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Introduction

• NF , DNF and DNF-MG 

• DNF-MG experiments

• Sub-DNF experiments

• DNF experiment-verification



• flow
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Flow-based Generative model
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• NF

• DNF
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Normalization Flow (NF)  vs. Discriminative Normalization Flow (DNF)

x z



DNF with Maximum Gaussianality(MG) Training 

• Maximum Gaussianality (MG) training approach maximizes the Gaussianality of the latent codes directly.



• Datasets

DNF with Maximum Gaussianality(MG) Training Experiments 

• VoxCeleb ：contains 2000+ hours of speech signals from 7000+ speakers.

• SITW         ：consists of 299 speakers.

• Model settings
• x-vector
• Normalization models  ： based on the DNF architecture 

• Training criterion： MG training

• Scoring models  ： Cosine scoring and PLDA scoring



EX n-filter Model
Parameters EER%

L2-sb cos-sb L2-sw cos-sw Cosine PLDA

ex1 50 total angle loss 10 500 10 10 6.658 4.948

ex2 50 within-class angle loss 10 500 10 10 7.302 4.920

ex3 10 total angle loss 10 500 10 10 6.203 3.362

ex4 10 within-class angle loss 10 500 10 10 6.522 3.650

DNF with Maximum Gaussianality(MG) Training Experiments 

• Note
• ex1, ex2 (n-filter = 50) : use  1200+ speakers with more than 50 utterances.

ex3, ex4 (n-filter = 10) : use  4000+ speakers with more than 10 utterances.

• total angle loss             
within-class angle loss 

• The number of utterances per speaker can affect performance.



DNF with Maximum Gaussianality(MG) Training Experiments 

• EER% results on SITW with x-vector frontend.



Subspace-DNF Experiments-1

• Datasets
• VoxCeleb :  only use 4000+ speakers with more than 10 utterances.

• SITW

• Model settings
• x-vector
• Normalization models  ： LDA model

• Dimensions  :  original x-vector with 512 dimensions and x-vector with 512 plus 100-dimensional Gaussian noise.

• Scoring models  ： Cosine scoring and PLDA scoring



• EER(%) results on SITW of x-vector frontend and x-vector with 100-dimensional Gaussian noise 
as well as their LDA results respectively.



• EER(%) results on SITW of x-vector frontend and x-vector with different dimensional Gaussian noise. 

• As the dimensionality of Gaussian noise increases, PLDA scoring models show better performance.



• t-SNE of  original x-vector and x-vector with different dimensional Gaussian noise. 



Subspace-DNF Experiments-2

• EER% results on SITW using sub-space DNF models. 
• Table 2 is for comparison.

Table 1 Table 2



• t-SNE of the original x-vectors with 512 dimensions and the latent codes produced by  DNF model.

Computed on the original x-vectors and 
the latent codes produced by DNF.

Between-class variation



• t-SNE of x-vector with 100-dimensional Gaussian noise(left) and the latent codes produced by  sub-space DNF 
model(right).

sub-space dimensions residual space dimensions

Full dimensions

x-vector sub[512] x-vector residual[100]



DNF experiment-verification



• DNF experiment-verification

xvector[512+100]
SITW

Cosine Plda
17.61 4.893
17.61 4.839
17.47 5.03
17.47 5.03
17.5 4.921

17.58 4.866
17.44 4.921
17.52 5.003
17.44 4.921
17.55 4.893

• Ten groups of similar scoring results show that PLDA scoring performance has indeed improved.

xvector[512]
SITW

Cosine Plda
17.61 5.303



• DNF experiment-verification



• DNF experiment-verification



• DNF experiment-verification



• DNF experiment-verification

ex

original dataset
xvector-dim[512]

dim extended
xvector-dim[512+100]

data extended 
xvector-dim[512+100]

SITW SITW SITW

Cosine Plda Cosine Plda Cosine Plda

1 17.2 5.303 17.52 4.975 17.55 4.921

• original dataset : voxceleb , 19w+    samples ,  4000+ speakers ,  512 dims.
• dim extended    : voxceleb , 19w+    samples ,  4000+ speakers ,  612 dims.
• data extended    : voxceleb,  190w+  samples,   4000+ speakers ,  612 dims.



