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®/R—LtTF21 U5+ (Amazon Alexa Guard)
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TUT sound events 2016/2017 deV. [Mesaros+ 2016, 2017]

® 551192057 —4 (FB5—4, dHiiT—920)
W 453 B ZZFEIRELE

City center, Home, Office, Residential aread>4=>—>-

Car, Brakes squeaking’x £25MFEAN> M
w OfficeD1A > hSNJLIIBESTHS

' /r/\\\/ h*ﬁtjf_:> AL B

Log mel-band energy

. JV—LE/V7 MR 40 ms / 20 ms
CNN, CNN+BIGRU %ﬁufz 500 (10's)
. IEHUEEA o 1.0 x 10~
CNN+BIGRU (GRL> 2y NT—2 3 conv. & 1 BiGRU J#
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TUT Sound Events 2016/2017 [Mesaros+ 2016, 2017]
TUT Acoustic Scenes 2016 [Mesaros+ 2016, 2017]
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Frame-based micro F-score [Mesaros+ 2017]
Error rate

® AR MEEFEE
FiE : 2% (ZCNN+BIGRUKL D E7.9% R > Ma) Lk
28N : CNN+BiGRUL N E0.043[0

Method Average
F1 score  Error rate
CNN 34.17% 0.812
CNN-GRU 39.57% 0.782
CNN-BiGRU 41.24% 0.761
CNN-BiGRU w/ GLR |49.16% 0.718
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dishes, glass jingling, water tap running

'Y ey gt
RAE LU TEZLSDANRY MZIEHTE TLVRLY

(ob.]e.ct) (.object) (objej,ct) (ob_]efzt) (objec.t) .b1r.d brake_s person car children cupboard cutlery
banging | impact rustling |snapping squeaking | singing squeaking |breathing
CNN 0.00% | 0.03% 0.02% 0.00% 0.00% | 46.78% 3.58% 0.00%| 59.32% | 0.00% 0.00% 0.00%
CNN-BiGRU 0.00% | 0.00% 6.45% 0.00% 0.00% | 55.13% 0.00% 0.00%| 54.29% | 0.00% 0.00% 0.00%
CNN-BiGRU w/GLR | 0.00% | 0.83% 16.81% 0.00% 0.00% | 39.54% 6.20% 0.00%| 60.63% | 0.00% 0.00% 0.00%

Event

glass keyboard large  mouse | mouse | people people washing watertap wind
jinging  typing  vehicle clicking | wheeling| talking walking dishes running blowing
CNN 0.21% | 0.00% | 36.39% 0.61%  2.77% 43.93% 20.41% 0.00%| 0.00% 0.07% 20.01% 54.95% 0.06%

CNN-BiGRU 0.28%|| 0.00% | 61.29%| 0.00% 042% 43.22%  0.00% 0.00%| 0.00% 11.39% | 5.29%] | 33.91%| 0.00%
CNN-BiGRU w/ GLR | 14.16%]| 0.00% |68.96% | 2.53% 1.09% 49.66%  0.00% 0.00%] 0.01% 48.88% |33.82%| | 41.62%| 6.14%

Event dishes | drawer fan
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# DCASE2020 Challenge task4d4l
10FESEDZE A R NEDH

DESED dataset

DESED dataset is the dataset that was used in DCASE 2019 task 4. The dataset for this task is composed of 10 sec audio clips
recorded in domestic environment or synthesized using Scaper to simulate a domestic environment. The task focuses on 10 class of
sound events that represent a subset of Audioset (not all the classes are present in Audioset, some classes of sound events are
including several classes from Audioset):

