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Abstract In this paper, we propose a speech feature extraction approach using nonnegative matrix factorization
(NMF), and a new initialization approach for NMF. NMF is excellent at extracting local feature using nonnegative
constraint. This method has been applied to data of text, image, or sound. In this paper, we apply this method
to speech feature extraction. Recently, initialization methods based on SVD or clustering methods for NMF have
been proposed. In this paper, a new initialization method using correlation information for NMF is described.
A sparseness of base vector is additionally constrained to NMF. In comparison experiment among initialization
methods, our proposed method shows effectiveness at estimate error and word speech recognition. The new feature
extraction method also shows effectiveness at word speech recognition compared to MFCC and features by principal
component analysis or independent component analysis.

Key words Nonnegative matrix factorization, Correlation propagation initialization, Speech feature extraction,
Isolated word speech recognition
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#£ 1 SKM (Spherical K-Means) for NMF Initialization

Step 1. Normalize each column vector X; to unit L;-norm.

Step 2. Initialize k centroids c; for j =1,--- ,k.

Step 3. Iterate until convergence.
Compute d;j = x]cj fori=1,---,nand j=1,---,k.
Update partitioning IT; = {X;|argmax; d;;} for j = 1,--- , k.
Update each centroids c; = 3, x:/|| Y, xll.

Step 4. W = C and randomize positive H.
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% 2 NNDSVD (Non-Negative Double Singular Value Decompo-
sition) for NMF initialization

Step 1. Compute SVD: X = UXV
Step 2. Initialize w1 = u1 X /01,1 and hy = v1 x 4/o1,1.
Step 3. for j from 2 until k&
T =uj,y =vj,
pz = pos(z), py = pos(y), ne = neg(z), ny = neg(y),
pn = norm(zp) X norm(yp), nn = norm(nz) X norm(ny),
if pn > nn, u = pz/norm(pz), v = py/norm(py), sigma = pn.
else u = nz/norm(nz), v = ny/norm(ny), sigma = nn.
Wi =uX Mandly:vx\/m.
Step 4. Set all zeros of W and H equal to the average of
all elements of X.

pos(z)/neg(x) returns vector with only positive/negative
elements and 0. norm(z) returns Li-norm.
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#£ 3 CP (Correlation Propagation) for NMF initialization

)

sparseness(w) =

Step 1. Set W? = E and H? = X.
Step 2. For t from 1 until m — k
Compute correlation matrix Rt~! of Ht~1.
d-argmu.@, )
=T, it/ E Y X X
;t _w:tl +wtdl X e,
b =hi; +hi} xa
Step 3. W = W™~k and H = H™~*,
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1 Feature extraction flow
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# 4 Initialization methods for NMF

RANDOM | N(0,1) i85 5 & Lkl X 39k
SKM | Spherical K-Means %\ = 4J#k
NNDSVD | NNDSVD %R 4k
cp HEEEZ AV (RRFE)

TUBSZBR TRV - NMF FIt Rk R 4 ICE L HB. NMF
DOREZFEHE 20,000 @& Uz,

# 5 Speech features

MFCC | By 1 V&#H
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2 6 13 NMF 209 3 4 DOFHIHEFHEIC K 2 RERZ R
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#6 CP for NMF initialization

NNDSVD CP
2.0E+05 | 1.7E+04

Initialization | RANDOM
3.5E4-06

SKM
1.5E4-06

Error

2 ZEMBLEFEICKVBONE, W THS. Ml

2 4 6 81012

NNDSVD cP

2 4 6 81012

2 46 81012

2 W by NMF initialization: RANDOM, SKM, NNDSVD, and
CP.
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Tid NNDSVD I2 X BERTH 5. —BEDE 1RENI MV
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EREREEEZEMAL THD, R OFEEL DR & HH
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Sparseness of W

3 Frobenius errors after 20,000 iteration
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4 W after 20,000 iteration: RANDOM, SKM, NNDSVD, and
CP.

THADRER R > IRBT, NARLICADFEENRS > Ty
3. ¥, BROBERERESRERAT 5 EETEORY b
IWINBIREATVS. D 3 DDFHIX, 2 FEDEHRIC,
THADEENMI LA ELRA B o .

5.3 MIHESERR

B RANDOM BSKM ONNDSVD OCP

970
% 965
3 96.0
5 955
8 950
5945
g 940
935
p 930
2 925

920

M

02 03 04 05 06 07
Sparseness of W

5 Comparison of recognition accuracy with RANDOM, SKM,
NNDSVD and CP initialization algorithms.
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ZRUE. BT, 04 DRSR—ZAXAFEMLET, —BEVE
M 96.8% MBS NIz, CP X, X 3 DIREMIEVZ R
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BT R/R— R X A FIIHN ML B IcDh, BRBMET T 3HE
AERET.
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EEGRRBEENIERT TV IR AHIC X B8 DI, #
ERY MVOHTEZXBT>TWaEL. IBEHORENY ML

PCA

2 46 81012 2 46 81012

6 W by PCA (left) or ICA(right).

MEREAE, 7TEEOBENY MVHYREBRRERAL TN
A, REETIRE.
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29

91
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Feature

7 Comparison of MFCC, PCA, ICA and NMF speech features.
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