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Adversarial Example Generation Method for Black Box Intelligent Speech Software
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Abstract: With the maturity of deep learning technology, intelligent speech recognition software has been widely used. Various deep
neural networks in the intelligent software play a crucial role. Recent studies have shown that minor disturbances in adversarial examples
significantly threaten the security and robustness of deep neural networks. Researchers usually take the generated adversarial examples as
the test cases and input them into the intelligent speech recognition software to test whether the adversarial examples will make the
software misjudge. And then defense methods are adopted to improve the security and robustness of intelligent software. For the
adversarial example generation, black box intelligent speech software is more common in life and has practical research value. However,

the existing generation methods have some limitations. Therefore, this study proposes a target adversarial example generation method for
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the black box speech software based on the firefly algorithm and gradient evaluation method, namely the firefly-gradient adversarial
example generation method. With the set target text, disturbances are added to the original speech example. The firefly algorithm or
gradient evaluation method is chosen to optimize the adversarial example according to the edit distance between the text of the current
generated adversarial example and the target text so that the target adversarial example is generated finally. To verify the effectiveness of
the method, this study conducts an experimental evaluation on common speech recognition software, using three different types of speech
datasets: Common Speech dataset, Google Command dataset and LibriSpeech dataset, and looks for volunteers to evaluate the generated
adversarial examples. Experimental results show that the proposed method can effectively improve the success rate of target adversarial
example generation. For example, for the DeepSpeech speech recognition software, the success rate of generating adversarial examples on
Common Speech datasets is 13% higher than that of the compared method.

Key words: intelligent software; speech recognition; adversarial examples; firefly algorithm; gradient evaluation method
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DAL, 65 R AS PR 7 R 5 EEAN Tl 43 O o B, RV I I P58 o B, A A FE AR IO SCAR 0 5 H s SCASIBOR
M. A HY I R B B WISA A5 PO PAREAT V2, 45 AR N BRI A8HI HR P 30542 085 N 88 R 50 AR 28 e f Aok
FEA AT HE PP, 0 55 e 1T V32 B0 BT, AR IR VB 0 FURE AR AR F R0 BORE AN B 1636 10 28 S e v &
BAEAR, A5 BTN (K S0AS .

JRUAE T R R R RE 6 B G TR A IR SCAS I 7 5 H R SCAS 2 IR (K R BE, AT, 0] 1 P R B A2
Sy B R SRS R BB AE AT T B, (B2 ANE 8N B 2T A BB I 2 A iR 24 (0 H AR TR I LR
AT R RIE AU LSO PUREAS (I SCAR A 5 H AR SOR 38 Z A I AR 57, RIDSHTREA K SOR A R 7 5 2%
D URSCAT A A A RE S A2 P H AR SCAR. AL, 75 R — iy SOAS 2 IRV S50 B o A B A . e T4
S AR A A A A A 4 R e S B, L, T i A P R B 23X T R R B e TR A A R
HARSCA Z 18] () B AR ZE 57
3.4 BEfRHERE R

R S R W, 2 K HURVR IR AL A ROR A T 80 4% S AL A S0, TR B PP A 5 VR0 TR AR Ja) i X
(I DE A ARt ATy DRI, AR 2 5 P 80 1 AN (DR 00, 308 9 A PR 280 o B0k sl PEE VP A vk, AORH 7 K0S PR
AHATOALERAE. P IR PR A AL AT PRI N 4.

(1) # R HUET e HAA Ik, FURA R T WA R HUREA. S T 2R H AR FOREAS, S8 75 A 2 K U AN BT 1
ATIEAX, SR B AR LA A0 100385 17 32 o B, LA S OREAS STAS A 8 H A SCA 2 T P G B 12 (LA TR ok i 22
BD). N T AREE T AR A R e A 1A LR GE I (138 N2 58 R KSOfEL, T 7 SR 2 T e A PR I P R R AT 7, B
JEATECN n 102 AR, RIME P AR IS AC A IR S LA, FERATAR LRI, SR J5 4 Rt B B A S A I A BE AL
P, SR IR A 18] 3 258 B AL PR 2 57, TR I FRDRHRE . MR 462 A M58 75 PR AR B SABL, BT R BT I 1K)
AR 7 28 e e O D Ui ALk P 1 TR A e 7

