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Abstract
In this paper, we propose several compensation approaches to alleviate the effect of additive

noise on speech features for speech recognition. These approaches are simple yet efficient noise
reduction techniques that use online constructed pseudo stereo codebooks to evaluate the statistics in
both clean and noisy environments. The process yields transforms for noise-corrupted speech features
to make them closer to their clean counterparts. We apply these compensation approaches on various
well- known speech features, including mel-frequency cepstral coefficients (MFCC), autocorrelation
mel-frequency cepstral coefficients (AMFCC), linear prediction cepstral coefficients (LPCC) and
perceptual linear prediction cepstral coefficients (PLPCC). Experimental results conducted on the
Aurora-2 database show that the proposed approaches provide all types of the features with a
significant performance gain when compared to the baseline results and those obtained by using the
conventional utterance-based cepstral mean and variance normalization (CMVN).
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m=1

Hltn=[m/P] > BT (o) kL~ i K L PGS 4-8)f 11 JHEE T, (o) i ] (=), Wi
= [ EpvE A 2T *H(Ieast squares){ffflig - PG 4-9) :

T, (w) = afu™ +af u" +-+a) (= 4-9)
(G 4-8)FIIPY E VR B I s [ BRI I 4-10)
J.=[Ya -b[ (' 4-10)
E P Y, U 3T(mn) NS 4-11)5
(Y,),, =[(ym]) " 1<m<NP1<n<K+1 (¢ 4-11)
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AGPp Ao ill-conditional matrix) Y'Y, i o P Z5{FI[IH A K = 152 K = 2 Ryafdid - F{[
K = 1 o WFSEHET, (o) Rl [HRSLIEHEY > 25 PP SRASIER |7 Ty 1 (linear least squares
regression, LLS) = #{ K = 2 PR e T, (o) K- [ ¥l > ZHPPAL KB g )2 g
1# (quadratic least squares regression, QLS) -
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RS I G ARSI PR U F U R < S LR R TG
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RS EIOET R  RET BRD (nl, L <0 < NY o H TN RS P53 R

£ 32 ~ 64 ~ 128 ~ 256 ~ 512 ~ 1024 « T HERRS U FI1 5 PP LA R RSO N LY
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i Er e P > ST IR *E@(magnltude spectrum) == F1 4f! T,J [+ B¢ (autocorrelation
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ARG [ (S-CMVN)O MRS » FESPE U A 70 IR BT
U-CMVN = S-CMVN grzf PR [ PEE R EJ%’“%&} lgaalfrlﬂnffmigjpgiqu:g
R BB » TS I RDIER S O [P S-CMVN A1t
U-CMVN & PR E‘F‘F RAFOEA] o g2y P s Ao AT f SAIFE TR0
‘JEH'FTF*] R AR S T 2 RO Y PR o
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Examalib lﬂf (R (CSC) ~ SR 2 ) [l (LLS) =2 = i /| = ) [l eh (QLS)
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Set A subway babble car exhibition | average | baseline
MFCC 72.91 69.71 68.71 69.22 70.14 61.99
AMFCC 68.60 72.02 68.94 65.58 68.78 65.52
LPCC 72.25 71.32 71.50 70.18 71.31 51.26
PLPCC 75.24 74.34 73.72 74.60 74.48 57.38
Set B | restaurant | street airport | train station | average | baseline
MFCC 71.60 72.16 71.00 68.28 70.76 55.78
AMFCC 72.89 71.23 73.35 70.23 71.93 59.43
LPCC 73.44 72.82 74.68 70.69 72.91 49.58
PLPCC 76.48 75.79 77.01 73.23 75.63 54.51
AP 5T P IR SRR TS R PRI (%)
Set A subway babble car exhibition | average | U-CMVN
MFCC 75.71 73.42 72.36 72.63 73.53 70.14
AMFCC 72.12 74.82 73.49 70.21 72.66 68.78
LPCC 74.53 74.20 75.30 74.38 74.60 71.31
PLPCC 76.07 75.14 75.72 76.06 75.75 74.48
Set B restaurant street airport | train station | average | U-CMVN
MFCC 75.65 75.23 74.97 71.93 74.45 70.76
AMFCC 75.58 76.11 75.02 72.14 74.71 71.93
LPCC 76.08 76.63 76.87 73.84 75.86 72.91
PLPCC 77.69 77.48 78.21 75.13 77.13 75.63

L AHEPECRUE o SR RS e (WA R 2 ) 7 o S AR B U i i
S-S [ PR R L :nf T R B BV 55 = 78 R B

2. @*Sﬁw T “f:ﬁe@ﬁl I B L (HE AR RS S-CMVN =2 U-CMVN » lgpf
T 25 P O FP RS e R B B poak 3 AT A R 5 P i 30
IR ok -

