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A Recording Device Identification Algorithm Based on Improved PNCC
Feature and Two-Step Discriminative Training
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Abstract: Recording device identification is a kind of blind digital audio forensic technique, which extracts digital evidence
of device mechanism involved in the generation of the speech recording by analyzing the acoustic signal. This paper proposes a
recording device identification algorithm which is based on improved PNCC feature and two-step discriminative training. Due to the
fact that silence periods contain the device information and is not affected by speaker and texture factors, this paper extracts im-
proved PNCC from silence periods, which uses long term analysis to remove the effect of background noise. GMM-UBM is set as
the baseline system, which is improved by two steps discriminative training. The experimental result indicates that the average accu-

racy of recording device identification on 30 devices is 90.23 % ; for 15 inset and 15 outset devices testing, the EER is 15.17% and

ACC is 96.65% , which proves the effectiveness of the proposed algorithm.
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MFCC 81.51

(2) AN[RIRETY S - 422 O F) ST 36 R P AR SOt )
PNCC Ak, fEUZR AN [] 15 a8 SR IEAT 30 418 48 1O 4]
U, HA5 Rk 6.

®6 REAFTRERITHOLE(%)

Al B s Y 30 M BA T IE LR (ACC% )
X A3 VI A 1 90.23
GMM-UBM B #1557 87.52
R[S IR 60.47




o1 M

BRI : H T PNCC IR NS X 3PV 2R A0 s 3 L R ik 197

AR I AR B E IR B RIR B T 30% A&
A, SCHRES b A 2 DTG AIB & BREAR R BGR 35
WA R, BOREFRIBUT FRAE 23 52 BTG A M5 B AR
BAER R EZW . 5 — 7T, 76 5% 5 3 5 R 51 2 1 1
N, SCHERLS TH BT AN 2R DL 37 40 2 Bk DL 7 B X
A3 PER A3 2 28%  AR ST J7 35 1T DAAE B GMM-UBM #2446
JERG 2210 e T RROR S 22 IR S SRR 5 3 0o 45
X ATPEVINZRRAT HAT X431k 1 o 3 i 4 A5 B 2B X
O PEVI SRR R GMM-UBM AH EC, A 2. 71% (142 7F, 6d
AR SCHY IX 43PN 250 AT %

UG 3 RN RIEE AN SR B A L SR

EEXTSCIBETT (3) T4 14 43 4 40 B HEA TS 56, 3R A5

M SR 2 R R 7.
KT AEARFEFRANAENLER (%)
EER(% )/ACC(% )
s
GMM-UBM A& 1 WA X A e I A
5 N/25 Fb 14.27/97.57 12.25/98.73
15 M /15 b 17.38/95. 14 15.17/96.65
25 /5 Ak 18.95/91.86 16.26/93.32

W 7, i KA 2Rt T4 3 A e ShBE 45 R
IS AS TR RAR T 17% , U B A B % 4 9 R4 AR 1%
# BAT W0 KA 68 7 . T = 20 43 4 52 36 vh W 4 X 01k
YNGR ERELA T GMM-UBM 55750 | 13 B A< 32 45 X 43
PEVI R fili £ 15 4 A5 2 [0] ) X 40 P AR K, 40 iR 227
/I, PIBE AR N 7 35 0 6 U5 R A 2E . GMM-UBM 5 .
Ti— 5 T, 2R B/ AR 22 111 25, 4 PO AL R 58
SO 2 [a) ) BE B AR R, DT (A5 55 4 1R R L GMM-
UBM /v, At X 42 N AR A0 5 15285 I 00, AR S
P X A3 P I A A B A A U8R

