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Abstract: In this paper, we propose a novel rhythm feature, which we call Rhythm feature based on Linear
Predictive Coding (RLPC), to improve mood classification performance. The proposed feature is extracted
with Linear Predictive Coding (LPC) on energy variations of an audio signal and is able to represent period-
icity of rhythm in musical audio signals. To evaluate the proposed feature in comparison with 5 conventional
rhythm features, mood classification experiments were conducted for 7 moods. From these experimental re-
sults, average accuracy of the proposed feature was 83.7% and 1.1 point higher than that of the conventional
features. In addition, in case of combining base features, which indicate intensity, timbre, and harmony
features, with RLPC, average accuracy was 89.5%. The accuracy was 2.0 point higher than that of base
features and 0.6 point higher than that of combining base features with the conventional features. From
results of hypothesis test on each mood, accuracies of the proposed feature were significant against that of
the 4 conventional features.
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Fig. 8 Periodicity Histogram.
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(4) 2FHICKE R Y — 7 2R TH,

(5) 1B/BHICKE R =2 29RTAY &

2HFHICKE 2 ¥ — 7 ARSI O M 1],

(6) PHOt > bu A F[11], (7) &4 [11],

(8) #&MIPYy, (9) A NF T AMEDKH [11],

(10) “FEME, (11) EEE, (12) %R
3.1.6 ﬁ%@UKAﬁ@Et%%UIAﬁﬂ%@&H
FEEBICED <) XL F#E CH 5 I0IH Ff s &
PSPs =13, B A 7T AERTPREEHRIZL > TF

KEBEZICEINLIHEBRES LI T MM E LB
b, 72E R, BEREBETIIEINIREBNLVYE

&, 2L DI0IHE RS LI LDz, LA LT T
LESKEL L, UL, FHMICEESN TV TLR
TEPLRFIE, AN TAEINNEL D, DL
I, NS ORYEIIEESEE S ICBI A BT KIcKk
DL, FEEEETIIBIT AN ) X LKA L
Lz Twhv, FEEIcES ) A2 ETH 5 BH FF
iR, ACFPs ffi=, PHIF=EIL, B X M7 T AfHR P
WE— 78X > TESR) XL R 5. TS5
BEFIIBNTT Y ROBCEIINZ ) XAHEE SN T
WILE, BA T AERTFHE -7 8IERkELRDL. L
ML, TYROBOEBNZRY) X4, b LIEPNTR
W ZLPHEBREINTORIE, B AT T AERTFHE —
TEINEL B2, FEINR ) X LD % IR
FTIENTE R, —J, IREFHEICBWTIL, 24 8
TRz X 912, FREEE T TEMZ: ) X L )5EZE S
NTVUE, AR PVAKKEIZBWTE — 723584 1L,
Z)TRIFNITE =B E LR\, 20720, HEROF
R B L CEBIN ) R LM RIS RT 2 L AT

ErLEZLNS,
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BE - 56 MEEHE
g -t - ARSI, SRR BV T
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5. 72, HE-EL-NEFEEICBNT, 7L—-L2H
ﬁf%&éhéﬁﬁ%1A7V—A@$Wﬁ£;0@$ﬁ
rEENYEE LAY S, () BEEEREED
kmﬁ%m?.
o FERHE (7 k)
TV LN A F— (2) 9],
SRR ST — (2) [24],
A SRR BT — (2) [24],
R AL F—7 L —2% (1) [19]
o SEBHEME (60 X)
AR MFNEybEA R (2)[19],
JE W B g (2) [9],
ARY MFE—=Vt T (2)[19],
ARZ NINT Ty A (2)[19],
ZN7F?w3ﬁ47ﬁME(®P%
TN (2) [19],
ZVEBET T AN T AR5 (24) [19],
Axwmﬁﬁ77xb7A%ﬁ< 4) [19]
o MIEHFHE (4 R7m)
JaINRT MVT Ty 7 A (2) [24],
AT X —BLOYA F—a— N5 (2) [24]

4. BERHRFHRIEER

RETIX, RLPC OAMMEAMGET 5 729017 > 72U
IR 2 DO E AR ERIZO VTR,
(1) UXLEHEIC L 2 SEMNRMAIER
2 BB LU 3.1 Hi T4 ) X L R HR T
L7z & & DT BENGR IS B L
(2) VALBHELSE - B6 - ISEHEMHBICLZ S
EIRHRIEER
3.2 fi TR E - H - AEHEEE (LT Tl Base
FME L IER) &) XAEMELRFH L L 20X
SEENGLRBI RG L Hg
REVECTHHAT 2587 -5y b B X OEBREM,
FEBAER, BEIZOVWTHRRS.

