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Abstract

In the digital age, accurate speaker identification plays a crucial role in
forensic and security investigations. However, the widespread use of
internet-based communication platforms, such as WhatsApp, has
introduced new challenges in this field. Factors such as variable
microphone quality, background noise, network distortions, and audio
compression can significantly affect a speaker’s acoustic features and
reduce the accuracy of speaker identification systems. Despite these
limitations, evaluating the performance of acoustic features under such
conditions is essential for advancing forensic phonetics and improving its
practical applications in real-world settings. This study examines the role
of voiceless fricatives in capturing between-speaker variability in audio
recordings obtained through WhatsApp. The novelty of this research lies
in investigating the ability of Persian voiceless fricatives to distinguish
speakers under non-ideal recording conditions. To achieve this goal,
speech data from 100 male Persian speakers were collected, and Mel-
frequency cepstral coefficients (MFCCs) were extracted from the
voiceless fricative segments. These features were then used as input to a
support vector machine (SVM) model for speaker classification. The
results showed that when all voiceless fricatives were considered together,
the model achieved an overall speaker identification accuracy of 69%.
However, analyzing each fricative separately led to an increase in model
accuracy. Among the individual fricatives, the /s/ fricative had the highest
accuracy at 77%, followed by /[/, /f/, and /x/ with accuracies of 75%,
74%, and 73%, respectively. These findings suggest that even in non-ideal
recording conditions, such as WhatsApp recordings, voiceless fricatives
can provide valuable information for speaker differentiation. However,
this study only focuses on one type of non-ideal recording condition, and
further research is needed to explore other potential sources of
degradation. The results highlight the potential of voiceless fricatives in
speaker identification applications, particularly in informal, uncontrolled,
and real-world scenarios where high-quality recording equipment is
unavailable.
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1.Introducrion

In today's digital age, social media platforms like WhatsApp have become ubiquitous
channels for interpersonal communication, generating vast quantities of speech data that
have significant implications for forensic investigations. As criminal activities
increasingly involve digital evidence, forensic phonetics has emerged as a crucial
discipline for examining speech characteristics in legal contexts. This field extracts
speaker-specific features from speech signals to aid in identifying or eliminating
suspects, with applications extending across security, law enforcement, and
technological domain. The intersection of forensic phonetics and social media presents
unique opportunities and challenges.WhatsApp, widely used globally and relevant in
criminal investigations, employs the Opus codec which significantly alters speech
acoustics, potentially obscuring speaker-specific features. Within this challenging
framework, fricative sounds represent a promising yet underexplored avenue for
speaker recognition. These sounds produced by forcing air through narrow constrictions
in the vocal tract, generate complex acoustic patterns influenced by individual
anatomical and physiological traits that may persist despite compression. Prior research
has demonstrated that acoustic properties of fricatives contribute to speaker
identification, but a critical gap exists in understanding their behavior in codec-
compressed speech signals typical of social media platforms. While previous studies
have examined fricatives in laboratory settings or telephone-quality recordings,
WhatsApp voice messages remain largely unexplored despite their forensic relevance.
This study addresses this gap by investigating the potential of voiceless fricatives for
speaker identification in WhatsApp voice messages from Persian speakers. We extract
Mel-frequency cepstral coefficients (MFCCs) from voiceless fricative segments and
apply Support Vector Machine (SVM) for classification, determining whether speaker-
specific information in voiceless fricatives survives the compression process to
contribute valuable insights to forensic practice and speech acoustics research.

2. Literature Review

Previous research has shown that fricatives, despite receiving less attention than vowels,
play a crucial role in speaker identification due to their complex articulatory
mechanisms and sensitivity to individual variation (Gold & French, 2011; Shindler
&bDraxler, 2013). Studies on various languages have highlighted the acoustic
distinctiveness of voiceless fricatives, particularly /s/, in differentiating speakers
(Gordon et al., 2002; Kavanagh, 2012). Schindler and Drexler (2013) found that
fricatives could outperform vowel formant frequencies in speaker recognition in
German. In Persian, Asadi et al. (2019) demonstrated that COG in /s/ was highly
speaker-specific for both male and female speakers, while COG in /[/ was particularly
distinctive for female speakers.More recent studies have reinforced the utility of spectral
moments and cepstral features, with Smorenburg & Heeren (2020) demonstrating that
fricatives retain speaker-discriminatory potential even in telephony speech in Dutch.
Ulrich et al. (2023) further confirmed the superiority of MFCCs over spectral moments
in speaker identification in Russian. The findings collectively suggest that fricatives,
particularly /s/, provide valuable speaker-specific acoustic cues, warranting further
investigation into their role in forensic and linguistic applications.

3. Materials and Methods

A total of 100 male Persian speakers (ages 25-45, M = 29.66, SD = 4.8) participated in
this study. All were native speakers of Standard Persian with undergraduate to doctoral
degrees. The dataset consisted of 20 sentences, each designed to elicit target fricatives
in diverse phonetic contexts. Data collection was conducted online via WhatsApp, given
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its widespread use in Iran and forensic relevance. Participants recorded their voices in
quiet environments using mobile phones. WhatsApp voice messages, encoded with the
Opus codec, were converted to .wav format for analysis in Praat (Boersma & Weenink,
2024). Segmentation was performed using the BAS WebService Maus tool (Baumann
& Winkelmann, 2013). Acoustic analysis focused on MFCCs, widely recognized as
effective features in automatic speaker and speech recognition (Lin, 2017). Speaker
differentiation was assessed using SVM, a robust classification technique (Temko &
Nadeu, 2005; Kinnunen & Li, 2010). Performance was evaluated using accuracy,
precision, recall, and F-score. To assess the discriminative power of each fricative, we
applied SVM models separately to each sound, comparing classification accuracy. All
analyses were conducted in Python 3.13.0 using the pandas and scikit-learn libraries.

4. Discussions and conclusion

Results indicate that voiceless fricatives effectively classify speakers despite the
presence of background noise and compression artifacts in WhatsApp recordings. This
suggests that fricatives retain speaker-specific characteristics even under suboptimal
recording conditions. The effectiveness of MFCCs in analyzing fricatives played a key
role in this outcome. While MFCCs are commonly used for voiced speech segments
like vowels, our findings confirm their high discriminative power for voiceless
fricatives as well. Among the examined fricatives, /s/ exhibited the highest speaker
specificity, consistent with findings from English, German, and Russian. However,
other fricatives—/[/, /f/, and /x/—also demonstrated notable speaker-discriminative
potential, with relatively close classification accuracy. Interestingly, speaker
classification improved when fricatives were analyzed separately, rather than in
combination, likely due to reduced feature overlap and greater model focus on the
distinct spectral properties of each fricative. Overall, these findings highlight voiceless
fricatives as robust acoustic markers for speaker identification, even in real-world
speech data recorded via WhatsApp. This underscores their applicability in forensic
phonetics and linguistic research, particularly in digital communication contexts.
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