TERUHTRE G , SR 2 K BUSEBEAT RPN AR 8 (R A7 B R 2y, BERE Pl i K A AR 10 365 1 R B30 AELA T 7
R EAT I, WAL BT LU AN AR (10— LB R B R 7 . 0 Rl m A A A A A 2 ] (03 2 R (i
AN, 820 385 7 JSE A vy A A 2 A0 AR I — 2 R A PR BT A7 24 S8 L 1) R BB ) AR TR AL B AT R 8, B SRR
(K 30 A A T, v R 3 2 R e I ) A U 1 Js Aoy ) PR A T B LAS 0, BRI R A P (i A A Bk
NIREAR. JEARIR L K AR S i S AR TR Ay B AT SRl AR K AN AR S IR ) IR, A YA I AN [
AT PR 55| St 2 B AR B B8 30 A A . S AR R R A BRI RS B R, PRSI AR B R
SE PR SR, AL PR 38 IV J3E oA (L. 00 20 K A I ANTISACE, S s R e il 3R 3. EAN R B NS 3 5 VA IR ik
b, ATFR -1 21 (K38 53 G AT AR A AL B R BEALRS 3077 2 MR 38 1 e B, A e S0 i A3 4
PRHEAT P IFA0 5T 2 8 IS8 R B DI A 3 d DI R AL, 7 AT I (KO0 R AR 8 2 i e e A SN 2]
RGBT AT, 19 B PUREAS B SCAS 2, U S0B IR SOAR A 75 AR SCAS 2 1) F 23 A 120 K ) S DA 1
(R R T 70, AW BRI ERAE. 7 G0 KRR VR P BRI S0E 1 R,

FEZE I K B 22 UGB, PR SR U0 A A I B2 bR S LA B B 2 8 AN BRI OIS, A 724 F0Onr e
AN A N ORI H AR ST 0, K J5U s P9 7 24 “hello world™ 35 AIUFE A IR Bl 288 75 B i 11 <hell
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word”*fel horp™“for hp” %5 SCAS PN 25, 1T LA ZR 21, [ A5 STV A WA, A2 BROGHPTREAS (1K SC A N 25 1) H bR 3 AR “for
help” ANBTHEIT.

BRI,

N IRTE S REA x , BB HARRITE ¢, S KEARIREL epochMax, FIEECR: n;
fth: — A HARE TR Xagy -

1 WAL iter = 0 I E CTC 2K R ER A A 38 W BRI 4L
2 While iter <epochMax and Decode(F Al F1 )=t do
3 scores « —CTCLoss(n, t)
4 AT K AN  population] Argmax(scores)]
5 Y7 s P s K ARS8 e K RO
6 LEFTMEEAS RN
7 for i =1:n //F 5 K BTV
8 forj=1:i
9 AT X A7 AR K U T LI BRI A TRE
10 i1 <1,
11 B § TR A YL ERIEANME j IS B3
12 end if
13 AN 1A 5| Bt PR 2 T AR 4k
14 TP b AN AR5 B eR
15 end for j
16 end for i
17 AT . 55 o 5B A A AEA T HEY, B U iR A A1
18 return fUHE K HAMA
19 end while
(2) BEEEVEAL ik ok RE T T2 R i ik, BIFE—A FRB R ya B 9 546 A s LA, SR, 242 1k

XTHUREA I SCAS A 28 04500 F bR SOAR, B2 B G BB B/ T 2 A I, o SRAREE A P 20 s, SRR
K2 RIS . 511000 224 i 2 B R 0 ORE AR A 25 4y “For hp”, B85 F bk SCAR“for help” FLA 2 AN I 25 i, i 2 k.
L, AT AR 7S, e A A — LR B R B 2 R AR BN e, BRIV R R A AN A FR) (87 AR R [ 5, AN
ST R EB B, Pl TR B R AR R AN, SURAE IR AT B AT AR F N K BE LS 30, IXHE
o BRI A NS BB T P RE AR L2 T A S 1%, T 4 00 8 o A I ) R AN, L 3k 8 s K3
ARIEL, AR HUREA )i et 2 B N BER) . H 1 I A ORT HURE A IO SCAS A 3 C e TR 00 H AR SOAR, T 2E4E
S HUREAS ) 5 B DX AN — LS AR Bh, AT DA S 267 B B AR UAE AR, DL, 7 SR AT 53 A (R 5 x R B x5t
FEAEAT JR AL, EAN AR SR AR AT I D0 R, 0 RE B 28 A B F AR TR AR

