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Abstract To solve the problem of high computational cost of the current end-to-end automatic speech recognition (E2E ASR), a
method (WLformer) that integrates discrete wavelet transform (DWT) with E2E ASR is proposed, which can significantly reduce the
computing resource usage while improving performance. WLformer is built upon the mostly used Conformer model. WLformer
introduces the proposed DWT Signal Compression Module, which compresses the model’s middle hidden representation by
removing its high-frequency components with less information. In addition, a new module structure named DWT Subband
Decoupling Feed-Forward Network (DSD-FFN) is proposed to further reduce the model’s computational cost. Experiments are
conducted on Aishell-1, HKUST, and LibriSpeech datasets. The results show that WLformer achieves 47.4% relative memory usage
reduction and 39.2% relative Gflops reduction, and achieves an average 13.1% relative character/word error rate reduction compared
to Conformer. In addition, WLformer also achieves better recognition performance while occupying fewer computing resources than
other mainstream E2E ASR models, which further verifies its effectiveness.
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FHXS T B 47.4%. 1555 Gflops AH X T B 39.2% i1
00T, 3R A TP RESR T £ Aishell-1 f dev I
test £ |-, WLformer f% CER 43 5| 48 %} F % 18.6% #il
18.8%; 7 HKUST £ test & I+, WLformer i) CER #H
X} I 2.2%; £ Librispeech [ test-clean Fl test-other
% I, WLformer ) WER 43 5l # X§ T B 11.4% Fl
14.5%. BEAh, AELT HoAl ] L7 i, WLformer [ K¢
AT DATEAS TR A G005 o 55 550 0 5 04 ] s R A5 T
R R FIPERE . WLformer-S A4 fE % WLformer A
BN B, AR BAT — 2 M rE e L 3 . X ik — 2D IR
T WLformer Z5 35 1 350, LA KT 38 =5 A1 e
FRAL A A A

AR RS SR R 4 CTC o I 25 il A R AT ik
BN 5 Decoder #8773 o 42 T RIG BB B A
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# 1 WLformer 5 AT7 5159208 i FHAGXS

ik A7 5 H (GB) Gflops ZHE (M)
Conformer!® 1.52 42.1 34.60
Transformer'”’ 0.79 27.3 17.61
E-Branchformer™! 1.34 343 26.24
Efficient-Conformer'”’ 0.93 31.0 34.60
Squeezeformer[m] 1.21 26.6 32.96
WLformer 0.80 25.6 34.55
WL former-S 0.63 20.5 20.86
F 2 WLformer 5 HAb T 2 UPERE R X HE
Aishell-1 HKUST Librispeech
vk CER (%) CER (%) WER (%)
dev test test test-clean test-other
Conformer™ 5.9 6.4 26 3.5 8.3
Transformer”’ 7.0 75 24.0 48 122
E-Branchformer'™ 5.4 5.8 223 34 8.0
Efficient-Conformer'” 53 59 226 34 8.1
Squeezeformer' ") 5.5 6.0 22.4 3.1 7.5
WLformer 4.8 52 22.1 3.1 7.1
WLformer-S 49 5.5 224 33 7.6
%% 3 LibriSpeech Zt#i4E Zipformer 5 WLformer X Ht
E/E/TE LibriSpeech pUIERGA fifehidh 7 3 test-clean test-other Gflops ¥
ZinOI'meT[IS] Pruned transducer Pruned transducer 2.4 5.7 40.8 23.3M
Zipformer'"” CTC/AED CTCHERY 3.0 7.0 40.8 46.3M
Libri-Speech Zipformer"”! CTC/AED CTC/AEDE: & il 25 6.1 40.8 46.3M
WLformer CTC/AED CTCH#rY 2.8 6.5 25.6 46.8M
WLformer CTC/AED CTC/AEDILA fifth 23 5.5 25.6 46.8M
% 4 Aishell 4 Zipformer 5 WLformer % Lt
Hdm e il Y i s 77 =X Dev Test SHE
Zipformer!" Pruned transducer Pruned transducer 4.4 4.7 30.2M
Aishell.1 Zipformer“s] Pruned transducer Pruned transducer 4.1 4.4 73.4M
WLformer CTC/AED CTCfifhY 45 49 46.2M
WLformer CTC/AED CTC/AEDI A iy 4.1 4.4 46.2M