5 4Z5ig

ASCEEH T —Fh 5 F et it PNCC FRAE R A0 X 43
PEVI R S5 WA R B i, B P i i e &
ToORBRE AR B, HARZ Ubis A SCAR 25 R 2 (15
M), PRIkt DA B AR B () PNCC AAE , R T PNCC
P BT 20 BT 25 B T 5% Ml 75 % 8 4 1 J8 1) 2 i) . A A5
RUJ7 1D, LA GMM-UBM Ay 2 RS 7R 3 3 1o 9 28 X 3k
YIGR IR 4 PN 5 A 4 R0 R 38 5 S B R, 4R T R X
GrRed) R R MoV KR 22 I 4y, AR R N
BT (A P A5 BT 2 TR () A SR 22 B/ 58 R
FA s/ NIAR 22 U 25, 18 4% 30 75 5ol A 45 ) 4%
R I3 S S AR A i IR 25 /N SEER R X T
30 Firik & AL 19 - B IE RIS R N 90.23% , 5 X
BROS TG , PEREIRTT T 30% s T 15 DNEENFI 15 M EE
MBI, SR AR R 15.17% , 52 N IE A L1 3%

N 96.65 % , il T AR SCHRIE BOA R E AT SR

X SR DA HER, A SCH) AR T 9 E 5, R
AR LB AR N TRk M BRI, 1B 2 5T
B2 ) SR B A B A — R BT A S0 41, AR
AL 5 0 O SR OB {5 A R R B
SO Ja B — M IEFE T 1]

S 3k

(1] b, FLARZE TR, 55 56T 25 eR B0 B IO B 5 f8)
AR A OUE 35 7 5 B B b B BT (7] 72 4,
2012,40 (3):595 - 599.

Zong Wei, Kong Xiang wei, You Xingang, et al. Forensic
speech information hiding using fractional cosine cepstrum
transform| J | . Acta Electronica Sinica,2012,40(3) :595 — 599.
(in Chinese)

SRR, £, S8R0, 5 BT RCE R SR R
AAUE PG T A [T]. 2742, 2008, 36 (6) : 1047 -
1051.

Zhou Lin-na, Wang Dong-ming, Guo Yun-biao, et al. Exposing

(2

[

digital forgeries by detecting image blurred mathematical mor-
phology edge[ J]. Acta Electronica Sinica,2008,36(6) : 1047 —
1051. (in Chinese)

[3] Kang Xiangui, Li Yinxiang, Qu Zhenhua, et al. Enhancing
source camera identification performance with a camera refer-
ence phase sensor pattern noise| J | . IEEE Transactions on In-
formation Forensics and Security,2012,7(2) :393 - 402.

[4] Chiang Peiju, N Khanna, A Mikkilineni, et al.Printer and scan-
ner forensics[ J]. IEEE Signal Processing Magazine, 2009, 26
(2):72-83.

[5] C Kraetzer, A Oermann, J Dittmann, et al. Digital audio foren-
sics : A first practical evaluation on microphone and environment
classification[ A ]. Proceedings of IEEE MMSEC [ C]. New
York: IEEE,2007.63 - 74.

[6] Wang Zhifeng, Wei Gang, He Qianhua. Channel pattern noise
based playback attack detection algorithm for speaker recogni-
tion[ A] . Proceedings of ICMLC[ C] . Guilin: IEEE, 2011 . 1708
- 1713.

[7] D A Reynolds, T F Quatieri, R B Dunn. Speaker verificatioing
adapted gaussian mixture models[ J] . Digital Signal Processing,
2000,10(1-3):19-41.

(8] fuf &, ik, Iyt oie, 45 S KR B fili RN i i *B Lt 11 )5
A UL N BE N T] . B T4, 2000,28(11) 155
- 58.

He Lei, We Jian, Fang Di-tang, et al. A novel speaker adapta-
tion method based on map and NNLR [ J]. Acta Electronica
Sinica,2000,28(11) :55 — 58. (in Chinese)

[9] B H Juang, S Katagiri . Discriminative learning for minimum er-

ror classification[ J ] . IEEE Transactions on Signal Processing,



198 H ¥

& Eihd 2014 4F:

1992,40(12) :3043 — 3054.