[Tl

« Speech Speech

* Dog Dog

« Cat Cat

« Alarm/bell/ringing Alarm_bell_ringing

e Dishes Dishes

e Frying Frying

o Blender Blender

e Running water Running_water

« Vacuum cleaner Vacuum_cleaner

e Electric shaver/toothbrush Electric_shaver_toothbrush
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BEANRY MREEEE
(object) | (object) (object) | (object)  (object) bird brakes person .
Event banging | impact rustling |snapping squeaking | singing squeaking |breathing car children - cupboard - cutlery
CNN 0.00% | 0.03% 0.02% | 0.00% 0.00% | 46.78% 3.58% 0.00%9 59.32% | 0.00% 0.00% 0.00%
CNN-BiGRU 0.00% | 0.00% 6.45% | 0.00% 0.00% | 55.13% 0.00% 0.00%] 54.29% | 0.00% 0.00% 0.00%
CNN-BiGRU w/GLR | 0.00% | 0.83% 16.81% 0.00% 0.00% | 39.54% 6.20% 0.00%| 60.63% | 0.00% 0.00% 0.00%
. glass keyboard large  mouse | mouse | people people washing watertap wind
Event dishes |drawer |  fan jinging  typing  vehicle clicking | wheeling| talking walking dishes running blowing
CNN 0.21% | 0.00% | 36.39% 0.61%  2.77% 43.93% 20.41% 0.00%] 0.00% 0.07% 20.01% 54.95% 0.06%
CNN-BiGRU 0.28% | 0.00% | 61.29% 0.00% 042% 43.22%  0.00% 0.00%] 0.00% 11.39% 5.29% 33.91% 0.00%
CNN-BiGRU w/ GLR 14.16% | 0.00% |68.96% 2.53% 1.09% 49.66% 0.00% 0.00%] 0.01% 48.88% 33.82% 41.62% 6.14%

BEAND bOES MR

Sound event

Duration (s)

Sound event

Duration (s)

|§object; banging 0.78] | drawer 0.80 |
object) impact . Tan 29.99
(object) rustling 2.24 glass jingling 0.80
(object) snapping 0.46 keyboard typing 0.21
iob}'ectz squeaking 0.74 large vehicle 14.68
ird singing 7.63 clicking 0.1
i mouse wheelin 0.16
breathing 0.43 people talking .
car 6. 88 people walking 6.63
children 6.87 washing dishes 4.15
cupboard 0.65 water tap running 5.92
cutlery 0.74 wind blowing 6.09
dishes 1.24
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gﬁ%l4x>h@m@%?w Z

ZIL—L/AR> I\O)aﬂ# (Binary cross entropy) ™
BRI NE<IRD KL DICEFTILFESE

EBCE(Q) = — Z {Zn,m log(yn,m) + (1 — Zn,m) log(l — yn,m)}

n=1m=1

Dense NWO)II:EIjJ Y I IEﬁ’#’E’\‘Jl/Z I
Tnput CNN layer Output
= g - — o KOE 59T BOEBRER KOE 5T ROEREE >
o AR ——a L &= | 02 04 04 07 0.0 (1.0) oo m I
*\Bl‘ ) 03 0.2 0.8 0.7 0.0 0.0 £
| i R "'9 0.1 05 05 06 00(10) 10 1o \l’i
A\ , : : 1 5 5 : : nlr'&%
~ - - (| | =!8 07 02 03 09 E}&E5 - 0.0 0.0 . I%
— Y- — T g

S@EMERs REYBRy ho—y Sigmoid TR PO =M
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TUT Sound Events 2016/2017 [Mesaros+ 2016, 2017]

TUT Acoustic Scenes 2016/2017 [Mesaros+ 2016, 2017]

® BEANY METEX102{E0DE

Number of frames

&0 o P 0P 0P oD w 0P B @@ o oY @ & D P 0P O 0D oD D oD A D oD
% '&‘@@&\\&Q@ M P Q&‘\& <§°°‘b St &-\&\\ W & 0\'\&\*&@\\ N 5\%0@‘\‘%0\0&
. O R° \%°~ @@’ LN * NGO g %e“‘ ¥ N TR
RS \@ox@&e & ‘0‘7&6 & SN P W F = PSR R