Decocder 1% 0. F #47 Zipformer 5 WLformer FJ %}
H. Hrp LibriSpeech 55 Aishell-1 $f 4 b %} b 4%
R RInER 3 53 4 PR

1£ LibriSpeech {45 £ 7, Zipformer[ls] NI T 3
F Pruned transducer 5% T CTC/AED 54111 24 i |
A B AR PEREZE R | gt 4 1105 5 Gflops 54K
AR S K0, H T WLformer #5811 25 fr fifi FH A9
Espnet2 JFIFAESE 5 A AU H AL 7 Pruned transducer
YII 25 fE W, BS] k BT XF LE ) WL former AH L Hb >R H
CTC/AED A5 UIZREN . A 3 X LU R ] IR
th, WLformer #H % T [/ # ffi F§ CTC/AED BX & Il 2

Y ) Zipformer, 7E A 7 2 B0 FL AR MR . g i 4%
R RN OU T, BUS T AR UHEBE; I
Ak, H AR T CTC/AED Bt A Y1 25 4 W i WLformer
LAY ) 3 AR S 805 KT 3T Pruned transducer )l 25
Y Zipformer, {H & WLformer ) Gflops 5 /)N, I H P
[FAIKE

TE Aishell-1 $#5 4E h, Zipformer XA FF T 36T
Pruned transducer Y11 257 ] 414 RE 25 S 55 R0 0 () A5 7Y
S8, At ) WLformer 25 P13 % | CTC/AED
AU GRAEN] . 3R 4 XF g SR T L, 2400 46.2M
i WLformer 5 73.4M (9 Zipformer 4 & 41 24, iX [A]
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FERSE T WLformer J5 V5 A9 A B
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Efficient-Conformer'” 5 Squeezeformer'”! B:iF T
TEASERD Y r (8] 58 0 % B 2 RAE A TR R A HRAE AT LA
AR AR AL B 155, HLIXPI S I AR B R A
KR 2 10 A R 2 ) 25 AR Y (] J2 1) 52 R AR
ATRERAE . O T #E— L5k DWT {55 R 4 i
LS A HE, X DWT 55 R 46 A B 5 35 1
2 KRR FEPERE . A P2 UL, # WLformer 1Y
DWT {55 i fitk-1 Al DWT {55 R 4afkibe-2 Fr ik
R R 2 B R e W 2, HLAR oy 8 e R —
o MUEATEE AT A FLER, X LL T 0 R A R R A
TR 28 190 % 2R TP i S 8500 8, 46 B R/ i)
458, ZEHAUNGE 5 FR, i DWT {55 R4 6
ey v Re I i HLAR E M 47 T 00 R R R A A5 R b 22 1

ZRIPERE, STk T HPEREOL S S BT & B
it — L HAE DWT {5 5 R4 B & BRPE, X
AR S v A Y R R S B 2 R 2 (B R K
/N 4) 5 DWT {55 Fe 4 155 5 1) i t0 2047 7T A A0 %oF
oo ANR—bE, % WLformer Groupl i i i B2 2%
TER R K R B R A 25 BRI 228 090 2% I 11 i 114 1%
N Roxw s Ff R38BT DWT {5 5 JR 46 858 Be-1 45 2 Y R
BEREUR N ¢ , INIE R R, . ?.}\‘?EW‘R, Roxw,
i, dy S AT AT, GnlEl 4 FoR . XFLE R, Reww s
o) WA MASE SR AT UL, BAKIE T DWT {55 K 48
BEHe-1 G o) BRI P K AU R By —2F, (AR
BT R IRER MR B, IF EARBT 0 R R A
B BRI 22 I 28 BT AR A5 1Y R A W12 BE/NAY G B, X
WYL T DWT {5 5 R4 PERE R L. LA,
DWT {5 5 J5 45 B B vh 4R 45 1 2 75 w8 A0 53 19 /N
B d, TR R UL, d, TR 28 S R fE B

