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Speech plays an important role in human communication, allowing individuals to express thoughts, emotions,
and intentions. In digital communication, speech is frequently targeted by attacks that manipulate or forge audio
to deceive systems and compromise speaker identity, posing serious challenges to speech authentication and
privacy. Among these threats, Al-generated synthetic speech is a prominent concern, produced using text-to-
speech (TTS), voice conversion (VC), and deep learning-based techniques. These forms of spoofing are
commonly evaluated in challenges such as ASVspoof and Audio Deepfake Detection (ADD), which assess
vulnerabilities in automatic speaker verification systems. Despite their realism, Al-generated speech typically
exhibits detectable artifacts or a uniform robotic tone, allowing current detection systems to identify it more
reliably. In contrast, human-imitated speech, which is produced organically by humans mimicking others, often
retains natural acoustic characteristics, making it harder to detect for both human listeners and machines.

Addressing this critical threat, the study initially aims to introduce and assess detection approaches based on
standard and auditory-based features with deep learning, using a custom human-imitated speech dataset tailored
for machine learning analysis. To evaluate the effectiveness of these approaches, a spoof detection model was
trained using standard acoustic features exclusively on ASVspoof 2019 LA synthetic speech and then evaluated
on both ASVspoof 2019 LA synthetic speech and human-imitated speech. Although the model performed well
in detecting synthetic speech, its accuracy declined significantly when tested on human-imitated speech,
revealing a clear generalization gap. However, when trained directly on the proposed human-imitated dataset,
the same model and standard features achieved improved detection performance for imitated speech. To further
examine this issue, auditory-based acoustic features derived from gammatone and gammachirp filterbanks,
which are designed to closely mimic the filtering characteristics of the human inner ear, were evaluated to assess
whether they could better capture relevant acoustic cues and improve detection performance. Furthermore, the
experiments showed that these auditory-inspired features were more effective than standard acoustic
representations in capturing discriminative variations. Although these auditory-based features performed better
than standard acoustic representations, they were still not sufficient to achieve reliable detection. These findings
underscored that effectively addressing the challenge of human-imitated speech will require acoustic features
that are closely related to auditory perception.

Based on these considerations, this research proposes a two-phase framework: the first phase examines human
listener tests through listening experiments to evaluate how accurately humans can distinguish human-imitated



speech, while the second phase applies machine-based analysis of acoustic features related to auditory perception
combined with machine learning techniques to distinguish between genuine and imitated speech. In the first
phase, a human listening test was conducted as part of a human-centered three-phase approach to evaluate the
participants' ability to distinguish accurately between genuine and imitated speech. For this evaluation, a
representative subset of samples was selected from the human-imitated speech dataset proposed in this study,
which was specifically designed to be compatible with machine learning frameworks. In the test, listeners were
asked to classify each sample as genuine or imitated and their performance was measured by the percentage of
correct responses. Building on insights from the human listening test, the second phase of the study proposes two
sets of acoustic features related to auditory perception: eight timbral features, including boominess, depth,
brightness, warmth, etc., and spectro-temporal modulation (STM) representations.

In the human listening test, the participants performed well, indicating that with sufficient training and
exposure, listeners can effectively distinguish between genuine and imitated speech. Similarly, machine-based
experiments using timbral features and STM representations, which are closely related to auditory perception,
demonstrated promising discriminative capacity compared to standard acoustic features and reflected trends
similar to human evaluation results.

In conclusion, this study highlights the limitations of current spoof detection systems in handling human-
imitated speech and demonstrates that even auditory-based features alone are not sufficient for reliable detection.
To address this challenge, it begins with human listening tests to evaluate how accurately listeners can distinguish
human-imitated speech and proposes an auditory perception-based detection framework supported by new
benchmark datasets.

Keywords: Human-imitated speech, Acoustic features, Auditory perception, Timbral features, Auditory models,

Machine learning, Deep learning.

RABEOHRDOES

T, Al EFGROGMARERIZEY, AMOANHOFRA2GRTELETICRY 2ObD. £
DFER, T4 =T 7247 L LTHLNDE IR [EFERVTEL] Lol EREX2Y T 4 O
MENEZ > TV 5. L LA D, BUROARK AL Tk, BRHATRERT—T 4 777 Fe7u s
S4 FOERENE S CTWDHT0, EEFER—ZAOBRIMENCH ERICEF2 0 T F LOBEEEH
MTELRNUTHD. — 5T, NHBFHIZE2MEORE (boEhn) HFL IHEFERVTEL] &
LTRENTED, A%EHT&<Lm®ﬁm&mT%E%#E#Wé LW TH D, A
N—=T 4 PHNVERIZEBNT, BEFEEREZ0 - ZEIFHT L7120, T4 =T 724 7 EFE
ﬁ?&<mmaﬁ%a@,%%@E%ﬁ%ﬁﬁ?é%%&m%ﬁé %J?éﬁgﬂ%é
AHFFETIX, KD 38 DOAT v T H WA, HBEFRIZEDHE %ﬁ@?ib@ﬁ%#%@t@@ﬁ
HEI O 2 AT, 9, AR X 2 RS %@ﬁ%#ﬁ%ﬁ%ﬁﬁ?ét , Ao E &
AN & 2 g 7 oSN B3 2 B EBR 21T - 7. AMNC X D& sz éé%‘f\@aﬁﬂ%‘f;#
BRI D720, T2 TITMOLDIERZ S TEBR AN T X A AEREEE LT, FERBINE I TIEFEE TR
90% %A 5 FETHRVIELFESE, a7 V7 LBMEOLRHERIZSIM L. ZORE,
ANBNZ EDMHEREEITN T1% THDLZ EEHLMMNI L. WRIZ, T4 —7 7 =4 7 FFEBHTRIA
SN 5 AR Ao BB 2 R L BIN TIE, T4 — 7 7 =2 A 7 SR OBERENK 18% Th
OV L, RS ORI ERF 50~55% LER TEJ, O L 3088 TR s,



B2, IR O—>oL L THEAREZFIN LB IHEN TI%, Bilcg FoREREED. 64%Th -
7. EHIT, WA N =X DITEES S EFERS (A7 by - BRZAMRERE) 2F M Lot Ed
TUE, FE OB E DR 70% & AF ERREOMREEZHTHZ L EH LM L.

LLE, Adastid, ARIC X D2HME R OMERE AR LNCT 2 & & bIZ, ZOREICHET L
AR AT = AN (FERRE « A« mRET V) 1ICEED BHIE R HE 2 Lz, Z OFIRAIE
PORME L MAINEZ D, ZOMENEBEIIZERED H 2 FINEEIC B S D 7 SN KE L &V
AEMI, TR A D= X AOMPAO—Z2 0, ISHFEENAL, FHICERT 5 L A B RE
V. Ko T (FEEY) OGRS E LTHOMIES 2 6 0 LD 7.