NI, AR T W22 0 IR BE VP A5 R HURE A R BT 12, U8 IV FEE o 500 >4 f50Bhs FZ PP A 753 v RO E
XFG IZARR H A AEAN SRR AR D0 R, XEREACTE SEHEA T AR BE, 96N B P52 5 G 40 80 FO M, AL RE
LR H R HUREAS. 1558, 75 2K BT e L AR AL BT SCHEAT I 78, TR n AT BB AR ) ) 22 R T oL 5500
KB (AL D BRAN ] (12, BRI AN T 2 I G 75 1 F R () £ 2 57 T A SRR (8 B Atk _E e AN A
PRHEAT BN T, 85 A5 P 3 2 58 R BB AT PP A, 52190 I RO RHREA 1A% 10385 1252 B B ML, B fCx) PR P BE
JEE FRIAR 5% 2 3R A NE FRURE FREARL, I 38 1 R S50 PR Rl 25 o E A, ol 153 0 24 DO AR AN R0 388 1
PR ARELAE T VR IEAT AR L T B AR B0, W] DL A B H ARt JUREAS . B REVEAL 7 VR KPR 4 A0 SR AN 2.
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FE AT irh, MR Taori %5 N\ SRR T L0 50, K A8 FH B FEE DFA% 5 325 1 4 4520 125 00 W0 5 00 2, BV B 29 K
T2 I, SRV K HUFEHEAT A Sz, TSR F B0 B PP AL 7 1 kAT R AR IR AR AL
BOE 2. BRELVPAN T
N RARTE SRS x, BB HARRIE ¢, e KEARIREL epochMax, FhBFEE n ;
il — A HARE TR HUER x4,
WIUEAL iter = 0 IFBEE CTC 1 2K bR HUE Ay 3 1Y FE 1R 450
While iter <maxIters and Decode(F )=t do
scores « —CTCLoss(n, t)
AT AR K BAME — population] Argmax(scores)]
P78 AT IR U KRR, T SO RE
S5 HNTE P AEAS SR I I LA B TR
BB P AR (R 3 1 R B ()
A3 grad=(fix)-scores)/ % 5%, 13 2IMA S 1H grad
i 2 X fx)= fix)-grad
10 return f(x)
11 end while

B IR T3 VR W R A B VAN R A T 1, B B K S e Jmy B AT PR, A8 TR R VAl s
AT R SRS, ABTEEATIAA, AR H R PUREAS. AR EIOA 21 80 B ) 5 KU, B oS FUREAR 1R 3C
AN B VE I H AR SCAS 58 42— SR AR R, TPRIs AT 85 . I SR a5 28 2 R R0 SCARIT H B SCA 2 (18] 14 4 e
B 0 I, RS I R BB RE T ik, AR LR TR E WA L D 1 T HART HTREAR.

O 0 9 N L AW N —

4 SLENEE

AT S BB AT A, F T URAS SR H R B PR AL 5 iR AR O BORE AR B S PR AR, ETE A A H A
W HUREAS [ TS AEABLRE o 2B O HOREAS I 35 W] TR) LA e D 223X 3 PR FR AR HEAT 5286 PP A,
4.1 SLEEHEE

SRR FE A SLTE S HAR A U TR 100 ANEAIREA, 25k dy 418 S A AR 1Y R IERS 10 ARAL L 100
ANEE A FEALL K LibriSpeech 535 % 48 ' LML 50 AN EFAREA, KT T LI BCRVEAS . Horp, A JGER
H i 4 2 B Mozilla 2 5] R AT R BTE 2 50 £, L ob 10 S R4 o h & K BE IR — 138, 4141 The Boy was
surprised %; A A A1 S PR L HA A | R AT, A 2R RId a4 KER 1 s IR, B yes.
no. left. right &§; LibriSpeech if & H 4l 48 W 5 22 Ph o il [ 52 90R), IX 4820k >K B LibriVox T H L&A
B, EIMN AR N SH A BARRIMSCE. WTLUE Y, S8R A pvE S s S A T R R AR A
£ 3 AR B 28R, W LA RGAIE S 7 R R AR A [ SR B il B S B — s IRCR.
42 FEIZEIRBIRM