K5l DWT 75 R SRR T 28 M PEREXT L

Aishell-1 HKUST ‘ Librispeech
R R JT 5 CER (%) CER (%) WER (%)
dev test test test-clean test-other
PERAEB ARG (BRI KN 4) 5.0 55 22.6 3.2 7.5
PERAEB AL (BRI KN 8) 5.1 5.4 22.8 33 7.6
DWT/E 5 R4k 4.8 5.2 22.1 3.1 7.1
0 @ 0
‘ R R AT
7, ; 20 I‘.' 12
f ﬁ :H' "
B0 PRt L
NS i [l “1( |
Gl v 1 8
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i 240
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PR 80 -12
il VLA o
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RAFYE 5 FAEYERE

K4 ARIEFFERETT B R IE AT HLE (a) WLformer Groupl i H 952 FAE R ; (b) 5 Rl i3 M RAEB BRI 2 R 25 )5 09%i H Ronw
(o) ¥ R BT DWT {55 EMRH-1 MBI RERE ¢ ; (d) ¥ RiEid DWT {55 A1 15211/ R4 dy
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XD, RALENIE T il R 5 ERE R RZHE+
TEAR SIS 23 v, T g 400 PP 38 SOAR S f5 BB i 245
WU B T DWT 5 5 R4 B ol R
R AT ) /N I AR R 25 B DA R B 5 B

PE— BT A5 5 9 R B B R AR 2 (8]
AT IR o K3 5 5 5 0 BRUZ 3 AE 1 s A A
Gy oy S BEAT AT LA, W S R, R E RS S RE
R AT i ALK 3 B4 R e AT A R ARG, L v AR o
B & A5 B B A ] 0 T A BRI LY, E
ERRER S 5 SR TP AR P . A,
AR5 5 B2 AP R R Z 8] BAT — 2K
A RER SR B E A s Ik, nACH IR & 155
P PR SO S AR B RD | T R B AR S E R
AR P TR R B 5 Ve T TR Y B
AL

5.3 DSD-FFN jH s

J9 T B6IE i $2 DSD-FEN A4 BRE, B Je kAT L
T PR AR R U Y PR BE X B T FRN B R bR
FFN, Ll & Group2 H'{#i F§ DSD-FFN (Hl WLformer).
SEER A5 R AR 6 R, ¥ Group2 Y FEN 5 4t oy
DSD-FFN, A DA7EJL-F A5 P B 1 1 00 ik — 25
4 W AF S Gilops 73 3 HHXTREAR 7.0% 5 7.2%, X
B3IF T DSD-FFN (4 H:

fiff 55 DSD-FFN JUr % B (1% {57 & % P g 1% 5% ) .
AT VAT AR A1 B B B XS B X Groupl Hr{f
A DSD-FFN, 1 Group2 "' fifi F| DSD-FFN, ¥ Group3
w1 {ii F§ DSD-FFN, Groupl 5 Group2 H% {ifi F§ DSD-
FFN, Groupl, Group2 X5 Group3 % ffi F§ DSD-FFN,
IS E TR Aishell-1 Kdfs 4 b JEAT, SCER &5 RNk 7
78 . 1E Groupl. Group2. Group3 435 /| DSD-

(2) (b)

(d)

