3606

E-mail: jig@aircas.ac.cn EPEI%%H???E

Website: www.cjig.cn JOURNAL OF IMAGE AND GRAPHICS
Tel: 010-58887035 O HEERERFRRINTE

FEESES TP18; TP391 XERFRIZAED: A XEHS: 1006-8961(2026)10-3606-12

X5 AR :SuZ P, Fang Z, Zhang G F, Wang Y F and Zang H J. 2026. Multiscale feature fusion and dynamic enhancement for voice source iden-
tification. Journal of Image and Graphics, 31(10):3606-3617 (JRJ&f, FR, KEE, T &, M. 2026, 2 RERMERS 538015
TIPS . P EREEIESR, 31(10):3606-3617)[ DOI: 10. 11834/jig. 250570 ]

% REFIEME S HSIERAYIE TR R3]

= 1,2.,3 . 1 =7 1,3,4% 1,2,3 ~ =2 1,2,3
Aok IR, KE S CEFE TR A
L AT RZET AL EFE RS0, A 2306015 2. R EE HIK ARG LR LHE (G TR A 230009;
3. Tl B 450 A H R EHAE B A (AR TR AL 2300095 4. F U ERT IRBEA3L50 %, A0 230000

# OE: BN AZERBOESUE, 5 TR AR IE N T RA SR A B L AR EE, AW, WA A KE
ICRE B FALIRS | M JC KGR, S EOE T IEE Z 0 4 B R R i Ak B SOG4 —
Fin 2 RO RRE LA 5 2h 25 4 50 09 18 35 2k JE R 90 A% Y (multi-scale feature fusion and dynamic enhancement for voice
source identification, VSD) o Fo3& B, i 5k 25 —I12 85 77 D3 [v) IO 45, 494 SIS 10 3o AN ] B 4 AH DG RRAE AT $2 58 77
FRBOE 55 W8 {08 SURFE ; R, B H I 1 3R 353558 TDNN (time-delay neural network ) (7 (ACRHE SR UL, i
ST A M B T & A RRIE AR B PR TS 29088 2% SE-Res2Net I R RAAFE SR IBUBTHE A5 250 B2 T WL 4 14
Z IR AR IR 22 5 SRS BT B T RE SR S Bl A 4 R DR I R AE B s AR e, B SR S5 4T 55 T OG5 B, B
WA AR SC I RAE 2 5 S, AR AR B A3 A8 S A5 BRI 35 TR G0 & U0 . R O TR
PERIH AT M AR SO B T 14 F AL R 121 SRR & 1 1 B U4 . BT 32 VST A [ S5 4 R R
(equal error rate, EER) f{&ﬁﬁ%(accuracy, ACC) Fifg /NS AL A #R ZX (minimum detection cost function, minDCF )3
BR324 7. 50% . 89. 97% A1 0. 38, A HL T S uF HL i) Hofl 4 7 07 3, EER 70 S FEAIR T 4. 75% . 4. 71% . 5. 44% Al
3.46%, ACC T B4 TH T 3. 98%.2. 20% 4. 90% F1 2. 52% , minDCF 433 N F& T 0. 04.0. 04.0. 30 F10. 03, 1fij H., £ /)
TEBUB TR E I CRFER i UMIRE PR T B — @ M E i, &t LR UNZBB R R i & Bl 1R
FLFIESE , S RIREGIE B REL B A By DGR U AT AR S H s

KR . ZHHRBGIE 15 2R IE R ; 2 REFHMERL S A58 ; AL MATR)

Multiscale feature fusion and dynamic enhancement for

voice source identification

Su Zhaopin'*?, Fang Zhen', Zhang Guofu'**", Wang Yaofei' >, Zang Huaijuan"?*?
1. School of Computer and Information Technology , Hefei University of Technology . Hefei 230601, Chinas
2. Intelligent Interconnected System Anhui Laboratory (Hefei University of Technology) , Hefei 230009, China
3. Anhui Province Key Laboratory of Industry Safety and Emergency Technology(Hefei University of Technology ) . Hefei 230009, Chinas
4. Joint Laboratory of Intelligent Prevention and Recognition of Voice and Video, Hefei 230000, China

Abstract: Objective In the field of multimedia forensics, identifying the source of voice evidence is crucial for judicial

s B #7:2025-11-12; 18 [ B #3:2026-02-11; HIED 2% B #7:2026-02-18

* BIEEE KEE  zgf@hfutedu.cn

EEWE [ A AR AT H (62302146)  ZH HASCH R0 5 MU AL G 10 H (24YJA870011) 5 st i A SEA Rl 55 2% % 11
4 %1 (PA202511SLO104, PA2025GDSK0078)

Supported by : National Natural Science Foundation of China(62302146) ; MOE (Ministry of Education in China) Project of Humanities and Social
Sciences(24YJA870011) ; Fundamental Research Funds for the Central Universities of China(PA202511SL0104, PA2025GDSK0078)



