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Abstract

With the growing demand for large-scale speech data
sharing and secondary use, protecting speaker privacy has
become a critical challenge. Existing approaches often
operationalize privacy protection through mechanisms such
as speaker pseudonymization and evaluate their effectiveness
using threat-model-dependent metrics (e.g., Equal Error
While these

formulations provide practical benchmarks, privacy objectives

Rate against speaker verification systems).

and evaluation criteria are typically defined implicitly and
remain tied to specific downstream tasks. In real-world
scenarios, speech data are used for diverse purposes
—including automatic speech recognition, conversational
analysis, and attribute inference—where the information that
must be preserved or suppressed varies according to task
requirements. Conventional frameworks do not explicitly
model this task-dependent structure of privacy and utility.
We propose a task-adaptive framework that formulates
speaker privacy protection as selective speaker information
suppression under explicit task requirements. Speech
information is conceptualized as multiple domains, such
as timbre, prosody, linguistic content, and speaker-related
attributes. For each task, required domains are specified
and non-essential domains are selectively transformed or
suppressed. The framework is demonstrated through
representative implementations and evaluated using dual
criteria of task performance and privacy metrics, providing
a principled and extensible foundation for task-dependent

speaker privacy protection.
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Table 1: &7 — 2BV % H—2 ik R

Case Voice EER (%) Prosody EER (%) Dialect Acc. (%) Age EER (%) WER (%)
Original 3.87 25.53 68.28 0.00 35.25
Casel (ASR share) 35.32 30.25 64.19 - 50.23
Case2 (Dialogue share, original) 2.45 27.44 - - 30.14
Case2 (Dialogue share, pseudonymized) 53.47 29.67 - - 29.55
Case3 (Smart speaker, age) 10.89 - - 55.56 38.66
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Dialogue (4 speakers): original vs. assigned pseudo-speakers

_________ . TTee--e
o Tl
12.5 / L] N -
/ L4 ° Ny
120{ @ ° o o
\ ° A =
11.5 \ 4 / .
§ i
\ L4 )
o \ L o!
< 11.0 | _aB- !
£ b = i )
5 L 4 C [
105 & -
| Y N
10.0 o A% - el \
& il ‘!
9.5 ® Pseudo-speaker Embeddings ~ L o !
4 Original (#) / A )
9.0 A Pseudonymized (A) W —— o’
4.5 5.0 5.5 6.0 6.5 7.0 75
UMAP-1

Fig.3: Mgttt v > a YicB I 28 DAADHOAHIE. FId#E
PEEE MO, ERIITEEE (A-D), ZMBEEIL 4TS
NHFGEEE (A-D7) 28RS, A-D DEWTEEL, 2ot
BT BILEEE D SN B ICEE I N TWE 2R T 5.

8 E=

AR, HEERAEZEEEREM DR Er w5 B—HE
BYEIRL, &R BTG U TR & ME R Z PIRINCER
Y A EImEEAE e LoEERME L. HHEICRNE, B,
BE, WeRME, BIEC Vo EROHREEAPEE L TEER
THEY, H—oBEAERE2 —BICER T 27210 Tk, BERE
Wz BmRNCHEL S T CHl ORI 2R T WREEL H 5. &
MR Z ORWZ RGBT S 0, EF % (2,p,d,¢,a) I



—— Original

5 0015 s ooos

2 10008 1

C

$ 0.0101 0.0006 -

>

Z

= 0.0004 1

‘S 0.005 1

] 0.0002 {

S

o

0.000+ . ; : 0.0000 1 : ;

100 150 200 250 2000 4000

FO mean (Hz) FO variance (Hz?)

— = Pseudonymized

0.6 1

0.4 4

0.2

. - 0.0 1 : : T
1072 10t 2 4 6
RMS energy (log scale) Turn length (s)

Fig.d: AV Y FVER LRBCER BT 28EAHEEI . Fy 3 - 08, RMS 2430 ¥F—, X—YREHELTW2. W4T
DHGRPRESERZEY, FEHREEREDREESA TV 2 2R,

Fig.5: PII E#BlORRTZ bw 2 F 4 (F:uER, B RABLER). EROEBIE PII XEZRL, 34559 HELERE A B
ENTVERZEZRT. ALY IPONFFERIAINF AN EM L TWAHEBTH D, —H CRES Fy IS T 2 @E <

R—UPRESHNL TRV ZRERNICHERTE 3.

SREL, X7 T ot U TIREES K(T) e MESS S(T) %
ERTAIMMARIR L, Zhuckb, Hazsph, iz
T 5h) itk LCRiiR L, MENE LA RMEE R —22 0 TR
TRHBEE 2 7.

