woO 2020/098256 A1 |0 0000 KO Y00 A0 O 0 0

(12) ?it,m:’%fll'é"f’f
19) t 5 AR PR LR 2R 3

E br B ‘
43) Efr 27 B =

2020 &£ 5 A 22 H (22.05.2020)

WIPO I PCT

FAM AR ERRHTE

U0 A O 0 O 0
(10) EFR A TS
WO 2020/098256 A1

GD ERFEHSES:
GI0L 21/02 (2013.01)
GI10L 21/0208 (2013.01)

GI10L 25/00 (2013.01)

(1) EfFRRIES: PCT/CN2019/089180
(22) EFRERIEA: 2019 %5 A 30 H (30.05.2019)
(25) HiFIES: e
(26) A HiES: e
(30) LM

201811350813.8 20187F11F 14 H (14.11.2018) CN

) BiEAN: FRE#H CRYD B R 2 5 (PING AN
TECHNOLOGY (SHENZHEN) CO.,LTD.) [CN/CN];
hOE TR EIT A X A E T E A
274 X3 W % 5033 5 P w7 & @ o 23
¥, Guangdong 518033 (CN)s

(72) XBA A : & If (ZHAO, Feng); ' [E |~ & & & JI
THAE W X 48 W 78 18 22 40 X 35 W 2% 5033 5
7 22 4 @l 0 23 #, Guangdong 518033 (CN).
T 4 52 (WANG, Jianzong); P F |~ R &G E YT

X A BT IE A % AR X 28 % 5033 5 °F
%7 4 @ P o0 23 8%, Guangdong 518033 (CN). &
R (XIAO, Jing); " H T REXRII T4 HX
47 38 48 %2 At X 25 % 5033 5 7 % 4 gk
0223#%, Guangdong 518033 (CN).

CHOREBA: EZBTMBETRNARERR LD
) (GRANDER IP LAW FIRM); ' [H Jb 3T 77 %
FH X Ot 42 875 W B KB &K X 18A6 =,

Beijing 100004 (CN),

@D {5 E (FrAF1aH, EHRkEG—MrlREerNEK
{R47) : AE, AG, AL, AM, AQ, AT, AU, AZ, BA, BB, BG,
BH, BN, BR, BW,BY,BZ, CA, CH, CL, CN, CO, CR, CU,
CZ, DE, DJ, DK, DM, DO, DZ, EC, EE, EG, ES, FI, GB,
GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, IN, IR, IS,
JO, JP, KE, KG, KH, KN, KP, KR, KW, KZ, LA, LC, LK,
LR,LS,LU,LY, MA, MD, ME, MG, MK, MN, MW, MX,
MY, MZ, NA, NG, NI, NO, NZ, OM, PA, PE, PG, PH, PL,
PT, QA, RO, RS, RU, RW, SA, SC, SD, SE, SG, SK, SL,

(54) Title: SPEECH ENHANCEMENT METHOD BASED ON FULLY CONVOLUTIONAL NEURAL NETWORK, DEVICE,

AND STORAGE MEDIUM
(54) RAABIR: T 2EPMAEMLE T

S1

»

TR 4 B W 22 2 50

: |

DI 3R 2o 3 B o 428 R 4 AL )

5 l

N SR AL I S
EAlT gk

S4 |

BRRE RS S

81 Construct a fully convolutional neural netwerk model
S2  Train the fully convelutional neural network model
S3  Input an original speech signal into the trained

fully convolutional neural network model
S4  Output an enhanced speech signal

WS e RAFAES T

(57) Abstract: The present application relates to the field of ar-
tificial intelligence. Disclosed is a speech enhancement method
based on a fully convolutional neural network. The method com-
prises: constructing a fully convolutional neural network model,
the fully convolutional neural network comprising an input layer,
a hidden layer, and an output layer; the hidden layer comprising a
plurality of convolutional layers; each of the plurality of convo-
lutional layers comprising a plurality of filters; training the fully
convolutional neural network model; inputting an original speech
signal into the trained fully convolutional neural network model;
and outputting an enhanced speech signal. In the fully convolu-
tional neural network model of the present application, a full con-
nection layer is deleted, and only convolutional layers are com-
prised, so that parameters of the neural network are significant-
ly reduced, the fully convolutional neural network model can be
suitable for a mobile device having the memory limited, each out-
put sample only relies on adjacent inputs, and original informa-
tion and spatial arrangement information of the speech signal can
be reserved well at less weight values. Also disclosed are an elec-
tronic device and a computer readable storage medium.