S50 R il DeepSpeech 1 A AR 1144 B8 152 IR B 4K 1F. DeepSpeech #& I T 5% T & 1), — i JFH 1) iy 1) g 98¢
JEE B TR A, TR AR A 7S R RS i B A B S AR AR i LR A2 85 CTC 3 5% sR sk v 7l
(AR 72, AR T 5 (8. 7RSI b, B R0 I A AR ) v & X HUAE A4 A 2] DeepSpeech #A4H, i Hh >4 Hi s Hiodt:
AFRLI AR N2, o5 B AR SCARBEAT XS L.
43 ZWIMNESEEER

SEG BT RGUEREE ) Ubuntu 16.04 R4, f# /] Python 155 15 N LI I FETE &, M IR 2 PG HEQL .
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TensorFlow 1.12.

SR FE B ARARE  AE RO BURE AR T 75 B8 1) LA A SR HURE AR O R IX 3 AN b ket o st A28 sy
EINROR. N IATIX 3 ANMEFREAT IR A 4.

(1) W EARBLRE : $8 Y i) 7 VR T R AE JS AR BE ATt AN TS I e 75 R AT T8, e 28 AR BN BUREAS. T i N e
G IR HUREAS S SRR AR 8] B R 22 e, 5 B0 3 S 4007 T RO RH AR . D, SEBR SN T B2 RAEMH IR 2R
B p, e X HUREAS 5 SR AR R A (] (R0 MEARLE . B /R HMAH DG R BUR: & 11 SRy e AR et 2 NN 2 PEAE DGR FE 1)
s, FEARSLIG A OC AR Iy LR i R
coV(X, Xady)

6x0ady
o, cov MBI TR AR TE S REAR IR PUREA Z (W B 5 72, 6 RORFEARIARAEZE . JRIRHFEA 5 X HUREAS 115 5 AH
ALLRE R, 2 WAL B0 FURE A B S AR RURE A BRAR AL, T 4008 7 S BA Bl

(2) HE BN 8] A2 il H AR HURE A T 75 I TR) B, 3 W42 7 VR I TR 3508 5 T R I EE A A 5. AR mT LAt L
LA T SR A SR AR IR O AT A BUAOR, (HL2 2% RS B SR MK b ¥k R A ik AT 75 I TR AN AH [, 767 B4
FHIEAR IR EIEAT S LU A RN R, AN S50 R TR HURE A e i A2 J IS TR) A O i B A AEREAT 55— TR A Oty
PUREA IR SR I, ZEvt T UR IS 8] ¢, LA S5 SIS 8] 2, A2 RO AR BTV FE IR IR 8] ¢ 30 PT LASR IR I 1,

(3) Tl IRy ki 2 AR BRI HUREAS TR SCAS AT B bR SCA 2 T) IR G0 2 5 A 0, 3t 3 W& b 2k i Ty
AT BARKTHUREA. TR FE I TE S R 4R EEAT 5 I RO PPN IR, 4 7R 2 s 2 B A e B R BUREARTE)
SIS IR TR I a, EAZEHRAE LT DT SE 50 IR BR 7S 1 b, I AAE i b, ZE O BUREAS B D 26 ¢ ]
PAZETR N

Pxxaay = CO}"I‘(X, xadv) =

®)

c= ?‘, % 100% ©)

4.4 SEIITELTTA

T B UE AT K H R SR AL BT VA LRI S B A R R S AR R R B, S AR, STk RE T 3
Tof i) K 700 (e HORE AR J 0 725 Taori 5 A W HY (I38EAE B BE PPAG 572, Chen 258 N VO HY (A 43 19 53 DA S B
AT WS A IR AG7E K R, SRAE R L7k, BTl (0on) L 5 72043 8 T4 RE S0y, RITE I AN W] I 7 V24
B2 NMEFNEE, 2R )5 FERNEE PR SRR, DA SR (B R AT L. FESEg X T [ — AN i

GRS, 4 BRI 5 2ok AL 1 H AR PUREAR. 12 3 Bl A okl 2 A3 Bl v 2 s FURE AR (A 2k Fn
45 FHEBHEE

FERT R VL, R P NMAEUR n, BV R R o, XS HUE I ARWE S S F L 2 R T 2 50
. BRI, S AT 0 A X S SRR B A G B AU, DLORE AR A 52 K VAR, JrvE R I AT DU BB AR, AR
1M, TR R R B AR AR i L 2, 5 TL AR AT S0, WA 45 L 5 1 T S H0E £ AR R AN SE 1. Rtk
SCIGHE 3 P E S B AE LSk T 20 ANE R SR AEAR, £1 4 DeepSpeech i UK A, 34T HARK HURE AR AE
J8. TR AR R H AR SOAS, LA R B IR AR IR B O 3 000 K. HREBIGTE S HL )G, AR EETE T AR
FEARAE BR.

