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A Log-Energy Feature Normalization Method Using ARMA Filter

Guanghu Shen*, Ho-Youl Jungﬂ, Hyun-Yeol Chung‘th
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ABSTRACT

The difference of environments between training and recognition is the major reason of degradation
of speech recognition. To solve this mismatch of environments, various noise processing methods have
been studied. Among them, ERN(log-Energy dynamic Range Normalization) and SEN(Silence Energy
Normalization) for normalization of log energy features show better performance than others. However,
these methods have a problem that they can hardly achieve normalization for the relatively higher values
of log energy features and the environmental mismatch caused by this problem becomes bigger especially
in low SNR environments. To solve these problems, we propose applying ARMA filter as post—processing
for smoothing log energy features by calculating the moving average in auto-regression scheme. From
the recognition results conducted on Aurora 2.0 DB, the proposed method shows improved recognition
results comparing with conventional methods.

Key words: log energy normalization(21 o\3#] #A5t+3}), ARMA filter(ARMA H¥), speech
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SEN°| ARMA ¥HE FHIZ HE&3He 4%,
AN Ao FFA AL H T & lew, 53
SNRzte] solgo) me} of & FHEaAE &
F Jeg & 5 doh

o] ERN9 79, SNRe] & wj 4.1 H 9 step



¥ 1. D.Re| #% ARMA Z&(2| Al 2| glofl 2 ERN-AZQ| o142
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—_
45

gl (of: ERN12-A2= D.R=12, M=28 2jo|)

S8 ERNI0[ERNI1ERNI2ERNI3ERN14 10 SERNIAERNIOERNIERNAERNISERN 14
clean| 98.76 | 9869 | 9860 | 98.78 | 98.83 | 98.68 0882 | 98.68 | 9867 | 9871 | 98.70 | 98.74
20dB| 90.67 | 9559 | 96.30 | 96.96 | 97.00 | 89.47 9724 | 8381 | 9558 | 96.96 | 97.17 | 97.23
15dB| 80.30 | 90.92 | 92.78 | 9366 | 9394 | 78.16 9449 | 77.00 | 90.61 | 9350 | 94.01 | 9424
10dB| 53.34 | 77.18 | 8333 | 84.48 | 8419 | 56.46 8535 | 55.78 | 76.70 | 84.73 | 85.65 | 8554
5dB | 33.89 | 53.10 | 63.15 | 62.03 | 5871 | 32.75 6107 | 3254 | 51.76 | 64.63 | 6381 | 60.47
0dB | 20,07 | 2772 | 3152 | 2828 | 25,55 | 19.85 2753 [19.23 | 2770 | 3382 | 31.10 | 27.20
Avg | 63.67 | 73.87 | 7764 | 77.36 | 7639 | 62.56 77.42 | 62,01 | 7350 | 78.73 | 7841 | 77.24
6" [ERNI0JERN11{ERNI12ERN13ERN14{PRN10 ERNIAERNIOER N ERNIZERNSERN
clean| 9876 | 9869 | 9860 | 98.78 | 98.83 | 98.68 9882 | 9868 | 9867 | 98.71 | 98.70 | 98.74
20dB| 90.08 | 94.75 | 94.79 | 95.75 | 96.63 | 29.69 96.80 | 83.84 | 94.96 | 95.95 | 96.06 | 96.61
15dB| 80.58 | 90.02 | 90.64 | 91.97 | 9330 | 79.32 0397 | 7836 | 9022 | 92.43 | 92.67 | 93.35
10dB| 62,67 | 77.87 | 80.36 | 82.24 | 8259 | 61.36 8372 | 60.64 | 78.10 | 82.60 | 82.89 | 83.02
5dB | 40.37 | 5461 | 5850 | 57.73 | 5444 | 39.74 5746 | 3924 | 55.34 | 61.41 | 59.38 | 55.12
0dB | 2334 | 2867 | 2574 | 2216 | 2002 | 23.24 2177 | 2247 | 2899 | 2819 | 2307 | 1995
Avg| 6596 | 7410 | 7479 | 7477 | 7430 | 65.34 7542 | 6470 | 7438 | 7655 | 75.44 | 7435
SeL IERN10ERNT1ERNI2 ERNI3ERN1A ERNIO 1S ERNIERNI0ERNL ERNIZERNISERIV I
clean| 98.60 | 9848 | 9368 | 98.86 | 98.80 | 9851 98.83 | 9853 | 9862 | 98.77 | 9877 | 9878
20dB| 9135 | 93.95 | 95.37 | 95.47 | 95.14 | 90.43 95.63 | 8959 | 93.31 | 95.38 | 95.67 | 9552
15dB| 7757 | 85.13 | 8827 | 8851 | 8762 | 75.30 83.80 | 7429 | 84.00 | 83.93 | 89.45 | 89.21
10dB| 51.40 | 64.74 | 7235 | 7272 | 7145 | 48.79 7380 | 48.14 | 6230 | 7332 | 74.73 | 74.46
5dB | 2821 | 39.18 | 4852 | 49.10 | 48.75 | 27.30 5049 | 27.29 | 36.86 | 50.01 | 52.34 | 52.90
0dB | 18.15 | 23.00 | 2697 | 259 | 24.45 | 1829 2501 | 1843 | 2248 | 2758 | 2231 | 27.08
Ave | 60.88 | 67.41 | 71.69 | 7177 | 71.03 | 5978 72,00 | 59.38 | 66.26 | 72.33 | 73.04 | 72.99