3. OSSR = PR Brs s [ JD VE Bl O BRAG U TR R R N
(OO A > TS TS e BB By i i [ L S I - Iy
YpHh MFCC [F » = FE B Q) 0 L Jet W R B N 105 512 19 256 st =4ty 8
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Set A subway babble car exhibition | average | S-CMVN
MFCC (N=512) 78.71 75.84 80.54 77.40 78.12 73.53
AMFCC (N=512) 79.11 74.26 82.80 75.91 78.02 72.66
MS-LPCC (N=1024) 75.81 72.31 82.38 74.62 76.28 T
AC-LPCC (N=1024) 74.94 75.71 81.19 74.54 76.60
MS-PLPCC (N=128) 77.79 76.14 81.25 78.71 78.47 e
AC-PLPCC (N=32) 78.64 76.57 78.55 77.70 77.87
Set B restaurant | street airport | train station | average | S-CMVN
MFCC (N=512) 75.08 77.82 77.15 77.77 76.95 74.45
AMFCC (N=512) 73.15 79.36 77.28 79.10 77.22 74.71
MS-LPCC (N=1024) 73.57 76.55 78.48 79.16 76.93 .
AC-LPCC (N=1024) 76.35 75.95 80.24 79.61 78.04
MS-PLPCC (N=128) 77.24 77.47 80.40 79.55 78.66 1
AC-PLPCC (N=32) 76.76 77.06 79.90 78.07 77.95

Fob [ T [ (LLS) I PREHETEE (%) - E TN Ao SR a R g

Set A subway babble car exhibition | average [ S-CMVN
MFCC (N=512) 78.92 76.09 80.01 76.57 77.90 73.53
AMFCC (N=512) 76.97 75.06 80.35 73.46 76.46 72.66
MS-LPCC (N=1024) 72.85 75.23 79.79 71.18 T4.77
AC-LPCC (N=1024) 71.70 77.48 78.22 70.91 74.58 74.60
MS-PLPCC (N=64) 79.74 77.70 81.37 79.22 79.51 R
AC-PLPCC (N=64) 76.63 77.15 76.02 75.93 76.43
Set B restaurant | street airport | train station | average | S-CMVN
MFCC (N=512) 78.89 78.19 77.72 77.62 77.35 74.45
AMFCC (N=512) 74.45 77.55 77.29 76.95 76.56 74.71
MS-LPCC (N=1024) 75.29 74.91 79.42 77.97 76.90
AC-LPCC (N=1024) 77.82 74.32 80.66 78.12 77.73 7586
MS-PLPCC (N=64) 78.71 78.91 81.17 80.44 79.81
AC-PLPCC (N=64) 77.79 75.56 | 79.40 76.69 77.36 713

. n?ﬂxw F
B RS S R B S B
(CSC) ~ A fed | T [ISeH (LLS)ZE = e | ) [t (QLS) » [l = e P7sis i o e
Bt ]:FJTJ‘FJ (A (MFCC)~ | 'TE'%%TAP 2 AR R (AMECC) s T i i FRE(LPCC) =2
Wﬁ'ﬂ%ﬁjmﬁﬂfﬁ?’? i I'h”s??(PLPCC)J”?&IF'EJéﬁ%' PRSI LSV R B e e



F s DO T [ (QLS) V PEBRETES (%) » H N F A SRS B

Set A subway babble car exhibition | average | S-CMVN
MFCC (N=256) 77.71 76.44 82.60 77.38 78.53 73.53
AMFCC (N=512) 72.61 76.94 81.08 71.02 75.41 72.66
MS-LPCC (N=1024) 69.82 74.99 80.80 71.04 74.16 74.60
AC-LPCC (N=1024) 67.35 75.45 77.81 69.54 72.54* '
MS-PLPCC (N=64) 76.83 76.74 82.80 77.94 78.58 75,75
AC-PLPCC (N=512) 71.48 73.05 74.29 72.48 72.82* '
Set B restaurant street airport train station | average | S-CMVN
MFCC (N=256) 73.88 77.19 77.70 79.18 76.99 74.45
AMFCC(N=512) 74.47 75.50 78.95 78.72 76.91 74.71
MS-LPCC (N=1024) 74.75 72.06 79.65 78.55 76.25 =
AC-LPCC (N=1024) 75.28 70.17 78.92 76.97 75.34* '
MS-PLPCC (N=64) 76.53 76.60 81.22 81.19 78.89 7713
AC-PLPCC (N=512) 72.61 70.62 76.19 74.24 73.41* '
FRSLEAA] Ef**‘jlp‘l FEP TR B MR I A BT EOARE TR - Y R
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