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Application of Residual Network to Infant Crying Recognition
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Abstract: The deep learning model based on the residual network and the spectrogram is used to recognize
infant crying. The corpus has balanced proportion of infant crying and non-crying samples. Finally, through the
5-fold cross validation, compared with three models of Support Vector Machine (SVM), Convolutional Neural
Network (CNN) and the cochleagram residual network based on Gammatone filters (GT-Resnet), the
spectrogram based residual network gets the best Fl-score of 0.9965 and satisfies requirements of real time. It is
proved that the spectrogram can react acoustics features intuitively and comprehensively in the recognition of

infant crying. The residual network based on spectrogram is a good solution to infant crying recognition
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A1 %

A REBAF AT B . TG AR AR I 45 (CNN) AR 1Y
AR B BN B 5 1S B 2 ST AE, (Hl T
JEEUMRAEAS W 25 )1 xR 3, 3R JEFICNNEERY A
TERG LSS A I b 25 BRA A BRI Il
SRR T4 LR IR R AR >, HIREE A3
HR I DABR 22 N 26 AR R E A IR Z M 48 IR
Bk, ARSOBIRBE 5 S Bk 22 W% N T 2240 )L
SEERR], R ERE S 3T Gammatone VT i E
PRSI R R VE XS L, ELEESVM, CNNFIAE 2 X 4%
ISP AE 40 ) L O 75 R 1) L i e

ASCEER ZHEWR, 2B 1A AR SRR A A
RN ZE, 2T T R4 L R S R B LR
BT S AL T, B531 ASVM, CNNAISE 2
R 28 S 56 K AT, S4TSR AR R TAE TR
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BN EES JLER A, e N UE U 75 AR 75 18 1
XPbt, ARHE SCHR[1,2)0 B2 LSS P ALEL R 7L, 5 Rk
NGB ML, B LRPBEEREEIR, REEENT
DA AT, 4% 5 PR AR AE B R RE A, 2R
JLH SR 75 ) 36 35 AR #E200~500 Hz2 [6], H i
KTF400 Hz, FRATES 1I5EEHRLIE60~450 Hz
B, ErE350 Hz LR, RIAEIEDE ] E NS <
g bR R, HALHRG 2 R, RS “BE
g7 Z [AAIRRIR K. fER A AN -, gl ) LAEms
SR 2 A7 T I s R R, Bl R TR
RUERS T — =R, XS o0, 78
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ik (kHz)
S = N W

ik (kHz)
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(c) #&75

A (s)
1YL, B BT RIS 7 R X E

T ] R IR S S R, AN [R] R BT
FIAE L2 AU IR Ry, IR M, S
—MRASEHEMHFE RN PP G RS A
RE MBI G EH R, WA BRSNS R, 2
H0.3 s, MPREFREERT K, 2981.7 s. i
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PIVEIRANZE , 1E WP 8 I 47 1IN TR A M A2 0% 80
FIAEEE B R A e 2 AR, AR 2
5 M 4 AR PR B [X 4y () B BRI —
2.2 EREFHHE
X FAE G A 25 2 J7 ik, MR AR (R 18 R4
(MFCQ). E5, JHI RE 552 H 1 5 4y
fiE, MFCC&%:T NH W skt —H S5, &
EEE SO &ANIEAE T 2N, FEE A
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SRRETTI, BRI A T R TR A 5 R
BH2. 1705 0] WAL 4R JEA0. e SRR n] MG
T B PR, B RX AR ) LI AR N A &
RIS
Gammatone T 5t YUK % 2 (1) et i By
o(t) = { t1 exp(—2nbt) cos(2mnft), t2£
0, He

Horp, 1=4 8008 8, 020 5 BB T A 58
(Equivalent Rectangle Bandwidth, ERB), f NiE
P O, WO AR il 45 1A) B 73 A1 £ [80 Hz,
5 kHz], X T4Fr i) GammatoneJ €U 2%, %115
ASW

ERB(f) = 24.7(0.0043f + 1.0)

b= 1.093ERB(f) } (2)
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s B ER T ) RE R RIS BT e 1, w LR A
OARZESE TN, JEHAFHTTEINYE, HT Gammatone
PEVE AR A AT R A A N EEIT R A, 4R — ARG
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(8], AT A R AR e ) 23 ) B . SV MARCHURFAIE 7]
B ML REE I, T BRI 4 KA S5 T
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BN JE B T 2> A 46 IR A