4.1 BETF-—a2tvy bk
KREETIE RWCHIZEHERE T - X—=Z[25| D [/ 5
VI HERET IR, [V AFET - R— ],
[RE 27 —FHETFT— s R=2 |, [FEEONTET—%
N—R | OFE, 7226 Mz AW, IRHOFENS
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L, &El406 i OF8T— 7 #EK L, EERICH W,
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£1 KHET VBT LEET— 5§

Table 1 The number of music data for each mood label.

5 N)v Yes 7— %% | No 77— %% Wi
A 171 76 247
Mg 227 174 105 279
Ty T VR 105 150 255
P2 170 72 242
bl 161 94 255
Jrsdw 71 117 188
Ehehi 70 73 143

FEF—F DT+ —<v ME, AFLF, 7Y T
Wk 44.1kHz, 16bit 2 7L TH h FEUFE M1
AFVFNSE FTUNER L, EIRT~)VI2E, SD
BN & 2 FHEOGREICRIT 5 BT [26] ICBWT,
FIZHEICHW SN TV B ERFHO RS, B ], [k
ewiel, 1777 Rzl [8R%], FEerkz], [
ﬁwLFéb%#&J@?o%“ﬁLt.%@%?Nw’
BULEET =ty FeWETLILOIIEEET -V &
JHWCT )5 —va vERZ 772, T/ 57— a vEE
DHERZE L 3% TH D, SHPHRFITHTET - 2R EL T
TODOHIR T NVHIRTIHG Z 2T 5089 g L7,
AREBRIITEHBRE O ERHRP R L I2EET—F DAh
L. HHET NS L ERE T BER 1 IS
AT R LIZBWT, “Yes 77— 7 B0 (ZHISR 7 XV AR
FTEIREZ 2T 5 LHESNIEET— 5 O, “No7T—%
B AZEIR T NOUVHTRTEIR & 21 7 v L S 7z 3
T =5 O EFNETIURT.

4.2 EEBREH

HEANEO 7L —LEBL V7L -4V 7 FEIRY X
L - FE - FOAREMEMHEEC T 23.2ms B XUV 11.6ms,
AN R 1213 185.8 ms B £ UV 80.0ms, ZREC
i& Blackmann 2% A7z, IOIH #5 & % B < ) X 245

IBUAYA Y FYEBLIUYY 4 Y FY YT FEIE5.0s
BLU05s & L7z, RLPC i D729 OFIEF IR KL
15 R, #EWEERHICB L7 7T AN LR 0k 5
17kFC (18 Kk3L) MM L. L7225>7T, RLPC D
RICEKIE 54 R (18 KTT) x (3 2DOF KK ) Th
% . TOTH ¥ & PSPs f¥#m 2 BT 2 BB 7 1 L
FREIT 6 RE 3R, BEBRLOOOHEIX 0.8 £ 1.0
2% 423 E L7-. BH Ffi= & ACFPs w1l BT 58
B 7 4 vy REIE 5 R, E— 2B o720 ot
0.0L ICFREL7:. T ANVF 7L — 28281 2 MHEIZ4
BT = DL EN2 T L — AN 3L FOFIHE &
L7z, ARZ FIha—bF 71281 HEEIZ 0.8 IFRE
L7z, ANVEEERT 7 A N7 a@5e A X VEEE T 7
AN T AR T A AT A VTN 7 DF ¥ A
VI 60 & L, N7 —THE B RIS 12 RIC %

© 2013 Information Processing Society of Japan

L7z, AXEJEWEE ST =8 A ANVEER T 7A ST 4
BRBEHET 27007 V-2 B33 7L -2k L7 2
N OMEIZTIEROFER, RETH o 72k Rz v,
REERIZ BT 2 BIZHIE SVM 2 L, LIBSVM [27]
12X DL SVM D5 IV A B L S
BTS2 EB L O R/MEZHWT —1~1 O#iBH I
EHALL72. SVM DO — A NVIZIZHIES — AV E L,
VI A=V ONNT A=%130.1 & L7, FEEIZ 5-fold
Cross-Validation 12X W4T o 72, IR T NIVICBWTEH
WTF— 5 & 5D5E L, ¥HICADD5ET— 5, FFHil
W1 2OD5E T =7 2 L7z, I 5 3L 7.

