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BA) R E AL ik % R TR AR —F R
fig o AL 89 £ 44 DCASE 2021 Task
4 8Bz % £ > PSDS (Polyphonic Sound
Detection Score)-scenario 1~ 2 #2 Event-
based F1-Score % 3|i£ %] 38.2%, 58.2% #=
44.3% > &7~ baseline 8 33.8%, 52.9% #=
40.7% °

Abstract

Sound event detection (SED) system out-
puts sound events and their time bound-
aries in audio signals. We proposed an
RCRNN-based SED system with residual
connection and convolution block atten-
tion mechanism based on the mean-teacher
framework of semi-supervised learning.
The neural network can be trained with
an amount of weakly labeled data and
unlabeled data. In addition, we con-
sider that the speech event has more in-
formation than other sound events. Thus,
we use the specific time-frequency resolu-
tion to extract the acoustic feature of the
speech event. Furthermore, we apply data
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augmentation and post-processing to im-
prove the performance. On the DCASE
2021 Task 4 validation set, the proposed
system achieves the PSDS (Poly-phonic
Sound Event Detection Score)-scenario 1,2
of 38.2%, 58.2% and event-based F1-score
of 44.3%, outperforming the baseline score
of 33.8%, 52.9% and 40.7%.
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RAZLESEETFHMLETRGHERT - 71
TR AR P AT A 0 B A A LR R
Boo bt RERFAAFHAFHZEGE
HAA g AL 0 BWHEFNEL ZETHR
B A AR 22 1 7409 B AHEATIAR ©

DCASE 2021 Task 4 # baseline (Turpault
et al., 2019) & —1E &7 CRNN 427 42 4% 4 3
FTEHMABR AL > BA R HEHEFRA (Tar-
vainen and Valpola, 2017 ; Lionel and Cyril,
2019) #3942/ RAAFZ AHMEFFEFXS
F o BT RFG TR GFS > RME
# Kim and Kim (2021) #2 & 49 RCRNN #
Ak ik ® o A F bR E EA4E (convolu-
tion layer) #-& 1 M 89 3% £ BRI (residual
convolution block) > B 8% A % i 8 e iR &
BAGHZYH R M PSRN
BRI % T B SRR T BRI & 0 3k
I EHAERERF 0 KM E iz EEFANE
TAR AR > WAL A T R B ARAT B 69 B S 4F
#% (Park et al., 2010 ; Zhang et al., 2007) » &
P ARAT B AR R 09 PP R S A R R A A
¥ W dotly @48 R 5 B BATRR TR K
(BB RAAL TR ) 89 HELE -
WA EBRENGRIET XM T 5
= B R 7 B4 baseline & #LA R FTAR 8
P FHE  ERAEMAETHE AR
W ARBIESFCRE s FHW  FRER L
# baseline AHLMAER AR BARER + &
B B BB R AR E B R R ARG F R
e e

2 BRIk
REF A F b KA E 69 BT F AR A

S OEBARBRFEFXETOER > &
AR ARG FT FZARBRREZ LA
2 o

2.1 EHEH
2.1.1 CRNN

DCASE Task4 & 7 42 8 89 baseline # # =&
A7 CRNN $RH - B2 & & > ARMAS
A7 #% (Convolution Neural Network,CNN)
#n i 5% 4% (Recurrent Neural Network, RNN)
Mg o B ¥ BB T AR AT 5 F B R A
B ARSI ST AR E BB ER
FAEGERR R RERBESK » TR EH
AR AT B8 887 - RIMTE T DCASE
Task4 B 7 #% #69 CRNN A4 (4R E 1) st
REBEMOZLREME » BHAEK D (ker-
nel size) & & 3 x 3~ BB R AL A P
FEHME T (Gated Linear Unit,GLU) » & &
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& (filter) 2 2 7] & 16, 32, 64, 128, 128,
128 #v 128 18 » /& 4% A T #uAR ZA4L (batch
normalization) #7 35 ¥4t (average pooling) *
TG SR DEIN A 2 x2, 2 %2,
1x2,1x2,1x2,1x24 1x2° #FFiEER
f 128 18 % 069 % &) P42 78R B L (Bidirec-
tional Gated Recurrent Unit,Bi-GRU) X i &
R SRR R R LR BB (sigmoid)
By IR AR B A S W TR 6 TR
A| (frame-level prediction or strong prediction
) HZTRBER L F AR AL FE R
o HEE—FHEBEZN AR (Atten-
tion pooling) ¥4 4% T8 ] 89 B B s BL-F-39 » 1L
133 3 #7542 FA A (clip-level prediction or weak
prediction) > ZTRRA LR AE & & FHH 3]
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2.1.2 RCRNN