IRFETR Z M 4% (deep Residual Network, f&jFK
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AR S RS 7R N

H(z, W) = g(F(z, W) + x) (4)

H, Fe, W) RpRHESEBS PEME, 4B0E
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2. 1759 43 B v vl 1 e LW R IR 2R 4 )L DR I
A SEHRUE . FPESEFE SRRE, 2T Gammatone
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EEARMAL2 s, M ZBAE 35 10K 3 5] 5T 7 5
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UE, AN ZREFIMNAR AR 1) P A AN R TR .
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® 1 DT RXNEIERRSE PR (F)

B LR B9 Mt
YRR A5 1243 1148 2391
TR A A 310 286 596

FE B )R R AR AR, A SO R & 1 A AT 2
Fl-scorel TRy 25 BE FE B hrUE, Fl-scorei® XN
2PR
~ PR (5)

Hr, PANEWR, RANBMNZE, Fl-scoredfffil |
PIFERR, AH LG H HER 2R (accuracy ) $8F5, HER
WLSE 2 (1 B PEREE R .

RS2 DA S5 [B) VA 2 58 SR A AR Y
TE N A ST VIR B B R AR, P38 DA (8] B AREAE
FRHEHST (R RIS B T B ] 7 3 o LR o IR SR
6] A M 2% SR AR 1 35 R AL BIHFAE ) B L VB PR
D e AR i NI e B TR, R TN B [ Sy PR AT
(RS I Xof A N TR T 75 B ] o

PR RN VP AR 5 4 B () B R AR 2 —,
AR SE S B I 25 5 B B R LR A7 B A Kb, SVMSK
A FHLibsvin T HRAF, CONN Bk ZE W 45 52 40 f8
HHTensorflow T. B AF4F .
3.3 HELAGEE

SVMAICNNAE Jg 224y JLOE 75 1R 5] 1) 3 FH B2,
HAZHRRHE, AR KESVMACONNIE A
R RG, SLWTERE NS TR
3.3.1 SVMREIRF#EH

{fi FHMATLABH Libsvn"® T FL A0 SEIISVMVAR AL,
T U EERRFAERR Y, TR A0S LR BRER,
TN S WRRAE VT — 16 . SR RHZEL T 794 HF1E
) 5 AT VT — AL, SV SZ 56 $ B 45 A0E 1) B A
B BOE R T W S FRRE, BART g2,

TEAZPRBOE ST, ASCSEIGH T 4Rz sk,
R R R A m T R 2 T R RN
sigmod % B AL, LI 4E R A SEIRB RS, AT
e A R O T AR R 1 mT 4y 1) R R R I
Fl-scoreif0.9458, 4 HAENSVMIEL T,
3.3.2 CNNREFEIRHIER

SCHR[5, 7] FR 43 S A T RS R K42 CNN
“eb Ry, SCHR[5) PAMelR BB 1 EIE NG 5,
SCHR[T)BA227 x 227 R~ EE I E A NE 5, A

R 2 SVMSLIE4FIEFREL

S AE PR FR SCRR BT F S5 A ) L BT T S0
B, BRI CNN M 28 VE Ry FE 28 R 4 A,
gERansk4.

# 3 SVMAE#ZR M aELL &

HREET  Fl-score ¥
LR MER R A 0.8717 ¢=0.68
LWAMEE 09316 ¢=0.30, g=0.35, 7=-0.20, d=3.00
T A% R 2 0.9458 ¢=0.98, g=1.71

SigmodiZE % 0.8874 ¢=5.00, g=0.04, r=1.80

* 4 TRIEHCNNEREXTEE

CNN&#Y S NFFE Fl-score
CNN-4-MEL 40x 128Mel & i & 0.9184
CNN-4-227 227 x 227151 0.9233
CNN-4 128 x 1281 i 0.9229
CNN-5-227 227 x 227151 0.9482
CNN-5 128 x 12851 K 0.9489
CNN-6 128 x 12815 HE A 0.9365
CNN-7 128 x 1281 1 & 0.9398

