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Abstract

Music emotion recognition (MER) is vital for recommen-
dation systems, yet existing research often relies on non-
commercial datasets and single-label classification, limit-
ing reproducibility and the capture of complex emotional
nuances. Furthermore, embedding spaces used for music
exploration typically lack interpretability. This study ad-
dresses these issues by introducing a multi-label ranking
and exploratory framework. First, a reproducible corpus,
Melon-Emotion-14k (ME-14k), was constructed with ranked
emotion tags. Second, a Learning to Rank approach using
ListNet was employed to learn tag relevance. Third, a multi-
branch model, QuadFusionNet, was proposed to integrate
mel-spectrograms, MuQ embeddings, genre, and audio fea-
tures. Fourth, a “Dynamic Axis Interpretation” mechanism
was introduced to dynamically map abstract embedding
axes to interpretable audio features. The model achieved an
nDCG@3 of 0.426 on ME-14k, outperforming the random
baseline. Moreover, a qualitative case study on the “Jazz
& Romantic” subset demonstrated that system-generated
axis labels aligned with human auditory perception. The
contributions of this study include the construction of a re-
producible dataset, a multi-branch ranking model, and an
enhanced visualization interface that enhances the explain-

ability of music exploration.
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o HBARBE . /S XEANE /B ALY b —,

e FOYZF7 Uk (p): MuQ . Jx Vb, HFEFHT TV
F1Z0.5; BE~Ny FOBEIX 0.4 & 0.3,

5.6 FHERER

nDCG@3 I2BEWVWT, T—HF—I3RENTY R b D LI
BHCEET %2, 207D, 2EROEMRRID S T LIV
WHETRBENEEN TV I PEEL RS, AFETIE,
7 rx v 7RBERHMES 546 L LT nDCG@3 (Normalized
Discounted Cumulative Gain at rank 3) Z#FH 3 %, nDCG
F. BT A4 7 A EAICHET 2 I3 EWEE 2D B
HEWZER L -FEHANLEETH 5,
5.7 ARSIV HTHTIVERDRE

REE T DEE U 7D IA 722 [ D W& R % 8 I
iS5 72, ME-14k 7 — &t v b OB U CHgm %
TV, HDABNRY PV L, AEBROOHNRE LT
F. R R ZANDEEEPIREE NS [Jazz (v > 1) )
»D Romantic (&IEX 7)) OFMHEERL, LB, FE
DR XA NV RO R 2 IERE Rl U CZERiE 2 MRES 2
Fedb, BEHD 7 4 VRV ¥ IZIER T VAL, Th
B, DHERRAEICK S /A XBHBR L. BT A0S L NERE
HOBREHMKREET 2 2DICRAIRTH B, 7 F7AXY ¥

#£1 ME-14k ® 12 &ED 72V 12b 7z 5 910

&IE Avrh EHE (%)
Relaxation 5459 37.38
Excitement 4792 32.81
Healing 3921 26.85
Romantic 3558 24.36
Happiness 3115 21.33
Nostalgia 3041 20.82
Fresh 2479 16.97
Quiet 2037 13.95
Touching 1928 13.20
Loneliness 1537 10.52
Sadness 1239 8.48
Missing 817 5.59

702 scikit-learn 7 4 77 1) @ K-means {E&#EH L7z, &%
Wi AR K RIRET 570, RERTIE K 22256
6 DHPTHRER L. ERENIr 7 A X DEDLE DD RA
s K 2BRM L7, ZoEER, K EOREL R S I
RSN A NEE HERNCRVE T 2 -0ICRITF 6N d DT
H3,

