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Performance Improvement of Perceptual Filter
Using Noise Energy Control
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In this paper. we propose an algorithm that improves a tone quality of a noisy audio signal in order to
enhance a performance of perceptual filter using noise energy control. Most of the algorithms which were
proposed by the other researchers usually applied a filter using the noise energy acquired from a silent
range. In this case, the improvement rate of tone quality decreases if the noise energy is changed by the
magnitude or environment variation in a signal frame. But the proposed method provides the means to find
a good estimated noise through energy control of the estimated noise which is obtained from a silent range,
Also we can get the enhancement of tone quality in low frequency band unlike other methods. To show the
performance of the proposed algorithm, various input signals which had a different signal-to-noise ratio
(SNR) such as 5dB, 10dB, 15dB and 20dB were used to test the proposed algorithm. With the proposed
algorithm, we could confirm the enhancement of tone quality in terms of segmental SNR (SSNR).
noise-to-mask ration (NMR) and mean opinion score (MOS} test.
Keywords : Excitation energy, Perceptual filter, Audio signal enhancement, Noise energy control
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Fig. 1. Spectrum of added Noise.
{a) White gaussian noise. (b) Helicopter noise.
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Table 2, Objective measurement result (in case of Classic).
(a)} Segmental SNR (dB)

(b) NMR (dB)

Input White Gaussian Noise Helicopter Noise

SNR SPS PF APF PPF SPS PF APF PPF

20 dB 19.23 19.27 22.02 23.22 20.13 20.49 20.55 21.84

15 dB 14.31 14.38 17.25 19.02 16.90 16.63 16.72 18.74

10 dB 9.35 9,47 11.12 14.84 12.54 12.89 12.80 16.73

5 dB 4.40 4.55 7.89 10.78 8.87 8.99 9.12 12.42

(a)

input White Gaussian Noise Helicopter Noise

SNR SPS PF APF PPF SPS PF APF PPF

20 dB 2.31 1.98 -11.01 -12.04 ~15.53 -14.91 -14.84 -18.55

15 dB 7.30 6.95 -56.20 -7.67 -11.10 -11.20 -11.82 -16.55

10 dB 12.30 11.95 1.35 -2.88 -6.32 -7.01 -7.56 -14.19

5 dB 17.30 16.94 4.05 1.90 -1.42 -2.39 -3.02 -12.64
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Table 3. Improvement results with various inputs,
{a) Segmental SNR
{b) NMR
GWh't.e Helicopter
Input Wave aussian Noise
Noise
PF_[ PPF | PF_| PPF
Classi 15 dB 1.07] 6.7 2.46| 4.56
8ssic M5 a8 1.24] 7.47] 402 825
Rock 15 dB 06| 289 0.15 0.26
5 dB 0.89] 5.61 0.16] 0.46
Jazz 15 dB 1.03] 5.51 0.42| 0.68
5 dB 1,26 7.66] 243 2.65
Vocal 15 dB 1.15] 7.39] 0.26] 0.54
5 dB 1.36] S.02 1.50] 3.07
(a)
Wh'tfa Helicopter
Input Wave Gaus_smn Noise
Noise
PF_| PPF | PF_| PPF
Classic 15 dB 1.66| 16.01 6.89] 12.24
5 dB 1.58] 16.58] 8.06] 18.31
Rock 15 dB 1.30] 8.12| 0.63 1.12
oc 5 dB 1.48] 1112 2.37] 4.82
J 15 dB 1.20| 10,95 2.85] 6.20
azz 5 dB 1.60] 13.18] 3.07] 10.29
Vocal 15 dB 1.81] 11.21] 347 885
5 dB 1.81 9.81] 3.85] 13.13

(b)

Z &% 9 (Subjective Measurement)$¢l %7 €|2E
(Mean Opinion Score, MOS)S AAJ8l v]Eet F7}
= B 49 7 e AR 4] A2E AL
Fon, MOS score 9 Z} WSS SNR MAFE £7]
3gtct,