[ L& 5]



WO 2020/098256 A | [0 0000 00000 0

SM, ST, SV, SY, TH, TJ, TM, TN, TR, TT, TZ, UA, UG,
US,UZ, VC, VN, ZA, ZM, ZW ,

(84) IBEE (RN FIEY, ZRkEG—Fr {4t HhXx
f£3) : ARIPO (BW, GH, GM, KE, LR, LS, MW, MZ,
NA, RW, SD, SL, ST, SZ, TZ, UG, ZM, ZW), EXIF (AM,
AZ, BY, KG, KZ, RU, TJ, TM), Ek¥ll (AL, AT, BE, BG,
CH, CY, CZ, DE, DK, EE, ES, FI, FR, GB, GR, HR, HU,
IE, IS, IT, LT, LU, LV, MC, MK, MT, NL, NO, PL, PT,
RO, RS, SE, SI SK, SM, TR), OAPI (BF, BJ, CF, CG, CI,
CM, GA, GN, GQ, GW, KM, ML, MR, NE, SN, TD, TG).

KERR
—  BIEE R R (FAF21506)) .

7 WE: AHIFR T ATERIE, REIFQIF T —MET 2GR E M S0 ETER % B
Mg eGRmae WA, FieERimamMBREYaFEmARZ BEENMENZ, MEREEN
ZNERE, BIEREHAGZMIENS IHETEaERMa My, FRAESESWAZ
MR e Mgt M RiEEFEs. ARENEERMaMEEM b, ik 7 e
=, NEEEREZE, KRB T M2, 1525 R Mg s n] LUE TR & W71
¥t . JF B A f A ARACDUR B AR A, RT DU I B D A (AR 0RO R T R
MR B EFSIER . RHFIE AT T M PR E T E LRGN SR



10

15

20

25

30

WO 2020/098256 PCT/CN2019/089180

ET2BRHEMERIET RS IE. RERFEN R

BRI
AHEW SR & SRS, JCHW L M 2SR a MR R IE &
SRITVE S BB MAFEN R

BREA

EEE, SR TEE AR AN sh R B &P E TN,
TR E R TR R A IR, DR ZEBOE SR E M Al A R HOR . H
WA, ZETKREMIEEET S WAAFMER i EE, HEY
S A A2 H B e MIX B 5 g R MRE & IR E TR E S . B S
SR SN AU ), BEAEIE R BIESW BRRE. £ Y
Wy BV s e AR & R 55, ROV 218 & RIS AR B R LR T AL
B, DOE &5 A T BT g8 o, @R BT, Rastdl-—MEE
PIREATEOR, A Se )2 AT 75 R 2% 7 4 LA SIS B8 25 W o 3 Rl R
BRIy R E R, SEWRRIEE PAMES TR A REE
BETIRZEERE, INA-—AKH LN EE T REE N X E, itk
i BT B S v g, 1B B IR O AN B — AN EE L TT I

T B R N AL TR & A OGN B R i AL B AR, B ARATE B A RS
Srhas sk, DS iR A A R ANE E RN S . BUA RIS &R T
AR LIRS R TR IR S R T vk, o, JCIREOE & 0
TNEARIUE &5 TR S B Hol, AAE B AN, JHEEES S
BTSN, ADALAE 5 AN BN A e S5 S AL B B, S5 iR iE
EE TR E. AN EHE & RIS T A MK S &R T, 1R
A E S EEERRE ML ML (DNN, Deep Neural Network) FIfsAIf<
2% (CNN, Convolutional Neural Network) #HATHINEAIE SR, 4B
R B R S IR R 7, FF H I i E A RIR I R B (5 5
R UG 15 A T HEPIE B