6 IERCA

6.1 ME-14k D#st

ME-14k IZBI 2 REH 7TV ODHEE L ITRT, AF—
Xty MIA 14,606 b T v 21T L, HEN 33,923 HD & 73
MEENTED, 1#dH7%HFEIgH 2.32 B X 7205k
RILFTROUEEL o TWB, ik sse. 77 ZAFR
g (mr 77—t HPHRTES, fIRIX RYT47
RIBNETH 2 [ Relaxation | 1% 5459 g (2EDH 37.4%).
I Excitement J 1% 4792 B (¥ 32.8%) & SZEIHIT® 2 DITKE
L. 2T 4 77%&ETH 25 I Sadness J (1239 Bli, 8.5%) =
I Missing | (817 #fi. 5.6%) ZAPEIRICEEF->TWVW3, ZD
R, PERDEHMIE THEFNMCBVTIZZIIRY 5 AN
DWEEF R SR THEL 25, L L. RFESRAT 3
5o x 7% (ListNet ) Tld, Bicx 7 0HER2FHT 5
DTERL ., XMW REEE (HF) 2H¥ENReT
%, L7zhioT, 7o ZHBSHE OB T Missing | D X5 %
RITHoTH, 2O o TEERBETHHE, VR
FOEMIZZ YT R e RDEND, ZTDT—XFRE
&, BRI DZ Y M RS 5 nDCG fEfERH v, Hfifik
DR % fdE{t 3% ListNet OBEAZEETII 2D TH %,
6.2 DEAM 4 V5 ARYFI—VICHBITBETILIERE

% 212 DEAM Ry F~X—2Z12BT 3 HEELRKERT,
QuadFusionNet (% Macro-F1=0.542 %3 L. Baseline [9]
(0.500) & bhmEWEERLE, Zhid. EEERY 74 2HE
T BEED. ARE BV T—EDEMEE RO RN &R
T2, 77— a yOfR, UTOEHABIBR S,



#£2 DEAM 4 75 RAXRAZ BB EETFNLD F1 227 g

Baseline [9] 0.720  0.310 0.620  0.340  0.500
QuadFusionNet 0.739 0.429 0.642 0.356 0.542
Model V1 (w/o Mel) 0.761 0413 0.611 0.376 0.540
Model V2 (w/o MuQ) 0.655 0.390 0.645 0.240 0.485
Model V3 (w/o Genre) 0.697  0.443  0.608 0.327  0.518

e MuQ OFE . Model V2 (w/o MuQ) Tid Macro-F1
A 0.485 F TR L, FHIC Relazed TOERTHKE L,
MuQ 12 X 2 RBD, K& R 7 THARERE &RTERENE
DD 5,

e Genre OFS5 . Model V3 (w/o Genre) & 0.518 TH
D, ZLEFILEDEY, DEAM O 4 RESHETIEY v
VIVIEBMD T LI R E S IRWATREMED D 2 23, MBIHI )
T —AWHBEZHN5,

e Mel-spectrogram D&& . Model V1 (w/o Mel) &
0.540 £ 7 VETMTEWV, MuQ H% L OFEE - UIRE
Wz E&LHa. Mel-CNN OFF 50 —EREE T 2 ATAEMED
Hb, ~NT. FVETANRETH L h6, MAE
DRI X DB HE N 5 ATREE S 7R 2,

2{k¥ LT, QuadFusionNet 23&IFH 73V 2K THRI NS
YADENTNRT =< Y RABR LT, ME-14k 57— %
ty bTD 12 7 REE X R ORI Y L TERE
Nnrz,
6.3 ME-14k I[CBIF3 5> F T8

AHITIZ. ME-14k Z W< L F 5L 5 2 x 2 7 O
FRETR T, RER Y L [FA—FREDFTATHEDRERTH % 7
o, HEEELBETHW SN S metric learning R TFIEESE
FEL, R=RF4 2 LTHEKL,
6.4 LB KR : Triplet Network baseline

Won & [13] 1%, &KX 7T - BRI E W T Triplet
Network OBEMEZRE L TW3, AFZETE. FFEICM
W, CNN =y a—X2HWT7 Y= RIT4 7, 2T+
7D 3 OfH & Triplet Loss TXE L. HiGmR I DIAA R D
a4 VEBETS v F I RAER L, FHii2iE nDCGQ3
W,

