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Abstract To overcome the shortcomings in the existing sparse and low-rank speech denoising method that the auditory
perceptual properties are not fully exploited and the speech distortion is easily perceived, a perceptually motivated robust
principal component analysis (ISNRPCA) method is presented. To reflect the nonlinear property for frequency perception
of the basilar membrane, cochleagram is utilized as inputs of ISNRPCA. ISNRPCA uses the perceptually meaningful
Itakura-Saito measure as its optimization objective function. Moreover, nonnegative constraints are also imposed to
regularize the decomposed terms with respect to their physical meaning. We propose an alternating direction method
of multipliers (ADMM) to solve the optimization problem of ISNRPCA. ISNRPCA is totally unsupervised, neither
the speech nor the noise model needs to be trained beforehand. Experimental results under various noise types and
different SNRs demonstrate that ISNRPCA shows promising results for speech denoising. Compared to the state of
the art baselines, this method achieves better performance on noise suppression and demonstrates at least comparable

intelligibility and overall speech quality.
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K2y 3s. PR 5 PR i AR P AR A P K
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2

B RIS T T B T A R Y O i SRR N 5 S O o Tk 251

ISNRPCA 5, \EMMEZSE A A 6w 7E AR b3k
ATHOA, ASCBEE A BRI ab(max(m, n))~1/2,
HA, 24 SNRs BKRF, a=1, M a=0.94; LbFH
RCAFUHE -4 1% (BT INE b= 1.15, &b T i AR0HT H- 8 335 14 ot
b=0.95. HT ISNRPCA gt 5 fafed 32 o 3
JH Y (Stable Principal Component Pursuit, SPCP)
—3 BT, 5 SPCP Mg IENESHEERE, &
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RPCA —4.68 1.07 6.13 10.1 12.6 14.0
ISNRPCA —3.54 1.48 6.15 10.1 13.5 16.2
MBSS —6.20 —1.34 2.37 6.04 8.92 13.0
. SLTF —5.18 0.31 5.51 9.81 11.3 11.4
‘White
RPCA —4.16 1.59 6.58 10.4 12.8 14.1
ISNRPCA —3.64 1.15 5.76 9.88 13.2 16.0
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# 3 A% PESQ B2 Xt H

e P ! SNRs (dB)
: ik
By —10 -5 0 5 10 15
MBSS 0.85 1.44 1.90 2.22 2.54 2.81
SLTF 1.09 1.62 1.92 2.22 2.40 2.55
Babble
RPCA 1.05 1.61 1.99 2.31 2.58 2.81
ISNRPCA 1.02 1.62 2.00 2.35 2.66 2.96
MBSS 1.09 1.40 1.79 2.15 2.48 2.78
SLTF 1.32 1.65 2.00 2.31 2.50 2.67
Factory
RPCA 1.31 1.68 2.02 2.34 2.61 2.83
ISNRPCA 1.33 1.69 2.04 2.37 2.69 3.01
MBSS 1.21 1.52 1.86 2.22 2.70 2.86
Fl6 SLTF 1.36 1.73 2.05 2.34 2.26 2.69
RPCA 1.37 1.73 2.07 2.38 2.66 2.86
ISNRPCA 1.49 1.79 2.10 2.40 2.79 3.01
MBSS 1.17 1.32 1.59 1.98 2.37 2.71
SLTF 1.32 1.54 1.79 2.10 2.39 2.64
Hf-channel
RPCA 1.38 1.56 1.83 2.13 2.43 2.69
ISNRPCA 1.32 1.60 1.88 2.20 2.53 2.87
MBSS 1.14 1.31 1.58 1.95 2.30 2.66
SLTF 1.29 1.53 1.81 2.16 2.46 2.71
White
RPCA 1.31 1.55 1.84 2.15 2.44 2.70
ISNRPCA 1.32 1.62 1.92 2.28 2.60 2.91
# 4 RFEZPE COSI B4t
e P ! SNRs (dB)
: ik
2R —10 -5 0 5 10 15
MBSS 1.03 1.39 1.92 2.40 2.85 3.23
SLTF 1.00 1.25 1.61 1.96 2.22 2.47
Babble
RPCA 1.00 1.32 1.82 2.29 2.69 3.02
ISNRPCA 1.03 1.39 1.93 2.40 2.86 3.28
MBSS 1.04 1.30 1.75 2.25 2.70 3.11
SLTF 1.07 1.35 1.77 2.10 2.26 2.50
Factory
RPCA 1.04 1.34 1.82 2.27 2.66 2.98
ISNRPCA 1.04 1.36 1.87 2.35 2.79 3.20
MBSS 1.10 1.35 1.82 2.32 2.77 3.13
F16 SLTF 1.10 1.42 1.83 2.17 2.38 2.52
RPCA 1.06 1.38 1.87 2.32 2.70 3.03
ISNRPCA 1.10 1.42 1.88 2.35 2.79 3.19
MBSS 1.18 1.39 1.79 2.30 2.79 3.21
. SLTF 1.13 1.39 1.73 2.13 2.45 2.70
Hf-channel
RPCA 1.14 1.40 1.83 2.27 2.68 3.03
ISNRPCA 1.14 1.49 1.95 2.41 2.88 3.30
MBSS 1.02 1.15 1.47 1.99 2.47 2.96
. SLTF 1.02 1.16 1.53 2.01 2.39 2.65
White
RPCA 1.01 1.17 1.55 2.01 2.44 2.81
ISNRPCA 1.02 1.20 1.64 2.13 2.58 2.98