4.3 EEER
4.3.1 ) X LEHED S

#1) X LEFEIC B A5 T NV T b PRk BI
AR 2IRT. E2IXBIAZHET LD () NIZK
FAT TR O NZRBROBEREL RS, £2 X0, &Y
2 LR OIS T ROV BT A PR EERIL, T0TH &
= TlE 81.5%, PSPs Ffi= Tld 82.3%, BH f¥f= Tl
80.0%, ACFPs F#& T3 82.4%, PH H#= Tl 78.6%,
RLPC Tix 83.7%CT& 1, RLPC 25 b @\ 4RI T
HDHZ DD, ORI, /ET D RLPC 3%
FIZRRBICAER 2 ) AL BEHETH L LR D,

RIZ, KEIRTNVOBHELIET L L, [HHW],
[ 7y 77 Rl Bkl [&beri] 12BnT
RLPC 3 b BVl TH L Z &0 h b, Tz, HIR
SOV [HE] 12BWTIE, BERBREICES ) X8
W Td 5 IOTH Jiii B X O PSPs it & el % &
RLPC OS5 ZNZENHK 8.0 KA ¥k, 6.0 KA ¥ hEw
HAEAME SNz RLPC LHERD ) X L HEBE O KIS
2B BRI B W T, Dunnett D5iEE IV THEK
#e 5% TR AMREME 24T - 72 %, RLPC I [7 v 77
YoRZp) & TEEMZ% ] I2BWT PH R, [ 128
W TOTH 5#E & A BEAEPHER TE 2. I o EBREE
X0, RLPC RO Y X 2 ke & it L CENGRRANIC
AR ETHHE VLD,

£212BWT, VALEHMEOSHRISHT 2353
BT AL, [RBRerkl, Th@v], [EHherik] o
3 ODOHIBIZHT BB ZF DOMOFIS & e 2 &
VIR TH L DD, COBRERNERANL 20, %
FIZICBWTHIR OGS & Kistm & OB EFHA
L7z, BHERESR LD, FRBIKE OV 3 DOEIZICBIT 5
MHEIREL (BB h 72 £ 0.316, JJuEV: 1 0.238, SHRNnk .
0.243) 13 ZDOMMOEIRIZBIT A HERE (B2 1 0.381,
R0 7 1 0.403, 7 v 77 e 10417, B2 1 0.419)
I L TIRWZ &V o Tz, 2D, T 3200

BO%REZTL, bLLERTAVWET /T arEnbsl LR
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® 2 FBEER (KU X LR O )

Table 2 A comparison among rhythm features.