3607
ke, FiR, KEE, EETC, #IRE
£31% /% 10 83 /2026 £ 10 B & REFHEME 5375885 FkIRIR A

applications and information security. Voice recordings often serve as key evidence in legal investigations, yet their eviden-
tial value is limited by the capabilities of current analytical techniques. Most existing approaches focus on identifying the
mobile phone model but lack the precision to differentiate between individual devices of the same model. This limitation
considerably reduces the utility of voice evidence because it cannot be uniquely linked to a specific device. As a result,
such evidence is often treated as supplementary in court proceedings rather than being considered direct and legally valid
proof. Fine-grained device identification inability hinders digital forensics effectiveness and highlights the need for
advanced methodologies. Method To address this challenge, this study proposes a novel voice source identification (VSI)
model based on multiscale feature fusion and dynamic enhancement. The model is designed to capture and amplify the
subtle hardware-specific fingerprints embedded in speech signals. These fingerprints arise from variations in microphone
and circuit components, making them unique to each device. The proposed framework consists of several interconnected
modules. First, a residual-attention collaborative network is employed to enhance feature representation. This network
combines the strengths of residual learning and attention mechanisms, enabling the model to focus on device-related charac-
teristics while suppressing irrelevant speech content and environmental noise. The residual connections facilitate training
stability, while the attention mechanism dynamically weights important features, improving discriminability. Second, a
dual-path feature extraction structure is implemented. The overall feature extraction module uses an expression-enhanced
time delay neural network to capture broad, context-rich device characteristics. This module processes long-term temporal
dependencies, which are essential for identifying model-level attributes. Simultaneously, a local feature extraction module
based on a multilevel residual SE-Res2Net architecture is used to capture fine-grained, high-frequency details. This com-
ponent excels at identifying minute differences between individual devices by leveraging hierarchical residual connections
and channel-wise attention, enabling multiscale feature learning within a unified framework. Third, a feature enhancement
module incorporating feature recalibration and dynamic global filtering is applied. This module refines the fused multiscale
features by emphasizing task-relevant information and filtering out noise. Feature recalibration adjusts channel-wise feature
responses adaptively, while dynamic global filtering performs content-aware smoothing and enhancement, further strength-
ening the device-specific representations. Finally, a fine-grained classification model is constructed to achieve cross-level
device identification. This classifier is trained to distinguish devices at multiple hierarchical levels, from brand and model
down to the individual unit, improving accuracy and generalization. The entire architecture is optimized end-to-end, ensur-
ing seamless integration of all components. Result To evaluate the effectiveness of the proposed VSI model comprehen-
sively, a large-scale voice dataset comprising 14 mobile phone brands and 121 different individual devices was con-
structed. This dataset is designed to cover a wide range of scenarios and conditions, thereby providing a rigorous testbed for
assessing the model’s performance. The VSI model was evaluated using three key metrics: equal error rate (EER) , accu-
racy (ACC), and minimum detection cost function (minDCF). Results demonstrate the superior performance of the VSI
model compared with existing methods. Specifically, the VSI model achieved an EER of 7. 50%, an ACC of 89. 97%, and
a minDCF of 0. 38. These results are remarkably better than those obtained by four other state-of-the-art methods reported
in the literature. Compared with these methods, the EER was reduced by 4. 75%, 4.71%, 5.44% and 3. 46%, respec-
tively. The ACC was increased by 3. 98%, 2.20%, 4. 90%, and 2. 52% respectively, and the minDCF was decreased by
0.04, 0.04, 0.30, and 0. 03, respectively. These improvements highlight the effectiveness of the VSI model in accurately
identifying individual devices from voice signals. Moreover, the VSI model demonstrated robustness under varying condi-
tions of voice duration, sampling rate, and encoding format. This robustness is crucial for practical applications because
voice signals in real-world scenarios often exhibit variations in these parameters. The ability of the VSI model to maintain
high performance across different conditions indicates its potential for widespread adoption in forensic and security-related
applications. Conclusion The findings demonstrate that the proposed VSI model remarkably advances the field of voice
source identification by enabling precise, individual-level device recognition. By effectively extracting and enhancing
hardware-specific fingerprints from speech signals, the model provides a reliable means of linking voice recordings to spe-
cific mobile devices. This capability enhances the evidentiary value of voice data in judicial contexts, allowing it to serve
as direct and valid evidence. Furthermore, the model’s robustness to real-world variations ensures its practical applicabil-

ity in diverse scenarios. These contributions offer strong technical support for judicial forensics, intelligent terminal authen-
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tication, and broader domains of multimedia security. Future work will focus on extending the model to handle more com-

plex audio manipulations and integrating it with complementary forensic techniques.

Key words: multimedia forensics; voice source identification; multi-scale feature fusion; dynamic enhancement; indi-

vidual mobile identification
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