• DNF experiment-verification

• new data :   voxceleb,  190w+  samples,   4000+ speakers ,  612 dims.
• tsne         : select speakers with utts larger than 2500.

full dimension subspace residual space



• DNF experiment-verification

• original dataset :   voxceleb,  19w+  samples,   4000+ speakers .
• new dataset       :   voxceleb,  190w+  samples,   4000+ speakers ,  612 dims.

new dataset
612 dims

original dataset
612dims

original dataset
512dims



• DNF experiment-verification

• Comparison of between-class variance



• DNF experiment-verification

• Comparison of within-class variance



• DNF experiment-verification

Plda

length norm  /
normalize length 512 dims

512dims +100 gaussian noise 512dims +400 
gaussian noise

512dims +1000 
gaussian noise

ex 1 ex 2 ex 3 ex 4 ex 5

T / T 5.44 5.057 5.112 5.139 5.139 5.139 4.866 5.167
T / F 6.37 6.151 6.26 6.37 6.151 6.178 6.151 6.37
F / T 5.303 4.893 4.921 5.03 4.839 5.03 4.729 5.085
F / F 6.506 6.506 6.534 6.506 6.534 6.561 6.588 6.616

Cosine 17.2 17.61 17.47 17.5 17.61 17.47 18.43 19.3



• DNF experiment-verification

Plda

length norm  /
normalize length dim[512]

dim[512+100] 
noise

N(0, 1)
noise

N(0, 0.1)
noise

N(0, 10)
noise

0
noise

1
noise

10
T / T 5.44 5.057 5.194 4.839 5.44 5.44 5.44
T / F 6.37 6.151 6.397 7.053 6.37 6.37 6.37
F / T 5.303 4.893 4.948 4.948 5.303 5.303 5.303
F / F 6.506 6.506 6.561 6.534 6.506 6.506 6.506

Cosine 17.2/16.79 17.61/16.89 17.2/16.81 46.2/46.45 17.2/16.79 17.2/16.79 17.2/16.79

• The EER(%) results for different types of noise added on each dataset( vox_4k , enroll , test).

• Noise : sampled from normal distributions with different variances and different constants.

• Cosine :  --use global mean / --not use global mean

• The scoring results are same with noise as a constant.



Plda

length norm  /
normalize length dim[512]

dim[512+100] 
trainset noise

N(0, 1)
trainset noise

N(0, 0.1)
trainset noise

N(0, 10)
trainset noise

1
trainset noise

10

T / T 5.44 5.413 5.44 5.194 99.97 99.97
T / F 6.37 6.37 6.37 6.534 44.23 44.61
F / T 5.303 5.276 5.303 5.303 99.97 99.97

F / F 6.506 6.506 6.506 6.506 99.97 99.97

Cosine 17.2/16.79 17.06/16.79 17.2/16.79 16.68/16.79 16.95/16.79 16.76/16.79

• DNF experiment-verification

• The EER(%) results for different types of noise added on training dataset( vox_4k) while the last 100 
dimensions of enroll set and test set are all 0. 

• Noise : sampled from normal distributions with different variances and different constants.

• Cosine :  --use global mean / --not use global mean



Updating…


	幻灯片编号 1
	幻灯片编号 2
	幻灯片编号 3
	幻灯片编号 4
	幻灯片编号 5
	幻灯片编号 6
	幻灯片编号 7
	幻灯片编号 8
	幻灯片编号 9
	幻灯片编号 10
	幻灯片编号 11
	幻灯片编号 12
	幻灯片编号 13
	幻灯片编号 14
	幻灯片编号 15
	幻灯片编号 16
	幻灯片编号 17
	幻灯片编号 18
	幻灯片编号 19
	幻灯片编号 20
	幻灯片编号 21
	幻灯片编号 22
	幻灯片编号 23
	幻灯片编号 24
	幻灯片编号 25
	幻灯片编号 26
	幻灯片编号 27
	幻灯片编号 28
	幻灯片编号 29