© SEN-A2& M=2F 9o}

SEN

98.74

94.00

86.75

69.44

4355

20.51

Method| _ Set A
SNR SEN SEN-A4 | wSEN SEN-A4
clean 98.70 98.56 98.70 98.56
20dB 96.73 96.57 96.81 96.64
15dB 93.26 92.91 94.06 9375
10dB 83.65 8330 8546 84.36
5dB 61.17 60.37 64.07 63.71
0dB 29.01 28.17 31.41 30.22
Avg 77.09 76.65 78.42 77.87

3ol Vebd wke} ol 2o YR Y HAaF Mn

o] D.R(dynamic range)ol

o) gzl 7 Mn

(Target Minimum) Bt} A7 5o} ERNo| 34

A 3 dto)7]

o4, ]

g F237] Astol

ARMA ZHE $A3) F&3neM 21 A
Aol 3HE Wt AT A5 dFe L

Set C

of WY Q4B JE Ao gAEd.
SEN 89} 49, SNRel 4 e Fge 9%
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de B4 WE JEH A=At ¥+ a8t
“*0111“1 ojZ Q%) S4eE F R e Fe
23 YA 532 Wt A% e 4FE ad
E Yehli7] jEd 92 AHER olojd & YA

5.2.3 [ERN-CMVNI-A 2 [SEN-CMVNI]-A°] o
39 Ay

5 ©, o] 3% ARMA ZHE 38313 o]g o] B "oAE 43 HolH 49§ ERN-A
W7l & A4S e 2RYsinaA JAE A5 SEN-AS CMVN-ASH 2@g Ao tig 914 4
Ag Az BAdr) g-& +Y3I4t & 39 ERNoll #3F 914 49 4

ARMA ZE 9 ¢4 A% 9 34 Mo 9 g, 3 40 SENol| &3 <14 48 A7E JERd
3le] xpolg Kl ¥ 13 ¥ 22HE =29 AS t}. o] w} ERN, SEN 2 ARMA %_‘EM Y 24L&
A4 Ao 7HF 248e ¢ & Ak o)A A8 YA 7HF ¢4 924 A& Y=
ARMA I 9 a5 Mz 53 seivgo X3 DR=12, M=2% A3}t

AL 2499 AATY trade-off BA 7} A8t A X 3% X 42 RE & F YE v Zo] ARMA
< ¢ # Qe ol ARMA ¥HO (5 Mg PHE 27 X BFs} gol FAIZ 485
FMPeEA 2578 GAHE BS A 5+ Qe A& AP A Ao e dnHes H2Ed
U2 A% 54 geviEe 23 24 dae & 54 sebiEe Zeud e #9% ok
o &5y WEow AzEh gepy A8 o€ ARMA BEJ} 2 low-pass filter S4d0] A
ARMA B9 A5 M Fobq ALgste Aol Wl 2EY 54 T uFa 448 e S AR