BSOS S AR B RS T L (a) 1B
ARAURAY; (b) T (5 SRR (o) BUZAFEIRSURSY; (d) B
SRR R
FFN, iX =# 2Z ", Groupl H fifi /] DSD-FFN f %k ]
DA o i 22 MR T H B R A1, (HOR LR RE 20 A
R, XA E T 5 TR R i 7R AR R 2 B A
e AR B P 51 AR BURAAE A 1A T AR
Group2 H i ] DSD-FFN 1] LARUE 7E JL - AN 52 i 4
fE 1Y HT 4R T B AR AL 31 55 & 7E Group3 i fifi
DSD-FFN A58 & B AR 5 /D, I B MR iy 52
M 2,2 e K, I 42 Pl R HH T 7E Group3 ZHI
L2500 T IR DWT 55 IRgR B, {5 B TR R
I, PROMCAS P38 65 o AR A A o DRt S e 2
RALIEWH T WLformer H % T DSD-FFN v B % & 1
AHEE
5.4 WLformer H & F R [F) /N il B RO Bb 3K I8
RS T DWT {55 FE A i3k &5 DSD-FFN
e ity /N il 2 B R A 5 IR 46 R FH Y Db4 /i
FE o ANIR] B /0N FHE X N A i U A AR O R], — g
T TS5 R T IR PG/ i R ) TR R AOME A R HE Y

# 6 AR[E FFN BB A PEREXT

Aishell-1 HKUST ‘ Librispeech
FFN#% B CER (%) CER (%) WER (%) 245H (GB) Gflops
dev test test test-clean test-other
SR HEFFEN 4.8 5.2 22.1 3.0 7.1 0.86 27.6
WLformer 4.8 5.2 221 3.1 7.1 0.80 25.6
# 7 DSD-FFN HYRLE XIPERER
CER (%)
{4 FIDSD-FFN{]Group LA (GB) Gflops
dev test
Groupl 5.0 53 0.78 24.7
Group2 4.8 5.2 0.80 25.6
Group3 5.2 5.6 0.82 26.4
Groupl + Group2 5.1 5.4 0.73 22.7
Groupl + Group2 + Group3 52 5.8 0.70 21.5