ZO0DT —RAART 4TI, 18E L IRERERISHIG S 5 5l
FIEMMET L, RENSICED 28 ATEES —E R B X
N3 epHEEEI NIz, ZORRE, W5 I e IcHIfEN R Z AR
TR EROIEL e L THAIMEETH D Z e BREL
TW5. R, FoRR S 3R NG 2 7 U 7= il
MERE LA EETH 5. Casel TIIFEARE o #AIK
HEFRL, REBEICESCASHIKBEDERT LI 2D,
3 U HSROEAEDHBIR K X 4 Y HEICHFS LG,
WUIRESIC L D 20 EEHED Sh IR RENT. T
niE, FOEROATIZ A TRVWE WS BIEMEOIERE B
BANTHD. I 61T, LaEbENEEICRA OB 2 REHcHAA
ARROEAMAORHTH 2. WMili7T—&2 Tk, A—FE0—
B ZEEHEM O D BEEZ RIS THESD 5. HLEEH
T e RERNE LA EEA TS 22T, MNENTIEEE
PORELEGEERL, BB X U5 LA ORIBRERE
DSl X N B EAERERE U, FRC, SRR OB EK
WCHHR AN Z 2, MU RF 2 ZICKRE LRV ESE 7 —
XHEORFERZRE L TW3. —H T, RO EOTEED IR
FEXNT, B BT DA N EE BRI TR B
5. F7z, WHOVERIEEHMESIFICIRIE T 2 720, BUEOMHRIEHR
FBICREEN S, WERBIPELEEE D FHE Lol

WD, SR, HERRZITHIG U TRE: - MEESOHAEH
i, BOETBE2ERT 2ERETLVOUR, B & OELEE -
BB T — AR O E BRSO AHRETH 5. MLE &
D, RFFIIFFE RGN BRI R R ORE» &, XA 7 HE
TRIZED < HEARBREN BB ET A E ISR L, MR 0Bt & 216
FEEHEC o < B A 2 HR L7 e EMT I s 5.

9 i

AFRIE, BERBICZFEERETOORE SR, F
FABECIG U THRIFER e MEERE AR L TERTE 28
MAzHR L. BREIINE, B, B - KR, Bk
Vo IR NEREL TEENS 2D, H—0EARET
FHRICHRBELREREZELR S —7, BlORRRRE T %3 T ReE:
MDD, RFKIE, T OMBEERFEE TS FE L FHER R %Z
52z 7-.

REI7L -7, ANERE X & (z,p,d,c,a) T
L, A7 T N UTRIFES K(T) L MEBEE S(T) &
#3220 7T, REMEBERNBHRAEFEFBE: LTERET 3.
MENRDHEERL, REETRIT TR X R 7 HERET, BENSR
WEERA - HEEEREDIK T TRMfi$ 2 2 & T, &XEFeFHEORE SR
WENL U7z, APADEFRIL, SHRA1EFRMNc&ET -
AR T 2 BB E 52 It Hh 5. X512, FRIZRES
RNEB ORI ZIR L, B - RS EMEHE Y 22
PRI M TRZ 2 Z e 2R LIz, ZEEEMNGEICBVTD,
—H U EHGHAE R ER y U CHARA A, FIFRTREN:  ARE



MHOMNER 57z, —HT, BaHEOTEETMIIRGEEIIT, &
FADP RIS RAE T 2 ATRE MRl R A D SRR FEE v o
TSR D . S8, MARRZARORE, Mo RT %M
2 BHERGERET, B X OELEEE - BB 7 — L 3Gt o 2EIEE
HOMNIBNIETH S, LI, RIFFRIEEF R E RN
MRKCORED &, &R 7 BMICED AR ERE G~ &
MR U7z, ARBERIE, ZeREH 7 — G A 727k
Eriitty2d0TH 3.

10 HiEF

AW5EE, JST CREST JPMJCR21M4 O34k % %72 D
Th2.

BEH

[1] A. Nautsch et al., “The gdpr & speech data: Reflections
of legal and technology communities, first steps towards a
common understanding,” in Proceedings of Interspeech, Sep.
2019, pp. 3695-3699.

(2] R. Ardila et al,, “Common voice: A massively-multilingual
speech corpus,” in Proc. 12th Lang. Resources Ewval. Conf.
(LREC).  Marseille, France: European Lang. Resources
Assoc. (ELRA), 2020, pp. 4218-4222.

3] 2. BEWS and #. EF, CTEAYE 3 ARFED— <2

(chiba3party) ,” Jul. 2014.

N. Tomashenko, X. Wang, X. Miao, H. Nourtel, P. Champion,

M. Todisco, E. Vincent, N. Evans, J. Yamagishi, and J.-F.

Bonastre, “The voiceprivacy 2022 challenge evaluation plan,”

2022.

[5] D. Snyder et al., “X-vectors: Robust dnn embeddings for
speaker recognition,” in 2018 IEEE International Conference
on Acoustics, Speech and Signal Processing (ICASSP), 2018,
pp. 5329-5333.

