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Abstract; Identifying cell-phones using recorded speech has become a hot topic in the field of multimedia forensics in
recent years. However, most of the existing studies focus on the clean speech or the speech with unnaturally artificial noise.
In this paper,the speech with background noise is taken into account and a source cell-phone identification method is presen-
ted on the basis of the low-dimensional deep features. First, the logarithmic Mel-filter bank coefficients are extracted as the
main acoustic features and input to the temporal convolutional network for training and further extracting the deep features of
speech devices. Then,the linear discriminant analysis is used to reduce the size of the high-dimensional deep features and re-
move the redundancy. Finally ,the low-dimensional deep features are used as input to the support vector machine classifier.
The experimental results on 47 models of mobile phones and 37600 speech samples with background noise show that the
proposed method has better recognition performance and better adaptability to different brands,different models of the same
brand, different sampling lengths, different sizes of the dataset,and different sampling rates.
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WEFE AT 127 2] A SCae 2 U1 25 JR 3 x4 30. TCN 1Yy
HASEC AR 2 NS Z5 T 45 .

X LDA YRR —Fiog W I RE4E i, 5 2 nl LARE
FIZRAECK - 1 W45 UL, LDD (RRAE4E R ol |
=46. X} T SVM, A SCHERRAR 0] B BR B R 4 2S 2 A% bR
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x ®a, W & e
A I e ::,f,., 3.5 RERRRI R |
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3.4 AEMEY4ETERINTEE
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T LDA, H I R 4E 5 38 A FE 43 53 i ( Principal
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FC) #1JR) #B 2k M4 4 A ( Locally Linear Embedding, LLE)
22 AN ) Y A 44 D PR AS ) £ 17 P
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BB A AT 0.04%. R SIIG 45 R,
HDD + TCN Jy ik B2l 5 TCN 2 J7 $2 0L HDD, A fig
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EORAED A, EMMELLIX 4. 3R 4 451 T BED + SVM |
CQT + CNN F1 LDD + SVM = Ffi J7 1 75 AH 5] 5 LA [i] 754
‘5 I Precision \Recall Fll F1-score (455, AT LIE Y, 125
AF AR BLS: (4R ASTE] ID) |, LDD + SVM [1)£F i
R F1 A8 ELET BED + SVM Fll CQT + CNN. JipAh,
Bk T 78 1D36 i1 ID38 |, LDD + SVM {4 4= R ERY K

[ A5 |, LDD + SVM [ £ 43835 i &L T BED + SVM
H1 CQT + CNN. 1fif H., n] LIRVE #E 19 F 3], LDD + SVM JL
FAERAN S ERREERERAR) T 100% . FIRSSIRE
W1, LDD + SVM XA 7] i AN 5] 55 T B %) 3 1o 4 2 B
AT BED + SVM F1 CQT + CNN.

