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Two-step a priori SNR Estimation in the Log-mel Domain Considering Phase Information
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ABSTRACT

The decision directed (DD) approach is widely used to determine a priori SNR from noisy speech signals. In conventional
speech enhancement systems with a DD approach, a priori SNR is estimated by using only the magnitude components and
consequently follows a posteriori SNR with one frame delay. We propose a phase-dependent two-step a priori SNR estimator
based on the minimum mean square error (MMSE) in the log-mel spectral domain so that we can consider both magnitude and
phase information, and it can overcome the performance degradation caused by one frame delay. From the experimental results,
the proposed estimator is shown to improve the output SNR of enhanced speech signals by 2.3 dB compared to the
conventional DD approach-based system.

Keywords: phase modeling, speech enhancement, speech separation, MMSE, decision-directed, a prioi SNR
L HE noise) & ZHAA7IE Aol Stk gl AR T3],

A 7129 DD FTWE HED 84 T &L A
2

SNRE At 54 P71 FgolA F4<) 271 4

e AA 71s2 AA ANA 548 94 A="HE A8
3l7] f18te] P olg. AA FAAMY 24 AEe diF F(magnitude component)7HS- o83t} weld SS9
T O 79 WA Fes s, ol A e ARl 24 A%l Utk JRE 7N Y4 JRE o] &3
74 QA A2EHY Aes AA7Ie Fa% dlo] Hth Fdlo] Ale] 34 Q1A (human speech perception)2} S43<1
9 Ad 54 Q14 Alz"lA Fs 298 AASL 54 2ol f&atthe A2 ATAFHME[6]E FE8] WPEHA
AT E FFATE Ve A BY ¥ opE £4 A4 Fatal Qlvh wgk 71E9 DD HIWdlAMe dxle A3
ES MAsta S0 HEEE v HERE FaATIE & SNRE AlRFsl7] 948) o] d Z oA FHE S 2 E
A7t Ak Hg o] 83l7] e AF SNRS & Z#do] A7t AAS

dsle 54 ASZE FHst 58S FA717] 8 E 7YAaL FR(a posteriori) SNRO| FEE wEiithe w3 o]
g ARREE WHe A¥@ prior) AE U F-S-H](signal-to- S=a
noise ratio: SNR)E F43g & o]& thA] EF A5 Fgo olfgt 7|& FAHES A A8, B =FolAe
2H WAFES AASHE 7140t} Decision directed(DD) 3 A IS 002 wEA a4 A5 =Z7)9 Y A
e AF SNRE 23] S dBA] VeE, F54 s 27 adshy] fla £3 Ase dy ~HES wEHE
S5 Fo] Fgoll o YAEE S Fa(musical 29 ~¥E] WEZ HEANZ & H4F SNRE FA2

7 =3 w8 WY
1) FEta Ao 2558 yklee@cbnu.ackr 3 4% A% SNRE MMSE 7I¥He] 49 SNR FEHE
2) FEUgw A2 EF83} owkwon@cbnu.ackr, AR A} olaste] AZAIFOZH DD Fome AAEe SAHTA
o] =2 201095 FEUS & AP A7) o oo e
° LY A AL 2 A SNRY FAE st
A el olate] AT AHHTh : [1e] AIZE A 2 o) BAZ A3}
= gt

A&k 20109 12€ 319 ]
492 2011 39 18Y B =7 1AL g2 2o AlRFdAE 421z 2dFd
AANAA: 2011d 39 259



88

sl 27 A3FelME 7€ DD HEHS 7HE3]
Zfsta, 2ad oo 94 BRE 1
A 713 94 71hke) DD HTHS AHE &

3

o} olgA AP SNR F4 7l ol &

A B} NES A AdgE A =79 94
QRS o]&ste] SA4 AE FFS I AY ZE AA
sla, viA|gte 2 A5 e AES Pt

2. Al g

@Y mlo]A2ES o83 Qo 9 &4 s} Fe Al
42k a(t), n(t)ehar & of, £3 54 A% y(t)E F

z(t) 9} n(t)2] A7) *3¥(magnitude spectrum)S Z}7} X,
IMoletar & o, &3t ﬁial 2HEH 77 |[VE g2y 2
SEBEL!

|V = | X% + M2 +2cos (9) | X1V )

Aq71A, 0= 1XI9F IM Abeldl] #EE 9d zfolo|). Uyt
Aoz 94 77+ 2c0s(0)XIME BHFHo = 0olgkar 713
she] FAgh.

[P = |XP -+ )

a8y A ()& 238 J9o s Wty 21 3] ¢
3 v1AE wigho] AEHa1, o] 2 <l (X1} IM Ato]o] 1%
T g o) FEAoz 00] HA &th flz)7 2
Aoz WIE pdfe] i E () [f (2)]
E,[z]) o 2R A

1% !
5 ¢
o of
El
]
f‘é
)

>

i Eiﬂ@aﬁ Zeje] 2o W ~AYE 2T Ao
Fajol] Ml nFFolas o £zt
& mulgsto] 8o 2R Algte] H7h EAof
A2 S Stk g 10 2334e] HEE @
UeRSITE @ Fea 3E ol o3 Wy
SANE, a2la e AEe AY ~fER WE (W, [XP,

NS 27 Y, X, Nebal & o, A (1) o3} o] wig

weor
_lN’ FUQ
o,
©

> L2
Ml

<)

2 e
fo o oL

rlof
Iﬁm

Y= X+ N+2V XNcos (05— 05) )

ne
-
o
o

S40s HM3A M1z (2011)

0 I I
a a0 100 120 200 230

a9 1. gqrske @ FE 9] o (b 234
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Figure 3. Waveforms for

(a) original speech signal, (b) noisy signal,

(c) enhanced signal with the DD approach, (d) enhanced signal with the proposed method
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Figure 4. Spectrograms for
(a) original speech signal, (b) noisy signal,
(c) enhanced signal with the DD approach, (d) enhanced signal with the proposed method
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Table 1. Average SNR (dB) of enhanced speech signal (N1)

C"de;NR A& Ak
410 1.5 44
-5 2.3 5.7
0 33 7.5
5 5.1 7.9
10 6.7 8.3
15 73 8.9
20 8.7 9.6
Bt 5.0 7.5
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Table 2. Average SNR (dB) of enhanced speech signal (N2)

?J“fd;NR 7% Aot
-10 2.0 53
-5 4.1 6.2
0 59 7.9
5 6.7 8.2
10 7.0 8.5
15 7.9 9.1
20 9.0 9.7
it 6.1 7.8

¥ 3. 349 24 2159 H SNR (dB) (White Gaussian)
Table 3. Average SNR (dB) of enhanced speech signal (N3)

C"ﬂ]?d;NR A& At
-10 1.1 3.9
-5 1.6 4.5
0 2.4 5.6
5 4.2 7.0
10 5.7 8.3
15 6.8 8.8
20 7.5 9.5
3t 42 6.8
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