HAEE= 204] o}y Lt HEEok] S4B ¢
© gy 30 Ao 3o o3 g3t " Mg 1
ojgfx it Yol 4 52 & W Yol Tk
23 A E 7|E08 13 5Ao]g] PoB HHIEE
3l pagstgon, 9 A3 AL HRE A3
Etymotic ReaserchAl2] Ear—Canal® &CE ER4S¢9}
BeyerdynamicAl2] Y HIAA JFH=E DT-880 L
HeadRoomA}e] Headphone AmpE ©]-83}3t)

B 49 &4 ZiolA & ¢ 9%l Fos AHE
o|¢ (sP9)¢t Axet & Ao FEE& 48 A
§3%t PF (-3dB)2] 739~ Aol Aol v, Ak
oz Fg AAE Alolgh ¥ Az 2Eof 233t
ZES JEA)7] AL41 PPFE= MOS score 241 ohu]a}
SNR AHAEANME 408 o2 o2 JSZ &+
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4. 7N &H 3y
(a) &= M3 () ZE bl 15dB 0! 3
{b) Y& A% [ &% H| 5dB Pl AT
Table 4. Objective measurement result.
{a} In case of input SNR 15dB
{b) In case of input SNR 5dB

White Gaussian

Enhancement Noise
method MOS SNR MOS SNR
Score | improvement | Score | improvement

Helicopter Noise

SPS 2.7 1.00 dB 26 | 3.73dB
PF (-3dB) 3.0 1.07 dB 32 | 253dB
PF_( 0dB) 3.7 5.26 dB 38 | 361dB
PPF 4.1 5.71 dB 40 | 464 dB

(a)

White Gaussian

. Helicopter Noiss
Enhancement Noise P

method MOS SNR MOS SNR
Score | improvement | Score | improvement
8PS 1.4 1.09 dB 1.3 | 4.70dB
PF (-3dB) 1.9 1.24 dB 1.6 4.82 dB
PF ( 0dB) 3.1 6.84 dB 3.3 | 7.46 dB
PPF 3.3 7.47 dB 3.4 8.25 dB
(b}

e}, E3t 98] SNRo| 5dBQ) A9 HY W2 Y SNR
A o= 7122 W} Adeol S3taich

V.a3g

$AH S 2 WA AALAE T AEel A
$5 Welge L AEt] ol U 4 € &
te Aze) 37 A3 oluAS olgstel 12 Belo]
HgyoEA B AUAE Foln, S MiE U3
B2 7120 et 3B PPN 24 2
B9 452 Ahshs Wi Ak

AR WAl 23] 112 Gelel AT 24 HE
& S 2RgomM BREoS Vol Y2 A
slof, AzeR 9 AEel Abhe A HEE 9%
4 3tk 3], A thelol AthAeE GRe F=
2EE U2 H8Y 23} SINRY NMR AHAF S
oM 7)Ee wpauch 99 Feol 9% B Awst
FUEE ABS WY £ Adov, BT ML
SSNRY! 79 2.7dB, NMR¢l 3% 6.1dB2] 4% A&
Yz,

B¢ AHOE P AU g Wl 7zl A
2 g, A% Az Yeiot vlwY o, SSNRI} NMR ¥
3, 283 A7 HAE 2ol 24 0t gt A

9] B2E AN ek Tol FL 45 SE A
A SRl & 5= 9k

AR Ao darEoR s Ay 48 Ad
2l thdfixs &9 88} (variance) 7} A7) whe}
v Ao| R A3} A7l e ko] A7) met ¥
FIEE, Fe F0 oy A ARE R @
7 ATt ol =4 TS 242 Q1 IH HE
Fo= e o] EXFHA €t

adER ¥F WPE A7 e FEA BAA 5
AL 717 %= HlAF AlE (Non-stationary signal)
FEE F8 T 5 As Pel ATt a7 1YL
golt,

A 2

B A7t sAvsE 2ydTe) GHCR o|Re
Syt
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