10

15

20

25

30

WO 2020/098256 PCT/CN2019/089180

KHAE

ST UL B, A HIERAE— R T 2GR 4 N 25 115 & 3 0 TV
BB NAFAEAN L, DA IG5 1G9 7 2 PR o 22 DX 48 A A A R AR Bl AR
HE&E S IRGBE BRI WS E BRI N .

NT I EIRER, ARiEREAE MR T 2R A N FE & R Ty
%, A

R ELBRIPE SRR, Frid e MEENaEmAE. BE
g R, TR EERNZNERE, BNEREERG 28, I
T H B R e R R A

y.=FT«R¢ (1)

Heb, vy RMHERNE ¢ AN, FOEIEESRNNEEENEE, FER
RN RSF, RAERE BRI ¢ AT A

WZRFTIR 2 B AR ph 28 I 28 155 1Y

B IRURIE S T N LI ZRH) 2B B 4 N & FE A,

s R IE B .

Prizet, ARG T Ak B AR ph 22 X £ AR ) B 2 T2 A 2R

hi = FEmWiex) +a) (2D

hi = FE (wih D + b)) 1e(23,--,L) (3

Horpr, WS LAREERNS § AT SRR, o RRmANERE i
MR R, wi R RRANEE LT R AR EES kAT AR
WEAE, apRnE L ANMREES kK AT ANmEE, n RN ZRT S
hi B L ARAE ERIEE kAN AR A, BRI AN R
AT A, wi R LA R RREE kAN RUREE -1 MRE R
AT EREEREE, bLERE I AMREES k M ANREE, HARY
ERT S, OB R

NT M ERER, ARERY ATl R MR E, R
REOH: FHSNAEEE, e EREE s mET, idiEE Y
SRR T4 PR AL B 2R AT I SR N AP IR

R ELBRIPE SRR, Frid e MEENaEmAE. BE
g R, TR EERNZNERE, BNEREERG 28, I
T H B R e R R A



10

15

20

25

30

WO 2020/098256 PCT/CN2019/089180

ye =FT*R¢ (1)

Heb, vy RMHERNE ¢ M, FOEIEESRNNELENERE, FER
RN RSF, RAERE BRI ¢ AT A

WZRFTIR 2 B AR ph 28 I 28 155 1Y

B IRURIE S T N LI ZRH) 2B B 4 N & FE A,

s R IE B .

Rige s, Frid 2GR 8 I 48 AR b Ba S 2 ROARL IR Oy

hi = QR (Wigx) +ap) - (2)

h = F(E (wiih ™D + b)) 1e(23,--,L) (3

Horpr, WS LAREERNS § AT SRR, o RRmANERE i
MR R, wi R RRANEE LT R AR EES kAT AR
WEAE, apRnE L ANMREES kK AT ANmEE, n RN ZRT S
hi B L ARAE ERIEE kAN AR A, BRI AN R
AR, wi R 1 AMBEE R kAT S -1 MRS R
AT EREEREE, bLERE I AMREES k M ANREE, HARY
BRI ERL OB R

PLidetth, ALFEIRINZRATIR 4G AR & I 28 B A L4 .