PRIURRAES A it ab I Tk B34
MFCC K H 120 % 57 Y. K% 72
JEIN g Wy, 7% 2
B A B, JrE KM, RME RE 5

2ot Z A SEIGIRAE, 227x 227 RFHEE KR S
128 x 128 R~F i itk A3 B M e dE W B, % e 3
TR IR, AR a5 NFRE R 1 R 45 35
K128 x128 R~Fo HIF£443, CNN-54F 1 &
g5, Fl-score V-15°40.9489, 45k 5 HnE 3T
N, BUBEMYE . KR E1EERZE RS <8 K/
MR, SN2, RIFHEECN64, BRZEE
i FHHEARHELL A 25 KR 292 x 28 KL L 2,
B E S &ERE NS HnESF TR,

CN N 7 5 25 2 H0 010 v 2 $2 B2 5 fin 4 %
HRHVEE, #4H5ZECONNL R TSVM, {HES
6/Z. HTECNN&mHEL 7B, SKiGR HiE
BINCNNE# £ B oG, 24k 1B ALY
V), A SO R B 2 X N T 3R 4 ) L SR R AR
SR, DU CNNEEE /4% 2 H0m g B BLE 1L
i) 7
3.4 HREMBREIRFIER

TECNN 5] NFR ZEAR T, 4 3 5k 22 4 25 in R
W2 EH, DAPREUSE Nl G A RRAE, 1Bk
AR . A TSI 128 x 128 R~ 15 ] 55 5
F GammatoneT 5 JFEJHE 4% 764 x 128 ] ~F F I 3 1%
FHF R [ 45 460 1 3 22 I 4% AR A b, 20t 2 50
e, SEEGEE I AT £5, SR 53 2 Kk 2
R £ R SE USSR 2 43 3l 22 1) T R4 AT 5

H3.5T 5087, Resnet197F 2240 )L S8/ 11 B ™
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Conv 1, 8x8, 2, 64

v

Maxpool 1, 2x2, 2

v

Conv 2, 5x5, 2, 128

v

Maxpool 2, 2x2, 2

v

Conv 3, 3x3, 1, 256

v

Maxpool 3, 2x2, 2

v

Conv 4, 3x3, 1, 512

v

Maxpool 4, 2x2, 2

v

FC, 1024, 50% dropout

& 3 CNN-5HLH 45 Ky

G YERetmt, P15 Fl-scoreit #)0.9965,
JE SN PR B R, P 2% &5 R R S B 1Kl 6 B s
R LR A TEAE N — P ResBlock 451, M5B H 3K,

BiF19EM %% . &P ResBlockHfeaturesZ 1
[, 4MAFEHIResBlocksy ¥ 64, 128, 256,
512, HEZHE X SESHE, BUHRECNReluk
B, BEEWEGEEA AR . 22 RYIGE N
5x10°, B UIRE B 5 %, B FIEIE N
Adam B35, fCKNE 128, FAIZR1004
B, #0042 A 2 B L20E W Ak T hn
A SRR o
3.5 LIMLERSM

giaFRoLE4. K5, #H4TSVM, CNN, ifif
Bl 5% 22 I 2% (Resnet ) FIT B 335 5% 22 9 4% (G T-Res-
net )4 B4 JL O FE R B AL R A BT, S VR R
PRUN3.27T A .

(1) 5325 HfE: LLF1-score AbrifE, 3T iE1E K
I Resnet #5445 i =y T HAR 3P LAY, Fl-scoreif 2|
0.9965, HLE:LZE RAESVMAMCNNSY 5 & Hi0.0507F1
0.0476, HUISHKEM . GT-ResnetH] Fl-scoreik
$0.9803, AILAERE EIE AR, U
T GammatoneyE K &% W o0 15 2 98 N\ H- Wy 3
AE T 25 2R IR AR 4 22 I 248 o B2 47 LR 75 AR A1
IS, EAEAS T RAF oy Kk RE . PR 2E Tk
7 W25 (1) B2 4y ) L O P AR ) B A 2 ST RN A e J7 58
RE ML AR TE AL IS 00 23 i i ) v 1 P S A R
fiE, 5 2 B4 LEEFE R IAT 45 I 75 2K

