Flow-Based Fast Multichannel Nonnegative Matrix Factorization for Blind Source Separation
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®© MOTIVATION @ KEY POINTS
e The time-invariant filtering in typical blind source separation » We show that the joint diagonalization technique in Fast- FastMNMF Q; € CMxM
(BSS) methods may have sub-optimal interference reduction MNMEF [2] enables the NF to be applicable to non-determined Decorrelation matrix Decorrelated mixtiure
due to the possible data variation in a mixture. separation. ak.a. diigonahzer spectrograms
* NF-IVA [1] that performs time-varying demixing made possi- * The NF allows us to have time-varying diagonalization trans- Xt 1 Decorrelation — Yt
ble by normalizing flow (NF) has been shown to outperform forms, instead of time-invariant ones as in FastMNME, that
the standard independent vector analysis (IVA) with time- are expected to better cope with possible data variation.

Time-varying

invariant demixing.
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transform via |— > Y ft

* To increase the expressiveness, the NF includes neural net-

. . . ) ) ] B vector projection
» We expect that time-varying transform by NF would also ben- works (NNs) estimating upper triangular transformation ma- Input vector Rl fow steps |y L ecM f Decorrelated input vector
efit other separation methods, but the NF has been limited to trices, rather than diagonal ones as in the NF-IVA. xg € CY Projection e yji€CY
determined separation due to its bijective nature. NF-Fast MNMF Wiy €C

@ NEF-FASTMNME: NORMALIZING FLOW x FAST MULTICHANNEL NONNEGATIVE MATRIX FACTORIZATION

PSD (VIATIMB) Ao SEM Gy One flow block includes 2 steps: affine coupling and projection. Parameters to be optimized:
. N M K N ~ _H W., ch/)lwer Wu,Pper A upper 1 ~
FastMNME: X, ~ N¢ (0, (Zkl uncfvnct) Q, Diag(g.)Q; ) ek i Rk Wiower . NN (lower WUPPer NN (pupper U2 { Wy g, QPR QO ey, Uner, B VK, VR, ¥, Y f, Wt e}
. 1707070 . k”,ft ]f//jf ’ k”,ft k”,f )
Vi 2 QX ~ N (0, Zg_l)\nﬁDiag(gn)) o = D200 10 W, ;€ CM*M g/ ¢ Keven /¢ [Kodd Parameter initialization:
— {Vii}m ~ Nc (O, Ot = ijl)\nﬁ{gn}m) ojojomm [ofofolm [0]0]0]1 e Init. Wy 7, Q.77 ;9" such that the NF has the identity transform
the mixture decorrelation by an NF In ad(;litiqn to orthogonglizing W, s during thg forward pass, t.he log-likelihood  Init. u,.s, v, randomly, and g, with the circular initialization [2]
—_——m— function is computed with a volume-preserving (VP) constraint [1]:
NE-FastMNME: yq =Wg; Wi Wi oy ... Wo Wy p Xpy MFT ) F Parameter updates:
the Z-th flowblock the first flow block InpX)=— ) Wittul 2 T Y ) In|Wy [ upper e . .
. o2 mft i | Wy /, Qk,PJI? , Q. gradient descent with backprop. by Adam
m7 NS /E 0 — 3 )
Separation by Wiener filtering for (NF-)FastMNME: M.FT : FT /M ’ —for the first 512 epochs, these parameters are optimized as those
e _ 0-'Di A i + Y 0 Im{Wesd Y > DY In{We il in NF-IVA [1] for warming-up purpose
Xopt = E[X, | Xpe] = Q; Dlag N — | QX k" IKeven i f 41 kreKeven f—1 \m=1 3 o ,
D i1 At 18 * Upef, Unet, &, Multiplicative update rules in [2]