XT IT IR 2 5 AR 22 WX 28 A5 1 ) AT W AR TR, Tid S B BFE MmN =
RSS2 PR AR . A SRR 2 2 IR P B A AN S E A &

FPIRFEALE, FRI AT IRFEAR G 3L LRIl 73 9 I GRAE ARG AT A A £E 5

BNPTR I GRAEARE P B AN NGAEA, IR ZRFE A 3 BURHIE
i)

BINGFEAR B AFIERNAAR (D - (3), HEBEEEST S
BN 2 &0 s B R

TTERHE ST RIRE:

ex = 0x—Vk (4)

b, e Rt ER k MTENRE, o R ES k AN BRI
PR, vyt 25 k AT S AR

TR 22 I R 1 TR i 4 SRR AR 2 N 2 AR A I S 4

BIN T —MNNGFEAR, e e aMEiil s, BRI
FEARGE T FITE INEFEARNGRE R, Tem— IOEA



10

15

20

25

30

WO 2020/098256 PCT/CN2019/089180
4

W A B2 X 48 A5 A 453 2 R A

LOSS = —%Zﬁ[oklnyk + (1 -0 )n (1 — )] (5)

Forr, n ZoRi BT FEL o KRt B kAT RASEEME, v R
AN RS kAN e A

FIBT 5L B R A R Ak, WERM RS R, MRS, Wmbsa
IR 2GRN L MERL, I RANG 245 AR, R Ak gLl gpiiy, IL
T, FTIR G5 R ST AR B — S A SR A B/ NS A RS B — AN BN A, 2B
— GRS N B REARIREOR T W€ W i KIBARIKEL, 28 85 R kA i 2k
% YCEARIN 512K BR BUA AR A/ T 80E H PR

NT IR HA, A HE R A7 S SR A R B AT A A
i, PR TSR B B AR E SRR Y, PTIAE & B AR T i A
PRESATING, SEILAN BT iR B o & 38 9 T VR P R

FEXT T IAEHAR, AHERA LML REATA 2808

AR B 2 P 2R B i S A, RN R IGE &
GO T AR, 1R RIEES T . BRI E MRS T, IR T A
B, NEEERE, KKB/NTHEMEESE, 1152 G4 X 215
A LLE T IR S N AF IR it b, 3F HARA fan AR A DA HORURE 64N

AJ LB A 50 B A AL EE AR AR 2 O B TR 5 15 5 A IR 4G 5 B A 2 1) R A1 45
&

PIA.]

P B 52 B
L N AS B TR B T A A BRI 22 00 28 A8 & 38 9 07 v IR R s i
P2 A H 3 b 4 AR 22 ) 28 A R S s e PR
39 A B A I R e RO ORI
AHE HRR B, Thaghs s S s s e, 2 I ot — 2
AR

F Ak SEHE T 3

PR 225 [ BRI AR B P A S ] o AR QIR A E B SR A B ]
PLIRE], A B A B AR ARG BRI 00 &, mT AR FAS R A 7 2
B A0 BT IR B S AT B . DR, PR ERURTR SR AE AR T b i B 2



10

15

20

25

30

WO 2020/098256 PCT/CN2019/089180
5

), AR DU REAC A, 1A 2 F T BRETBCRI SR F RS YE Bl . tkab, 7E
AU, B EORI LB, T HAE R A B BRIl Al B 35 0

B 1 AR AT 3 T 2 B B4R W28 B 1 0 T VR R R =
W 1 Pz, A s BTiR B T G AP 2 ) 28 1) 78 & 8 om 77 V48 DL B PR

IR S1. WEAEGPMEMNKER, W 2 fix, rideSiRma M
BRI ANE . BEENREE, IREE RN ENE, BN EHE
IR Z AR, Ik = i AR N .

y. = FT *R¢ (1)

g, yoERHERE MR, PR A RS, Fer’
L RN R, REBREERE ¢ AT A

IR S2. WERATIR 2GR & I 248 15 Y

B S3. BRI IE S S S AL I ZhH a5 B 22 X 25 A58

WS4, I RIE SRS

AT, JEEAPINEERE P SRS EL e ), Bk, G
T 2T A TR A ARSI 2, B ST A RS ARAR A AT A R
AR ASARAIL, 5 2T 55 AR Q0T m S AU P T R A6 A A 1T R
N, AT A3 A R4 X 2% mT DUR 27 3 AR B IR a5 2

A B A R A SRR A 2 A A D iE B S A Y, AN R AR IR
BAG AT AR, BEIEIEIEEG Y. SR E MG, Bikr T 2%
BE, NEEEHE, KKE/NTHEMERSE, 154500 M 4545
RA] DS N RN A I s e &, BIinFIERsh %o, H A5 H A
AAAHAT L85 N, AT LU I AR oS ) B /D A A AR i Hu R B & 15 5 1
JR a5 B PG B .