®4 =MIRNFTEEERREARES ERIERHER

Precision Recall F1-score
Tyt D
BED + SVM | CQT + CNN | LDD + SVM | BED + SVM | CQT + CNN | LDD + SVM | BED + SVM | CQT + CNN | LDD + SVM
. 1 1 1 1 1 1 1 1 1 1
Hongmi
2 0.95 0.93 1 0.93 0.92 1 0.94 0.92 1
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gk
Precision Recall F1-score
s L 1D
BED + SVM | CQT + CNN | LDD + SVM | BED + SVM | CQT + CNN | LDD + SVM | BED + SVM | CQT + CNN | LDD + SVM
3 0.96 0.97 1 0.94 0.96 1 0.95 0.97 1
4 1 0.99 1 1 0.99 1 1 0.99 1
Honor 5 0.99 0.98 1 0. 96 0.97 1 0.98 0.97 1
6 1 0.99 1 0.98 0.99 1 0.99 0.99 1
7 1 1 1 1 1 1 1 1 1
8 0.96 0.96 1 1 1 1 0.98 0.98 1
9 0.97 0.93 1 1 0.99 1 0.98 0.96 1
10 0.99 1 1 0.95 1 1 0.97 1 1
11 0.99 0.95 1 0.94 0.91 1 0.97 0.93 1
Huawei 12 0.99 1 1 1 1 1 0.99 1 1
13 0.98 0.98 1 1 0.98 1 0.99 0.98 1
14 1 1 1 1 1 1 1 1 1
15 0.74 0.98 1 1 0.97 1 0.85 0.98 1
16 0. 89 0. 85 1 1 0.98 1 0.94 0.91 1
17 1 0.98 1 0. 66 0.77 0.99 0.79 0. 86 1
[Phone 18 0.92 0.93 1 0.96 0. 89 1 0.94 0.91 1
19 0.96 0.99 1 0.98 1 1 0.97 1 1
20 1 1 1 1 1 1 1 1 1
Nubia 21 0.98 1 1 1 1 1 0.99 1 1
22 0.99 1 1 0.94 1 1 0.97 1 1
23 1 1 1 0.95 0.98 1 0.98 0.99 1
24 0.97 0.99 1 1 1 1 0.99 1 1
Oppo 25 0.99 0.99 1 0.94 0.97 1 0. 96 0.98 1
26 1 1 1 1 0.98 1 1 0.99 1
27 0.92 0.97 1 0.98 0.99 1 0.95 0.98 1
28 0. 89 0. 84 1 0.97 0.94 1 0.93 0.89 1
Samsung 29 1 1 1 1 1 1 1 1 1
30 1 0.94 1 1 1 1 1 0.97 1
31 0.97 0.97 1 0.91 0.96 1 0.94 0.97 1
. 32 1 0.96 1 0.97 0.91 1 0.99 0.93 1
Vive 33 0.98 0.92 I 0.99 0.98 I 0.98 0.95 1
34 1 1 1 0.99 0.99 0.99 0.99 0.99 1
35 0.99 0.99 1 1 0.99 1 0.99 0.99 1
36 1 0.94 1 1 1 0.99 1 0.97 1
37 0.99 1 1 0.98 1 1 0.98 1 1
38 1 0.99 1 1 1 0.99 1 0.99 1
39 1 0.98 1 0.99 0.99 1 1 0.99 1
40 0.98 0.99 1 0.92 0. 83 1 0.95 0.9 1
Xiaomi 41 1 1 1 1 0.98 1 1 0.99 1
42 0.99 0.99 1 0.98 0.96 1 0.99 0.98 1
43 0.99 0.97 1 0.98 0.96 1 0.99 0.97 1
44 1 1 1 1 1 1 1 1 1
45 1 1 1 0.94 1 1 0.97 1 1
46 0.99 1 1 0.99 0.99 1 0.99 1 1
One_plusone 47 0.99 1 1 1 1 1 0.99 1 1
SE M 0. 9766 0.9753 1 0.9728 0.9728 0.9991 0.9734 0.9738 1

WA, B 6 45 HY T BED + SVM, CQT + CNN #i
LDD + SVM = Fl J5 & £ A 8] & it I Precision , Recall
1 F1-score =M HghrpI &R IWEIH AT LIE H L ET A
R F B L L LDD + SVM {75 HE 3 2 4 3 A

F1 43508 % W] & 4F F BED + SVM Il CQT + CNN.
H  {X7F Nubia ,Samsung Fl One_plusone =Fp FH I 5
BED + SVM F1 CQT + CNN Jif 5 AH > , 3 f2 F ok s 1
X =M R — 5. EARSREGE T LDD +
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SVM X5f A [A] = AL b B 1) 38 17 1 224 T BED + SVM Al
CQT + CNN.

-e-BED+SVM

——CQT+CNN
—*-LDD+SVM

094
Hongmi Honor Huawei IPhone Nubia Oppo Samsung Vivo Xiaomi  One_plusone
FHLEME

(a) iR

-6-BED+SVM
——CQT+CNN
—*-LDD+SVM

-6-BED+SVM
——CQT+CNN
—*-LDD+SVM

Yirgmi Honor Huawei 1Phone Nubia Oppo
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T O G
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FHLBA(E B B R, A TIBSF 9
AR A R R D AR R g, AT AR 45 R
TEESL AR A kR . G A B BOIE Tk,
PEAEAFAEAR 2838 00 (B K /N T 3s ), 491 4n =41 B B 3
A EF IR e 5. L, 8 T 5 8 AS [R1E 50 7
P RIREAAS B 38 WPk 16 8 251 T BED + SVM
CQT + CNN F1 LDD + SVM =FpJ5 ik x84~ FHL ID |
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JE R RO M BB AR B i E . X Rl 6 iR
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RIARLE. 9 45 T LDD + SVM J5 ¥k 43 Gl 46 R+
% 8kHz 11. 025kHz 122. 05kHz R iR 5. 7] LG
th, BARAE 22. 05kHz T (1 3% fAR U P e g fy — 26, {1
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