Types of sound events

37/50



| AR MRH(CEH I B IEENXR

BE1NRY MOIEREXE
B2 MR THIIFEERMSE 1 DDF—F

Inactive frame Sound eveIIth Instance

W — ~
eople
faieng - (L 58888808
mouse
ienng  (JJJ I 8888
—~ >

| .
Segmented time frame (one data sample for model training) Time

38/50



IBEERBCHIT BT

— SR

Ba1N\2 MNEIDAIHRIDE
® BEANRY METEX 10450

= 5(TFRA

@ BEAND FMOEMDMERSIBICERKRESRRSD

wn
O
£
<
&
G
o
St
o
el
£
=
Z
. N . . NS >
6§§i&i§&§¢§§§§§§§§;§ﬁ f&&kdﬁ @dgo&§° @‘§&¥§;@R@§”&&¢&@§%g@<§%@@9
D QAT AT XA OSEIN s& \6 o5 3
.o X <« & & o e .
&O‘QX Q\)&O‘O\e@‘oxacéox@d\z\ep\ \0\'& ‘&é,e'% 6&%0'0 Cé\\érﬂ\oo‘b \‘b’i%;oo\); \)%6 QQJOQQ OQ\ %Q\ ﬁ\'{&Q\ﬂ 6\
NS o Q

Types of sound events

39/50



SPATRIE - K BRI OHEE

Simple reweighting loss (SRL)
EEFEEE T L —LATNTNZ O, J TEHMIS
sSEITa = 1.0

ESRL 2{: 2{: {sznrnlog yn7n)'+W8( Zn7n)10g( ynnn)}

# Inverse frequency loss (IFL)
SE AR MORETL — LBOPEEHT

Yoxnl’>)

Tnll}

N
C g
EIFL Z {(Nm+ C> Zn,m log(yn,m) + (1 - Zn,m) 10g<1 — yn,m)}
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Asymmetric focal loss (AFL)

=i [cy=1
BN EVLE IR EXE
- AL EBAES
?% O)ﬁaj'/gx/_\ (:}I_E‘ L“/ t Eﬁ'i‘él:j& ;je‘;l;fa:;h;ejzg ot
B)RY (Cscaling

(8] act [ ]
N 0.0 1.0 2.0 3.0 4.0 _5.0 6.0 7.0 8.0 9.0 10.0
g focal lossdDiE A Tine

# Asymmetric focal loss (AFL)
a4/ IEEEXEZ B 4 (Cscaling

Frequency (kHz)
[ e (=)

M

EarL(0) = — Z

{ (1 = Yn,m)” 2n,m 10g(Yn,m)
1

mTm =

+ (yn,m)c(l — Zn,m) log(1 — yn,m)}
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Dipe coefficient

F 5=
True negativeZE L KOIRXTNIERVLNDTI(E ?
Dice coefficient (DSC, F-score & EMEIFND) (CH

2TP
DSC =
21TP + FN + FP
_ > 2Yn,m Zn,m
Z 2yn,m Zn,m + (1 T yn,m>zn,m + yn,m(l T Zn,m)
_ 22 2UnmZnm
ZE:thﬂn + Zn,m
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_&chal batch Tversky loss (FBTL)

#DSCICLATFOIXZIMAD
Focal lossdOZ X 5728 A
FPEFNDI NS > X 7%= HEE I B15%E07%ZE A (Tversky index)

# Focal batch Tversky loss (FBTL)

N, M
Eppry(8) = 1 — 2=t (L~ Ynn) YnmZnm + 1
— N,M N, M
Zn,mzl Oé(l o yn,m)vyn,m + Zn,m:l an,m + 7
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TUT sound events 2016/2017 [Mesaros+ 2016, 2017]

TUT acoustic scenes 2016/2017 [Mesaros+ 2016, 2017]
55126670 (819249, HMm7493) o7 —4~

Car, Brakes squeaking’x £25MFEA N> M
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TUT sound events 2016/2017 [Mesaros+ 2016, 2017]
TUT acoustic scenes 2016/2017 [Mesaros+ 2016, 2017]