2 # B WA T 0 O R R W SRR R - R A T i 255
%5 ARG STOI Bt (%)
e P ) SNRs (dB)
873
R —-10 -5 0 5 10 15
MBSS 38.3 48.8 60.0 71.0 80.4 86.7
SLTF 40.3 50.3 60.8 69.7 75.7 79.5
Babble
RPCA 39.8 50.3 61.2 70.8 77.9 82.5
ISNRPCA 40.0 51.0 62.5 72.8 81.4 87.1
MBSS 39.2 47.9 58.0 68.3 77.3 85.3
SLTF 42.3 52.2 62.2 70.7 77.2 81.6
Factory
RPCA 42.0 52.3 62.5 71.2 77.9 82.8
ISNRPCA 42.2 52.9 63.6 73.1 81.3 87.2
MBSS 43.1 51.2 60.5 70.1 78.8 85.9
_ SLTF 43.3 53.3 62.8 71.6 77.5 80.0
RPCA 42.9 53.0 63.3 72.0 78.6 83.0
ISNRPCA 43.2 53.5 64.3 73.6 81.6 87.1
MBSS 43.0 50.7 59.7 69.3 78.7 86.8
SLTF 43.4 54.3 64.9 74.4 79.4 83.7
Hf-channel
RPCA 43.3 54.5 65.4 74.4 80.9 85.2
ISNRPCA 42.8 54.9 66.9 77.5 86.1 91.1
MBSS 41.9 48.9 56.6 64.8 73.1 82.3
SLTF 44.1 53.0 62.2 71.0 77.2 81.5
White
RPCA 44.1 53.4 62.7 70.9 77.3 82.0
ISNRPCA 434 53.5 63.7 73.1 80.5 86.8
4%, Ik SNRs 254 PESQ M1 COSI {FAl IR #4455, ) A R AR T A
{H%E SNRs &/ FHREEE, XPLHAA SCIR H ) 1S-
NRPCA HIEFEX T [F 255 H1# RPCA, Godec HiL & £ X W

BIEARE, —FHEIER ARG BB EL
BRI E S X, B—mEMAL IS IR EE S5 AB NI
RSN R A —3K, # 4T RPCA, Godec A1 H B
B 55 B0 A i DX 3R M 3 R Lk K L N B Rk
RIHRIEE, N T A e M B 35 R .
5 ZEp

AR T —FEE g B AT s B
Wb JR N 5 2 B A A BiTis. ISNRPCA Bk DIAF
A NE T AR B — 7 B R AR ik B
PREREL, oI AR 1 2 R IR S T R AU
Bk, ZEL RS R HU Ak T H B R I i R
EE S AR A, PR E AR B,
LR E R E R A TR ESLR, RIET
ISNRPCA S35 FiE S R MR it i R UFVERE, FFaE—
AR TIBEE 5 M T E H ik A by 2%
725t . ISNRPCA BILIGTR W SC N ZR0E & ol M e A
A, BT BER RS, T—8 LER R T
—5 dB MItRAIK SNRs 254, #F—PREERIES
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