[6] F. Fang, X. Wang, J.
anonymization using x-vector and neural waveform models,”
in Proc. 10th ISCA Speech Synthesis Workshop (SSW10),
2019, pp. 155-160.

[7] N. Tomashenko, E. Vincent, and M. Tommasi, “Exploiting

4

Yamagishi et al., “Speaker

context-dependent duration features for voice anonymization
attack systems,” 08 2025, pp. 5128-5132.

[8] Y. I Kenichi FUJITA, Atsushi ANDO, “Speech rhythm-based
speaker embeddings extraction from phonemes and phoneme
duration for multi-speaker speech synthesis,” IEICE
TRANSACTIONS on Information, vol. E107-D, no. 1, pp.
93-104, January 2024.

9] X. Miao, R. Tao, C. and X. Wang, “A
benchmark for multi-speaker anonymization,” arXiv preprint
arXw:2407.05608, 2024.

[10] K. Hisamoto et al., “Anonymization techniques for publishing

Zeng,

civil court judgments,” in Proc. 28th Annual Meeting of
the Association for Natural Language Processing, 2022, pp.
1406-1410.

[11] O. Yermilov, M. Kartashov, and A. Panchenko, “Privacy- and
utility-preserving nlp with anonymized data: A case study of
pseudonymization,” in Proc. 3rd Workshop on Trustworthy

NLP (TrustNLP), 2023, pp. 232-241.

[12] T. Vakili et al., “End-to-end pseudonymization of fine-tuned
clinical bert models: Privacy preservation with maintained
data utility,” BMC Medical Informatics and Decision Making,
vol. 24, no. 1, p. 162, 2024.

[13] K. Fujii and R. Nishimura, “A study of age estimation task for
young speakers using age-embedded features,” in Proc. ASJ
Spring Meeting, 2025.

[14] B. Desplanques, J.
“Ecapa-tdnn:

Thienpondt,
Emphasized channel attention, propagation

and K. Demuynck,

and aggregation in tdnn based speaker verification,” 10 2020.
[15] N. Trubetzkoy, Principles of Phonology.
California Press, 1969. [Online]. Available:
google.co.jp/books?id=5Xd8yQEACAA]J
[16] H. Kubozono, Mora and Syllable. John Wiley & Sons,
Ltd, 2017, ch. 2, pp. 31-61. [Online]. Available: https://
onlinelibrary.wiley.com/doi/abs/10.1002/9781405166225.ch2
[17] #EER, “E—JrHHOTEE FE Sz €— 7 OMH),”
FEME, vol. 2, no. 1, pp. 5-15, 1998. [Online]. Available:
https://cir.nii.ac.jp/crid/1390001204786897920
[18] K. Sugai, “Mental Representation of Japanese Mora; Focusing

University of
https://books.

on its Intrinsic Duration,” in Proc. Interspeech 2017, 2017, pp.
2973-2977.

[19] ®. i, & K&, and #1. &8, “FHHROZITH T 2 HAFED
2% - REOR MG DI EED < HAGEYEE OB AR
HEREREEEE 2Bl LT, BAREEFAREE, vol. 62, no. 6, pp.
433-442, 2006.

[20] J&. ®F and &. FHT, “HAFEOBARREFICB T 2MROBEL
AERERE— K E ORI EHRED 65— BEMZE, vol. 20, no. 2,
pp. 38-47, 2016.

[21] Y. Ren, C. Hu, X. Tan, T. Qin, S. Zhao, Z. Zhao, and T.-Y.
Liu, “Fastspeech 2: Fast and high-quality end-to-end text to
speech,” arXiv preprint arXiv:2006.04558, 2020.

[22] S. Liu, “Zero-shot voice conversion with diffusion
transformers,” arXiv preprint arXiv:2411.09943, 2024.

[23] A. Ito and K. Itou, “Speaker pseudonymization for japanese
speech using duration embeddings,” in 2024 International
Symposium on Multimedia (ISM), 2024, pp. 41-48.

[24] A. Hurst, A. Lerer, A. P. Goucher, A. Perelman,
A. Ramesh, A. Clark, A. Ostrow, A. Welihinda, A. Hayes,
A. Radford et al., “Gpt-4o system card,”
arXiv:2410.21276, 2024.

[25] M. McAuliffe et al., “Montreal forced aligner:
text-speech alignment using kaldi,” in Interspeech, 2017, pp.
498-502.

[26] CIAIR, Nagoya University,
corpus (ciair-vev),” 2006, speech corpus dataset. [Online].
Available: https://doi.org/10.32130/src. CIAIR-VCV

[27] K. Shikano,
speech corpus of the aged (s-jnas),” 2007, speech corpus
dataset. [Online]. Available: https://doi.org/10.32130/src.
S-JNAS

arXiv preprint

Trainable

“Ciair children voice speech

“Japanese newspaper article sentences read



