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Clipping Restoration of Audio Signals Based on Kernel

Fisher Discriminant and Weighted Codebook Mapping

Deng Feng , Bao Changchun, Bao Feng

(School of Electronic Information and Control Engineering, Beijing University of Technology,

Beijing, 100124, China)

Abstract: A new clipping restoration method of audio signals is proposed based on kernel Fisher

discriminant (KFD) and weighted codebook mapping ( WCBM) in modified discrete cosine

transform (MDCT) domain. Firstly, the four clipping features are extracted according to the

MDCT coefficients of audio signals. Secondly, the clipping feature parameters are used to train

the optimal kernel Fisher classifier which is employed to detect the clipping. Finally, the

WCBM of sub-band envelop is adopted to restore the clipping of audio signals. The test results

indicate that the proposed method can effectively remove the clipping distortion of audio signals

and obviously outperforms the existing clipping restoration methods.

Key words: kernel Fisher discriminant; weighted codebook mapping; modified discrete cosine

transform; clipping restoration; clipping detection
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Table 2 Clipping detection test results %

EAAR OBl dER RER AR
30 92.78 9.75 4.78
RPEBER 40 92. 86 6.92 8.93
50 93.61 8. 17 5. 26
30 91. 81 8.37 5. 28
WATE R 40 92,52 8.42 5.18
50 92.67 8.06 6. 82
30 91. 64 9.94 7.50
AR 40 92.42 8. 06 7.18
50 95. 21 8.05 4.22
30 90.91 7.59 4. 24
AW 4R 28 40 92. 95 6.32 7.64
50 93. 60 5.73 6.55
30 90. 69 7.55 8. 35
RE RS 40 91. 87 7.66 7.85
50 93.12 6. 36 7.15
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Table 3 Test results of LSD

FAZEH] BB/ 0 BB S UOR R AR SO

30 21.552 10. 785 2.216

KILBEA 40 21.610 10. 818 2. 417
50 21.637 10. 858 2.779

30 17.933 7.239 3.237

WATH R 40 17.708 7.469 3.418
50 17. 360 7.929 3.778

30 24.032 8.599 2.132

R 40 23.978 8. 634 2.218
50 23.935 8. 681 2.383

30 13. 670 7.356 2.335

2N AR 28 40 13.590 7.884 3. 440
50 13. 380 8. 549 3.719

30 17.127 7.908 2.069

BARK 40 17.145 8.188 2. 161
50 16. 974 8. 686 2. 444
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Table 4 Test results of segmental SNR

gy B SNR../dB
IR % e U Ao
RO = U@ S A SO
30 0.126 2.286 3.203
REEEK 40 0.375 3.879 5.180
50 0.330 4,671 6.417
30 —0.310  1.903 4,964
WATHRE 40 —0.714  3.481 6.579
50 —0.945  3.832 6. 803
30 —0.341 1. 262 3.031
B R 10 —0.497 1. 902 5.053
50 —0.781  2.825 7.203
30 —0.271  2.439 5.329
525 5 3 10 —0.335  3.621 5.822
50 —0.227  3.431 8. 645
30 —0.013  0.557 5.172
RERE 40 —0.010 0.983 6.596
50 0. 045 2.169 6.021

MR 4 0] DUHE A SO 0 43 B A M L 4R
B B AT PR 2 25 Bk, DT Pk 308 B AR SR
2 S 2% Rk B A ) s B e
2.2.5 WHHAEESH

AR SCHY T i T2 A T AR R AR B LA B AL
iy 45 ke 55 7 8 4o T AR A SR AT B B AR E N N
T YN 25 A TSRS 5 Bk 5 A 50 5 2% oy
Ty A5 /N 5 0 A5 1) B AR TR AL . PR AR SR
S5 A4 B /IN SRR A AT AR FH S I
REE WA .

