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Objective metrics in evaluation plan

▪ Automatic speech recognition (ASR)

▪ Automatic speaker verification (ASV)

Subjective evaluation design

Anonymization ASR_eval

test enroll
Anonymization ASV_eval

EER, Cllr

WER

test
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Subjective metrics in evaluation plan

▪ Speech naturalness & intelligibility

▪ Speaker verifiability (similarity)

▪ Speaker linkability (see Part 2 in next presentation)

Anonymization

test enroll
Anonymization

Human evaluator

Human evaluator

test

Any degradation or artefact?
Is the speech intelligible?

Sound like the same speaker?

Subjective evaluation design
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Listening test with four types of trials

▪ Original speech, target speakers

▪ Anonymized speech, target speakers

▪ Original speech, non-target speakers

▪ Anonymized speech, non-target speakers

Evaluator

Enrollment data

Target speaker

Non-target speakers

Anonymization 

Anonymization 

Naturalness

Intelligibility

Speaker 
similarity 

Subjective evaluation design – Part 1

Test set data
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Listening test with four types of trials

▪ Original speech, target speakers

▪ Anonymized speech, target speakers

▪ Original speech, non-target speakers

▪ Anonymized speech, non-target speakers

Evaluator

Enrollment data

Naturalness score

Target speaker

Non-target speakers

Anonymization 

Anonymization 

Naturalness

Intelligibility

Speaker 
similarity 

1  2  3  4  5  6  7  8  9  10

Subjective evaluation design – Part 1

0 1

Remove evaluator-dependent 
variation(Rosenberg2017)

Rosenberg, A. et al. Bias and Statistical Significance in Evaluating Speech Synthesis with Mean Opinion Scores. in Proc. Interspeech 3976–3980 (2017).

Test set data
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Evaluated trials: 16,200 in total

▪ Trials cover all test speakers & 
anonymization systems

▪ Four types of trials 1:1:1:1

▪ 36 trials in one listening set

Evaluators: 47

▪ English as mother tongue: US: 24, 
UK: 11, ...

▪ Many of them evaluated 360 trials 
(10 sets)

Subjective evaluation results – Part 1

Evaluator

Enrollment data

Target speaker

Non-target speakers

Anonymization 

Anonymization 

Naturalness

Intelligibility

Speaker 
similarity 
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Target
(orig)

Nontarget
(orig)

B1 O1 M1 S2 A2 B2 D1 I1 K1

Naturalness

Target
(orig)

Nontarget
(orig)

B1 O1 M1 S2 A2 B2 D1 I1 K1

Intelligibility

Target
(orig)

Nontarget
(orig)

B1 O1 M1 S2 A2 B2 D1 I1 K1

Similarity

Target
(orig)

Nontarget
(orig)

B1 O1 M1 S2 A2 B2 D1 I1 K1

Similarity

Subjective evaluation results – Part 1

Evaluator

Enrollment data

Target speaker

Non-target speakers

Anonymization 

Anonymization 

Naturalness

Intelligibility

Speaker 
similarity 

...

median

25-75th percentile

A higher score is better
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Subjective evaluation results – Part 1

Target
(orig)

Nontarget
(orig)

B1 O1 M1 S2 A2 B2 D1 I1 K1

Naturalness

Target
(orig)

Nontarget
(orig)

B1 O1 M1 S2 A2 B2 D1 I1 K1

Intelligibility

Target
(orig)

Nontarget
(orig)

B1 O1 M1 S2 A2 B2 D1 I1 K1

Similarity

Target
(orig)

Nontarget
(orig)

B1 O1 M1 S2 A2 B2 D1 I1 K1

Similarity

~Baseline 1 ~Baseline 2

x-vector based 
neural model

signal-processing

Different 
from baselines

A higher score -> better utility



9VoicePrivacy

Target
(orig)

Nontarget
(orig)

B1 O1 M1 S2 A2 B2 D1 I1 K1

Naturalness

Target
(orig)

Nontarget
(orig)

B1 O1 M1 S2 A2 B2 D1 I1 K1

Intelligibility

Target
(orig)

Nontarget
(orig)

B1 O1 M1 S2 A2 B2 D1 I1 K1

Similarity

Target
(orig)

Nontarget
(orig)

