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Feature Space Nonlinear Manifold Based Acoustic Model for Speech Recognition

ZHANG Wen-Lin! NIU Tong! QU Dan' LI Bi-Cheng® PEI Xi-Long'

Abstract Based on nonlinear manifold structure of acoustic feature space of speech signal, a new type of acoustic model
for speech recognition is developed using compressive sensing. The feature space is divided into multiple local areas, with
each area approximated by a low dimensional factor analysis model, so that in a mixture of factor analyzers is obtained.
By restricting the observation vectors to be located on that nonlinear manifold, the probabilistic model of each context
dependent state can be derived. Each state is determined by a sparse weight vector and several low-dimensional factors
which follow standard Gaussian distributions. The principle for selection of the dimension for each local area is given, and
iterated estimation methods for various model parameters are presented. Continuous speech recognition experiments on
the RM corpus show that compared with the conventional Gaussian mixture model (GMM) and the subspace Gaussian

mixture model (SGMM), the new acoustic model reduces the word error rate (WER) by 33.1 % and 9.2 % respectively.
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Fig.1 Illustration of the mixture of factor analyzers
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fiE 5% B 35 R FH 13 4 1) 3% IR AR 480 3% R 4 (Mel-
frequency cepstrum coefficients, MFCC) f L —
BRI B 220y, RRRIELESL (D) b 39 4. g —
AN VTR N B BTSSR ERE T 2= H—
k. (Cepstrum mean and variance normalization,

CMVN) Xf AL R B AU AT LA B, SRS 1R

SAHSE =%+ (Triphone) 1F0 A2 @B TG, FIH
Kaldi T HA B 3) 42 B i) AT =8 TR
K, B =M A TR ST 2011 DMAERGEE
IRZ (Tied states).

1) MIZRprBe. B el gise Blgs 2L 4
HMM-GMM 28 5 iy i oo ok 17 233.
XI5, K Kaldi i m Ui o SR 50, Wi 2
R o () pe R CHEAT SRR, A T = 400 A
RTINS 1 SRR (UBM), HoAF— AN mriiiiR
TG 7 ZEFE MRS N 39 x 39 4ERERE. % UBM
—J7 K T SGMM. 5 2= B GEAT W44k, )
— 7 THI 3 FH 08 P 2RI 2 ) R VR A DAL 23 BT AR Y
AT HIEAAK. ¥ SGMM 75 22 B 1) 3 1 Ok i 4E 4L
WE A 40, KH Kaldi T HAEPH) “s5” AL
ATREMYE SGMM A2 (X (35) ~ (38)),
I 8 A R T UK IR EON 7495, BE, K
H EM S0 2 2R ik 2 1] v (TR 5 R 20 A A
AR 3.1 AL 1 AR 15 K, £33 MFA
PRI bR SCAHIOIRAS A,

2) MR BE. SR RM 3R A7 1 6HE %
(Word pair grammar) SCPFRYHEE T 0iBik SR, R
H Kaldi H 3 T A ARSI (Weighted finite
state transducer, WFST) i i1 2% #) 2 i A fif 5
W 25 0 AR BEA T AR DU B, SEvhIAR
PR R R (Word error rate, WER), 1F Jyi& 4
T VUNVEOTHRAR. 18 LLEAN R 75 27 500 (1) 1 RE I
h T 9D DR R B ALYE B R, SR NIST A A
IR T AAL SCTK #4725 M /K~F- K (Signif-
icance test), LUK = Ffr /5 27452 100 TR 25 B2 [A] (1)
FRAEGE F RN,

5.1 (RHEIEZMREMGFEMEREEELEL

X TR G R R AEAS B UBM [ 400 45
Wik oe, KAHEE 3.2 71 “00 %7 BT sumk R ik,
3 T S LG I (1) S 3 DX ek E IR - 48 Dy, L)
A E T Wi 3 B,

3 I, K m iR T Dy H A
10 ~ 14 8], HAPE A 11.8. X EWRFE UBM
R RS 3 v ST VR G A B U 2 SRR S T DA AR A 2
B, P T 11.8 AN AL S 5 B n) ) Hdk AT
WAL IXBAE W] T 75 SRR A R R A JE LR I B 4
FIAFAE .

52 MEERKAGEEELNER

MFA 2R SGMM /A 2 AL 5y —
FHEPOIAET, £ SGMM FEiih | &R
R ORI Y, 45 T UBM AP 0 s i T2

'http://www.ldc.upenn.edu/Catalog/CatalogEntry.jsp?catalogld=LDC93S3A
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MTE MFA gl RE R ERMAHRRLA R, T
RS R CE S A FH R, Bz 3z /N1 ey i
DA AN (B UBM R i k). AR SCses
WA RN SGMM 5 2RI b AL AT 7495 A4k
A, HATIREBAE 400 AN EdnEsc, Ktk SGMM
FE R sz R4 AT 2998 000 S iR T, 1R
T MFA 752488 FERTGR Y B, BRI =
TRICHAT AT 400, FLERAEE 3.1 W4y i ACE
IEAR W S AT B Y Sk, B4R FE Aok AR
SRR THE LR EN o = 10, T1HR 8 BUA
1075, [ 4 25 T 3%A4% 30 Rk f b, RS TR
TCETI Ak 2k

90

SFHME=11.8

J TR AR A 4

8 10 12 14 16 18 20
Jei B XA TB T R 4 5
Bl 3 R DX g 7 R T e 2 A T
Fig.3 The histogram of the latent dimensions of

different local area

400

350

300

b2 [So]
(=l wn
(=} [}
T T

SRR I
3

sof

0 5 10 15 20 23 30
AT

B4 R FEIRICEBEEA R A

Fig.4 The average count of Gaussian components

changing with the iteration number

T 4 T, AU O Sk AR 4 SR T DA AL
H gl BN IR B TR T B, S R B S
FEIEAC 10 25, FIIRICE R AR EF AL,

5 45 T 30 B2 A, IR m iR ocEcE (B
BUERE M 1o vukl) 7340 EL5 .

