
 

(Transfer Learning)
FixMatch

 SpecAugment 

UrbanSound8K

2.4%  

Abstract 

With the widespread commercialization of 
smart devices, research on environmental 
sound classification has gained more and 
more attention in recent years. In this paper, 
we set out to make effective use of large-
scale audio pretrained model and semi-
supervised model training paradigm for 
environmental sound classification. To this 
end, an environmental sound classification 
method is first put forward, whose 
component model is built on top a large-
scale audio pretrained model. Further, to 
simulate a low-resource sound classifica-
tion setting where only limited supervised 
examples are made available, we instanti-
ate the notion of transfer learning with a 
recently proposed training algorithm 
(namely, FixMatch) and a data augmenta-
tion method (namely, SpecAugment) to 
achieve the goal of semi-supervised model 

training. Experiments conducted on bench-
mark dataset UrbanSound8K reveal that 
our classification method can lead to an 
accuracy improvement of 2.4% in relation 
to a current baseline method. 

 
Keywords: Environmental Sound Classification, 

Transfer learning, Semi-supervised learning 
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PANN (Pretrained Audio Neural Networks) (Kong 
et al., 2020) 

 FixMatch (Sohn et al., 
2020)  
FixMatch 

 SpecAugment (Park et al., 2019)
 UrbanSound8K 

(Salamon et al., 2014)  
FixMatch 

 FixMatch  

 

2  

 

2.1  

 (Gaussian Mixture Model, GMM) 
 (Hidden Markov Model, HMM) 

(Vuegen et al., 2013; Mesaros et al., 2010) 

1 http://dcase.community/challenge2020/index 

 (Convolutional Neural Network, 
CNN) 

CNN 
 (Krizhevsky et al., 2017)

 DCASE1  
 CNN 

 (Su et al., 
2019; Sharma et al., 2020)  

 Google  Audioset 

5000  Youtube 
527  

ImageNet (Deng et al., 2009) 

 PANN 
PSLA (Gong et al., 2021) 

 Audioset 

  (Jaegle et al., 2021; 
Guzhov et al., 2021) 

 Palanisamy et al. (2020) 
 ImageNet 

 PSLA 

 PANN  

2.2  

 
 

(Pseudo-Label) 

The 33rd Conference on Computational Linguistics and Speech Processing (ROCLING 2021) 
Taoyuan, Taiwan, October 15-16, 2021. The Association for Computational Linguistics and Chinese Language Processing

104



 (Sharpening)

 

 Teacher-Student  
(Xie et al., 2020)

 (Consistency 
Regularization) (Sajjadi et al., 2016) 

 MixMatch (Berthelot et al., 2019) 

 MixMatch 
 FixMatch

 

3  

 PANN 

 FixMatch

1  

3.1 PANN 

PANN
Google

AudioSet  ImageNet 

 

 14 CNN

1D-CNN
 Wavegram

CNN-14 
 Wavegram

 
CNN-14  

PANN  AudioSet 

 
PANN  Mixup (Zhang et al., 2018; 

Cances et al., 2021)  SpecAugment 

 Aud oSet  Wavegram-
Logmel-CNN  CNN-14 

 (mean Average Prec s on, mAP)

0.439 0.431  

 PANN  
(Fine-tune) 

 

 

 2. FixMatch  

 

 1. 
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3.2 FixMatch 

FixMatch 2 
 (Consistency Regularization) 

 (Data Augmentation) 

 

   
 

     
  

   (1) 

   (2) 

 

 (3) 

 (Cross-Entropy) 

 

   (4) 

   (5) 

   
0.5  

 =7  

4  

4.1  

UrbanSound8K

 10  8,732 
 4  10 

 (10-fold cross validation)
 870 

 = 1:1:8  

2 https://github.com/qiuqiangkong/audioset_tagging_cnn 

 
 PANN 

 16kHz 
 64 mel-bins  log-

mel spectrograms

 5 
= 5e-4  (batch_size) = 32  

4.2  

SpecAugment
 

Weninger et al. (Weninger et al., 2020) 
 PANN  1  

 Mixup 

Label-smoothing (Müller et al., 
2020) 

 Pitch Shift  
Background Noise 

 

4.3  

PANN 2

CNN-14-16k 
 Audioset 

Wavegram-Logmel-CNN 

 Wavegram 
 FixMatch 

 SpecAugment  Wavegram

 FixMatch 
 Wavegram FixMatch 

SpecAugment 
Frequency Time 

max 
drop 

drop 
nums 

max 
drop 

drop 
nums 

Weak 8 1 32 1 
Strong 35 2 64 2 

 

 1. SpecAugment  
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 Wavegram 

 Wavegram 
 

 FixMatch 
 16  FixMatch  Mixup 

 
 (Gradient Accumulation) 

 (Cosine Annealing Learing 
Rate Schedular)  35  (epoch) 

 

5  

FixMatch FixMatch
 Mixup
 (Optimizer) 
 10-fold 

 
 (Accuracy)  Area Under 

the ROC Curve (AUC ROC) 
AUC ROC 

 (Receiver Operating Characteristic, 
ROC)  (Area Under Curve, 
AUC) ROC 

 

5.1  FixMatch  

 Cances et al. 
(2021)  US8K  

2

PANN 

 
FixMatch 

1%  
 Mixup 

 FixMatch  7 

 16 
 Mixup 

 PANN  Mixup 

 

 (Sohn et al., 2020; Cances et 
al., 2021) 0.75

 0.95 
0.75 

 0.95  0.75 
 3

   
CNN14 39.55 84 00 
PANN 74.55 95.54 

+ FixMatch 75.23 93.28 
-- w/o mixup   73.91 92.60 

 2. 
FixMatch  

Mixup FixMatch    

FixMatch
  75.23 93.28 
  75.44 91.79 
  79.66 94.94 

Gradient Accum. 78.41 93.77 

 3. 
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 0.75 

 32 
 1%

 

FixMatch  SGD PANN
 AdamW

 Ranger (Wright, 2019)
 4 

 SGD  AdamW 

Ranger 

 

5.2   

5 100% 

 10% 

 Cances et 
al. (2021) 

ResNet FixMatch 

 

 PANN 
 95.5%  ResNet  

13.45%

 11.85% 
 

ResNet 

 

FixMatch  
AdamW 

 2.39%

 PANN 
 FixMatch 

 ResNet  256  
300  (epoch)  81.73% 
PANN  16  70 

 

UrbanSound8K 
Supervised 

 
(%) 

 
(%) 

O
th

er
s 

ResNet  – 10% 76.25 -- 
 – 100% 

82.04 -- (Cances et al., 2021) 

AudioCLIP 
(Guzhov et al., 2021) 90.07 -- 

TSCNN-DS 
(Su et al., 2019) 97.20 -- 

ADCNN-5 
(Sharma et al., 2020) 97.52 -- 

O
ur

s CNN14 – 10% 69.83 94.40 
PANN   – 10% 81.68 97.97 
 – 100% 95.49 99.83 

Semi-Supervised  

ResNet  + FixMatch 
81.73 --        (Cances et al., 2021) 

CNN14  + FixMatch 79.42 97.60 
PANN   + FixMatch 84.07 98.35 

5. 

CNN14 PANN  

FixMatch 
    

SGD 71.29 94.86 
ADAM 79.66 94.94 
Ranger 75.17 94.54 

 4.  
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FixMatch 

FixMatch  OpenMatch (Saito et al., 
2021)
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