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Compared systems

Settings

A scenario of real-life full-end speech communication » Noisy: The far-end input noisy speech is played under the near-end noise without

> Far-end noise: Cafeteria any modification

- SNR =6, 10,14 dB
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Far-End Process:
Noise reduction

» Noisy+NR: The far-end input noisy speech is processed only by NR module
» Noisy+LE: Processed only by LE module

» Near-end noise: Airport Announcement
- SNR=-9,-5,-1dB

» DSPPipe: Processed by signal processing-based disjoint pipeline, which consists of
Wiener filter (for NR) and SSDRC algorithm (for LE)

» NeuralPipe: Processed by neural network-based disjoint pipeline, which consists of
the pretrained CRN-based NR and GAN-based LE modules

» Joint: Processed by the partial joint model (without noise token module), in which
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» Evaluation metrics
* Intelligibility metrics: SIIB, HASPI, ESTOI
« Quality metrics: PESQ, HASQI, ViSQOL

Listener

Speaker Environment Listener Environment

Noise exists in not only speaker but also listener environments

(1) Reduce noise in far-end side and improve speech intelligibility in near-end side

the NR and LE models are jointly optimized
» Joint+NT: Processed by the full proposed joint model (with noise token module)

(2) Improve the listening experience for listeners

Objective evaluation

Quality Table 1: Objective intelligibility scores averaged over three near-end SNRs for each far-end SNR condition. Table 2: Objective quality scores averaged over three near-end SNRs for each far-end SNR condition.
Noise . metrics
token i Discriminator I
i training Svstemn Far-end SNR = 6 dB Far-end SNR = 10 dB Far-end SNR = 14 dB Svstem Far-end SNR = 6 dB Far-end SNR = 10 dB Far-end SNR = 14 dB
T_ . 4| Qualty | | Quality d SIIB HASPI ESTOI  SIIB HASPI ESTOI  SIIB HASPI ESTOI 4 PESQ HASQI ViSQOL PESQ HASQI ViSQOL PESQ HASQI ViSQOL
clean noisy Far-end |  denoised | Near-end _’enhanced:/ discriminator loss . .
reference  inputz | NR_ | speech LE speech T Noisy 1798 220 0221 1972 231 0237 2107 241 0249 Noisy 141 015  1.83 155 018  1.94 169 021  2.09
s T $ T y oo ___ ! Noisy+NR 1952 224 0250 2073 232 0259 2165 239  0.266 Noisy+NR 233 028  2.48 252 032 2.69 270 036 291
far-end l o g Y discriminator ] o | Noisy+LE 1579 209 0180 1876 228 0206 2191 247 0232 Noisy+LE 124 010  1.66 132 012 171 141 014 178
noise — " Discrim?natorI I DSPPipe 1558 196  0.208 1822 210 0229 2106 224 0251 DSPPipe 132 0.10  1.68 143  0.12 174 154 014 1.8l
loss Y — NeuralPipe 2447 267 0302 2734 285 0319 3009 3.00 0333 NeuralPipe 201 023 214 219 026  2.25 235 028 235
 Lotonr o Joint 26.16 270 0305 2865 284 0319 3077 296 0330 Joint 214 028 220 230 030 232 243 033 243
“C')'rfliff'cir'fr'éfrﬁ ng phase Joint+NT 2848 273  0.320 3145 287 0.334 33.79 299 0344 Joint+NT 2.26 0.30 232 2.45 0.32 2.43 2.58 0.35 252
Signal model: o
Subjective preference tests
r=s+u, S= NR(zx), y=LE(slv), o=y+v
Module details: DSPPipe: 4.7 DSPPipe: 3.7

* Noise reduction (NR) module suppresses noise
> NR receives noisy input - and outputs denoised speech S
 Listening enhancement (LE) module modifies speech to make it
sound more intelligible
»> LE receives denoised speech s and noise estimation, then
outputs the enhanced speech Yy
* Noise token module encode the far-end environment information
to exploit noise knowledge
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(a) Intelligibility preference test (b) Quality preference test

* NR, LE, and Noise token modules are jointly optimized Figure 1 Preference scores (%0) with 95% confidence intervals.

L = Lint + o * Lqua + ,8 * Lisisnr

Investigation:

» We proposed a DNN-based joint framework integrating noise reduction with listening enhancement

* Disjoint pipeline vs. Joint optimization

» Joint model can achieve significant intelligibility gain while preserving speech quality well in both objective

evaluations and subjective listening tests, which outperforms the disjoint pipelines by a large margin. Audio Samples.
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