E
IR BT R BRI A TRCR « EEREL oy s LAY S Bt ] DU I PR SR AR 5 Rl
bR EEE H AR R SR B I E A=A -
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