¥ 55126673 (F&192%y, Fl7453) OFT—4

Car, Brakes squeaking’x £25MFEA N> M

BEEEF)L

Length of sound clip 10s
Pal 1 Network for CNN-BiGRU 3 CNN + 1 BiGRU + 1 dense layer
CN N + bld I reCtlonaI GRU # channels of CNN layers 128, 128, 128
Filter size 3x3,3%3,3%x3
Tra n Sfo rm e r Pooling size 1x8, 1x4, 1x2 (max pooling)
“ # units in GRU layer 32
Td: t # units in fully conn. layer 32
3 CNN + 2 Transformer encoder
Network for Transformer
layers + 2 dense layers
# attention heads 32
Activation function Leaky ReLU
Optimizer RAdam [24]
| Detection threshold 0.5]
Constant number C' 500
Smoothing parameter 7 1.0
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Simple reweighting 10SS s =% {zunostun) + 11— st -]

n,m=1
N,M

Asymmetric focal |0SS e = -3 {zumtosnm + 0000 = 200 1080~ )}

n,m=1

EEBIINR=RSA 2 H156%iR1 > M EDMHEEERE E

=== BCE loss (micro-fscore) —— SRL (micro-fscore) === BCE loss (micro-fscore) === AFL (micro-fscore)
=== BCE loss (macro-fscore) — SRL (macro-fscore) - == BCE loss (macro-fscore) =+= AFL (macro-fscore)
50 | o ]
= . ___../‘, — .\. N
40 el e T N
L \ -
30| \ -
— \ -
20 - \ .
R — <N
1 O :.-.—-L:_§ e =‘;_:'_-:-:_- __—_- _________ \_ '>\~1~ <
O 1 1 1 ﬁ
: 5 2 27 27 2° 2*
ﬁ Down Up-weight Down-weight 41

weight
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Inverse frequency 10SS mmm=- 3 {(x5a) s ot + 0=z iosti =)

N,M

Asymmetric focal 10SS i) = -3 {1 - v zumlonwnm + (1 = 20100 — )}
n,m=1
EBINR—XSA N EREREERALIERSNT
=== BCE loss (micro-fscore) === IFL (micro-fscore) ==-= AFL (micro-fscore)
=== BCE loss (macro-fscore) === IFL (macro-fscore) =-= AFL (macro-fscore)

2° 2+ 22 20 27
Down-weight y
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CNN-BiGRULISFDNW T EHH R FER
ROC-AUCT HxIR = bz

—=U

q Micro- Macro-
Method Micro-Fscore Macro-Fscore ROC AUC ROC AUC

[Conventional methods]

CNN-BiGRU w/ BCE loss (Baseline) 40.10% 7.39% 89.15% 65.85%

CNN-BiGRU w/ o min-max subsampling & BCE loss 44.12% 9.35% 90.27% 67.55%

CNN-BiGRU w/ batch dice loss 45.06% 9.79% 86.99% 63.89%

MTL of SED & SAD w/ BCE loss 43.35% 8.64% 91.40% 70.97%

Transformer w/ BCE loss 45.15% 9.27% 90.32% 66.64%
[Loss reweighting between active and inactive frames]

CNN-BiGRU w/ simple reweighting loss (8 = 0.3535) 46.44% 10.34% 91.07% 69.31%

CNN-BiGRU w/ asymmetric focal loss (y=0.0, ( =1.414) 47.78% 10.65% 92.35% 76.18%

CNN-BiGRU w/ focal batch Tversky loss (a«=0.6, 3=0.4,y=0.001) 46.97% 10.28% 87.95% 65.08%
[Loss reweighting between sound event classes]

CNN-BiGRU w/ inverse frequency loss (C' = 500) 41.89% 7.57% 89.89% 66.46%

CNN-BiGRU w/ asymmetric focal loss (v=0.125, { =0.0) 42.33% 8.13% 91.08% 70.46%
[Loss reweighting both between event classes and between active/inactive frames]

CNN-BiGRU w/ asymmetric focal loss (y=0.0625, { =1.0) 48.29% 10.46% 92.62% 77.03%

Transformer w/ asymmetric focal loss (y=0.0625, { =1.0) 49.14% 11.11% 92.74% 77.49 %
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