AR (Kim and Kim, 2021) » &2 & base-
line 4% it fF — 185449 RCRNN R4 #
®o SRE 2> BER BRI KA
R A DI HMUT BMAT o LRBFR A
baseline 127 #) A] 1 & HATAZ K BB 7T x 7
1% ARG VA 4 & 2oms R & BARAR YA B AR IR
8972 & /1 %4 (CBAM,Convolution Block At-
tention Module) YA B 5% £ i& 4% 40 p%, 89 5% % 1%
B(HRE 2 HF349) 0 &R EMBREA
TRRAR DB ZAARGREALE (FERE
ARG ) » FlAR R T iz E1uf F 35
AL > TR F 6 A Je B R BRI R
FH# (Rectified Linear Unit,ReLU) » &A73 8
E & #H (Woo et al., 2018) 89 EAF 24 T
i EAENZ N

F'=M.(F)®F (1)
F" = My(F')® F' (2)
M.(F) = o(MLP(Avgpool(F)) 3)

+MLP(Mazpool(F)))

M(F) = o(f77(Avgpool (F); Maxpool (F))
(4)
» B B EE AR RE 0 HARGIEET]
AL A TR (sigmoid) HE (X o L&) »
M AR — LI B RE (softmax) » £ F F
BAT— R as sk > M, /M, ZiiE /) ERzESN
#eHl > Avgpool | Mazpool & ¥t 455 F 35 /&
KAt (Bp Al 82 F ) R A E B2 &
J#H > MR E/ EREE ) AR £ E R /R
WHE L) MLP #o f(7<7) 53| 2 4EH — R
PSR 09 % R Beda Bhe T x 7 09 BAARAE o
R SATAR I AR T 8 e R B AT S
BHAEHER > M ASRREEEF B
PEAZE R EATERGHH > REREGR
A B R B R R B R R A o
2.1.3 ¥EHXZY
A% R baseline AT A% A 69 35 45 30 45 4E R
(Mean-Teacher framework) » A AF & ¥ & & X,
£ F 07y ik —AM MBI T b R AE A
RAMEGZEF R AR > AAZEE
e % ISR A AL 98 B AL A B MR S B > FUER AR
A6 3 5 B R E B AR A R 69 S RGEAT
& &4 8 F 3 (exponential moving average)
HAFE] > = T X

0, =ald,_;+ (1 — )b, (5)
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10 Ao 0 AR TR AR SR AR A 8 &

ot IRAREAFR > o TN 01
MR GEROERERRRE > o
B B B E K48 R (Supervised loss) $2—Z I 48
%k (Consistency loss) » 1 # 1%l =L X L4
(Binary Cross-Entropy,BCE) » # # 1% M 3§
% % (Mean Square Error,MSE) ¢ B X4 %k
AR SRR R 2 AR A A AR T4
BTARERMET AR £4E 0 — BB KA
1% 34 75 2 RGHI B A AR A S 26T AR A Rt
HATA KRR RG — B o Loh o —HB
BEREABESGHE » AR > ALK
RBE > MERBERE T AZZOETH > |
FINRG B o> HEETFRFERRALEY &
TILA) A EMIAAEWE 3o