E 3. ERNofl &t 2l4 M5 vl

Set A Baseline CMVN CMVN-A |ERN-CMVN ERN ERN-A
clean 99.02 98.98 98.95 98.82 98.69 98.72
20dB 95.25 95.98 96.73 97.10 96.39 96.85
15dB 87.33 91.65 93.25 94.57 92.78 93.47
10dB 67.71 80.43 84.47 36.88 83.33 84.61
5dB 39.48 57.47 66.47 65.50 63.15 65.39
0dB 16.95 26.62 38.03 30.89 31.52 34.06
Avg 67.62 75.19 79.65 78.96 77.64 78.85
Set B Baseline CMVN CMVN-A |ERN-CMVN ERN ERN-A
clean 99.02 98.98 98.95 98.82 98.69 98.72
20dB 92.77 96.37 96.89 97.14 94.79 95.83
15dB 81.34 92.07 93.74 9478 90.64 92.19
10dB 59.01 81.90 85.11 87.12 80.36 82.41
5dB 31.93 58.64 66.67 65.12 58.50 62.42
0dB 13.70 26.72 3766 32.36 25.74 29.76
Avg 62.96 75.78 79.84 79.22 74.79 76.89
Set C Baseline CMVN CMVN-A |ERN-CMVN ERN ERN-A
clean 99.06 99.10 99.01 98.89 98.68 98.80
20dB 94.30 95.45 96.12 96.68 95.37 95.72
15dB 87.84 88.69 91.57 93.60 88.27 89.30
10dB 74.15 74.23 80.01 85.95 72.35 73.61
5dB 50.24 51.14 60.44 67.56 48.52 49.14
0dB 24.17 24.23 34.30 356.71 26.97 26.01
Avg 71.62 72.14 76.91 79.73 71.69 72.10
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E 4. SENo| 3t 014! M5 Bl@

Set A Baseline CMVN CMVN-A |SEN-CMVN SEN

clean 99.02 98.98 98.95 98.79 98.70

20dB 95.25 95,98 96.73 96.25 96.73

15dB 87.33 91.65 93.25 93.13 93.26

10dB 67.71 80.43 84.47 86.45 83.65

5dB 39.48 57.47 66.47 71.42 61.17

0dB 16.95 26.62 38.03 42.43 29.01

Avg 6762 75.19 79.65 81.41 77.09

Set B Baseline CMVN CMVN-A |SEN-CMVN SEN

clean 99.02 98.98 98.95 98.79 98.70

20dB 9277 96.37 96.89 96.67 96.81

15dB 81.34 92.07 93,74 93.99 94.06

10dB 59.01 81.90 85.11 87.08 85.46

5dB 31.93 58.64 66.67 71.30 64.07

0dB 13.70 2672 37.66 42.32 3141

Avg 62.96 75,78 79.84 81,69 78.42

Set C Baseline CMVN CMVN-A |SEN-CMVN SEN

clean 99.06 99.10 99.01 98.83 98.74

20dB 94.30 95.45 96,12 95.31 94.00

15dB 87.84 88.69 91.57 91.05 86.75

10dB 7415 74.23 30.01 31.51 69.44

5dB 50.24 51.14 60.44 63.03 43.55

0dB 24.17 24.23 34,30 35.46 2051

Avg 71.62 2.14 76.91 7753 68.83
& A AAE) dEoE BAH 6.8 E

oy B 3o RFE ¥ 5 e uleh ol
ARMA ZHE 71&9 271 JvA A s B =RoAEe g 874 sl 24 <4 A
A2 FFs W] FAld HEHe AL, % Aste F& 9o Ha s FHY Qe 8
{(ERN-CMVN]-A%  7]#92] CMVN-A, ERN- AR Zo)|B Fo)7) AT B A B9 Ay

CMVN®l| 88 zbz} Set Aol A 4.0%, 4.1%, Set Bell
X 26%, 32%, Set CA 66%, 38%2] FA3d <14
275 Jebd & ¢ § 9o, ¥ 422 [SEN-
CMVNI]-A¥ 71#2] CMVN-A, SEN-CMVN9|| 1]
3 Ztz} Set AdlA 35%, 1.8%, Set BellA 35%,
1.6%, Set CAA 1.6%, 1.0%2] 844 14 AAs
el g 4 & do

o]+ ARMA ZHE 71&9 22 Jdux 78
WA AaEY FFst el FAlo] HEsted, A
2 5949 54 depvjele] HAHg 28 g AYE
FRHHD R G TS ¥ 29 F V) gEL

2 B4dy.

W o g ARMA ¥HE FX2 Hgste Z7d
we Aetstgth. Aurora 20 DBE o] &3 914
2% A AstE [ERN-CMVYNI-A e 78
9] CMVN-A, ERN-CMVN #bf o] ula] 2z} Set
A A 40%, 4.1%, Set BAlA 2.6%, 3.2%, Set ColA]
6.6%, 3.8%2) F3E A2 FAE, [SEN-CMVN]-
A e 71E9] CMVN-A, SEN-CMVN 4y ¢
Hl3)] z}7} Set Al A 35%, 1.8%, Set Bl A 3.5%,
1.69%, Set Coll A 1.6%, 1.0%2) 38 d A&
A8 4 Atk ol ARMA BEE 71$9 211
A2 At WHs A2ER Fs Wil A4
o Hgsto], Mz 5YJAQ 5A v d AP
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