FhREHANEBOER n: M4 Yang 25 A PO%Fa K OELE IRIFSY, FREENMABCE n (MEUETE 2540 Z ) mtE. T
FREARA AL, 250 7 2 25, 304 35, 40, BEa BL 0.2 HHAL, 30 a 9 0.2, 0.4, 0.6. 0.8 Fl 11X
5 AN AT IE 20 215250, S NPRIE SRR AR, VR0 AP S B0 4R b A O PR A B (1 BT 2 R0 S5 AL
FE VAR A BR8] 3 Fldecbe. AERR AN ARSI S 30 BOT- 3 45 B 3 F3R 1 TR, 22K 3, HRRIE B R i 2,
T EAC R ST POREAS S AL, AT LUE H, 24 0 40 16, 3 BB 4 2 b 10 ) Sh 26 FNTE 255 FH AL 2 5% i
1), RIEAE, TN 1 FE L, 24 n=40 I A2 SO SR AS BT 3 I Ta) BVAR AN SR S5 i, RRE 5 o B J IR (R AH ZE AN K.
LA TET, R MR E R n B8N 40.
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100 F 1 ARIFPEEE T & S HURE A AL B[R] (s)
498
196 & Tt B4 AILEE LibriSpeechif %
S 9% K itk Kl Hd
R 92 = 25 94.5 2665.8 6 545.4
g 90 fﬂ 30 105.0 3076.2 7367.3
L 188 &z 35 130.5 2976.4 6915.4
186 40 103.5 2765.6 6741.6
84

25 30 35 40

NEH AILIEG

- R o Rl s
LibriSpeech = - LibirSpeech

B3 ANFIRHREECR T (0 Dh 2 b i 5 AL

Ao HOREF R NS R R o BIETEEIAE 0 £ 1 200, L 0.2 FHAL, 235 M e 4 0.2, 0.4, 0.6,
0.8 Fl 13X 5 AN, 76 BEEFBEANAZCR n 20500 25, 30, 35, 40 [(UIEM R, 5 5 Fl o BUEHEAT L 20 415055,
THE AT SRR A b 3 R R AR (G . AT B AL R R AE A SE R O 45 R, ] 4 FER 2 TR,
B 4 PR AN 2 03 A 28 BRE A 1) il Th 28RBS AHABLRE. TRUE Y, MR E o B 0.2 TR, Az e Jrpe A
J L) R VT 355 AFABLRE #8 f5t v, 110 1P P A B AR BT 5 (Y T 1) B RS S B, 1B e R AR BRI TR AH ZE AN K. B 455 2%
R, ERER K IR BEN A R R o 4 0.2,
X2 AW o BUE TS HHE X HUREA AL U TR (s)

_ S Bt /ﬁ‘\?}kfn‘ 4 ’/_?\,Qj\:i%% Libri§peechi§%
S :;-E e HhE e
5 = 02 104.0 2868.6 6867.4
§ ;‘ﬁ 0.4 133.7 34318 7284.2
B 0.6 115.5 3765.8 7168.1
0.8 106.0 3167.3 74415
1 103.5 2765.6 6741.6

0.2 0.4 0.6 0.8 1.0
AR o AEEY
= RS oo il
LibriSpeech -« - LibirSpeech

4 AN o HUE R 82 R b5 i AL
5 KGRSO

9T VPAb = KB B VTS KU AR A2 B VR IR, B0 5 RV 25 TR A, FEIE BRI 3 Al S 45 Ldk
ATT 4 PRI AR AR B VR R S I0 PPAl . e rh B 0 BE VR AL U7 vk o R RN B 40, RE o HI(E BE
90.2. KT H AR SCA B ¥R, R I 1) A 3B 5 Bdin 42 LU LibriSpeech 5 S 44 A2 1) H b SCAR BB K EE N 2
()5 WAETE, 4140 “hello world”jump out™4%. T T4 #iiy 2185 a4, WK B 1B 4% iy AR R AR e AR 9 Fif
AN iy A R — AN FH 7 8 SCI A iy 2. 1, 7R %08 S 4R AE FIEEUT go. stop. left. right. on. off. up.
down. yes fl no iX 10 N&AAHF R4, 44 go v 243 5l 4 LAt 9 iy &K1 —AN 7 52 LIV help i, IXAT#)
1 IZE S HAESE B 100 MFEAY B AR SCAR. AR — IR SR IN B 2 PUAEA S IR FEA N TE S AR, 2B
U AS B 5 B ) DA S 5 B AR B E bR pURE AR, T I 3 Pl s b 1) 5286 4 AT 740 437
5.1 EEHREES