VP-related regularization term

@ EVALUATION ® CONCLUSION
Table 1. The median performance scores of the different separation methods on the stationary and non-stationary datasets. Wy ¢, is either a . . . .. .
Test cases: underdetermined, determined, overdetermined diagonal (diag) or an upper triangular (t riu) matrix. A higher value is better for all performance metrics. Boldface numbers show the top » Mixture decorrelation in FastMNMEF as an NF Optlmlzatlon-
performances taking into account the 95% confidence interval over the best performances that are indicated by the star symbol *. ] . .
e Sources: 3 Speech Signals + 1 environmental noise Signal W Blocks 3 mics (underdetermined case) 4 mics (determined case) 7 mics (overdetermined case)  NF can now be applled to non-determined Separatlon thanks to the
| | Method “J' (L) SDR_SIR SAR PESQ STOI SDR SIR SAR PESQ STOI SDR SIR SAR PESQ STOI joint diagonalization technique from FastMNMF.
— Speech from WSJ0 dataset, while noise from DEMAND dataset Stationary dataset
o . IVA-BP n/a 0 nfa n/a nfa n/a n/a 57 7.8 152 1.50 0.81 7.0 10.7 *17.5 1.80 0.87 e Performance: NF-FastMNMF > FastMNMF-BP > NF-IVA ~ IVA-BP.
(11V1ng rooi, office rooim, Cafetarla) NF-IVA diag 1 nfa n/a n/a n/a n/a 58 7.6 *15.6 1.52 0.83 6.9 105 16.7 1.73 0.88
. . . NF-IVA diag 2 nfa n/a n/a n/a n/a 59 7.7 154 1.58 0.84 69 10.6 163 1.71 0.88 . . . .
—Ratio of speech mixture and noise € {6, 12, 18} dB NF-IVA eriv, 1 nla nwa wa na na 59 78 154 157 083 7.0 108 169 174 088 *The upper trlafngular affine coupling construction improves the
: : NF-IVA triu 2 nfa nfa na na nfa 58 77 153 156 083 72 112 171 1.82 0.89 separation perrormance.
—Room size: 6 X 6 X 3 m — Reverberation: RT60 ~ 2/]0.2s, 0.6s] FastMNMF-BP  nla 0 47 90 92 134 075 66 98 132 157 080 7.0 112 157 186 0.82 P P
NF-FastMNMF diag 1 42 75 86 136 0.70 6.8 10.0 132 1.57 *0.85 85 11.8 16.1 1.79 0.90 o - . - ]
 Number of mics: 3, 4, 7 microphones (of 7—microphone array) NF-FastMNMF  diag 2 46 92 86 138 071 73 103 135 1.68 084 83 120 162 1.85 0.90 Audio samples @ https./ / aanugraha.glthub.lo/ demo/nffastmnmi/.
NF-FastMNMF triu 1 5.6 *10.3 93 144 0.76 *7.5 103 136 *1.70 0.84 87 126 162 1.81 0.90
NF-FastMNMF triu 2

53 10.1 9.1 *1.46 *0.76 69 *10.5 132 1.65 084 9.2 *13.2 16.3 *2.07 *0.91 @ REFERENCES

Non-stationary dataset

e Total number of mixtures: 270

e Samvpline rate: 16 kHz — STET: 1024-point w/ 75% overla IVA-BP n/a 0 nfa. n/a nfa n/a n/a 55 72 *142 146 0.79 6.1 9.7 *15.7 1.69 0.84 vt R e
big P / P Elligi jig é EZ Eﬁ Zg Zg EZ ‘;'2 gz ig'g }'jg 8'28 2'(8) g'g }j‘? }'23 8'2‘5‘ [1] A. A. Nugraha, K. Sekiguchi, M. Fontaine, Y. Bando, and K. Yoshii, “Flow-based
» Source conditions: stationary and non-stationary NE-IVA v 1 n/a na na  n/a nfa 53 72 138 149 079 57 94 148 164 0.84 independent vector analysis for blind source separation,” IEEE SPL, vol. 27, pp.

. o NF-IVA triu 2 nfa n/a na n/a na 53 7.1 140 150 080 62 10.0 150 1.69 0.84 2173-2177, 2020.
Norstationary condition: the speakers move at 2 random  far e b 48 40 M uR 0 060 L8R 60 D2 190 Gl Sekuch ¥ Bondo, A A Nugisha, K Sosh and T Kawahara, Fas
time instances to simulate the movement when someone NF-FastMNMF diag 2 43 88 7.7 132 071 *67 *104 118 *1.55 *0.83 7.6 *11.7 149 177 0.86 multichannel nonnegative matrix factorization with directivity-aware jointly-
shifts the body weight sideways. NF-FastMNMF  triu 1 46 87 *85 134 072 65 101 117 155 082 71 111 143 168 085 diagonalizable spatial covariance matrices for blind source separation,”
NF-FastMNMF triu 2 *50 99 8.3 *1.35 *0.75 5.7 89 109 1.54 0.81 7.8 114 14.1 *1.84 0.86 IEEE/ACM TASLP, VO].. 28, pp 2610—2625, 2020.
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