&5 RBERERTEL

Lt IR 24 45 4] LD R A UL K /N (MB) SR 5] (s) Fl-score
SVM Ly GHRHE 0.7 0.0910--0.0001 0.9458
CNN-5 4conv+1fc LA 10 0.125140.0093 0.9489
Resnet15 3resblock+1fc B 48 0.1251+0.0281 0.9836
Resnet19 4resblock+1fc JEE 87 0.1251+0.0315 0.9965
Resnet27 6resblock+1fc B 171 0.1251+0.0355 0.9965
GT-Resnet15 3resblock+1fc Wy B 48 0.1933+0.0218 0.9803
GT-Resnet19 4resblock+1fc Mfr i 1 87 0.1933+0.0237 0.9782
GT-Resnet27 6resblock+1fc MfF i 3 171 0.1933+0.0285 0.9719
VE: P8GR A (] =R EAE SR ECART ] A5 2 3 0 s [
1.0 —————F—————— 10
0.9 b S R 09 |
£ 08 [ 2 08 |
& o7 b £or b/
| o 3 - Resnet 15
0.6 st 19 0.6 "~ Reanet 27
,’ —DResnet 19 | — Resnet 19
05 L — 05 b ;
0 10 20 30 40 50 60 0 10 20 30 40 50 60

Il 3
4 3PS RLMNRAR Fl-scoreX L

Vs
B 5 352 Bk 2= W 245 AR EE Fl-scoreXf Lk
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A1 %

Conv 1, 8x8, 2, 16

v

Conv 2, bx5, 2, 32

preeToeeee v

Maxpool 2, 2x2, 2

%

Conv 3, 3x3, 1, features

v

Conv 3, 3x3, 1, features

?

I
I
: Conv 3, 3x3, 1, features
I
I
I

1 ResBlock 1

v

Conv 3, 3x3, 1, featurcs

ResBlockx3

v

FC, 1024, 50% dropout

6 FR 7= M 2% A A

(2)SEiF PR DU SRR P 3 I e 18] 9 A%
#E, SVMBERLH e th, INFHFE0.09 s, HETHIE
Kl Resnet/NT0.16 s, MK AN2 s ATERL,
T 2 SE BRSSP ) B R . SRIG R IIN J5 AG T
I BEAT AR 2 S5 o A 2L P BT 1 3z B 25 A 25
I, WResnet1991£50.15 sl [a] 45
80% I R FFAEFEEL, R 35 0 s if P gk — 2B A
T AR SRR S AR EE T AR A B R . 1
il ] ) L 2 FH ) e B A, Rk e B
A4 (FFT ) 5N BRI B A S0 7 56 B T 55 B
7 FH AT T ) B 22 X AR A i — D R

(VBRI . SVMEALK/MYUH0.7 MB,
BER T AR BT ik, Hoszmb b tsm. 4R,
A2 T Gammatone i % 2% [ U ot i LS 1% ] R
SN, R T EET NBUT R ERHE, G T-Resnet
WG SR rm, WS EER, EASRIRBA S
HRBE, o 2R REAVRRAE S U [B] S A dn 1 1 1% 14
fJResnet. Resnet19MIH K/NA-T MB, 7E5EFR
LR R R ER, HEEE M EE, THRIRZER
W28 IR EG N, AN BRI, PR B
BEFISERT M, 7EResnet19F1Resnet27 B A [F4E0 2
PERERIIE LT, BRI 8 FE AR Resnet 195 & &
T2 ) LS AR A 5

4 Z5FRIE
ARSCHRE T R ] 4 A Bk 2 4 1 vk gk

AT B )L ARG, FEE/INE R R A H I 40,
G EURINE, Fl-scoreif#]0.9965, LLFEZE R4
SVMAICNNAE R 7373l 55 H10.0507410.0476,  LhIET
GammatoneWT % JiE I 25 1 W 5 i Tk 75 ) 2% 1 HY
0.0162, UEBH 7G5S EIAE 24 ) LOS A I i) 7 fg
U4 T b S B B RS AL, 45 A 2 4 5 K ) 2
SIRNZARRR YT, MRS LR R OIAE S B TS
Trike TESPIEAIREE Z M R B, HA
SCSIS 1 B O IR 58 A A AR iy 5 1) Rz /N T
FEAETR BRI 1], HL290.15 s 0 i A i 2 S2 i
PRI EDR, ESEBRN Y, B DSPAEMAF SIS
A] 3 — D AR SR BT 75 (BT 1) o AR I TAERR
PGEF R, bREEEMRERE, #7240
KRBT, WBEASE T AN AW L)) LIR
A, XA AT S TR AR 5 TAE R HE AT

& E x|
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