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Abstract

The accuracy of a priori signal-to-noise ratio parameter estimation is a key factor in determining
the output performance of the speech enhancement system in the noise background. The Deci-
sion-Directed (DD) technique is the simplest and straightforward algorithm in the a priori sig-
nal-to-noise ratio estimation system. Subsequent algorithms are mostly the further optimization
or improvement of this technique. This paper deals with four commonly used direct decision algo-
rithms, Two-step Noise Reduction (TSNR) algorithm, Modified Two-step Noise Cancellation
(MTSNR) algorithm, and Convex Combination (CC) algorithm. A priori signal to noise ratio tech-
nology was compared and analyzed. The basic design principles of various algorithms were given.
The output performance and advantages and disadvantages of the four algorithms were discussed
from the aspects of theoretical analysis and experimental simulation.
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SRR G AL S — AR A5 S 16 5 I R, (EAE 22 AR U S B Ak 2 BiAR RO T V5 A2 /N
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B SIS R BN KNI B35, 454 DD Hksk ARS8 L% E L, FinAa—
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Figure 1. The time domain figures and the spectrum of speech signal of different algorithms under pink noise (SNR = 10 dB)
E 1. M ERETAREENESESFHIEFMIEIEE(SNR = 10 dB)
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Sm,k

(18)

Heh, MERGESREWE, m AWIERS], KA k558805 S WK SR e .

P 1~ 3 3 BN DU P SR AE 7S Rl S M 7 B = Tl N A5 M B /RSP T 116 66 e 5 0 T e R 0 B A
e Lt DL Rt Bt B 28 1 B A 0. SEIG HP IR 10 Brailid B S5 5 (S BB A, 5 Bt m) e NI s,
FNFP SR S P E H Noise x-92 $3E %2, 4334 Pink "7, F16 :75, Babble M/, white B, M109
I 75 Fl1 Buccaneer2 Me 5, 76 5dB, 10dB, 15 dB =R RS LLACE FRETRIGE . % 1 &%t
DU b BV AE 7S P S5 7 B = b AN [0 N A5 16 LU KT T TR 66 R 25 00 P 18 P88 B8 o LU VoL o 7 22 b g
PRI F NG LA, CC BRI R I 25 00 8 B Sl i =i« STOI 2 S & A HIWT 3R 1)
P Fa bR, HEUEBOC, RUESE SRR BE AR . HoAh = Fh R B8 10 25 074 N MTSNR
5%, TSNR 5%, DD %i%. DD FIETEDUF RO i 22, S I 0 B RE S 1 o pr 45 R —
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Table 1. The STOI data comparison table of the four algorithms
& 1. MOFESE STOI #iEsf bk

S 2 A0 AT 1 FE (STOI)
It 75 Y LN 4

DDH% TSNRH % MTSNRE % CCHZ:
5dB 76.6465 76.9760 78.7201 81.8246
Pink 10 dB 82.7413 83.3708 84.7816 86.9183
15dB 87.7343 88.4643 89.4282 90.7700
5dB 78.0234 78.9158 80.2810 82.0189
F16 10 dB 84.0742 84.8826 85.7080 86.9714
15dB 88.3106 88.9572 89.6886 90.6344
5dB 75.6156 76.1836 77.1963 79.1251
Babble 10 dB 83.1912 83.8829 84.7243 85.9524
15 dB 88.3324 88.7441 89.4067 90.4754
5dB 76.9185 76.9480 78.5630 80.8341
White 10 dB 82.5107 82.9600 84.5153 86.5193
15 dB 87.6356 88.2637 89.4288 90.7903
5dB 81.4599 82.1766 83.2136 85.0790
M109 10 dB 86.4158 87.4440 88.4011 89.6771
15dB 90.8658 91.3544 92.1515 93.3784
5dB 747512 749318 76.4619 79.2696
Buccaneer2 10 dB 81.4295 81.8784 83.2401 85.1083
15dB 86.3910 86.9127 87.9595 89.4078
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Table 2. The output segSNR data comparison table of the four algorithms
2. MFREERIMIL segSNR HiExfEE SR

i 1 SegSNR (dB)FH1E.