AHAFR— AN AL S E H, iR 2SR MR ERE: AR,
ANNGRE (BF padding) M E, NG HREHEE 1024 M8, B
PSRN L, BERENRAE 15 MRS 1L BigRds, R~y @ Bl
P8 IR 2 A Y R B S A A2

hi = QR (Wigx) +ap) - (2)

he = F(EL (wi k™D +bp) 1e(23,+,L) (3

b, hPRORE LAMREERIEE AT SR A, xRN R R
MR R, wi R RRANEE LT R AR EES kAT AR



10

15

20

25

30

WO 2020/098256 PCT/CN2019/089180
6

WEAE, apRnE L ANMREES kK AT ANmEE, n RN ZRT S
hi B L ARAE ERIEE kAN AR A, BRI AN R
AT A, wi R LA R RREE kAN RUREE -1 MRE R
AT EREEREE, bLERE I AMREES k M ANREE, HARY
BT B, ONTRB R, 1 BE PReLUs B0 BRIAL

AR B —AS R S HE] YRR 4 B 28 X 4R AR TR A4

X TR 4 AR AP 28 X 48 A 1 ) S RO T I UR TRE ,  FTid S B s E
MBS EEREEPEMA . MRS E 2 M S B EMEE RN R 5

PIREFEARER, FR¥ ATIRRE ARG F L9 R 23 N R R AR SR AT AL,
Forb, PEARERRIREATT DA TIMIT 3Bk ZEHBENLEER,  YIGRAEARE MM
FEREFFEARN BRI LLH N 6. 1, Flan, M TIMIT BRkE HBEEHLIZEEL 700 A4~
R, FHrby 600 MEEWBONGEARSE, FHRE 100 AN E BIHARE A
8, WHFARENEE 5 MEMRIL FAY 5 Mgl (s, MBS, 7
ONEEMERS | T MR AT MRS ), WINRFEASE S Sl ZRPEALE P R B
ANE A e L R P 2R, (SR L AT DUAN ], HMeR 2R ar AN, DAE
RRSEAF ML BSE . ARG B IIGREARE P AR 5 Pl AR,
(BA HAEFHA R T 1t

BINFTIR N GAEARE T B — NG, FEMFTIR IR A 2 BT 4
D& (LPS, Log power spectra) HpfEIn &, #lun, LN ZEEA T,
IR IGTE & B 512 AREFERAE Wi, FEH, SEigEE 257 4k LPS jn &4
R I &

WANGREARPMANSARMRA AL (D - (3), TSR & SR
BRI H A0 R A H A

THE R E &0 RiR

e = 0=y, (4)

Hi, e Bt ZES k MTANIRE, o R ES k AT AR
Bril, yi Bt 28 k AN AR A

BT IR 2 I R AR B BT AT A B AR 2 W 48 A T B S 4

BIN T —ANNGFEAR, SR HeERaMBBEMS5, BRI
FEAREFPIFTE WEGFEARNGRE R, FE8— K%

B E A A 2 X 4R AR Y A 351 O R B



10

15

20

25

30

WO 2020/098256 PCT/CN2019/089180
7

LOSS = —%Zﬁ[oklnyk + (1 -0 )n (1 — )] (5)

