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Abstract: This paper introduces a two-stage deep learning approach to enhance the performance of single-
channel target speech extraction. Conventional discriminative models often over-optimize objective
metrics, leading to unnatural artifacts, distortions, and compromised subjective auditory quality in the
extracted speech. To address this limitation, we innovatively incorporate a diffusion model as a second-
stage refinement module. This module, built upon a stochastic differential equation (SDE) framework,
regenerates and refines the initial output from the discriminative model. This process not only reduces
extraction errors but also significantly improves the naturalness and harmonic clarity of the target speech.
Experimental results on the WSJO-2mix-extr dataset show that our method achieves an 11.18%
improvement (from 3.22 to 3.58) on the non-intrusive speech quality assessment (NISQA) metric, which
simulates subjective auditory perception. This indicates a substantial enhancement in perceived speech
quality and naturalness. Furthermore, subjective listening tests using the comparative mean opinion score
(CMOS) confirm the effectiveness of our approach in boosting speech clarity and intelligibility.

Highlights:

1. A two-stage discriminative-diffusion fusion network (DDFN) is proposed, wherein diffusion-based
regeneration refines discriminative model outputs to effectively mitigate artifacts and distortions arising
from over-optimization of objective metrics, substantially enhancing the speech naturalness and harmonic
clarity.

2. The NCSN++T score network is enhanced within a stochastic differential equation (SDE) framework
by integrating X-vector timbre representations and multi-scale reference speech features into residual
blocks, thereby guiding reverse diffusion sampling to achieve accurate target speech reconstruction with
reinforced harmonic structures.

3. The efficacy of DDFN is validated through both objective and subjective evaluations: NISQA scores of
3.58 and 3.10 on WSJO-Z2mix-extr and WSJO-3mix-extr datasets, corresponding to relative improvements
of 11.18% and 14.40% over the baseline; and an 85% preference rate in CMOS subjective listening tests.
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Table 1 Comparative experimental results of DDFN method with existing methods on WSJ0-2mix-extr dataset

A gin PESQ ESTOI NISQA
REIED — 1.81 0.62 2.75
B9 H bR — — — 3.55
SpeakerBeam"” ) 51 2.64 — —
SBE-MTSAL-Concat"” H 3 2.77 — —
TseNet™” H) 51 3.14 — —
SpEx" F 531 3.36 — —
TCN-Conformer™” F) 5] 3.41 — —
SEF-Net"” F 51 3.50 — —
G-DiffSpEx"” K 3.05 — 3.55
SpEx-+1 F 3.48 0.92 3.22
DDFN (Ours) F - H 3.61 0.91 3.58
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(a) IRAEER (b) THiEH
(a) Mixed speech (b) Clean speech
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(c) Target speech estimated by SpEx+ model (d) Target speech estimated by DDFN model
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Fig.5 Spectrograms of target speech extracted by different methods from two-speaker mixed audio
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i B 2% R G T O [ B ) RUBE B4 S N4 i T — AT S T FIIR A IS EE S AR IR R R . I, Ty
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Fig.6 Metric variation diagram with different reverse diffusion steps
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Table 3 CMOS listening test results

5% 1ID-1 ID-2 1D-3 1D-4 ID-5 1D-6 1D-7 ID-8 1D-9 ID-10

AN 6 4 3 5 7 3 2 5 4 6
BN 24 26 27 25 23 27 28 25 26 24
At/ % 20.0 13.3 10.0 16.7 23.3 10.0 6.7 16.7 13.3 20.0
Bitt/ % 80.0 86.7 90.0 83.3 76.7 90.0 93.3 83.3 86.7 80.0

FEXT CMOS W 3 52 56 1 80086 2817 4030 M ), & BRLAE 300 41 LA A BE A vh A A5 UPF i fh 1] T 66
LA PRI REAS R FEARRN 15% . M2 R A 225 K IFMr ik B T DDFN R $ 5 15
BEAS, (5 HE ik 85 % o SL GBI 480 1k b 26 ], DDFN A5 R 35 B A 35 355 16 35 00w - b 0 35 00 T e R
W S S5 R SR DDF N AR R AE B2 H 1 5 [0 4t 5 T 0947 80P o 3k 4 4 T Ak A 4 L ARG, BT
DA B DDF N R A 76 e 38 15 57 1) 175 07 52 ] 68 3 R R A o 2 T 4 A T LA R A R
3.1.5 BRE &ELIEEBEFESH

SR DDFN FE 1 I it 5 088 b b 3R 90t 3 e 34, 18 5L 90 7 BB 4t Ay () Sl B 7Y - 7 IR A )
SIAT @A . g4 PEAG R ALY 52 %, AT X DDEN 5 B2 #1R) SpEx+ 7£ S Ui (it
S ek 5 A L () S I SR AT AT L S RN R A PR . AR AR LA i, DDFN Y S S 50l 30.8 X
10°, %8 SpEx+ (12.5X 10°) B b 7 24 146 %6 . 15 & J5 11 , DDFN Y 3% 2518 AL FLOPs 24 111.1 X107,
J& SpEx+ 1 12.8 % . #fE BT[] 7 1, DDFN SR HEFE TS 170 ms, Forh 7 88 43 15 128 ms, 29 24 4] 51158
G309 3% X R IY BRI S A R F R TR . R4 DDEN B B R H A TR B
0 2 WL T R 5 T 18 d 2 DI A R G Ay o B A A S SR LR S I A R 4 I P 3 Y AR A

x4 HEAUSRESHEBEIRENL

Table 4 Comparison of model complexity and inference efficiency

TR Z4w/10° FLOPs/10’ e B ] /ms
SpEx—+ 12.5 8.7 42
DDFN(H 51 #643) 12.5 8.7 42
DDFN¥ ##643) 18.3 102.4 128
DDFN( & fA) 30.8 111.1 170
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Table 5 Comparative experimental results of DDFN method on WSJ0-3mix-extr dataset

HE TR PESQ ESTOI NISQA
RAEY 1.49 0.44 1.99
B H bR — — 3.49
SpEx—+ " 2.39 0.75 2.71
DDFN (Ours) 2.51 0.82 3.10
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(c) Target speech estimated by SpEx+ model (d) Target speech estimated by DDFN model
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Fig.7 Spectrograms of target speech extracted by different methods from three-speaker mixed audio
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