ooy .
PR IR DDH% TSNRH % MTSNRE % CCH%
5dB 7.7595 7.8926 8.5593 8.8403

Pink 10 dB 10.1003 10.2671 10.8837 11.2559
15dB 12.2246 12.4408 12.9993 13.4082

5dB 7.7804 7.9011 8.5319 8.8273

F16 10 dB 10.0120 10.2014 10.7824 11.1357
15dB 12.0817 12.3005 12.8168 13.2014

5dB 6.3294 6.3447 6.9169 7.3786

Babble 10 dB 8.7320 8.7570 9.3361 10.0693
15dB 11.0451 11.1620 11.7020 12.3966

5dB 7.8036 7.9204 8.5914 8.8175

White 10 dB 10.0043 10.1989 10.8263 11.2054
15dB 11.9357 12.1830 12.7365 13.1820

5dB 9.5445 9.7064 10.4104 10.5049

M109 10 dB 11.9818 12.1678 12.8649 13.0092
15dB 14.1505 14.3819 14.9797 15.1215

5dB 7.5264 7.6248 8.2693 8.4364

Buccaneer2 10 dB 9.7695 9.9275 10.5146 10.9007
15 dB 11.6525 11.8350 12.3897 12.8825

Table 3. The LSD data comparison table of the four algorithms
& 3. DOFNECAE) LSD BuEftb®R

MeF NI T HBMER(SD)

DD TSNRE % MTSNR& % CCH%

5dB 6.1382 5.6772 4.8901 4.6162

Pink 10 dB 5.3530 5.1095 44512 4.1719
15dB 4.8693 47812 4.0778 3.8250

5dB 5.8571 5.3979 47203 4.4425

F16 10 dB 5.0454 48131 42468 3.9493
15 dB 4.6380 45195 3.9139 3.6643

5dB 5.9760 5.5552 47150 44304

Babble 10 dB 4.8488 4.5689 4.0396 3.6463
15 dB 4.1656 4.0181 3.5108 3.1951

5dB 6.3569 6.0757 5.1953 4.9998

White 10 dB 57116 5.4606 47743 4.5086
15dB 5.3542 53115 4.5084 43221

5dB 4.6216 42704 3.8028 3.4746

M109 10 dB 3.8918 3.6464 3.2585 2.9590
15 dB 3.3437 3.1878 2.8373 25657

5dB 6.3685 6.0362 5.1764 5.0710

Buccaneer2 10 dB 5.6340 5.3730 47070 4.4706
15dB 5.1720 5.1147 43839 4.1650
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2%

% 3 &N DD Sk, TSNR ik, MTSNR SR CC ByFiX PUAh 56 5 Wk Lo Ah +H By i dr
LSD ##ixf b . xR AR Ml 5. AFEMEE T CC Fiki LSD £l /N T HoAh =Fh k. x50
PR B HOE BN, 0 B 525 o 3 5 S (1 S A SR AR TR, B JR AR TR PG R B . %R T A,
CC B35 5 il &k AR A/, FLUO& MTSNR 3%, TSNR &%, DD &k,

AL E =AM AR T 1, TSNR HVE/EMHIE Sk B kR 7 A &l 7 DD &%, 3
SR BRTS FE A . MTSNR HUERAE R T SRR RN, G 2dmfl 735 s, (HoR il T2 P
SRR, BORSUR B A BIEAUK T . T CC BRI BENE R IR R, T RiES REILZ
HRME R T, ARIAE] TR ARG R AR .

5. &t

ASCFEEX O FT 1 LR BRAE B & 0 R G R R I B R L A TR, EOR U T R E R LA
THXHE SR R VERE I E B, SRJ5/48 T DD Sk, TSNR 5k, MTSNR HiEA1 CC H:7E DFT
BB, HEH T RBEM LSS HFREBOC RN, 5518 R 7 5 S50 A4S H B A S
LK P o 2 A B v 5 S LA B T UM SRR IO R RE, SREG FIRilE T RS I IE R PE, i PR E
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