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Abstract

Music object recognition and recording is the essential component of music
information retrieval. Different from other fields of melody extraction and music
transcription, the research on musical instrument technique detection is still in the early
stage. The existing work mainly focuses on technique detection of individual notes or
frame, and there is a lack of effective data set. This article constructed audio dataset on
ten kinds of techniques of transverse Chinese bamboo flute (Di), with 101 minutes of
audio, using Mel frequency spectrum as audio feature, and put forward a model based
on the fully convolutional neural network (FCNN). This model is an end-to-end sound
event detector for variable length of the input and can be used in the detection of
instruments technology. Compared to the model based on VGG13, VGG16 and LeNet-
5 baseline to evaluate the effectiveness of the proposed framework, this model got the
average accuracy 94%, much better than all the others, on input of the different length

of audio, which suggest good generalization ability.

Key Words: sound event detection, music information retrieval, fully convolutional

neural network, musical instruments technique detection
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1#128%128 BN, RelLU BN, RelLU 64*64%64 \
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> Conv7(K:3*3,C:512) > Conv8(K:3*3,C:512), Maxpool(K:2*2)
, BN, RelLU BN, RelLU ™ 512%8*8

- Conv9(K:3*3,C:512) Conv10(K:3*3,C:512) Maxpool(K:2*2)
, BN, RelLU , BN, RelLU d 512%4*4

i *
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Mz Jaidd Batch Norm J2PRHFAE 122 S Nt 020 70 A A [ BAH I, 2 )8
= ReLU JZF#E N T —ZE . b Z A KB, SKF kernel 1K/
BN 2, BRHIAERES LeNet-5 Ha A& R 2 R HHEL

R 45 K BRACH 22 70 538 XUt 2k CrossEntropyLoss. Il 55005 9 B HLER
JERFEE, 521305 0.001, FhEN 0.9,
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Mel Input > Conv1(K:3*3,C:64), > Conv2(K:3*3,C:64), = Maxpool(K:2%2)
1%128%1280 BN, RelLU BN, RelLU 64*64*640 |

- Conv3(K:3*3,C:128) Conv4(K:3%3,C:128), > Maxpool(K:2*2)
, BN, RelU BN, RelU 128%32*320

> Conv5(kK:3*3,C:256) Conv6(K:3*3,C:256), Maxpool(K:2%2)
, BN, RelLU BN, RelU Bd 256%16%160

Conv7(K:3*3,C:512) ConvB(K:3*3,C:512), Maxpool(K:2+2)
, BN, RelU BN, RelLU 512+8*80

- Conv9(K:3*3,C:512) Conv10(K:3*3,C:512) Maxpool(K:2*2)
. BN, RelLU . BN, RelLU > 512*4*40
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N

KN 2*1. padding N 1 MFEEERZE, FIFKIREIT ReLU JZF1 BatchNorm JZ.
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PPz R . SIS R R TR

2 AR RIS IR SR R P e 2

Y N-Bayes LeNet-5 VGG13 VGG16 FCNN

TR E 23-25% 70-74% 87-90% 87-89% 88-94%

AL S5 AT DA HH R I 45 AR 1 e v v T A L o ) 5% . AddBoost. FEATLARAK
=ik ER Bayes. MRS EMER R KT 2 HON 1.0 2 TEUN R IUH-RE, B PCA
Bt Jo 25 R A I G . ML B Yt VGG AR ZE B AL T LeNet-5, i Hr
FCNN BT %4 VGG13 1 VGG16, JfH VGG13 M VGG16 AT 7 5 Bt
FCNN A% VGG13 L3 I 3F th B4l i 2 B in S B0 » 172 H % B G ARZ PR S 501

* 3 AFBRIGAESE b Ik 2

LeNet-5 VGG13-0 VGG13-1 FCNN-5  FCNN-4
JSEIN 73% 87% 88% 93% 93%
Tt 76% 84% 85% 93% 93%
ot 56% 84% 90% 91% 94%

R 75% 80% 90% 95% 92%
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=t 65% 88% 91% 89% 91%
Bl 87% 96% 96% 95% 96%
R 62% 84% 82% 92% 86%
=ty 73% 94% 96% 95% 94%
& 88% 90% 83% 99% 96%
2 68% 78% 78% 100% 97%
A 66% 83% 77% 68% 84%