2.2 EAE %

BT #—F R A 0 K115 R baseline FiiE
A by FEAHRA (Mixup) RAE A BAHE %G 7
% (Zhang et al., 2018) » # B A1k KA EAT
B s s FRFH R AREA > BT

§=yi+ (1= Ny, (7)

’ —}I“:F X Fa Z;j %Fﬁ*&@ﬂléﬁlﬂtﬂ{@ ii\ﬁﬁ
HEaE oy oy REERERAGZE
Ae[0,1] mEHHK & (AReE ) ALgna
BB AW FR A BHE AR o

2.3 HBRREAL

i 42 48 3% 8 LR TR B (frame-level prediction)
FRE—FHATRRES THI RS E - 4
% > #H#BB AL (Threshold) A5 & # 3 18 4 % %,
A BE > AEBPEEAE (Median
filter) i — 3 PR LR > vlE % B R AGFAR] o
&AM 5 2 baseline FT1% A 8938 € » PTA F 448
BB BIMEE B 0.5 AL S RAEE 7 (8
B 0.45 #) o

3 TRHEE

3.1 AHE

#HE42 A 692 & DCASE 2021 Challenge
Task 4 # % # DESED(Domestic Environ-
ment Sound Event Detection) * & F &4 B4
AR AR Z A EH > 2R RERETH
# i Scaper LR A 8 BAZCEAH (RET

T TR B A FRG B AR R) AR
B A B Audioset #9554% ST A A (12

B A G ERIN) B RARREH 0 ZHR
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B 3. ¥ EFAER (Mean-Teacher framework) BB RBAERES 5 0 55 B2 AR MR
Ao A AT GEARBER G A q’ﬁﬁ’iﬁ{*” by 5 AL — R B BT 7 A, m AR AR AL B £
ARBLBEATHES T > UFREAHRAG 5 - WARESRERRRE > 25 A EHFXBE X
#—EMAE K o
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Baseline RCRNN(A) RCRNN(B)
Alarm/bell /ringing 42.5% 44.7% 46.0%
Blender 46.8% 37.9% 48.7%
Cat 42.4% 46.6% 48.2%
Dishes 22.7% 32.2% 33.4%
Dog 25.8% 27.1% 27.1%
Electric shaver/toothbrush — 45.4% 59.0% 51.0%
Trying 313%  42.6% 37.2%
Running water 37.8% 39.4% 43.8%
Speech 53.0% 53.6% 61.4%
Vacuum cleaner 56.1% 47.7% 46.3%

& 1. BRI TR AT R #% RAET » £#85]8) Event-based F1 (event-f1) Score
FHE A 10000 ~ 1578 A= 14412 ¥ > BrEd THARBAALE O S H (RA B) & A

%+%vﬂdi&%?%+ B & 2500 = 1168 % 7% 74 A
FH o i R 2 B o
EES £ REFTH  AIXTH
B B AR BT BAR
KE 10000 1578 14412 2500 1168
(2 EX 5 L5 EX) EX)
*E E%Z10%9
R 1 2 2 1 1
ik FE (kHz) 16 44.1 44.1 16 16
& 2. DESED ##t%
3.2 AIRE

EDEED“H? PTA &A% 09 4R ik R 1 B
it 3F—2 > R&RMAEF A FFmpeg I-,\
#EPTA A M 4 — B 16000 Hy A= § 448