[10] S Katagiri, C H Lee, B H Juang. New discriminative training
algorithms based on the generalized probabilistic descent
method[ A]. Proceedings of NNSP[ C]. Los Angles: IEEE,
1991.299 - 308.

(L11] BARIESR, Ing 5L T 25 e ik 04 2 AT U0 36 AR 1) & 1

PERYBIEFELT] . 172741k, 2010,38(12) : 2920 - 2924.
Chen Yan-xiang, Liu Ming. Research on robustness of audio-
visual speaker recognition based on articulatory features[J].
Acta Electronica Sinica,2010,38(12):2920 — 2924. (in Chi-
nese)

[12] Kim Chanwoo,R M Stern. Power-normalized cepstral coeffi-
cients (PNCC) for robust speech recognition[ A ] . Proceedings
of ICASSP[ C] . Tokyo: IEEE,2012.4101 — 4104.

[13] Li Qi, Zheng Jinsong, A Tsai, et al. Robust endpoint detection
and energy normalization for real-time speech and speaker
recognition [ J]. IEEE Transactions on Audio, Speech, and
Language Processing,2002,10(3) : 146 — 157.

(14] TaEE AT, SR FIR, 5 2L T BB A A 35

ER A [T] . R B TR 22 (A SRR R,
2011,39(10) :7 - 12.
Wang Zhifeng, He Qianhua, Zhang Xue-yuan, et al. Playback
attack detection based on channel pattern noise[ J] . Journal of
South China University of Technology ( Natural Science Edi-
tion),2011,(10):7 - 12. (in Chinese)

[15] T Kinnunen, R Saeidi, F Sedlak, et al. Low-variance multita-
per MFCC features: A case study in robust speaker verification
[J].IEEE Transactions on Audio, Speech, and Language Pro-
cessing,2012,20(7) : 1990 — 2001.

[16] M Slaney. Auditory toolbox version 2[ R]. Interval Research
Corporation Technical Report, 1998.

[17] Du Zhihui, Li Xiangyu, Wu Ji. Accelerating the training of
HTK on GPU with CUDA[ A] . Proceedings of IPDPSW[C].
Beijing: IEEE, 2012.1907 - 1914.

[18] NIST. Speaker Recognition Evaluation[ OL ]. http://www.
itl. nist. gov/iad/mig/ tests/sre/,2009 — 09 — 03.

[19] LDC. TIMIT acoustic-phonetic continuous speech corpus

[OL]. http://www. ldc. upenn. edu/Catalog/CatalogEntry .
jsp? catalogld = LDC93S1, 1993 - 09 - 20.

[20] E Atwell, P Howarth, C Souter. The ISLE corpus: Italian and
German spoken learner’ s English[ J].ICAME Journal,, 2003,
27(1):5-18.

[21] Li Yanxiong, He Qianhua, Li Tao, et al. A detection method
of lip-smack in spontaneous speech[ A ]. Proceedings of I-
CALIP[ C] . Nevada: IEEE, 2008 .292 — 297.

[22] CLDC. Playback and Speaker Recognition Database [ OL ].
http: //www . chineseldc . org/resource _ info. php? rid = 154,

2012.
fEF N
WETE  H 1965 42 A4 IR AN .

BUHEAE R B L T 5 17 B B o 1 -
TR RIBER, )ARR T A7 AA LR,
FERFR PR £ A SRR SRR POR
BOFFRAIEA AR B 2B MIMEHEAR &
MRS F IR B EOR TR AN R G it 5
VAT

ERF(EINEE) J.1985 42 A4,
BN AR TR A5 5565 BAL Bl 1
&, e R N HERERE BT LR Be i A 1 SR 1
b WESET5 i i AR S A TR R GRS AR L
B AP AE A . B A ARSI SR 10 5

E-mail : eezfwang @ gmail . com