3 HRIF

X T I 1 G I AN 52 A% G 1) T ik A R A
BRHEAT A SCHE MDCT 342 1 — BT 04 11 9 6
W5 R Jr k. | R T KFD il — Ff
MDCT 3B I BRI 7 12 o 2% 07 W6 R 46 5 045
) MDCT £ 80 U717 £ 2% 45 Wil 9 R AR 2 480 8
Ja X SE 4R AE 2 RO R 4% Fisher 732648, T
G F) I8 5 i i AR A G 0 245 2R, B M — Ao 3 T Al
%) WCBM J7 3 K A8 5 1 U 73 28 & 35 45
) MDCT 2550, HoRs H AR #2152 BRI 35 fr)
B MREE R R W AR SO R J7 ¥k e A 2Ue =
AR Bk 0 CHI I8 BE 810 43 30 R 3006 40 04 il
50%0) IF HHAMRE T2 BB E Ik,

SE

[1] Godsill SJ. Rayner p J] W. Digital audio restoration
— A statistical model-based approach[ M]. London:
Springer-Verlag, 1998:191-204.

[2] ABEL J S, Smith J O. Restoring a clipped signal
[C]//ICASSP. [S.1.]: IEEE, 1991:1745-1748.

[3] Olofsson T. Deconvolution and model-based restora-
tion of clipped ultrasonic signals[J]. TEEE Trans on
Instrumentation and Measurement, 2005, 54 (3):
1235-1240.

[4] Audacity. Cubic interpolation method for declipping
in clipfix plug in [ EB/OL]. http://www. ga-
clrecords. org. uk/audacity. html, 2013.

(5] XU AT A 5 R, 5. & WU 5 80U 28 20 00 K )
SR T]. AR 2009,28(4) :498-502,

Liu Chunhua, Fu Qiang, Yang Jiawei, et al. The
clipping detection and restoration for audio signal[J].
Technical Acoustics, 2009,28(4):498-502.

[6] Zhang D W, Bao C C, Deng F. et al, A restoration
method of the clipped audio signals based on MDCT
[C]//ISSPIT 2011. Bilbao. Spain: IEEE, 2011,253-



H X WA BT Fisher S 50HUIM AL 45 WU 89 & 5UE 5 BB 18 52 07 vk 221

[7]

(8]

(9]

(10]

[11]

(12]

257.

LLiZ G, Wang F L, Zhu W Z. An optimal kernel
Fisher nonlinear discriminant analysis method and ap-
plied on face recognition[C] //CIS 2008. Suzhou,
China: IEEE. 2008.233-237.

Zhou X, Wu Y. Application of kernel fisher discrimi-
nant analysis to digital signal classification[ J]. Jour-
nal of Beijing University of Posts and Telecommuni-
cations, 2011,34(2):35-39.

ZhuJ, Hoi SC H, Lyu M R. Face annotation using
transductive kernel Fisher discriminant[]J]. IEEE
Trans on Multimedia, 2008,10(1) :86-96.

Larsen E R, Aarts R M. Audio bandwidth exten-
sion— Application of psychoacoustics, signal process-
ing and loudspeaker designf M]. UK John Wiley &.
Sons Ltd, 2004 .:145-234.

Deng J D, Simmermacher C, Cranefield S. A study
on feature analysis for musical instrument classifica-
tion[J]. IEEE Trans on Systems, Man, and Cyber-
netics, 2008,38(2):429-438.

MPGE Audio Group. Information technology—Mul-

timedia content description interface-Part 4. Audio

[S]. ISO/IEC15938-4, 2001.

[13] . il g g i R LML P94 . P92y T RH
K2 AL 2007 :109-153.

Bao Changchun. The principles of digital speech cod-
inglM]. Xi'an: Xidian University Press, 2007:109-
153.

L1475 55 A s . 6 T g 07 VR - A AL % 3 5 Aty 7 Joe i
RIBEFELT ). 752240, 2009, 34(5) :471-480.

Zhang Yong, Hu Ruimin. Speech wideband exten-
sion based on gaussian mixture model [ J]. Acta
Acustica, 2009,34(5):471-480.

[15] Pulakka H, LAaksonen L, Vainio M, et al. Evalua-
tion of an artificial speech bandwidth extension meth-
od in three languages[J]. TEEE Trans on Audio,
Speech and Language Processing, 2008,16(6):1124-
1137.

EE A 01983, B WF 5 A L BF 95 07 1] < 3 35 A0
FAT I 5E , E-mail ; dengfeng @ emails. bjut. edu. cnj; fif] K
(1965-), B i+, 47 1 4 SR 0F 58 0 18 0 3 O
WSS A T B (1990-) , BB L AL BF 5% Ak L BF 58 7 10) < 1 %
AN AT O