%1% 18 Librosa L B4 548 T ¥ B 2 414

RAR B A 42 ﬁﬁlﬁééﬁé“)\ s s AR A6 AL 2 4%
M IR E o
3.3 JkHEZT

KM AL B R EE RCRNN £ 4 >
ToerEEtd i’i?f]ﬁ%fl‘fr}*’* By ARG 5 Aok

BRI ABTRITGETFAGEER » TRER
%#ﬁﬁﬁ&ﬁ\%ﬁﬁi‘ B R A Ky 0 M

baseline #93% & B 4 B £ fp 2.1.1 Rk (BA4T

B R & # ) RORNN #AARR ) o

3.3.1 KRAHANELH RCRNN #H

%&dﬁbl2£+%\%r’immﬁ
LE A58 RA A) B n mels: 128 (128

ﬂﬂ mel-filter bank) ~ n_ filters: 2048 (#&# 1%

FE 69k AE) ~ hop_length: 256 (4B {%

S E P9 window M) > n_ window: 2048

(2 A% 5 3469 window KDY ©

B fRAT ) RCRNN

RGBT AN LA B AR A o H

ﬁi #% ﬁi PR B G AT R BB AT A9 7E
FHA B B EREA FRFEF 16000 Hz

3.3.2
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n_mels: 96 > n_filters: 2048 ~ hop_ length:
192 ~n_window: 1536 (4# & 3) > » k
89 B4 T mel-filter bank JMEERAE > F
ShE T HFREME R DEEREGIREKR
AR 0 R e AR — B AL KB
2x 1451 x 3> debby3R 3t A dAE (Benito-
Gorrén et al., 2021) 8 F B F PSDS K\M ﬁ']
BT » &3 #ﬁ/ﬂ] by R A AR B4R

T ey Ht R ALAE B R B A F A R R A2 2‘%
BTA TR AR (4 & 3#) 5 7709 4% 558 5]
ERFERE R EOREZHRTA LIFW L
Ao B AR MBI LR EOBBT 29
#) -

A B
128 96
2048 2048
256 192
2048 1536

n_mels
n_filters
hop_ length
n_ window

k3 HEHMAEIRT BETRHAZLTH
JE o ﬂ%%%x&@ﬁm A ZEMBA B

B AR A

PSDS-1
0.338
0.374

PSDS-2
0.529
0.563

event-f1
40.7%
43.1%

kA RBAHER  ERFABNET » FRE%
RBOTRER

Baseline
RCRNN

MAE  PSDS-1 PSDS-2 event-fl
Baseline A 0.338 0.529 40.7%
A 0.374 0.563 43.1%
RCRNN B 0.382 0.582 44.3%
k5. BMERBER T E B E R A%
RHETHERER
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4 TEER
4.1 BAEZBAHER

% 4 23 baseline A A KM EY A&
Z AR L o £ &FHAEAZET » RCRNN 2R
e #atE 7S~ CRNN A » 7 PSDS scenario 1
W 0.338 427t & 0.374 » PSDS scenario 2 77 &
0.529 #7F £ 0.563 » event-f1 B & 40.7% =&
E A31% > BT R EmRE B R ERIEESD
BAIHAHCRA BERA -

4.2 BITEARIER

A5 INHETRRBITEZZHHERLT » 7R
BBREBOERER REA 1 AH K
BPBERT A& CRNN # A Fo iy & 7 A7 B 69
RCRNN A A & & 17 #8 7| F 478 8] 49 f1-score
WAk 1~440 5 9B RT A E RCRNN &%
BRI BRI > FFHNLBRTES
By EREVE o T P By FRAT R B9 AE R R T BT K
BRI FFFHEFNOFETFRERF - 4
EFH 3] fl-score FEF| 61.4% » T A A 4438
e B Pl ARAT BV 2 IRV R B AR T AR
RFEEEN AR ABEY B o

5 &k

VR E T —EER R A2 AR AR
8 RCRNN R A4 > BB R K F
RATEBG B > MR GBI EAEKGRA
EERAN R - B o 34 (PSDS
event fl-score) A P 1EIRF » LK baseline
A% A RCRNN A% 89 e & T R » RCRNN
& B BA 1R A baseline A %89 » £ R E) 8 /g
MBEH o EEREMNGTARNAABEGRT » mA
ARG T OREKARBEEE  L—2HRT
RCRNN B R TEATESEEE (Hlde
CNN 8 A MR I FREBSEE) =825
RATAE AR #7275 5 5| A k289 > WARIR
LA AT & BAFe9 R A o
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