B1 O1 M1 S2 A2 B2 D1 I1 K1

Similarity

Subjective evaluation results – Part 1

Anonymization 

Anonymization 

~Baseline 1 ~Baseline 2

x-vector based 
neural model

signal-processing

Different 
from baselines

A lower score -> better privacy

Anonymization on 
target speaker

Anonymization on 
nontarget speaker

(for reference)
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Subjective evaluation results – Part 1

Naturalness vs Similarity (median score)

Better utility

Better 
privacy

x-vector based 
neural model

signal-processing

Naturalness degrades after anonymization

Ideal 
system
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Subjective evaluation results – Part 1

Intelligibility vs Similarity (median score)

Better utility

Better 
privacy

x-vector based 
neural model

signal-processing

Intelligibility degrades after anonymization

Ideal 
system



12VoicePrivacy

Subjective evaluation results – Part 1

Intelligibility vs Similarity (median score)

Better utility

Better 
privacy

x-vector based 
neural model

signal-processing

Intelligibility degrades after anonymization

Ideal 
system
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Subjective evaluation results – Part 1

More analysis were conducted (☞ appendix)

▪ DET curves, EER, Cllr, ROCCH-EER

▪ Correlation between subjective (human perception) and objective (ASR & ASV) scores

▪ High correlation

Target
(orig)

Nontarget
(orig)

B1 O1 M1 S2 A2 B2 D1 I1 K1

Naturalness

Target
(orig)

Nontarget
(orig)

B1 O1 M1 S2 A2 B2 D1 I1 K1

Intelligibility

Target
(orig)

Nontarget
(orig)

B1 O1 M1 S2 A2 B2 D1 I1 K1

Similarity

Target
(orig)

Nontarget
(orig)

B1 O1 M1 S2 A2 B2 D1 I1 K1

Similarity

Score distribution DET curve
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Subjective evaluation summary – Part 1

Messages

✓ All systems: anonymized speech sounds different from original speakers

! All systems: anonymized speech are less natural and intelligible

▪ Similar trends in objective results (☞ appendix)

▪ Further improvement is necessary

Better 
solution?

Thank you for your attention
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Subjective evaluation results – Part 1

More analysis

▪ EER & DET curves
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Subjective evaluation results – Part 1

More analysis

▪ EER & DET curves
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Subjective evaluation results: violin plots
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Subjective evaluation results: violin plots

x-vector based 
related to B1

signal-processing 
based 

with rank-based per-listener 
score normalization
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Details about protocol

Subjective evaluation – Part 1

4 cases 30 speakers 15 uttr.9 systemsN=48,600

3 test sets

Trial 12

Trial 10

Trial 9

Trial 11

Trial 1

Trial 4

Trial 2

Trial 3

…

…

Trial 1 Target original Speaker A Utt. m

Trial 2 Target anony. Speaker A Anony. system 1 Utt. n

Trial 3 Non-target original Speaker L Utt. k

Trial 4 Non-target anony. Speaker L Anony. system 1 Utt. g

Trial 5 Target original Speaker B Utt. o

Trial 6 Target anony. Speaker B Anony. system 2 Utt. q

Trial 7 Non-target original Speaker K Utt. r

Trial 8 Non-target anony. Speaker K Anony. system 2 Utt. k

Trial 9 Target original Speaker C Utt. w

Trial 10 Target anony. Speaker C Anony. system 3 Utt. z

Trial 11 Non-target original Speaker P Utt. v

Trial 12 Non-target anony. Speaker P Anony. system 3 Utt. u

…

Trial N … … …

Sampling

shuffling

36 

trials/

session

48,600 trials → 1,350 sessions
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Subjective evaluation results: DET-curves

x-vector based 
related to B1

signal-processing 
based 

Speaker Similarity

IntelligibilityNaturalness

Speaker Similarity

with rank-based  per-listener 
score normalization
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Subjective evaluation results

* With ranked-based per-listener score normalization
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Significance tests: naturalness & intelligibility
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Significance tests: similarity
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Subjective vs objective evaluation results: EER

* With ranked per-listener normalization of scores

• Positive correlation between 
subjective and objective scores
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DET curves*: LibriSpeech

* With ranked normalization
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DET curves*: VCTK-common

* With ranked normalization
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DET curves*: VCTK-different

* With ranked normalization
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DET curves*: Pooled

* With ranked normalization
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Objective vs subjective: Cllr

* With ranked normalization
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Objective vs subjective: Cllr-min

* With ranked normalization



31VoicePrivacy

Objective vs subjective: EER

* With ranked normalization
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Objective vs subjective: ROCH-EER

* With ranked normalization