Hp, n i BT B o Zonti H E 5 k AN R BISERMA, v R
AR kAN g AR

FIBT IR S R a8 sk, R R A R, MRS, mhHa
HNGRE B 2SR, ISR AN R AE Ra, Kdrsill gy,
Hr, IR S5 R ARG 5 — G AR A B/ A BE S SRR P By — AN B A, 2R
G AR SEAT N G RTIE AR EUR T W€ B B BRI B, 28 a8 sk ik Sk
2 YA 453 2% R BRI 2 A0/ T 1508 B AR

i, MRHE AT EAR =

MSE = YN YR, (0%-yD? (6

Hrpr, MSE RniRZE, N ZRMAAEARERFEANE, 0L IR
FERERIFEAR 2 R HESE kK DT RSEEME, vy R llAREARERFEA 2
ERIHES k M EREEE. WERERD, RUWEN SR LM%
BT FA R S B v

AFHIFH, XA 2 X 8 A 1 R AT IR b B, 2 S,
FREAT B E T B E T AR 2 R A, DL IR 2=, R
BERTRE L

ik, BE S ETEYT (PESQ, Perceptual evaluation of speech
quality) PEMIEERE, @B KW TELES 2 (STOI, Short Time
Objective Intelligibility) PRUME S Bl &),

A RIFEEERME MBI TE SR, AN Te5eE%z
TR FEAP L2 M 28 A R AN B I 20 A, PESQ A STOT 236 Frdg i, PESQ
ATPURT 0.5 /245, STOT af LA$E M 0.2-0.3 £ 4.

Prigetth, Ba&ZRIAAIN A PReLUs BUT AL

Picth, IWERFIR 2GR E AR TIMIT B8R, K9 h
R RMPREE

Pridetth, B3 ERIACA N A Adam K /MEATAHE & G 0818 & 1 ik /N
TTiR7

Peige i, i E5RIE &5 5@ PESQ AN R 20 al [/ 75 4 STOT Sk
U 164 5 T



10

15

20

25

30

WO 2020/098256 PCT/CN2019/089180
8

AHIFITIR R T 2R M RS & T ENH THFRE, BF
REATDE AL BEeFHL. PN, THENLE i eg . R, B
PEE AT Fralsm ], 28 8w DL H Pl B s 18 & H ol SR 4k
PLH P 2 AR A A B, @ e N BE S AT TR B R AL T, i
HiE &R AR

FITId W12 A4S . ARG A AL TS, Pk 76 4 h AL 0 & I s e,
FITiR 1E & 38 5 AR T 4l BT A B AR PAT I SEL A 20 B

RGP RSB, rid &R Mgl aiEmA L. BE
EAfa =, ke BENZANEBRE, BMERERRE 28RS, I
A 2 g Ay

y =FT*R¢ (1)

Hrp, yoRHHERE ¢ R, FORIEESMNELEREE, FER
L RRIERASE RS, ROBRE BRI ¢ AN A

WNGRATIR 4 B AU 22 I 28 5 2

e ERE R PNEZS Ul | AN b e AR U2y k- R

Wi ERIE SRS Y

A A OFE D MR R AT SN T, AL AR B, LRSS
LT RN, A DO gl U 5%, HHAAR T, TR UAES
I J7 SAF A 18 2 BUEAT DA AT A A S IR ) 2 i SO I 1) b P25 92 4 2 B
AR P DMTZ A0 BLES GRS AT 45 2 BRI 7 AR AT 34

FITIR H 48 B IO 4518 SR Uy, @I i B Y 2 oo KA R R U A
FHIEEE S, HARARIESE 5T SRR .

AR AT DLt v S Ab B ES  Fl AL B AR B LA B Ab BEES  A, AT LIS AT
A a5 T AR HERE P o

AbTEER I LA BT Bk TR A AR 42 X 45 vp 25 BB A% BB LR

AHTE B AN AT SR v, T A AR 2 X AR R R AR Y

hi = fO (Wix) +ap) (2D
hi = F(EL (wiih ™D + b)) 1e(23,--,L) (3
b, hPRORE LAMREERIEE AT SR A, xRN R R

MR, wiRRRARS AT RN L ARERS kAT RS



10

15

20

25

30

WO 2020/098256 PCT/CN2019/089180
9

WEAE, apRnE L ANMREES kK AT ANmEE, n RN ZRT S
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