FeiE Wrw | IR | Ty 7T R | Bk @Rz kA ShRPk ]
87.0% 86.0% 89.4% 91.3% 78.8% 71.3% 74.8%
RLPC 83.7%
(6.3%) | (4.9%) (4.7%) (2.9%) | (4.3%) | (6.2%) (7.0%)
83.0% 85.7% 89.0% 91.7% 76.5% 63.8% 72.0%
I0IH 81.5%
(3.9%) | (2.3%) (1.1%) (4.0%) | (5.1%) | (3.6%) (4.7%)
84.2% 86.4% 89.0% 92.6% 77.6% 65.4% 72.0%
PSPs 82.3%
(5.9%) | (2.0%) (1.8%) (3.6%) | (4.3%) | (3.5%) (5.2%)
85.0% 82.8% 85.9% 86.8% 76.9% 66.0% 67.8%
BH 80.0%
(6.4%) | (4.6%) (2.1%) (3.2%) | (3.3%) | (6.0%) | (11.2%)
86.2% 85.3% 88.2% 90.9% 78.0% 69.1% 70.6%
ACFPs 82.4%
(4.0%) | (3.5%) (2.4%) (1.2%) | (3.7%) | (4.0%) (5.3%)
83.0% 84.2% 76.5% 84.3% 74.9% 72.9% 68.5%
PH 78.6%
(6.2%) (4.9%) (7.6%) (4.2%) (7.3%) (5.1%) (9.7%)
® 3 FEEBIER (T_TOY X LR
Table 3 Identification results of all rhythm features.
i Wi | Rz | Ty 77K | Be | BRehz | iy | Sherk RS
All Rhvth 89.9% 89.2% 92.9% 92.6% 83.1% 75.5% 78.3% 86.9%
YRR (5.6%) | (2.3%) (3.3%) 17%) | (31%) | (7.9%) | (6.5%) o
x4 EHHR (Base WHEIHRICBIT 54 1) X 45RO )
Table 4 A comparison among rhythm features with base features.
i Wrwv | ke | Ty 77 rR7% | Bk Rz JI5R ShRPk Ty
89.5% 94.6% 94.1% 95.0% 84.7% 82.4% 79.7%
+RLPC 89.5%
(5.5%) | (3.1%) (3.1%) (1.1%) (4.0%) (7.2%) (3.5%)
88.7% 93.9% 90.2% 93.8% 83.5% 81.9% 72.0%
Base 87.5%
(5.9%) (2.4%) (2.4%) (1.5%) (5.4%) (11.0%) (7.3%)
87.9% 95.7% 94.1% 95.5% 85.5% 80.3% 74.8%
+I0IH 88.9%
(7.4%) (2.4%) (4.6%) (1.7%) | (5.3%) (8.5%) (2.1%)
88.7% 94.6% 94.1% 93.4% 85.5% 80.3% 75.5%
+PSPs 88.6%
6.7%) | (1.7%) (2.8%) (3.2%) | (6.0%) | (9.5%) (3.2%)
89.1% 93.9% 88.6% 94.2% 83.1% 84.6% 72.7%
+BH 87.7%
(5.4%) | (1.6%) (2.6%) (1.7%) | (4.3%) | (8.8%) (1.8%)
L ACFP 89.1% 94.3% 93.3% 93.4% 83.5% 81.9% 69.2% 87.8%
| 3% | (1.9%) (2.2%) (0.8%) | (47%) | (8.8%) | (4.7%) o
87.4% 93.9% 90.2% 91.3% 83.9% 82.4% 69.2%
+PH 86.8%
(5.6%) (1.6%) (3.7%) (3.4%) (6.3%) (10.5%) (6.9%)

FIRIZx§ 5 ik BUAS E HS 2 DAL OISR xE§ 2 ik UREFE &
DR o7zl VR B,

E512, TRTOY AL 2 0FH L 72356 O B
RAER3IRT. £3 LD, IXTOY XL HELME
M52 ETHMTY ALHEHELMHT S L0 &k
MRAGE SN2, T2, THUITTRTOY X LEEHE O
GO TR BEBVEINERTH -7
4.3.2 Base BHE & ) X LEHEHARO

Base Ftm 2 0FH L7256 0 &) X L8 HmEI2BIT 5
FIG T NVITH$ 5 FH#RIZE 23R 4 |28 . Base ff#
& RLPC BEAR OO EIZ L ), RLPC D4
55 NIV BT B R ERAIERIL 89.5%, Base FriE DY
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FRPERIL 87.5%TH Y, RLPC 252.0 KA > N im0 Figak
FE GRY BT 15.9%) TH A I LG h5b. KHI%
TRV OINFEE BT AL, TXTOTVIZBVTHR
FL7-RLPC #0452 L12X 1Y, Base &0
YA L$ 5 D505, THUL, Base FimICIZE F
N7 WEEEBES D) X LFE#% RLPC 28 5 2 TWw»
5720 TH5.

RIZ, FERD ) X L FmpE FE & RLPC B O &%
LIS S, £4 L0, %) ALEHEFHEOL
FI T NViZB I 512 1%, 10IH =128\ T
88.9%, PSPs FE 2B\ T 88.6%, BH M= I2B VT
87.7%, ACFPs =128\ T 87.8%, PH = IZB W
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® 5 FEEHER (Base Fifie & 3T X LRI HIES X Rl Z 1) X 2 B OF )

Table 5 Identification results of all rhythm features and ideal combination of rhythm

features.

e 5\

MRR 727

T TT YR

Bz | Bk | v | Shehrn | Py

89.9%

+All Rhythm
Y (4.6%)