500

4501 T-¥){E=14.78
400
350
300+

m@ 250+

4

& 200}
150}
100+

0 20 40 60 80 100 120
RICHE
5 I5AR 30 YIRS ¥ R T B 2 A ELT IR

Fig.5 The histogram of the number of Gaussian

components after 30 iterations

HE 5w, Ko RPIRES R4 10 A m i
TRTT, wi R TS EU 3 ME Y 14.78, MFA 7 2245
R rp R TR UG ECA 29723, X HUE A g
T SGMM 7 2= B R (1) v W v 7 £ (2 998 000), A
KFAAEG R HMM-GMM 75 2745 71 1) w5 407 8 7t 5
(17233). Pk, MFA 2R SGMM 75 2% £t
RN SEH MRS N T ANTR 2 “m ik Rt FE
D 25 (R AL X BE R BT B e AN [RPR A 1 v v o
HOL AR G B B B0 1), AN 75 BTG v e Bk
TSGR R DR L T A 38 7 A AR B ARG

5.3 REFLEESHNE L

S A% 45 () HMM-GMM 75 2% f 0 Ay
17233 AR oc, A s R o 2 — M ES
. —A 39 EMIE R —A 39 x 39 4E1n)
Fath 7 Z 5B, PIIERE 17233 x (14394 39) =
1361407 MIREMKESEL £ HMM-GMM 5 2245
R WAPIRESTE RS HL.

76 SGMM 27 g 70 i AT 7495 A 7ok
B BN TPRETE D40 g &F PR,
299 800 MMIREAM K. X T A mSH, 7 ilf
400 & THEFE M, (4E%80h 39 x 40) Fh 5 Z= R
¥ (4E%L 39 x 39), KA 400 x (39 x 40 + 39 x
39) = 1232400 MRELRSH.

IMAE MFA 7228 rh ) 345 29723 A 5 i
BT, @R cHE - AMINESE w;, L—
MELER T RE g, ZFRBRRREM RS
BOBE N 29723 + 285368 = 315091. X T4 )5
MFA #R 34 400 NE K& (4EECh 39 4E).
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¥ {1

41 %

JAER IR SR A B M, (45500 39 x Dy, D; W
BE o 11.8) Aith 5 25 B, (39 x 39 ), L
400 x (39 + 39 x 11.8 + 39 x 39) = 808 080 MIRZA:
TKBH.

d L3R AT AT AL, ) HMM-GMM 75 2 5 70 A
bb, 75 SGMM Fl MFA 7522 v 30 43 (1) A 7Y
SHOERETCRH, MRS H R S HAER R, Bt
A DA B SRS ¥ AR A AR L. T MFA 75 4 A A (1)
RELKRSHEE DT SGMM o 2R R T K
L, IR AR R DI R B =R, 1 i S8 vHf
BEohFa .

FEEFEREIA AT 5 LR

21 Gt TR R BRI S SR
FHRRS UG T 4% (WER).

5.4

F1 =RhEEEEAENNREE B WER (%)
Table 1 WERSs of the three acoustic models on
the test set (%)

PR WER
HMM-GMM 3.26
SGMM 2.40
MFA 2.18

1 g R I, MEA 75 25 A8 () ) A R
S, A4 HMM-GMM 75 2£ 4581 SGMM
PR SP- BRI R AR AR R PR T 33.1 % A
9.2%.

H T = A A AT (1 S 38 ] R R LR R A
hTAFH B AT EER EE A 4 1, A NIST 424t
(1) SCTK T H A xf Hak AT 7 =M & 25 Ml ik pe
X A) - B 4 iR (Matched pair sentence seg-
ment word error) WX (FjFE MP WHK) . £F5 B
X LA Ui 1 N TR E A % (Signed paired compari-
son speaker word accuracy) M3 (& FK ST M3k Fi
Wilcoxin 5 #k it il N ia R % (Wilcoxin signed
Rank speaker word accuracy) i (& %% WI Wl
). =B NS R R, 75 5% S M
IKPZTE, =R S A R U0 &5 AR A i 2
Lk, SGMM 2B T L4811 HMM-GMM 75
SR i MFA P22 T SGMM. 22 A5

ASCRI ] 22 A4 Jay B e 1) DR 23 AP s A 7 =
R I 2 B PR AR S PRI S M AT S A, 19 BIHFAIE R
TR DT AT G I A, 9t i R O
T I He i G i B SR UM R G B R
TR O IMABEHAA, h 2 RS R

TIBEH, ROk TR 25 8 B Hs i B n A
R $E T A VAR, SO e T
SPRFEAR (A MFA B RN GR 0%, JFTR4IES: T
FRESE BRARAE T AL, LR, ML T
L4811 HMM-GMM 75 2858 R SGMM . 2R
TENZREE AT BRI 451 T, %8 S A ) B A 2
Aok o RS, BONPERE L. AR, B TR
PHEZE I 4% (Deep neural network, DNN) [1] 75 2% 45
RS TARUFHIRCR. 768 DNN B — 2 fh 2 4%
)5 L0 250 R] B AR o0 A NRFAE I — i 5, PRt
DNN [ R & [0 P 5 AT )1 45 S g oK R R Ik 32 B i
D3 AERA S E— W07 1), v BAZ% &K DNN
M T S 2 RS A, AR LIEAE B MFA 75 %45
R NI = A A
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