TEAE R 4 Bl iR SR SRR ASEAT 200 . AR HARKHIREAS G, SRk R —Fh 7 VR B 2 A iR R AR 5 I
UAFEA Z ARS8 S ARBLRE, &5 R 3 o,

M 3 T LU, 70 JETR S s SR RN A A A Hdin AR b i K B FE TR AL R ST TR S A AL (e R

© TEBREEGESIEIFEFDT htp/ www. jos. org. cn



1580 HAFFIR 2022 5% 33 5% 5 A

WA TR A% - BE VP AL T ik, Ty A A 15 500 LA AT AR K L. T 7E LibriSpeech TEF 8dli 46 1, A7 104
USSR AR T IAE 3 T AN [F) S Y 1 5 et 4 b2 OonS FURE A IR 1 35 AR ADURE A L A v, PE 93% LLL.
RN, R T7EE, A2 H AR X BUREASHERI AR B AR A AR AL, AT ARG I B

K34 PITE R E AR ELAL (%)

LGS Ji i DeepSpeech

Ui Ee LR ARV 99.10
Ay S 5y 94.86

PN
ki Ut K 98.26
HE KRR EPEAL ik 99.00
AL L VPl T vk 94.67
ISt ‘ ?ﬁﬁﬂjﬁ/ii 92.31
IR K U 90.67
HE KRR EVEA T 93.14
T AL - B FE VAL T7 vk 93.45
) A 550k 92.91
LiberSpeech VK 93.14
HE R B EVEAL i 95.15

N TN T SR A AN I FRGS SUREAS 5 2 R ) o ARBLSEAT SE 0 BRI 1A, SEIRAE 3 PhAN vl v o 0t
A BN 2 AR FEA LUSAR R ) B bR U AREAT BUAL, JRIAFEA L 1-wav & 6-wav (177 AL MU 1EAT fi
A, NIRRT HUREA Bl “adv-wav 4y Ja ZREAT i 4.6 AN JEUGRREAS A TR 5 Bk 4 B, JUrb, Shak i Jsh o
BSCATE 5-wav PAJe 6-wav —F {15 & SOAS A 88 BURAT R, (EUR drAN ] i J S e gt A AN R 5 5 AR
Ut = AR SR s S AR,

S BRIR BN BEA AR AL FH NG PUREAS (R 755 BT B, 6 PSR B 5181 7 B, 3 M mh i 5 e A 2y
K AR A AR AR . A LTS R4 LK LibriSpeech R 4. AR XT LL B, BEAL BRI I ), AR bR
R, SR FH PAAN ] (K € 73 500 B SR AR FEAS RO FUREA TR TR 5 B, b 20 (AR SR 1 T B B, 1 )
PRI 5 2 J B B F AR STREA IR & .

R4 IR AREATTE S ML

K JEABREA A H b5 A TEE AL (%)
1-wav left right 99.21
2-wav right left 97.65
3-wav The boy was surprised happy birthday 92.19
4-wav Please had to move on jump out 96.17
Soway this is a box rc?callmg z?ll box recalling remain in .the public domain for our hello world 96.65
information to volunteer please visit start work
6owav this is a box recalling all box recalling remain in the public domain for our stay away 95.74