93.5%
(2.7%)

94.5%
(2.6%)

95.5%
(1.7%)

84.3%
(2.8%)

81.4%
(8.5%)

79.0%

89.2%
(3.2%) ’

91.1%

+(RLPC+PSPs+ACFPs
( | o)

95.3%
(2.9%)

94.5%
(2.1%)

94.2%
(1.6%)

85.9%
(4.4%)

85.1%
(5.9%)

79.0%

90.2%
(4.1%) ’

T86.8%TH Y, RLPC 5k d RV THHEINFETHL Z &
Wb, 72, FHETNVOHBPEE LT 2 &,
GV TR 2], Bz, [Be2k] 28w
IOIH i, [7 v 77 K% | 1I2BWT PSP H#E,
[ ] 1283 WT BH s, (o], [Sheri]
IZBWTRLPC 25k b mViil=<cd b, LiL, RLPC
PERIELIS O FRL Y X 2 B F FIFF T ld, Base fifi=
HOME IS & Fo U CREBIZEDMICT L 72FIR T OV ASEAE
T 5%, RLPC ffHECTIE T _TOEIGZ T )V Tkl s
M ELTwa, F72, RLPC ffH K & Base f##m s L O
PERD ) X 2 O R O S EIR I BT BRI IC B W
T, Dunnett DJ5iE% Hv CTHEKEE 5% TR ARSI E
AT o 724ER, RLPC U [7y 75 R ] 12BWT BH
e, (8] 2BV T PH EME, [Shehil 12
BT Base §¥f#i=, ACFPs f5ffi, PH I E L A B
PHERTE 72, TNHEBRFER LI Y RLPCIZfERkD ) X
LR X ) b Base J5BE IO L CHR 2 Wb ESE T
HHEWVWRD.

X512, Base BFHEII LTI RTH ) XL EHE%
BERL728E, BLO) X 2BEHEOMETOHT TR LS
VB TH o ERER AR 5 IORT. £5 X0, T
NTOY X LEMEZIEN L7254 RLPC 209 5
B L B L CPRYRAED 03 KA METT A2 &8
o ie. 72, Base FiE 23T LT, RLPC, PSPs 4%
i, ACFPs J5HE 200 L7258 0% b kgl %hvE <,
TR DS 90.2% TH - 72,

4.4 EE

REITIE, $E L7z RLPC 25Ek D 1) X 2 45 & ek
LTREWVIERIETH o ZHBICOWTELT L. AifioE
Bt R % BRI 0T L7453, FN o v [ 7y 77 oK
%] 1BV T BH i =EIIHIR 221 5 &HE S 5%
2k L CHIR 22T 2w L3RI 255 D) 255 WMEIN DD -
72, ZOEREZGSHT A 720, BH BRI BV TR
L, RLPCIZBWTIERN L/2Y ¥ AFET— & 2 54l
L72BH #X 9, RLPC |2 & 2 KBS B 205
ANRY MVAKER 10 1R, T2, FEHETF-FICHW
72, MG %ZF5 LHEENRE 2T —FRET =705
i L7- BH #X 11, RLPC (2 X 2 &Mk Eesic By
LRI A R PVERKER 12 1R, M9, ¥ 11 IR

© 2013 Information Processing Society of Japan

I
O

—_ [ [ ) ) ) N
[ S G S & S

S)

The number of auto-correlation function peaks

(=} W
==
=

0 0.5 1 1.5 2 2.5
Time[s]

9 Ty AFET— ¥ h 5L S 7z Beat Histogram

Fig. 9 Beat Histogram extracted from a jazz musical piece.
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Fig. 10 Logarithm spectral envelope of a jazz musical piece.

L7 BH I —EOMEBTY -2 ELTnD I L
VoA, LaL, B9 11 SHELT AN T A
EDBHDAIF I N E N E DS DB, TDd, 9
IZRL72BH 282 Y ¥ AFHET— 7 ITm#N s hTn
b, —7, B10 LK 12 IZ7R L7 RLPC O3 A7 b
VEKETIE, & ITREBEBREETIEOM A RS M VE#IC
BWTE =275 ELTW5D I EDSD0A. RLPC TlZ,
E— 7 3T 5 AR MV EFOTET — 5 L%
BT AERT =8, F) TRITIITHR % 20) e\ ig s
F= I NHANT A0, Uy AT IFIERANEN S,
ACFPs B BETHELE T 1V FIIZBIT B ¥ — 7D F
BEIZB VTS, RLPC & B L 73554 (ARO[ A R
b7z,

F72, #2125, RLPCIIZESMHICEED ) X 4K
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Fig. 11 Beat Histogram extracted from a popular musical

piece.
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Fig. 12 Logarithm spectral envelope of a popular musical

piece.