#3 ME-14k 2812 7 v * v 7HEE (nDCGQ@3)

Method nDCGQ@3
Random baseline 0.242
Baseline [13] 0.412

QuadFusionNet (ours) 0.426

6.5 WREEZE

#£ 3 &b, BEFEIF nDCC@3=0.426 %/ L., Triplet
baseline (0.412) B U T v X 1HHE (0.242) XD EWET
HoTe,

COEDERE LT, UTFORNIEZ NS,

1. Metric learning O®l#7 : Triplet Loss (& TEW,/&E
W OBREFICELTWS —, X 7 oESEIEN
(5859) & ZH oGz EEEREEICEDIT W,
il 21X, Happiness ¥ Excitement 35X 7" CTH %729,
BTV IRETEAH L L TRDbNSARENEN D 5,

2. Listwise ZBOHIH | BEFETIE. [EMEY R b DIEAL
Wt % B3 % Listwise $82¢ (ListMLE) %MW
%, Zhiuzkb. Bfik 7 ik 7 oMENERE BRIBE
BUTHUD 3AAR T < nDCGA3 D] 207t - J- AlfE
W23 %,

6.6 HI AT OEEREZHMEDREE

RRETNADEE U DAL ZEE OS2 fFIHS 2 729,
“Jazz x Romantic” ZefF FOZEMBRICN LT, 2L T 28H
EIERRAERE (Dynamic Axis Interpretation) %M L7z,

(1) MoBHENTYE>S
fERTDFER. 88 1 Fr (X Eh) 120 LT IMimbre Variation
(HFEoZ{b)) B X THigh-Frequency (BT AL F—) ] &
DR (r = 0.64) PHRHEN, ThicEIE Y27
21E X B A% TComplex / Crisp (K4 - fifBA) 1. A5
Mm% [Simple / Muffled (§iffi - B5) ) &3 2 HKN Z L%
HEAEM U7z, Fie. 88 2 57 (Y 8l 121 MNote Density (&
FFEE) ) e OB (r ~0.51) ARSI, E A4S [Sparse
(B 1 K TDense (%)) OfEZFROZ eI (K5
S,

(2) 2322 DEERANIC & DHEEE
Z DO HEENT 7~k EROEMOBEKHIRB—HT 20 %
MEES 5 728, K-means & (K = 2) ko THEIxNY
F AR DKM ZHIEIH UTeo MR, > R T LHMER L7l
DEKRIZ. BEMToTUTOWEIIMOBR e GHT 22 L
HHEFR S T,

e Cluster 1 (ZfIfEE - %K) : > 27 21% TComplex / Crisp
GEHE - fERH) ) 2 HIE L7z FEROERCBWT, 202
Z 2 &% THigh Energy / Up-tempo) 723EHiBETH D,
IR P 7 20— %, vy 7 REDOY - FEEITLD
B2 \WEf (Bright Timbre) B2 HFFENTVWE Z e H
RSz, ZHUE. BB EENEMTH D L
WS T RT LDRITRIR  — T %,

o Cluster 2 (GfIfEE - &) : > 2 7 413 [Simple / Muffled
(Mg - Bifl) ) 2HIE L7z, EROEICBWT, 207
7 A &% MLow Energy / Slow-tempo] T®HH, ¥ -7z
b L~ A F—d (EFH) ORI TD -
Joo Eloe R LWBEENRVL, TI7VBEDL IR
PR ZLDFOLTH -7z, ZHIE, EEPIZ Sh
(Muffled), ¥EAS > TATH 2 WD & AT L DIFH
fERe —HT 2,

VL EofERIX, BT T ADHRN I X 7E#R (Jazz, Ro-
mantic) I EFENR WV REBHOEE 2 THEQOHEE) »



’ Music Cluster Explorer with Dynamic Axis Interpretation

1. Select Genre:

Jozz v

2. Select Emotion:

Jazz - Romantic
(Click any point to Play)