information to volunteer please visit start work

MELIX 6 AR F LRI, W] DAE R R JLP P IS A I BT 08, sl B8 I sl BERL/ I (11X
S, RIVREAS B0 TR A A 280 35 1 DR, R TP A N B 8 X 3, 23 Lk AATTIA A M 7 ok B TR A A 1) Jo i 2
S5 I L2 DRI T AN S R 20 T £ A 8 BN N R e S T IRAR N, LT R R AR, IR T SR AR IO
R A, AN S TR A ROEF T a0 I 3 FhANIR] TR B 4R O A BER A, W] LAUSE BRI HA T I N e 75 ) 2
S AR TR R AR A B A b, LR NN LB AN Tk 1 7 AT LA 1O6E R ) AR BOREAS, T £E LibriSpeech
T RO AR P SN LB ) S P 7, A RE A B F AR HURE AR, 2 R AN GG IF AL NS 1, Bl 1 £E 0l 2% 1)
AIGE T BAREN BURREAR 4-wav L, AT IAAIR LTl s 0 TSR A5, gl ] LS A A H Bnox A AR,
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0.25 0.25
020} ‘ 0.20
0.15+ 0.15+
0.10 | 0.10 |
0.05 | 0.05 |
m 0051 o | = 00
E 05} E _005f
=0.10 + -0.10
—0.15 ) -0.15
—0.20 | —0.20 +
_0.25 1 1 1 1 _0.25 1 1 1 1 _0.20 1 1 1 1 _0.20 1 1 1 1
0 02 04 06 08 1.0 0 02 04 06 08 1.0 0 02 04 06 08 1.0 0 02 04 06 08 1.0
1] (s) IS (s) A (s) I T (s)
1-wav 1. adv-wav 2-wav 2. adv-wav
5 FEA 1-wav. 2-wav [ ES HE I
0.20 0.20 0.3 0.3
0.15 0.15
0.10 f 0.10 | 0.2 02}
0.05 0.05 0.1F 0.1
B0 0 E CR
1= —0.05 E -0.05 1= 1=
=0.10 + -0.10 =0.1 —0.1
—0.15 -0.15
~020} 020} R 02
025 025 b 03— 03—
02 06 1.0 14 18 02 06 10 14 18 0 04 08 12 1.6 0 04 08 12 1.6
] (s) 18] (s) 1 (s) 1] (s)
3-wav 3. adv-wav 4-wav 4. adv-wav
6 FEAR 3-wav. 4-wav [RITEXS HEIK
82 825‘ 0.4 0.4
03} 03} 0.3 03¢
0.2+ 02F 02+ 0.2}
P 0-(1) i 0~(1) " 01t w 0.1Ff
i —0.1F 1o —0.1H = 0 g 0
0.2 0.2 -0.1F =0.1}
03} -0.3+F
“oal “oal -02} 02}
0.5 0.5 03— 03
0123456789 0123456789 0 2 4 6 8 10 12 0 2 4 6 8 10 12
] (s) BT (s) B 1] (s) BFIA] (s)
5-wav 5. adv-wav 6-wav 6. adv-wav

7 FEA 5-wav. 6-wav [ TEXT LA

5.2 HAHE S

ARSI T 4 FpOVEAE B H SRR HOREA BT 1R it 0], 45 Rk S .

76 3 FiE SR AR b, % K - B DI VR AR OO BURE AR i 55 IS ) AN S dme i, AELR AN A, 3 A ik iz 1)
SR T ZEBE AN R, B T A0 4% & B0 ) dfy et ) R0 T e I 1) A% -0 FEE VAL v e o 5 ZEAR A 1) IF T >k
AR B RR AT HOREAS. A LG, HA 77125 T AR K 1) N 1) A R AR T 3 A B4 23 L O ) IRl 4k 31 e
fifg. BRI, B ATIIS LU R - DT 2 i T B DAL T AR 3 RS AR AR 1R Y R, T LR I TR SRR S ATRE
A (B SRR . TR, AR ORT R A T IR Rk, 80 E A R Ay A B A AR R U ARS8 e R R
e

h TR0 5 e U AR A T T B ), SEEG I BRI T Ay A0 S AR AR LI A VIS 45 R, W3R 6 TR,
T 3 Al A L R R T AR AR AL Y AR R BURE AR, BE 0 W5 B A R 75 T, LA AR BRI 7 I TR PR AN [ 8,
R IA R “left i85 fr 225 B H AR A “right” SCAR IS PUREAR TR EL 142 s, K R f“right™fr 225 B H bRk “left SCAR 1)
XTPUREAR I T3 22 320 s, 1M 24 JR UG “yes” 1 B fir & VL U 2B I H B A “right” SCA 10 HUREAS. [ Bt m DA% 3],
A HR iy A VS (R PURE AR J T 7 I TR A S A, 3 L 28 LR 19 s st nl DUAE J B AR i HUAEAR. 8 S Bs R
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