Secret of 'hard trials’
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Current Situation

* |t seems that the current deep speaker models (x-vector) have
achieved the state-of-the-art performance on several
benchmark datasets. For example, the EER performance In
AISHELL-1(iOS) can achieve@.73%with carefully tuned.

"ealyy

* In this work, we will make some investigations on the secret of
‘hard trials'. Do hard trials really exisit ? If so, what do they
sound like? Can we human identify them?



Preparation Work

* Data preparation
* Training set: VoxCeleb? dev, which contains 5994 speakers.

* Speaker models

* Here we prepare two SOTA speaker embeddings, including 1-
vector and x-vector.

* For each speaker embedding, we select 4 model
configurations.



* Evaluation trials
* There are 5 evaluation trials in total.

* SITW.Dev.Core, SITW.Eval.Core, VoxSRC O cl, VoxSRC E cl,
VoxSRC H cl



Basic results

PLDA EER (%)

i-vector

X-vector

model_conf trials

2048_400 5.834 (-16.79029)

1024 400  6.095 (-15.35659)
512_200 7.095 (-9.727581)
256_200 7.834 (-8.984595)
double 5.116/5.111(-10.71275)
raw 5.356/5.350 (-10.68804)
half 5.111(-10.20641)

quarter 5.967/5.962 (-8.232863)

VoxSRC

trials_E

5.899 (-17.43673)

6.298 (-16.21754)

7.315 (-10.35523)

7.958 (-9.479876)

4.858 (-12.3257)

5.086 (-12.02205)

4.93 (-11.26423)

5.797 (-9.319304)

trials H

9.437 (-13.93998)

10 (-12.92543)

11.4 (-7.773234)

12.33 (-7.033204)

7.633 (-8.646959)

7.97 (-8.426387)

8.051 (-7.748494)

9.239 (-6.357263)

Dev Core

5.853 (-17.1198)

5.968 (-14.86925)

7.047 (-8.735895)

7.547 (-7.613235)

6.546 (-18.95111)

6.662 (-18.05646)

6.585 (-12.76487)

7.008 (-10.73184)

SITW

Eval Core

6.725 (-16.87873)

7.19 (-15.15215)

7.736 (-8.372811)

8.748 (-7.844908)

7.682 (-19.71514)

7.354 (-17.99542)

7.709 (-13.58204)

8.475 (-11.62748)



Qualitative analysis
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Trials_E
2048
1024
512
256
double
raw
half

quarter

2048

50.000%
33.084%
31.035%
29.725%
19.391%
19.844%
20.916%
21.159%

. WA RBRIES B BEIE L

overlap(hard trials)

E

5 Zfyhard trials,

model _A(hard trials)+ model B(hard trials)

1024

50.000%
31.621%
30.603%
19.149%
19.463%
20.534%
20.990%

512

50.000%
33.689%
18.434%
18.721%
19.949%
20.876%

256

50.000%
17.976%
18.493%
19.432%
20.629%

double

50.000%
28.970%
217.387%
26.233%

raw

50.000%
28.044%
27.053%

half

50.000%
28.361%

quarter

50.000%

=l



Trials_ O 2048

2048 50.000%
1024 33.378%
512 31.818%
256 30.687%
double  19.140%
raw 19.468%
half 20.598%

quarter

21.140%

1024

50.000%

32.373%

31.348%

18.359%

18.997%

19.710%

20.855%

512

50.000%

33.820%

18.463%

18.471%

19.529%

20.476%

256

50.000%

17.577%

18.105%

19.301%

19.807%

double

50.000%

27.146%

25.267%

23.848%

raw

50.000%

26.621%

25.153%

half

50.000%

27.192%

quarter

50.000%



Statistics analysis

SFF test trial, 85t 8/MEREIK B hard trials B3 &89 £ hard trials~

« BRI
« WTEMER M, DIHE EER THBEIEANDKIE. 3T Target trials, EFEEDEU/NF
H{ERY trials; X Imposter trials, EFHDECKRT BER] trials, XLE trials 1 AR
M B9 hard trials,
« NHEFLAEE M1-M8 & B hard trials; %ti184H hard trials FETEZAY
trials,

« LR
* SITW.Dev.Core: 338226 -> 6357
 SITW.Eval.Core; 721788 -> 17486
* VoxSRC O cl: 37611 -> 267
* VoxSRC_E_cl: 579818 -> 4528
* VoxSRC H cl: 550894 -> 7043




Performance of hard trials

PLDA EER
(%)

I-vector

X-vector

model_type

2048-400

1024_400

512 _200

256_200

double

raw
half

quarter

trials(%)
(126:141)

99.21

99.21

99.21

99.21

99.21

99.21
99.21

99.21

VoxSRC

trials_E(%)
(2466:2062)

99.96

99.96

99.96

99.96

99.96

99.96
99.96

99.96

trials_H(%)
(4277:2766)

99.98

99.98

99.98

99.98

99.98

99.98
99.98

99.98

Dev Core(%)
(47:6310)

97.87

97,

97.

97.

97.

97.
97.

97.

87

37

87

87

37
87

37

SITW

Eval Core(%)
(97:17389)

98.97

98.97

98.97

98.97

98.97

98.97
98.97

98.97



Hard trials retrieval by SVM

« Based on these vectors, we can train an SVM and then check
what trials are not correctly classified. These trials are hard
trials.

= ey kva £
all SVM hard  Threshold hard tol SVMzEE &Y 2#RThreshold ihard

trials
SITW.Dev.Core 338226 18105 6357 2e-3 x (6316)
17597 6357 2e-1 x (6298)
18105 6357 le-3 x (6317)
SITW.Eval.Core 721788 42643 17486 S5e-1 x (17040)
VoxSRC_O_cl 37611 1399 267 le-3 v (267)
VoxSRC_E_cl 579818 21390 4528 2e-3 v (4528)

VoxSRC_H_cl 550894 33397 7043 2e-2 x (7042)



Analysis

Xl

s ZTENNRFIFRLE, FAHREMSVYVMX T ELREH ) hard trials" i =S

ERBEE 2., Bk, {#Hthresholditd py“hard trials”, JLFE=E
A4 77 SVMaJ“hard trials”,
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Human test

* What the properties of these hard trials?

* \What do we humans sound like ?



Analysis

s EERMEXEEEST
e testcount >= 1 3£42832H, target:nontarget=2034:2249
« HEME43165K

nontarget
SE RS
e 1005 1244
TR R 57.16Y% 65.85Y
target

=155 ENEiEE=:
8 656 1378
FEAERR 58.26% 52.94%



Conclusion

* Hard trialsf#7E !

. X‘I--nontarget?  EAENhard trials”, YEIERZXRE 5L,
ftarget’ I/\’IA’FE& HEAREZE LN EE, 2%human testiZ
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