- Sparse
‘Romant\t ~ | stilf
24 ®
3. Clustering Strategy:
B suto-detect Best K b ® L
- . s
Manual K: 3 5 1 e ® [
2
n ® o0
S L]
! P e
Run Analysis L )
[ - @
. > 0 [J
Analysis Results: ) Y [ ]
: ° L]
Dataset: Jazz + Romantic 4
Total: 108 songs @
> ® ® o
£
[K-Means Clusteringl 6 -1 L]
Auto-detecting K (Silhoustte): o ® 9 [ ]
k=2: Score=8.1147 %k a
K=3: Score=0.8989 ]
K=4: Score=8.8926 s ® L b ®
K=5: Score=@.8759 2
K=6: Score=8.8839 = -2 ®
~ selected K = 2 K
___________________________________ g .
[Axis Interpretation] @
[
2
PC1 (X-Axis) Correlations: °
Timbre Variation r=-8.641 * [ ]
High-Frequency r=-8.627 *
Instrumentation r=-8.567 * ®
Loudness r=-8.566
Sound Texture r=+8.554 -4+
Tension r=-8.548 °
Intensity r=-8.487
Note Density r=-0.442
T T T T
> X-Axis: Timbre Variation / 4 ) ) L 0 2 ) 4
[Primary] Timbre Variation / High-Fr 'y / Instr (r~0.61)
Music Player << Varying/Crisp/Complex Stable/Muffled/Simple >>

5 Jazz x Romantic IZB1F 2% 7 h 73V AEROAIHILE (K = 2)

W o 7l S ERE R BEMNCER L WA e BRT, &
BT, R UL B ZORGEREY R SEERBALRIRTE TS
D, P —DOBEREEMITIRL S 3 Z e PEIF SNz,
7T HERESROFEE

AT TR, FERREZDHR (MER) 1281 %7 — X DIEREH
AR, H— I NI X 2 RENORFICE D AR, B
BATREZ P 2 — % 2 ME-14k %2#&2 L. ListNet %W/
RVFITNNT U F R R LAER, nDCGA3 22
7 0.426 ZER L. Y X AR—R 54 % |[E 2 REE 2 iR
L7

XBIZ, Ty 7Ry 7RI MBI IA AL
L. Btz 5 2 2 BRI MREZ 1S - R L, [Jazz
& Romantic] & FD 75 —ZAZAXF4I2BWT, KT AT A
XN OZEHHEIE S TE D2l % TET AL ¥ — ) 1o
SVTW3 Z ek BEIICRE L. Crisp (IR 1 X TMuffled
(D)) Vo RERNRFEI Ve LAtz ki
I L7z, BERFEBRORE, Ao~ VI ABOHE L —
BLTBD., BEFEDI X HERU L OEEE LS - 33
fETETWB Z e AEIE XNz,
7.1 SHBOFE

KD SHOEERFEDO—2F, BTV RT 4% T
R DDAV RTIarrs, THE) N REXESZ
ETH5, FEDOTa b &AL TE, 2—F =T v VILLRKIE
& 7 PIRANGEIR U TIRME S 2 DA DRRETTH D, 1~

257y aryOWEPIRRIEN, IEH#ES 2721 T
JERT 2720, SBIEFL—F —DITHIn /7 4 —FNv 2 %
WDAAZ, K=V F T4 REATIHMOBALBHNT 5, BIK
PN, HHIABZER T —F —2REERIR LT Ton
R FORY T 4 TRIGERLUHE, Z ORI BT
B ARG 2 R & UCTERENICIRTR T 2 AR HET 5,
ZAZED, TP -DFE L TORWEENEGT T, R
WRED 7 4 — PNy 75 L BFEINCHEE L. FERNENRM S
52 REET. SRIE. ZOMEEINIR Y 21— — i 2 U
T, FEERETIVEEEZ -V —D 7 4 — KNy ZTHISET
X200, 725 CICHREZGRIRE & Ml AA A HEE DS HE RO TR B
NSRS T [ TRRCar
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