382 7 7 S i 2025 4E
F 8 AN TR IR A R B
N A I JEPHh NP P g R B I A hr /N BRI AR gr
h0 =-0.1294095226 20 =-0.4829629131 hr0 = 0.4829629131 2r0 =-0.1294095226
Db2 =0.2241438680 =0.8365163037 hrl =0.8365163037 grl =-0.2241438680
h2 =0.8365163037 g2 =-0.2241438680 hr2 = 0.2241438680 gr2 =10.8365163037
h3 =0.4829629131 23 =-0.1294095226 hr3 =-0.1294095226 gr3 =—-0.4829629131
h0 =-0.0105974018 g0 =-0.2303778133 hr0 = 0.2303778133 gr0=-0.0105974018
h1=0.0328830117 g1 =0.7148465706 hrl =0.7148465706 grl =-0.0328830117
h2 =0.0308413818 g2 =-0.6308807679 hr2 =0.6308807679 ar2 =0.0308413818
Dbd h3 =-0.1870348117 23 =-0.0279837694 hr3 =-0.0279837694 2r3=0.1870348117
h4 =-0.0279837694 g4 =0.1870348117 hr4 =-0.1870348117 grd4 =—0.0279837694
h5 =0.6308807679 g5=0.0308413818 hr5 =0.0308413818 gr5 =-0.6308807679
h6 = 0.7148465706 g6 =—0.0328830117 hr6 = 0.0328830117 gr6 = 0.7148465706
h7=0.2303778133 27=-0.0105974018 hr7 =-0.0105974018 gr7 =-0.2303778133
h0 =-0.0156557281 20 =0.0727326195 hr0 =-0.0727326195 gr0=-0.0156557281
h1=-0.0727326195 =0.3378976625 hrl =0.3378976625 grl =0.0727326195
Coifl h2 =0.3848648469 g2 =-0.8525720202 hr2 = 0.8525720202 gr2 = 0.3848648469
ol h3 =0.8525720202 g3 =0.3848648469 hr3 = 0.3848648469 gr3 =—-0.8525720202
h4 =0.3378976625 g4 =0.0727326195 hr4 =-0.0727326195 grd4 = 0.3378976625
h5=-0.0727326195 25=-0.0156557281 hr5 =-0.0156557281 ar5=0.0727326195
h0 = 0.0662912607 g0=0 hr0=0 gr0 =0.0662912607
h1=-0.1988737822 gl=0 hrl =0 grl =0.1988737822
h2 =-0.1546796084 22 =-0.1767766953 hr2 =0.1767766953 gr2 =—0.1546796084
Bior3 3 h3 =0.9943689110 23 =10.5303300859 hr3 = 0.5303300859 gr3 =-0.9943689110
ior3.
h4 =0.9943689110 g4 =—-0.5303300859 hr4 = 0.5303300859 gr4 =0.9943689110
h5 =-0.1546796084 25=0.1767766953 hr5 =0.1767766953 ar5 =0.1546796084
h6 =—0.1988737822 g6=0 hr6 =0 ar6 =—0.1988737822
h7 =0.0662912607 g7=0 hr7=0 gr7 =-0.0662912607
£ ARVNEEEZ I HEREXS L
Aishell-1 HKUST Librispeech
REN CER (%) CER (%) WER (%)
dev test test test-clean test-other
Db2 4.8 5.2 222 3.1 7.1
Db4 4.8 5.2 22.1 3.1 7.1
Coifl 4.9 5.2 222 32 7.1
Bior3.3 4.9 53 223 3.1 7.2
R i, PR TR B A 20 S A R AT L0
28,29 L
BRI ) DR I 6 %$ﬁﬁ[ﬁ2%4 v kk,r*****aaﬂ
Coifl, Bior3.3, W55 A [R] 19 /N i 3 X% WLformer 4 BE a 0.8
ROk DU /N Y B B R N 8 T = 07
=
7N, A FH U/ INE R 0 SE B 45 R 4Nk 9 itz . Db4 /) g: 0.6 7
¥ AT L pic| o HM:gE H T Sl N h 0.5+ -~ Conformer
T ML 54 4 i, (0350 DU RS o = Conformer
FEZ 1] 1 fE 25 AR /DN, DRI B4R B WL former X 0.4 - Squeezeformer
-o- WLformer
TN FE AR I AR

5.5 WLformer &3 488 R BT

B Conformer &1 block 1 [ /2 FAF 45 W 4H

£ B )2 FRAF Wit 22 8] A ~F- 38 4% 5% AH R0 BE AT A4k, 4o
El 6 B i 4 fr7n o JRL Conformer A5 %Y vf AH 418 U2
FAE M2 0] 1)~ F- 2 A3 s AR LB A s, B ik 0.9 DA
, YL Conformer #5254 1Y [ 2 R AE A AE K1Y

0 2 4 6 8 1.0 1.2
Block Z 5|
B 6 ARl A AR B2 B AR 8] B -3 A5 5% AR U

TURAE B, X WS BEE AR 2 th AR 2 10 &
AR R, FE 1 B A VERE R [, EBC RS R I A
R EEE HITRMITTE . ¥ Efficient Conformer,
Squeezeformer, WLformer %f /> block 1Y & )2 & fiF H1
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6 4518
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A4S A 897 % WLiormer, 78RR BTIR 5 HE M
[) b 3 4 - T R A P B . WLformer 15 76 A H 2
PR/ IN B A8 J80 A5 TR (%) R A 4 Ry VA 55 v 00 7 A g
g3, FEARAR A A 5 e 45 o3 v B4R B 25 S X T A
HEAT 22 S AR, DT AR A (Y 3R 1 . SR 45
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