WATERAE I E S R IR IFI LeNet-5, RILRIF A VGG (i 573 5l
0. 1) FIERBLBAFHIPEA FCNN (Ui 5205108 4. 5). 454 DL seai gf Jonl 4,
BT LeNet-5 #ERf =m0 71 35 LAAh, VGG13 B Z LT LeNet-5. i FCNN 7£ ¢
vk, sk Rk, M. IS ANZEIX 6 AN A R SR AT
VGG13; 14, VGG #EMFAH LS S . S5 EM=n2, BT FCNN
FIRHERR R 100% ) 7 & LAAE, HAR =10 VGG13 F1 FCNN )45 535 Jo i i
Z5, FRERHT VGG &I AAKHTE: M FCNN Tl 4 & v ff 26 A 4
VGG13 fEHLLYIZAT IR E N A W R T, RlIEER LeNet-5b TR R ZR, H
A RMAFENE, WRER B TR TS EIE N b, I AR
BRI R T B, BT S B A RN S B AT AN, SN BRI
FCNN 7E#] 71 Dy ge £ 2 & T VGG,

R 4 AFRARAKHIIRIES . IR AR 2

FINK R 5s 10s 20s 50s
FCNN-4 94%, 92% 94%, 93% 94%, 92% 93%, 93%
FCNN-5 94%, 92% 94%, 93% 94%, 93% 94%, 94%

FAPR Hea 42 i S SR AN AR BEALIT L, DR B [ JBE 0 S 45 5 A
N BIERIEASHER R, SEIRES RN B3R R, i — ey v e s Bk, )5
—ANEF ISR R A RIS ST R, RS BT B AT ERE A
HOTRERf 2 VA IR, W0 FCNING AR RS AT T2 55 A R I AR A\ 35 A0 £
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I EAR I .

4k, 7E DCMIPIK BEIL TR 3 2381 G BT R ik 4 b, R I 47
[¥] FCNN-4 A1 FCNN-5 il i, #ERiIA =T 20%, % 82 AHHE S A DCMI
BB RIS ISR LR, EEOZI R W AR
JER: HEE ARG ANTEW SEBEEZ T B2 5 R, 40 35 78 AR
BT AT BE A IR AN ORI Z2 NI s Bk RS T R R E R, &
SRS = A E A TR AR E S, DCMI TEHE S I A& & 1T ek i
AR A Dy =, RE HAMEIE BRI E S FN B R
AR, BWSEHIGIERT, SEHEIEIMEA AL, B E — e A, g
R T ORERH . JE SRS R LAY NS R AR A e T I EE R RSN dropout
| HIRVE e
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PR TARZ . I BALUATE AE], $RH T —FhiET FCNN 2% 45K (1) A 5E I K
BETN ity i ) AT RS I VR T, R AR A I o FRAT A %o ] K E T
TUERL, M 7T EAEAAS, R 2R A RN T A R
SETE, I HUB TR % A IR R, UERA T HARXS T VGG13 Al
A ASE AR PR A

LA IR 2 3 7 E A3 5 it 70 BLALIRRAE DCMI #iedl £ E )R I 50 9
AR R 2 7 AR 5635 DS INBEARR et e B F Ew i, 1E
AR R 0 e A R Bk, R R RIE S Ak 1 B AT . R AR
WIEBIALRS, R — N YIZRE T ] DA 1s 4% 2] 0.25s £ 0.5s, BRid HAL & 501
JUHASESHEI AT A R, AL 1s WINAEHME R, RIS AU 1s 1
KA K, PETTZR A O il R R A RSB B Dy Ls RERHAORA , AN RE 1

FR, BRI T LS SRS A il ook DR A e R 2, A SR AR
H AT B mel BB DURD g AT, B I B 7E X — b P (TR 57 B 35 A BT AR
Hiidsnt BT, AR SEBR AR MR 2 R, W RE AL IR I T — AR 4
PAGH, FEHEAN R S R — RS AR S AR, TR A EEAE A A R i N B Sk
T ZE I SR BE M R A A

IEAh, SEFRE AT RE AL AN [F A, BT AN [ i B P R AR AL 1S
HERIEEH RAR R, 5 SR AL R] DL S 7E 4 HURFAE A SR FH 5 T A A i 35 14
REEHEAT ISR, FRTEIS e . CRE T, BENLE T 0T &k,
7 b3R5 AT 2% (A e ol o A 4 A ¥ 54 0 I dropout J2 B 1E S R S (3t
WE, PR

TRZHHE ZHBE N VGG T BE A RIFIIRCR, sl Sl FH i B 2 FF A 42
Ko FHEEHTH ResNet A8 VGG13 1E 4L, A R-FCNN A& £ T VGG ¥ FCNN
FETETE AT 847

AL TAER R FRARZ TAERA B . U TR B T AR SR — B 1 R
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