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Abstract

In this paper, we propose a low-delay speech enhancement method using neural vocoder in the spectral magnitude domain. We
developed the neural vocoder based on HiFi-GAN, and added a new input layer for delay control and designed new architecture
for low-delay operation. When reconstructing the spectral magnitude into a time-domain waveform, the proposed method does not
use phase information, thereby eliminating the degradation caused by incorrect phase. In addition, the proposed method can reduce
the algorithmic delay, compared to the conventional method using the same frame length, because it does not use overlap process
between frames. A subjective performance evaluation confirmed that the proposed method provides improved performance with
50% latency, compared to the conventional method.
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AAHORE QA Thsek ¢l o] WA g BHIYE AAste &4 ol A&3tt
Ak e 574 v ol BREA gow, 19 1
enhanced enhanced (b)o} 2ol deje] ~HEY A7) g9 4 I Rd}
specch signal specch signal delel 7 RIHE Afele] FEY 5 Yk & =
ISTFT | neural vocoder M st 29 EY 97] 9o 54 ) RIS AMES
1 enhanced 1 enhanced of Ak o] 7|E W o] NPE <13 FAl9} 55 x|
magnitude magnitude _ _ _
PAE AT 71 W O] S 84 P AL
spectral magnitude spectral magnitude ‘_ _
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noisy 1 noisy
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Fig. 1. Speech enhancement in spectral magnitude domain (a) conven- GRU block
tional method (b) proposed method output feature
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1D conv. for delay control
(c=N,k=1+4+2-1,a=leakyReLU)

spectral magnitude of speech signal

02l 3. Heh dhol MA|H 73 HIM X
Fig. 3. Structure of low-delay neural vocoder in the proposed method
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A e 7 HAHE AR HiFi-GANS A/ % = éé(tonal)-% ol Ao A Aol e 27
Edo|7] wjZeol Hx A i A= Ao = Ed A7dA 4 3 BdS Tt FF Aie] AL
HE BRE A Ferh o& Qlate ¥ s Ex I AL #AT F vk T Base3201A NPE <3 &
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39 A4S A AHHoR AFAE VRS o= 4= Qith wkAol Prop320i| Al w7 HIT 7} e AHE
Aol Exolrh. wabx A Wyel s WrHE S8 A7)l tgshe w4 AeE A7) wiol Base32
PESQ$t 7ol i 2159t 37t ASE Hste WA 9 o Aol vehube df=po] wAekA] et E9 19
A2 GrF A AR g flom, 9 41S glo] W7t 4 (b)%] FdH ~FEH 4719 0.6 - 1.8kHz thH o+ st
2z A FAE 45 A YA (non-intrusive) %7} 2y gl A A= AT §° o, Base32014 NP
A%< DNSMOS9 DMOSE AR&-ahg] 41518191, 2 % sty AR 9413‘% g = ek R\
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2.1 AN M5 Bt ¥ A &g 5 Sk
2HER Y EAE Fal A ol 71E e NP X 12 EE 54 3 299 DNSMOS 455 HoFE

T A& @elst b

Atk 18 4= AR TOE o 2t 2 Adel st AE Edo] 7|E Rd R

150 that agd Al , 2 DNSMOS “5°] &2 s EH% T 93, 58] A B
HEY A7), Base32$} Prop32 % %
N
(@) @
o
2
=
~N
jan)
b =
g
&=
time (sec) time (sec) 060 time (sec) time (sec) 0.60 time (sec)
noisy signal enhanced magnitude Base32 output Prop32 output clean signal
T2l 4. TS0| ERIE A, SAE AR 37|, Base329t Propd2] £21 Al I3 4150 AHES T A, (a) £ AEC| FZ0|
E%

= AUZ2f oAl (b) CHatAt &Z0| ZatE 452 oAl
Fig. 4. Examples of noisy signal, enhanced magnitude, output of Base32 and Prop32, and clean signal, (a) examples for signals
containing tonal noise (b) examples for signals containing babble noise
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712 29 F 78 71 532 AAS 7HA+= Base32E.tF

2 Eg
92+ 31<4*(floating point operations, FLOPs)= fvcore 2}¢
Beglg ARSte] 12 B39 25 E AFsh] fls 28

1. 2 9 &4 Zdo| DNSMOS Zt
Table 1. DNSMOS results for different speech enhancement models

algorithmic model DNSMOS # of FLOPs
delay parameters
clean signal 3.55
noisy signal 3.03
Base16 3.30 3.23M 0.21G
16ms Prop16 3.37 27.3TM 24.00G
Prop16* 347 27.3TM 24.00G
Base24 3.31 7.25M 0.32G
24ms Prop24 3.43 27.50M 24.01G
Prop24* 3.48 27.50M 24.01G
Base32 3.32 12.88M 0.43G
32ms Prop32 3.44 27.63M 24.03G
Prop32* 3.50 27.63M 24.03G
A RN AN BBl AreES BPEE 1o
AlZ1 Propl6* (small)s F7t2 +E3 ]’ Aok 19 39 w4
B3I FxAM N, k,, 1= 27 256, [16, 16, 4], 1=

A7 8kal, 8% HiFi-GAN *MZM A 3w A

iaﬂ Z-HL-LO_ 5122 /qug} 1;]. T 94/] Mxoq% _ﬂ

HiFi-GAN®] V3 47dke} FdsiA st
Propl6*(small)o] AA7+0 7 AEsE=x] 74E317] 9

3ked 17-10700 CPUSF RTX 3070 (8GB) GPU 734 ¢
A

£ 7Zo] tiu] 25 AJ7Eel RTF (real-time factor)S

st AAIZE ZHEol 7}*5”’ HZ3HA E}. Prop16*
(small)2] DNSMOSE 3.450|H, 713 vy = 7%} 5
A 9o] 71 Base32Rth 1 =& DNSMOS A=<S 714
golgd & 2tk Propl6*(small)e] =4 jjrﬂ'U]Ei &
21.81M°| 2, dAEFE 17.36 GFLOPs®]t}.

A}
S,
KN
=
L
-

(JBE Vol.30, No.6, November 2025)

22 oA M= -yt
%374 4% %7k DMOSE AHEstel 28197, 3
A7) £ 29 7150 oo QR A5 gju] B} 257}

Arh} o) FE) Q=2 75!, 57} = NSDTSEA
.137} H]o]EJ/g\oﬂxﬂ 7} SNREE 572 229 2250 7

Ae 2 2071¢] ZLo] Ao] _Ja A9} zkzbo] sk
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Table 2. Scoring criteria of DMOS

score scoring criteria
5 Degradation is inaudible.
4 Degradation is audible but not annoying.
3 Degradation is slightly annoying.
2 Degradation is annoying.
1 Degradation is very annoying.
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Table 3. DMOS results of conventional method and proposed method

model DMOS # of parameters FLOPs
noisy signal 1.61
Base32 244 12.88M 0.43G
Prop16* 3.50 27.3TM 24.00G
Prop16*(small) 3.04 21.81M 17.36G
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