W Td 5 I0IH Fifi, PSPs Hifls & L T, %
SN [Ty 77 R IZBW TR FEREORNE, [1
] IZBWTIEEVERBIEEZRT L0 b. Ok
BEnMTH720, [Ty TFrrRe] & [HEw] 12k
J%, IOIH i Em L HIREZZ T2 LA L Z T R VIEED
BRERAELZ. K13 e 1412 [Ty 77 v RE | &
[Jr5@ ] 12815 IOTH Ffm 2 /nd. ThooLy,
[7v 778 %] (413) T, S22 55508
BEZT VG EORBMEMICEL Y DRV, TR
W ([ 14) 1I2BWTIE, BHMEPTELR > TWD I L)
Wb, DD, #HETHDH SVM OB R HIE L <
FRCETHRINEREDEL o/ EZONDL,. 2O
(&, PSPs ###m 2 B1) 2 KB IROFHREEH B
WTHREETH Y, AR VEREEZ bhb.
S50, HIR T~ [Jv] 128w T, RLPC & Hw
7o8 &I IER B L, TOTH $§fa B & OF PSPs = = H
WA IR L BT -y R N R, R
T —FEPL N Lol INSEDORYE 2T —FE
F— Y ERPICIVER LA, 7oy beHEOR
B ) XA THESNLTWAHEAE Z & A5 5
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Fig. 13 Distribution of IOIH features on mood label “Up-

tempo” (horizontal axis: the most salient peak, verti-

cal axis: geomeric mean of IOIH).
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Fig. 14 Distribution of IOIH features on mood label “Heavy”

(horizontal axis: the most salient peak, vertical axis:

geomeric mean of IOIH).
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HEIZBWTHlRR7-2 B0, BN Z ) XL %D
T = F I ARY MVERKICBWTE =2 259584 T 5 7
W, RLPC W 725E 123 IE L SR S N 2058 5 .
LL, INHHERET =5 ORIIIENR ) XL %2 FHD
B, BEBFRENEET -5 ERERIVNE WFET—
T OWMHPHEAT S LRI L) 5h o7z, BERIC
EHT 24= (I0IH f##=, PSPs =) Tk, VX
LOFEIMEE L 5252 ENTETS, [Jiihv] LIRS
WO E N BT — Z 1BV T FHER RIS TET
SRR DPET LAz EZONS.
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VAL ERTHMELE LT, MIETAFSIcES )
A 145 #& (Rhythm feature based on Linear Predictive
Coding) ##&% L 7:. RLPC Tl&, fERkD 1) X L= T
EWHREICE B2 B EWNTE LD 2B % ) X 245
%, LPCAXZ P VA Hnwb I eilcdhebr sl
VAN

KL Tld, RLPC OFMMEZ IET %7290 7 DDOFHG:
TR LT, (1) V) AL & 5 E ARk 5
B, (2) ) X L4 L Base SFBUEEGET IS X 2 5595
HFEER, &FNENATo 72 ) R LIRS X B IS
FEEER LD, RLPC IZBT 2 &HZ T~V ORI
X 83.7T%THY, ZHIIMERD) XLEFHELD L FWFE
YRR THh o7z, £/, ) A LIFHEMAIC X DR
AFERBAR L Y, RLPC OO FREEER=ZRIE 89.5% TH
"), Base S m D ADTHEFNZHRTH 5 87.5% L 1) 2.0 K
A ¥ MEVEEERREE GRY EIREEE 15.9%) 2% 5k
CHUIHERD ) X LR O R O FE IR L D b v
WA TH oz, DLEOERGER LY, 53 % RLPC 1F
FIREIICB VT, HMEHES X OB E L LT
B ) ALEMETHLZ LRIz,

RLPC ML F T 5 b & #H 3 2 hHE SR TH %
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